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INHIBITORS OF 1}, MEDIATED CELL ADHESION

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to small molecules that are
potent inhibitors of opfy; mediated cell adhesion which could

be useful for the treatment of inflammatory diseases.

Description of Related Art

The integrin family of proteins are heterodimeric
receptors which are expressed on all cell types to mediate
cell to cell binding and adhesion to extracellular matrix. The
B2 (CD18) integrin subfamily is comprised of 3 members, oy
integrin {L¥A-1, CDlla/CD18), ouf, integrin (Mac-1,
CD1l1b/CD18), and gp 150 P, integrin ({(axP, integrin, CD11lc/CD18)
that are primarily expressed on leukocytes (Sanchez-Madrid et
al., J. Exp. Med., 158, 1785-1803 (1983}). oyfs integrin is
found mostly on T and B lymphocytes, while ouB, integrin is
present on activated neutrophils, NK cells and some myeloid
cells. The oup; integrin binds intracellular adhesion
molecules ICAM-1, 2 and 3 found on multiple cell types such as
vascular endothelial cells, dendritic cells, epithelial cells,
macrophage and T lymphoblasts (Dustin et al., J. Immunology,
137, 245-254 (1986)). Recently there has been evidence
presented that oyf; integrin binds to ICAM~4 and a novel

ligand expressed in brain telencephalin. It has been shown

~that the I domain of the alpha chain is the major recognition

site for its ligands.
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01z integrin adhesion to ICAM-1 is necessary for immune
responsiveness of T-lymphocytes to antigens, lymphocyte homing
and circulation, and cell emigration to sites of inflammation
(Springer, Ann. Rev. Physiol., 57, 827 {1985}). A dominant
role of oyf; integrin in mediating inflammatory events is
shown in several different animal models of inflammatory
diseases in which antibodies to ayf, integrin or ICAM-1
significantly inhibit development of therapeutic end points
(Rothlein et al., Kidney International, 41, 617 {1992); Iigo
et al., J. Immunology, 147, 4167 (1991); Bennet et al., J.
Pharmacol. and Exp. Therapeutics, 280, 988 (1997)).

Also, B; integrin subfamily are thought to play a
critical role in several types of inflammatory disease
processes by interacting with ICAMs. Support for the
importance of B, integrin in mediating inflammatory responses
has been demonstrated by the evidence that transendotheiial
migration in vitro is markedly inhibited by monoclonal
antibodies against P, integrin or ICAM-1 (Smith, Can. J.
Physiol. Pharmacol., 71, 76 (1993). Furthermore, blockade of
oz integrin has been shown to inhibit neutrophil influx in
almost every systemn, including skin, peritoneum, synovium,
lung, kidney, and heart. As one of the primary ligands for the
B> integrin, it would also be expected that blockade of ICAM-1
would inhibit the inflammatory response (Albelda et al., The
FASEB Journal, 8, 504 (1994)).

Moreover, it has been shown that antibodies against afs
integrin suppress rejection after transplantation. WO 24/(04188
discloses the use of monoclonal antibodies directed against
oz, integrin for all transplantation's, including graft vs.

host or host vs. graft diseases.
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SUMMARY OF THE INVENTION

The present invention relates to a compound of the

formula {I):

R

Ko X

A 2
N—M \“/A

B\%N ,
W

Y (1)
wherein
A is =C(Zl)—, or =N-;
B is -C({R'} (R®)-, -CH=CH-, -$-, -S0-, -S0,~, -0O—-, —-N(R®}~,

~N(COR*") -, -N(CSR*') -, -N(SO,R®)-, -N(R®)CO-, -N(COR%!)CO~,
—-N (CSR*1)CO-, or -N{SO,R’}CO-;

K is -CHy-, -CH{CH)-, -C(=0)-, or —-CF,~;

M is a single bond, - (CHz}p—, -C(=0)- or -NH-;

W is one of the following groups:

T e

Q + R Q Q R°
X and Y are independently H, halogen, NO,, CN, Cj_¢ alkylthio,
NR;RG, Ci-e alkyl optionally substituted with halogen, Ci.¢
alkoxy, COR'Z, aryl which may be substituted, or heterocaryl
which may be substituted;
7z and Z' are independently H, OH, halogen, NO,, CFs, NR%&,
NHCOR“, Ci-¢ alkoxy optionally substituted with carboxyl, Ci_g
alkoxycarbonyl, or phenyl, or COR’?;
P and Q are independentliy O or §;
R is aryl or heteroaryl, and each may be substituted with a
group selected from:

1} halogen,
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2) OH,

3} CN,

4) Ci-6 alkyl optionally substituted with a group selected
from a) halocgen b) ORG; c) COR*, d) aryl which may be
substituted, or e) NR°RS,

5) Ci-g alkoxy optionally substituted with a group
selected from a) halogen b) NR%ﬁ, ¢) aryl which may be
substituted, d) heterocaryl which may be substituted, and e)

non-aromatic heterocyclic group,

6) NO3,

7) NR’RS,

8) NHCOR*!,

9) NHSO:R®,
10) COr*, -
11) C(=NH)NHa,
12) CONHOH,

13} Ci¢ alkylthio which may be substituted with halogen,

14} Ci-¢ alkylsulfinyl which may pbe substituted with
halogen,

13) Ci-s alkylsulfonyl which may be substituted with
halogen,

16) Ci3 alkylenedioxy optionally substituted with a) Ci-e¢
alkyl, b) halogen, ¢} aryl which may be substituted, or d)
hetercaryl which may be substituted,

17) -C({=0)~-(natural a-amino acid residue), wherein said
natural a-amino acid residue may be esterified with Cig alkyl
group,

18) aryl which may be substituted, and

18) heterocaryl which may be substituted;

R' and R’ are independently H, halogen, OR?, OCOR®, SO,R°,
NR’R®, NR°COR', NRPCSR*!, NR®SO,R®, OCONR®R?, Ni, Cis alkyl which
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may be substituted, CN, COR*Z, aryl which may be substituted,
or heteroaryl which may be substituted;

or R' and R? combine with each other at the terminal thereof
to form oxo, Cy_3 alkylenedioxy, or methylene substituted with
carboxyl, Ci.g alkoxycarbonyl, or CONR?R®;

R* and R® combine with each other at the terminals thereof to
form a 3-7 membered ring together with the nitrogen atom to
which they are attached, where said 3-7 membered ring may
include additional heteroatoms, such as oxygen, nitrogen and
sulfur and may be substituted with Cj_g alkyl, oxo, hydroxy,
Ci-s alkoxy or NR°R®;

R® is H, Ci-¢ alkyl which may be substituted, Ca_¢ cycloalkyl,
aryl which may be substituted, heteroaryl which may be

substituted, or non-aromatic heterocyclic group;

,R“ is C;¢ alkyl which may be substituted, Cj;-¢ alkoxy which

may be substituted, aryl which may be substituted, heterocaryl
which may be substituted, non-arocmatic heterocyclic group
which may be substituted, C3-¢ cycloalkyl, or NRRS;

R* is H, OH, Ci-s alkyl which may be substituted, Ci.¢ alkoxy
which may be substituted, aryl which may be substituted,
NR®R®, or non-aromatic heterocyclic group which may be
substituted; )

R® is Ci_g alkyl which may be substituted, or aryl which may be
substituted;

R® is H or Ci-¢ alkyl which may be substituted;

mis 0, 1, 2 or 3; nis 0, 1 or 2; o is 1 or 2: p is 1 or 2;

or a pharmaceutically acceptable salt thereof.

Detailed Description of the Invention

The desired compound of the present invention may exist

in the form of optical isomers based on asymmetric atoms
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thereof, and the present invention also includes these optical
isomers and mixtures thereof.

In an embodiment of the present invention, the steric
configuration of a bond need not be fixed. The compound of
the present invention may be a compound with a sole
configuration or a mixture with several different
configurations.

In the above formula (I), "aryl™ might be a mono-, bi- or
tri-cyclic aryl group such as a phenyl group, a naphthyl
group, an anthryl group, a fluorenyl group.

In the above formula (I), "heteroaryl" may be a
heterocatom-containing mono-, bi- or tri-cyclic aryl group.
Examples of heterocaryl group may be a pyridyl group, a
pyrimidinyl group, a pyridazinyl group, a pyrazinyl group, a
quinolyl group, an isoqguinolyl group, a quinazolinyl group, a
phthalazinyl group, an imidazolyl group, an isoxazolyl group,
a pyrazolyl group, an oxazolyl group, a thiazolyl group, an.
indolinyl group, a benzoxazolyl group, a benzothiazolyl group,
a benzimidazolyl group, a benzofuryl group, a furyl group, a
thienyl group, a pyrrolyl group, an oxadiazolyl group, a
thiadiazolyl group, a triazolyl group, a tetrazelyl group, an
oxazolyl group, an indazolyl group, an isoindolyl group, a
purinyl group, a quinoxalyl group, a benzothienyl group, a
benzofurazanyl group, a benzothiadiazolyl group, an
imidazothiazolyl group, a dibenzofuranyl group, and an
isothiazolyl group.

In the above formula {I), "non-aromatic heterocyclic
group" may be a hetercatom-containing monc-, bi- or tri-cyclic
non-aromatic group. Examples of non-aromatic heterocyclic
group may be a pyrrolidinyl group, a piperidyl group, an

imidazolidinyl group, a pyrazolidinyl group, a piperazinyl
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group, a quinuclidinyl group, a morpholinyl group, a
homopiperidyl group, and a thiomorpholinyl group which may be
oxidized.

In a preferred embodiment of the compound (I), aryl in

the definition of X, Y, RL, RZ, R3, R41l, R42 and RS is a group

independently selected from phenyl and naphthyl, and

heteroaryl in the definition of X, Y, Ri, RZ and rR?l is a
group_independently selected from furyl, thienyl, pyirolyl,
oxazolyl, isoxazolyl, pyridyl, thiazolyl and tetrazolyl,
wherein said phenyl, naphthyl, furyl, thienyl, pyrrolyl,
oxazolyl, isoxazolyl, pyridyl, thiazolyl and tetrazolyl group
may be substituted with 1-4 groups selected from halogen,

carboxyl, C1-7 alkanoyl, Ci-¢ alkyl, Cil-g alkoxy~carbonyl, and
NROR® . Non-aromatic heterocyclic group in the definition of

R3, rR4L and R42Z is independently a group of the formula
-NR®R”, wherein R® and R® are the same as defined above.
Examples of said -NRR® group may be morpholinyl,
pyrrolidinyl, piperazinyl, and piperidyl.

In another preferred embodiment of the compound (I}, aryl
in the definition of R is independently selected from phenyl
and naphthyl. Heteroaryl in the definition of R is
independently selected from pyridyl, benzofuryl, thiazolyl,
furyl, thienyl, pyrrolyl, dihydroxazolyl, isoxazolyl,
benzothienyl and tetrazolyl. Non-arcmatic heterocyclic group
in the definition of R is independently selected from
morpholinyl, piperidinyl and pyrrolidinyl.

In a more preferred embodiment of the present invention,
X and Y are independently selected from:

1} halogen,

2) NG,,

3) Ci-s alkyl optionally substituted with halogen,
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4) Ci-5 alkoxy group,

5) Cip alkanoyl group,

6) CN,

1) carboxyl,

8) Ci-¢ alkylthio,

9) NRR®,

10) phenyl optionally substituted with a) Ci-g alkyl
optionally substituted with halogen, b) Cig alkoxy optiocnally
substituted with halogen, or c¢) CN,

11) isoxazolyl optionally substituted with Ci¢ alkyl,

12) pyrrolyl optionally substituted with Cig

alkoxycarbonyl cor formyl,

13} pyridyl;

R is phenyl, naphthyl, pyridyl, benzofuryl or thiazolyl, and
said phenyl, naphthyl, pyridyl, benzofuryl and thiazolyl may
be substituted with a group selected from:

1) halogen,

2) OH,

3) CN,

4) Ci-g alkyl optionally substituted with a group selected

from a) halogen, b) OR6, or ¢) COR“,

3) Ci-¢ alkoxy optionally substituted with a group

selected from a) halogen, b) NR3R6,c) pyridyl, or d)

piperidinyl,
6} NO,

7) NRRE,

8) NHCOR*!,
9) NHSO;R®,
10} COR*?,

11) C(=NH)NH,,
12) CONHCH,
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13) Ci-s alkylthio which may be substituted with halogen,
14) Ci-¢ alkylsulfinyl which may be substituted with
halogen,

15) Ci alkylsulfonyl which may be substituted with
halogen,

16) Cy-3 alkylenedioxy optionally substituted with a) Cizg
alkyl, or b) halogen,

17) -C(=0)~-{natural @-amino acid residue), wherein said
natural a-amino acid is selected from aspartic acid,
alanine, phenylalanine, and asparagine, and said natural
a-amino acid residue may be esterified with Ci-¢ alkyl
group,

18) phenyl optionally substituted with a) Ci-g alkoxy, b)
Ci-¢ alkyl optionally substituted with OR®, N{(C;_g alkyljo,
or COR*), ¢) CN, d) COR', e) Cp; alkenyl optionally
substituted with COOR®, f) NR°R®, g} NO,, h) NHCOR*, i)
NHSO.R®, J) N(SOsR®),, k) NHCONHR®, 1) N(CONHR®),, m)
NHCSNHR®, or n) pyrrolidinyl which may be substituted
with Ci;_¢ alkyl,

19} furyl optionally substituted with CHO,

20) thienyl optionally substituted with CHO,

21) pyrrolyl optionally substituted'with CHO and Ci-¢
alkoxycarbonyl,

22) dihydroxazolyl optionally substituted with Cj_g alkyli,
23) isoxazolyl optionally substitited with Ci_s alkyl,
24) benzothienyl,

20) pyridyl,

26) tetrazolyl, and

27) thiazolyl which may be substituted with Cj;-¢ alkyl;

R' and R? are independently selected from H, halogen, OR?,
OCOR®, NRR®, NRPCOR'’, NHCSR'!, NHSO,R®, N;, COR%, or phenyl;



10

15

20

25

30

11 MAR 2004

10

or R* and R? combine with each other at the terminal thereof to
form oxo;
R’ is 1) hydrogen,

2) Ci¢ alkyl optionally substituted with a) OH, b) phenyl
opticnalilly substituted with halogen or Ci.5 alkoxy, c¢) carboxyl,
d) carbamoyl, e) NR°R®, f) Ci-¢ alkoxycarbonyl, g) morpholinyl,
h) pyridyl, i) thienyl, or 7) pyrrolidinyl optionally
substituted with oxo;

3) Cs-¢ cycloalkyl,

4) phenyl optionally substituted with halogen,

3) pyridyl optionally substituted with Ci_¢ alkyl, or

©) morpholinyl;

R* is

1} Ci¢ alkyl optionally substituted with a group selected

from a) NR®R®, b) carboxyl, c) -CONRR? where RS and RY are

independently selected from hydrogen and Ci_¢ alkyl, or R°
and R? combine with each other at the terminals thereof to
form a 3-7 membered ring together with the nitrogen to
which they are attached, and said 3-7 membered ring may
include additional 1-3 heteroatoms, such as oxygen,
nitrogen and sulfur and may be substituted with Ci-¢ alkyl,
0x0, hydroxy, Ci-¢ alkoxy or NR°R®, Q) Ci-s
alkoxycarbonylamine, e) Cie alkylsulfonylamino, ) Co.q
alkanoylamino, and g) pyridyl;

2) Ci-¢ alkoxy optionally substituted with NR®R® or phenyl;

3) NR’RS;

4} phenyl optionally substituted with a) carboxyl, b} Ci-g

alkoxycarbonyl, or ¢} NRR®,

5) Csz-¢ cycloalkyl,

€} isoxazolyl optionally substituted with Ci-s alkyl,

7) pyridyl,
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g8) thienyl,

9) furyl,

10) phenoxy,

11) NR?R" (for example, pyrrolidinyl which may be
substituted with a hydroxyl, and morpholinyl);
R* is 1) H,

2) OH;

3) Ci-¢ alkyl optionally substituted with NR°R® or phenvyi,

4) Ci-s alkoxy optionally substituted with NR?R%

5) NR’RS,

6) NR?RP (for example, pyrrolidinyl which may be

substituted with a hydroxyl, and morpholinyl), or

7) pyridyl which may be substituted with Ci-s alkyl;
R® is Ci-g alkyl optionally substituted with COR*?, or aryl;
R® is hydrogen or C;-¢ alkyl optionally substituted with =N(Cj_g
alkyl)s.

Among the desired compounds of the present invention, a
more preferred compound is represented by the folleowing

formula (I-A):

O Y (1-a).

In the above formula (I-A), A is =C(Zl}—, or =N-, and X
and Y are independently H, halogen, NO,, CN, Ci;.¢ alkylthio,
NR%&, or Ci-¢ alkyl optionally substituted with halogen. zt is
selected from 1) H, 2} OH, 3) halogen, 4) NR®R®, 5) NHCOR*}, 6)
Ci-s alkoxy opticnally substituted with a) carboxyl, b) Cig
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alkoxycarbonyl, or c¢) phenyl, and 7) COR*?. R! and R? are
independentiy H, halogen, OR’, NR®R®, NHCOR!', NHCSR?!, NHSO,RS,
N3, COR*, or phenyl, or R' and R? combine with each other at
the terminal thereof to form oxo. R™ is a group selected
from: 1) H, 2) OH, 3) halogen, 4) CN, 5) Ci-g alkyl optionally
substituted with halogen, OR® or COR%, 6) Ci.s alkoxy
optionally substituted with halogen, NR’R®, pyridyl, or
piperidinyl, 7) NO;, 8) NR’R®, 9) NHCOR'!, 10) NHSO,R®, 11)
COR*, 12) C(=NH)NHz, 13) CONHOH, 14) Ci¢ alkylthio, 15) Cie
alkylsulfinyl, 16) Ci.g alkylsulfonyl, 17) phenyl which may be
substituted with a group selected from a) Cs_; alkenyl
substituted with COOR®, b} COR*?, ¢) C;¢ alkyl optionally
substituted with OR®, d} Ci_s alkoxy and e) CN, 18) thienyl
which may be substituted with CHO, 19) furyl which may be
substituted with CHO, 20) tetrazolyl, 21) dihydroxazélyl, 22)
pyrrolyl which may be substituted with CHO, 23) iscoxazolyl
substituted Ci;-¢ alkyl, or 24) benzothienyl. R? is a group
selected from 1) hydrogen, 2) halogen, 3} CN, 4) Ci¢ alkyl
optionally substituted with OR®? or COR”} or 5) NO,, or, R’ and
R’ combine with each other at the terminal thereof to form Ci_s
alkylenedioxy optionally substituted with halogen. m 1is O,.l,
or 2, and n is 0 or 1.

In a preferred compound among the compound (I-A), A is
=CH- or =N-, X and Y are independently halogen, NO;, NR’R®, or
Ci-g alkyl opticnally substituted with halogen. One of R* and
R? is H, and the other is H, OH, halogen, NR%?, NHCOR?,
NHCSR'', NHSO,R®, N3, COR'?, or phenyl, or R! and R® combine with
each other at the terminal thereof to form oxo. R' is a group
selected from H, halogen, CN, Ci.¢ alkyl optionally substituted
with halogen, Ci_¢ alkoxy optionally substituted with halogen,
COR', Ci¢ alkylthio, phenyl which may be substituted with a
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group selected from a) Cy-; alkenyl substituted with COOR?, b}
COR', c) Ci¢ alkyl optionally substituted with OR®, d) Cig
alkoxy, and e) CN, thienyl which may be substituted with CHO,
furyl which may be substituted with CHO, pyrrolyl which may be
substituted with CHO, isoxazolyl substituted with Ci_g alkyl.
R'? is hydrogen, or, R and R’® combine with each other at the
terminal thereof to form Ci-3 alkylenedioxy substituted with
halogen. m is 1, and n is 1.

In a more preferred compound among the compound (I-A), X
and Y are independently halogen, and one of R!' and R? is H,
and the other is H, OH, NR’R®, NHCOR'', NHCSR*', or COR**. R is
1) Ci-¢ alkyl optionally substituted with a group selected from:
a) NR°R®, D) carboxyl, ¢} carbamoyl, d} piperazinylcarbonyl
optionally substituted with Ci_¢ alkyl, e) Cz.7 alkanoylamino,
and f) pyridyl; 2) Ci-g alkoxy; 3) NR’R®; 4) Ci cycleoalkyl; 5)
pyridyl; 6) thienyl; 7) furyl or 8) pyrrolidinyl. R*? is NR®R®
or morpholinyl. R is 1) halogen, 2) CN, or 3) Ci;s alkoxy
optionally substituted with halogen, and R’? is hydrogen.

In a further more preferred compound among the compound
{I-A), X and Y are independently halogen, particulaxrly
chroline atom, and one of R' and R? is H, and the other is OH,
NHCOR*' or COR'. R* is Ci-¢ alkyl optionally substituted with a
group selected from carboxyl, carbamoyl, and
piperazinylcarbonyl substituted with Ci-s alkyl; NHz; NH(Ci_g
alkyl); pyridyl; or pyrrolidinyl. R*? is NH,, NH{Ci_¢ alkyl} or
morpholinyl. R is Cj_e alkoxy substituted with halogen, and
R is hydrogen.

Among the desired compounds of the present invention,
another more preferred compound is represented by the

following formula (I-B):
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. R71
0 X.
B —
K/N\<N \ /A
0 Y (I-B)

In the above formula (I-B), A is =CH- or =N-, B is ~S§-,
~S0-, -80,-, -N(R’)-, -N(COR*')-, -N(CSR*')-, or ~N(SO,R®)-. X
and Y are independently H, halogen, NO,, or Ci_e alkyl. R is a
group selected from 1) H, 2} halogen, 3) CN, 4) Cij¢ alkyl
optionally substituted with halogen, 5} Ci_¢ alkoxy optionally
substituted with halogen, 6) COR*, 7} Cig alkylthio, 8)
rhenyl, 9) thieﬁyl, 10) furyl, 11) pyrrolyl, 12) isoxazolyl
substituted with Ci;.s alkyl, wherein said phenyl may be
substituted with a group selected from a) Coog alkenyl
substituted with COOR®, b) COR*?, <) Ci-¢ alkyl optionally
substituted with OR®, d) Ci-¢ alkoxy, and e) CN, and said
thienyl, furyl and pyrrolyl may be substituted with CHO.

In a more preferred compound among the compound (I-B), B

is -N(COR'M) -, and X and Y are independently halogen. R* is 1)

Ci-s alkyl optionally substituted with a group selected from: a)
NR°R®, b) carbamoyl, and d) piperazinylcarbonyl optionally
substituted with C;_¢ alkyl; 2) Ci_g alkoxy; or 3) NRPR®; and R3
is 1) halogen, or 2} Ci; alkoxy cptionally substituted with

"halcgen.

Among the desired compounds of the present invention,
another more preferred compound is represented by the

following formula (I-C):
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R71
o X
N A
B’N\\< N/
O Y (1-0)

In the above formula (I-C), A is =CH- or =N-, B is -
N(R*) -, -N(COR™)-, -N(CSR')-, or -N(SO,R®)-. X and Y are
independently H, halogen, NOz, or Ci_g alkyl. Rl is a group
5 selected from 1) H, 2) halogen, 3) CN, 4) Cj_¢ alkyl optionally
substituted with halogen, 5) Ci_¢ ailkoxy optionally substituted
with halogen, 6) COR*), 7) Cis alkylthio, 8) phenyl, 9)
thienyl, 10) furyl, 11) pyrrolyl, 12) isoxazolyl substituted
with Ci.¢ alkyl, wherein said phenyl may be substituted with a
10 group selected from a) C,.y alkenyl substituted with COORS, b)
COR*?, c) Ci-g alkyl optionally substituted with OR®, d) Ci¢
alkoxy, and e) CN, and said thienyi, furyl and pyrrolyl may be
substituted with CHO.
Among the desired compounds of the present invention,
I5 another more preferred compound is represented by the

following formula (I-D):

RT‘]
0 X
N A
N\\< N\ /
0 Y (1-D)

In the above formula (I-D), A is =CH~, or =N-. X is H or
halogen, Y is 1) pyrrolyl optionally substituted with formyl,
20 2Z) phenyl opticnally substituted with a) CN, b) Ci.g alkyl
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optionally substituted with halogen, c¢) Cig alkoxy optionally
substituted with halogen, or 3) isoxazolyl optionally
substituted with Ci_¢ alkyl. Rt is a group selected from 1) H,
2) halogen, 3} CN, 4) C;—¢ alkyl opticnally substituted with
halogen, 5) C;-¢ alkoxy optionally substituted with halogen, 6)
COR”, 7) Ci-¢ alkylthio, 8) phenyl, 9) thienyl, 10) furyli, 11)
pyrrolyl, 12) isoxazolyl substituted with C;_s alkyl, wherein
said phenyl may be substituted with a group selected from a)
C2-7 alkenyl substituted with COOR®, b) COR*2, ¢) Cp.g alkyl
optionally substituted with OR®, d) Ci-s alkoxy, and e) CN, and
said thienyl, furyl and pyrrolyl may be substituted with CHO.

Preferred compounds of the present invetnion may be
selected from the group consisting of:
{5R, TR)=5-[4-(trifluoromethoxy)benzyl]-3-(3,5-
dichlorophenyl)—7—hydroxy—1,3—diazabicyclo[3.3.0]octane—2,4—
dione;
(5R, 78)-5-[4-(trifluoromethoxy)benzyl]~3-(3,5-
dichlorophenyl)—7—acetylamino—1,3~diazabicyclo{3.3.0]octane—
Z2,4-dione;
{5R, 78)=5-[4-(trifluoromethoxy)benzyl]-3-(3,5-
dichlorophenyl)—?—(3—carbamoylpropionylamino)—l,3~
diazabicyclo[3.3.0]octane-2,4~dione;
(5R, 78)—5—[4"(trifluoromethoxy)benzyl]—3—(3,5—
dichlorophenyl)—7—{3—(4—methyl-l~
piperazinylcarbonyl)propionylamino] -1, 3-
diazabicyclo[3.3.0]octane-2,4-dione;
(5R, 7S)—5~[4—(trifluoromethoxy)benzyl]—3~(3,5—
dichlorophenyl)-7-nicotinoylamino-1, 3-

diazabicyclo[3.3.0]cctane-2,4~dione;
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(5R, 78)-5-[4-(trifluoromethoxy)benzyl]-3-(3,5~
dichlorophenyl)—7-(l—pyrrolidinylcarbonylamino)~1,3—
diazabicyclo[3.3.0]lcctane-2,4-dione;

{5R, 7R)—5—[4—(trifluoromethoxy)benzyl]-3—(3,5—dichlorophenyl)—
7—carbamoyl—l,3-diazabicyclo[3.3.0]octane—2,4—dione;

{5R, 7R)—5—[4~(trifluoromethoxy}benzyl]—3m(3,5—dichlorophenyl)—
7—morphlinocarbonyl—l,3—diazabicyclo[3.3.0]octane—Z,4—dione;
{5R, 7R)—5—[4—{trifluoromethoxy)benzyl]—3—(3,5-dichlorophenyl)—
7—dimethylcarbamoyl—1,3—diazabicyclo[3.3.0]octane—2,4—dione;
{5R, 7R)—5—[4—(trifluoromethoxy)benzyl]—3—(3,5—dichlorophenyl)—
7-methylcarbamoyl-1,3-diazabicyclo[3.3.0]octane-2,4-dione; and
(5R, 7R)"5—[4—(trifluoromethoxy)benzyl}—3—(3,5—
dichlorophenyl)—7—morpholinocarbamoyl—l,3—

diazabicyclo[3.3.0]octane-2,4~dione.

The desired compound of the present invention may be
clinically used either in a free form or in the form of
pharmaceutically acceptable salts thereof. Pharmaceutically
acceptable salts include an acid-addition salt with an
inorganic acid or an organic acid (e.g., hydrochloride,
sulfate, nitrate, hydrobromide, methanesulfonate, p-
toluenesulfonate, acetate), and a salt with an inorganic base,
an organic base or an amino acid (e.g., triethylamine salt, a
salt with lysine, an alkali metal salt, an alkali earth metal
salt and the like). Pharmaceutically acceptable salts also
include an intramclecular salit thereof, or a sclvate or
hydrate thereof.

The compound of the present invention may be formulated
into a pharmaceutical composition comprising a therapeutically
effective amount of the compound as defined above and a

pharmaceutically acceptable carrier or diluent. The
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pharmaceutically acceptable carrier or diluent may be, for
example, binders (e.g., syrup, gum arabic, gelatin, sorbitol,
tragacanth, polyvinylpyrrolidone), excipients (e.g., lactose,
sucrose, corn starch, potassium phosphate, sorbitol, glycine},
lubricants (e.g., magnesium stearate, talc, polyethylene
glycol, silica) disintegrators (e.g., potato starch), wetting
agents (e.g., sodium laurylsulfate), and the like.

The desired compound of the present invention or
pharmaceutically acceptable salts thereof may be administered
either orally or parenterally, and it may be used as a
suitable pharmaceutical preparation. These pharmaceutical
preparations may be in the form of a solid preparation such as
& tabliet, a granule, a capsule, and a powder, or in the form
of a liquid preparation such as solution, suspension, and
emulsion, when administered orally. When administered
parenterally, the pharmaceutical preparaticn may be in the
form of suppository, an injection preparation or an
intravenous drip preparation using distilled water for
injection, a physiological salt solution, an aqueous glucose
solution, and sc on, and an inhalation by a conventiocnal
process.

The dose of the desired compound of the present invention
or a pharmaceutically acceptable salt thereof varies depending
on an administration method, age, sex, body weight, and
condition of a patient, but, in general, the daily dose is
preferably about 0.1 to 100 mg/kg/day, particularly preferably
1 to 100 mg/kg/day.

The compound of the present invention has an excellent

activity in inhibiting o, mediated cell adhesicn, and can be

used for treating or preventing oagB,; adhesion mediated

conditions in a mammal such as a human.
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The compound of the present invention may be used for
treatment or prevention of numerous inflammatory diseases such
as rheumatoid arthritis, asthma, allergy conditions, adult
respiratory distress syndrome, AIDS, cardiovascular diseases,
thrombosis or harmful platelet aggregation, reocclusion
following thrombolysis, allograft rejection, reperfusion
injury, stroke, psoriasis, eczema, skin inflammatory diseases
such as contact dermatitis and atopic dermatitis,
osteoporosis, osteoarthritis, atherosclerosis (including graft
arteriosclerosis after transplantation), neoplastic diseases
including metastasis of neoplastic or cancerous growth, wound
healing enhancement, eye diseases suéh as detaching retina,
Type I diabetes, multiple sclerosis, systemic lupus
erythematosus (SLE), infiammatory and immunoinflammatory
conditions including ophthalmic inflammatory conditions and
inflammatory bowel diseases (Crohn's disease, ulcerative
colitis), regional enteritis, Sjogren's Syndrome, and other
autoimmune diseases, pancreatitis, delayed graft function,
intimal hyperplasia; myocardial reinfarction or restenosis
after surgery such as percutaneous transluminal coronary
angioplasty (PTCA).

The compound of the present invention may also be used
for cancer, such as radiation induced pneumonitis.

The compound of the present invention may also be used
for transplantation, inciuding the rejection (i.e., chronic
rejection and acute rejection) after transplantation, and host
vs. graft or graft vs. host diseases.

The compound of the present invention may be preferably
used for treatment or prevention of psoriasis, rheumatoid
arthritis, inflammatory bowel diseases (Crohn's disease,

ulcerative colitis), systemic lupus erythematosus, atopic
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dermatitis, Sjogren's Syndrome, rejection after
transplantation, and graft vs. host disease.

According to the present invention, the desired compound
(I) can be prepared by the following methods:
Metheod A:

The desired compound (I} or a pharmaceutically acceptable
salt thereof may be prepared by:

(1) cyclizing the compound of the formula (II):

R, P
(K)O X
oG z
B N NH-M \—A
\,)n/ \Wz \ /
Y (11)

wherein 0G is a-hydroxyl group, & protected hydroxyl group, or
a resin-bound hydroxyl group, and the other symbols are the
same as defined above, and‘

(2) converting the resulting cyclized compound into a
pharmaceutically acceptable salt thereof by a conventional
method, if desired.

When OG is a protected hydroxyl group, the protecting
group can be selected from the conventional protecting groups
for a carboxyl group (i.e., Ci-¢ alkyl group, benzyl group).

When OG is a resin-combined hydroxyl group, the resin may
be selected from resin polymers which are conventicnally used
for a solid phase peptide synthesis. Merrifield resin may be
given as an example of such resin polymers.

The cyclization can be carried out in the presence of an
acid or a base in a suitable solvent.

The acid can be selected from organic acids (i.e., p-

toluenesulfonic acid, and triflucrocacetic acid) and inorganic
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acids (i.e., hydrochloric acid, sulfuric acid, and nitric
acidj.

The base can be selected from conventional bases such as
alkali metal alkoxide (e.g., NaOEt, NaOMe) .

The solvent can be selected from any one which does not
disturb the cyclization reaction, for example, CH,Ci,, THF,
CH3CN, DMF, alcohols (methanol, ethanol, etc.) or a mixture
thereof. The reaction is cérried out at a temperature of 0 °C
te beiling point of the solvent, preferably at 50 °C to 100
°cC.

The cyclization of the compound (II) can be also carried
out in the presence of a condensing reagent with or without a
base in a suitable solvent or without a solvent. The
condensing reagént can be selected from SOCl; and conventicnal
condensing reagents which can be used for a peptide synthesis,
for example, BOP-Cl, BOP reagent, DCC, EDC or CDI.

The base can be selected from an organic base (e.g.,
DIEA, DMAF, DBU, EtsN), an alkali metal hydride (e.g., NaH,
LiH}, an alkali metal carbonate (e.g., NayC03, X;CO3}, an
alkali metal hydrogen cérbonate (e.g., NaHCO;, KHCOC3), an
alkali metal amide (e.g., NaNH,), an alkali metal alkoxide
{(e.g., NaOMe, KOMe), a Ci.¢ alkyl alkali metal salt(e.g., n-
Buli, t-Buli), an alkali metal hydroxide (e.g., NaCH, XOH), an
alkaline earth metal hydroxide (e.g., Ba(CH)2), and the like.

The solvent can be selected from any one which does not
disturb the cyclization reaction, for example, CH;Cl,, THF,
DMF or a mixture thereof. The reaction is carried out at a
temperature of 0 °C to the beiling point of the solvent,
preferably at room temperature.

In this method, any functional group in the compound (II)

can be protected with a conventional protecting group before
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the cyclization reaction. The protecting group can be removed
after the cyclization by a conventional method according to
the protecting group to be removed, for example, hydrolysis
with a base or an acid, acid treatment, and catalytic
reduction.
Method B:

The desired compound (I) or a pharmaceutically acceptable
salt thereof, may be prepared by:

(1} reacting the compound of the formula (III):

P X
Z
/"M \"‘_<
B )W—M \ /A
N~
Y (111)

wherein the symbols are the same as defined above, with the
compound of the formula (IV):

R-(K},-L (IV)
wherein L is a leaving group and the other symbols are the
same as defined above, and

(2) converting the resulting compound into a
pharmaceutically acceptable salt thereof by a conventional
method, if desired.

The leaving group L can be selected from conventional
leaving groups, such as a halogen atom {e.g., chlorine,
bromine, iodine), an alkylsulfonyloxy group (e.g.,
methylsulfonyloxy group) and an arylsulfonyloxy group f(e.qg.,
p~tolylsulfonyloxy group).

The condensation reaction can be carried out in the
presence of a base in a suitable solvent.

The base can be selected from conventional bases such as

alkali metal hydride (i.e., NaH, KH}, alkali metal alkoxide
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(i.e., NaOMe, NaCEt} and alkali metal amide {i.e., NalNH,, LDA,
KEMDS3) .
The soclvent can be selected from any one which does not
disturb the condensation reaction, for example, DME, THF, DMF,
5 HMPA or a mixture thereof. The reaction can be carried out at
a temperature of -78 °C to room temperature.
In this method, any functional group in the compound
(ITIT) and comound (IV) can be protected with a conventional
protecting group before the condensation reaction, if
10 necessary. The protecting group can be removed after the
condensation by a conventional method according to the
protecting group to be removed, for example, hydrolysis with a
base or an acid, acid treatment, and catalytic reduction.
Method C:
15 The desired compound (I) or a pharmaceutically acceptable
salt thereof, may be prepared by:

(1) reacting the compound of the formula (V):
R

p

NH

B
*ﬁ;N‘Vﬁf

wherein the symbols are the same as defined above, with the

(V}

20 compound of the formula {VI):

X
Z =
L—M \—A
N
Y (vr)

wherein the symbols are the same as defined above, and
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(2) converting the resulting compound into a
pharmaceutically acceptable salt thereof by a conventional
method, if desired.

The leaving group L can be selected from conventional
leaving groups such as those mentioned in Method B.

The condensation reaction can be carried out in the
presence of a base in a suitable solvent.

The base can be selected from conventional bases such as
alkali metal hydride {i.e., NaH, KH), alkali metal alkoxide
(i.e., NaOMe, NaOEt) and alkali metal amide {i.e., NaNH,, LDAa,
KEMDS) .

The solvent can be selected from any one which does not
disturb the condensation reaction, for example, DME, THF, DMF,
HMPA or a mixture thereof. The reaction is carried out at a
temperature of -78 °C to room temperature.

In this method, any functional group in the compound (V)
and comound (VI) can be protected with a conventional
protecting group before the condensation reaction, if
necessary. The protecting group can be removed after the
condensation by a conventicnal method according to the
protecting group to be removed, for example, aydrolysis with a
base or an acid, acid treatment, and catalytic reduction.
Method D:

Among the desired compound {I), the compound (I) wherein K is
-CH{OH)-, -C(=0)- or -CF;- may be prepared according to the
following method.
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T / —A R-CHO M ) \,\—< Oxidation
\Hn/ W . Aldol reaction \g/N / {_<
(i B Y
FF

X R P X

Halogenation Z\:—<

\‘-)/N NM \ " B NN A
hW \ﬁrN\VV

(I-F) Y (-G) Y
{The symbols are the same as defined above.)
Step 1: Among the desired compound (I), the compound (I-E) can
be prepared by reacting the compound (III) with the compound
of the formula {VII):

R-CHO (VII)
wherein R is the same as defined above.
| The reaction can be carried out by a conventional aldol
reaction. For example, the reaction can be carried out in the
présence of a base (e.g., LDA, KHMDS, n-~Buli, NaH, KH, MeONa)
in a suitable solvent (THF, DMF, MeOH) at a temperature of -78
°C to room temperature.

Step 2: Among the desired compound (I}, the compound (I-F) can
be prepared by oxidating the compound (I-E).

The oxidation reaction can be carried out by a
conventicnal method. For example, the oxidation reaction can
be carried ocut by reacting the compound (I-E) with an
oxidating reagent {(e.g., PCC, PDC, "Dess-Martin Periodinane"
reagent) in a suitable solvent (e.g., CH,Cl,, toluene) at a
temperature of 0 °C to 50 °C.

Step 3: Among the desired compound (I), the compound (I-
G) can be prepared by halogenating the compound (I-F).
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The halogenation reaction can be carried out by reacting
the compound from step 2 with a halogenating reagent
(e.g., (diethylamino)sulfur trifluoride)} in a suitable solvent

(e.g., CCly) at a temperature of 0 °C to 50 °C.
The compound (I) of the present invention can be
converted into each other in accordance with the following

Schemes 1 to &:

Scheme 1.

Br | (/\/\J

.
-
JX
Y

N
|

{In Scheme 1, T is -0-, -S-, -NBoc-, =-CH=CH- or -CH=N-, R? is
H, CN, COCHs; or CHO, and the other symbols are the same as
defined above.)

The compound (I-a) can be prepared by coupling the
compound (I-b) with the compound (VIII}.

The coupling reaction can be carried out by a
conventional aryl coupling method such as Suzuki coupling
method. References of Suzuki coupling method are: (a} Suzuki
et al., Synth. Commun. 1981, 11, 513, (b) Suzuki Pure and
Appl. Chem. 1985, 57, 1749-1758, (c) Suzuki et al., Chem. Rev.
1995, 95, 2457-2483, (d) Shieh et al., J. Org. Chem. 1992, 57,
379-381, (e) Martin et al., Acta Chemica Scandinavica, 1993,
47, 221-230.
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For example, the coupling reaction can be carried out in
a suitable solvent in the presence of a Pd catalyst and a
base.

As a Pd catalyst, Pd{PPhs)s may be preferably used. The
base can be selected from conventional inorganic bases such as
K2COz; and Na;CO;. The solvent can be selected from any one
which does not disturb the coupling'reaction, for example,
toluene, DME, DMF, H;O0 or a mixture thereof. The coupling
reaction can be carried out, for example, at a'temperature O
room temperature to 100 °C, preferably at a temperature of 80
°C to 100 °C.

Compounds of (I-a) where T is NBOC can be converted to
compounds where T = NH, which can be further transformed to
NR"’ (wherein R'7 is Ci-6 alkyl, Ci.s alkylsulfonyl,
arylsulfonyl, heteroarylsulfonyl, C,; alkanoyl (wherein said
Ci-¢ alkyl, Ci.s alkylsulfonyl, arylsulfonyl,
heteroarylsulfonyl, Cz5 alkanoyl is optionally substituted
with, for example, aminoc or carboxy}, cor CONHR’’' (wherein R" '’
may be Ci-g alkyl, aryl and said Ci¢ alkyl and ary may be
substituted). Removal of BOC group can be cariied out by a
conventional method {e.g., acid (TFA) treatment) in a suitable
solvent. Transformation from NH to NR’’ may be carried out by
the condensation reaction of compound (I-a) and appropreate
halides such as Cis alkyl halide, C;-s alkylsulfonyl halide,
arylsulfonyl halide, heteroarylsulfoﬁyl halide, Cy-7 alkanoyl
halide in a suitable solvent (e.g., CHzCl,, THF, DMF, tocluene)
in the presence of a base (e.g., NaOH, KOH, K,C0O3, NayCOs,

NaH) . The reaction can be carried out at a temperature of 0 °C

to 100 °cC.
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Scheme 2.
cHO HOCH,
e T3
7 Reduction P X
Yo P X Jo
Z/::< step 1 Z\”f\
B N-M— A B N-M— A
N —\\_/( Ny 4
Y
(I—al) Y (I-¢) .
R’RONCH,
\Z
1. halogenation (/\b

T
2. R®°RONH

. Yo P X
Z<=<

T

(I-d) Y

step 2

(In the Scheme 2, the symbols are the same as defined above.)

Step 1l: The compound (I-c) can be prepared by reducing

the compound (T-a'). The reduction can be carried out by a

coenventional method, for example, by reacting the compound (I-

b The solvent can be

a with NaBH; in a suitable sclvent.

selected from any one which does not disturb the reduction,

for example, toluene, DME, THF, Et,0 or a mixture thereof. The

reaction c¢an be carried out at a temperature of =78 °C to 50

°C, preferably at a temperature of 0 °C to room temperature.

Step Z: The compound (I-d) can be prepared by the

amination of the compound (I-c¢). The amination can be carried

out by a usual method, for example, by 1) halogenating the

compound (I-c} with a halogenating reagent in a suitable
and 2)

reacting the resulting halogenated compound

with 2 regquisite amine with or without a base in a
solvent. In the halogenation of the compound {(I-c)

halogenating reagent, the halogenating reagent can

suitable
with a

he selected

from conventional halogenating reagents such as thicnyl
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chloride. The solvent can be selected from any one which does
not disturk the halogenation, for example, toluene, CH,Cl,,
THF, Et;0 or a mixture thereof. The reaction can be carried

out at a temperature of -78 °C to 50 °C, preferably at a

temperature of 0 °C to room temperature. In the reaction of
the halogenated compound thus obtained and the amine, the base
can be selected from conventicnal inorganic bases {i.e.,
NaHCO;3, K:CO3} and organic bases (i.e., pyridine, Et3N, N,N-
dimethylaniline, i-Pr;NEt). The solvent can be selected from
any one which does not disturb the reaction, for example,
toluene, DMF, CH,Cl,, DME, THF, Et,0 or a mixture thereof. The

reaction can be carried out at a temperature of =78 °C to 50

°C, preferably at a temperature of 0 °C to room temperature.

Scheme 3.
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OHC
Q\% MEOzC]\%
7 Oxidative <..ﬂ
Esterification T
Jo P X Yo P X

Z\/~:< step 1 - z ’:<

B
N-M A B - &
Ny M Ny MMA

(1-ah) Y (I-e) Y
HO,C
¢
. 2 :
Hydrolysis . P X 1. halogenation
- O .
step 2 B 2= ( 2. R®°RéNH -

N—NP&_(A

0 N-ypg \

"W step 3
Y

(I-g)

{In the Scheme 3, the symbols are the same as defined above.)
Step 1: The compound (I-e) can be prepared by the
oxidative esterification of the compound (I-a’). The reaction
can be carried out by a usual method, for example, by reacting

the compound (I-a') with an oxidizing reagent such as MnO; in
the presence of an alkali metal cyanide such as NaCN, MeOH and
an acid in a suitable solvent. As the acid, acetic acid can be
preferably used. The solvent can be selected from any one
which does not disturb the reaction, for example, MeCH, AcOH,

H;0 or a mixture thereof. The reaction can be carried out at a
temperature of 0 °C to 50 °C, preferably at a temperature of 0
°C to room temperature.

Step 2: The compound (I-f) can be prepared by
hydrolyzing the compound {lI-e). The hydrolysis can be carried
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out by a usual procedure, for example, by treating the
compound (I-e) with a base in a suitable solvent. The base can
be selected from conventional inorganic bases such as LiOH,
NaCOH and KOH. The solvent can be selected from any one which
does not disturb the hydrolyzing reaction, for example, THF,
MeOH, EtOH, Hz;0 or a mixture thereof. The reaction can be
carried out at a temperature of -78 °C to 50 °C, preferably at
a temperature of 0 °C to room temperature.

Step 3: The compound (I-g) can be prepared by the
amidation of the compound (I-f). The amidation can be carried
out by a usual method. For example, the compound (I-g) can be
brepared by 1) reacting the compound (I-f) with a halogenating
reagent, and 2) reacting the acid chloride compound thus
cbtained with a requisite amine in the presence or absence of
a base in a suitable solvent. The reaction of the compound {I-
f) with a halogenating reagent can be carried out at a reflux
temperature. The halogenating reagent can be selected from
conventional halogenating reagents such as thionyl chloride.
In the reaction of the acid chloride compound and the amine,
the base can be selected from conventional inorganic bases
such as KyCOs3, NayC0O3; and NaHCQC;, and conventiocnal organic
bases such as pyridine, EtsN, i-Pr;EtN, aniline, N,N-
dimethylaniline. The solvent can be selected from any one
which does not disturb the coupling reaction, for example,
toluene, CH;Cl,, THF, Et;0, H,O or a mixture thereof. The

reaction can be carried out at a temperature of -78 °C to 50

°C, preferably at a temperature of 0 °C to room temperature.
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Scheme 4.
CH%\/f\; R'°0,CCH=CH
A i
T PhsP=CHCOR™® T—

Yo P

X
Yo P X
Z(\=< 2 Z/‘=‘<

B
N-M A step 1 B -M A
SNy —\\—4 BN MA

(I-a') LA Y
10 (I-h)
R'°0,CCH,CH,
¢ 3
T
Reduction Yo P , X Hydrolysis
B N—M Q— A
step 2 HﬁN-W # step 3
(I-1} Y
36
HO,CCH,CH, R°R NCOCHZCHz/’\'
¢ o
T T P X
T ™Mo P . X 1. Halogenation Jo Z,:=<
B g N, ——— B N-M—Q A
t"‘)ﬁN-WN MA&\_{A 2. R°R®NH MHN—W ‘ 4&\_{
Y I-k Y
(1-9) step 4 (I-k)

(In the Scheme 4, R ig Ci-s alkyl, and the other symbols are
the same as defined above.)

5 Step 1: The compound (I-h) can be prepared by reacting
the compound (I-a'} with a conventional Wittig reagent,
Ph3P=CHCOﬂ90. The solvent can be selected from any one which
does not disturb the coupling reaction, for example, toluene,
DMSO, DMF, THF, Et;0 or a mixture thereof. The Wittig reaction

10 can be carried out at a temperature of 0 °C to 150 °C,

preferably at a temperature of room temperature to 120 °C.
Step 2: The compound (I-i) can be prepared by reducing
the compound (I~h). The reduction can be carried out by a
usual methoed, for example, by treating the compound (I-h) with
I5 a reducing reagent such as NaBH; in the presence of NiCl, in a
suitable solvent. The solvent can be selected from any ocne

which does not disturb the reduction reaction, for example,
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MeCH, EtOH, AcOH, THF, Et;0, H;0 or a mixture thereof. The

reaction can be carried out at a temperature of -78 °C to 50

°C, preferably at a temperature of 0 °C to room temperature.
Step 3: The compound (I-j) can be prepared by
5 hydrolyzing the compound (I-i). The hydrolysis can be carried
out in a similar method as described in the Scheme 3, step 2.
Step 4: The compound (I-k) can be prepared by the
amidation of the compound (I~j). The amidation can be carried

,out in a similar method as described in the Scheme 3, step 3.

10 Scheme 5.

10
R"0,C HOLC

Jo O X ol o
pa ,_< ydrolysis ( _ COZH

M‘N\( ‘Q_/( step 1 ‘(K,—<

N i - HNJ\\—(

Y
x'oc
Halogenation/Cyclization
step 2 0 O X
Z— i} Condensing
N—C A reagent
b“)ﬁ‘N\« N i)} R3ROHN

H,O or

- X
R3REHN z<=(A
step 3 l‘—)—N\\< M -~

R” = HO,C (I—m)
R'=R®R®NCO (1-n)

(In the Scheme 5, %! is a halogen, and the other symbols are

the same as defined above.)
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Among the compound (I), the compound (I-m) and the
compound (I-n) can be prepared by the steps comprising 1)
hydrolyzing the compound (I-1), 2) reacting the resulting
compound with a conventional halogenating reagent such as
thionyl chloride, and 3) reacting the resulting cyclized acid
chloride compound with H»O or a requisite amine. These Steps 1
to 3 can be carried out by a similar method as described in
the Scheme 3, steps 2 and 3.

An aiternative procedure for the preparation of the
compound (I-n) from the compound (I-1) comprises the steps of
1) hydrolysis of the compound (I-1), and 2) cyclization of the
resulting diacid with condensing reagent followed by treatment
with the requisite amine.

The hydrolysis can be carried out as described in the
Scheme .3, step 2. The cyclization reaction can be carried out
in the presence of a condensing reagent with or without a base
in a suitable solvent or without a solvent. The condensing
reagent can be selected from any one which can be used for a
conventional amide bond synthesis, for example, BOP-Cl, RQP
reagent, DCC, EDC or CDI, preferably EDC.

The base can be selected from an organic base (e.g., DIERA,
DMAP, DBU, Et3N), an alkali metal hydride (e.g., NWaH, LiH), an
alkali metal carbonate (e.g., Na,CO;, K,CO3), an alkali metal
hydrogen carbonate (e.g., NaHCO,, KHCO3), an alkali metal amide
{e.g., NaNH;)}, an alkali metal alkoxide (e.g., NaCMe, KOM=), a
lower alkyl alkali metal salt{e.g., n-BulLi, t-Buli), an alkali
metal hydroxide (e.g., NaOH, KOH), an alkaline earth metal
hydroxide (e.g., Ba(OH),), and the like.

The solvent can be selected from any one which does not
disturb the condensation reaction, for example, CH;Cl,, THF, DMF

or a mixture thereof. The reaction is carried out at a
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temperature of 0 °C to room temperature, preferably at room

temperature.

Scheme 6.

R Ry), P X

Jo P X o
R“CONWN Z\'—<A ftfp_1_, HN N Z\'_“<A
bﬁﬁNqN _%§;4( t\‘)ﬁ'i\i‘\!\!‘

Y
{I-o}

R
‘ step 2 o I 2 X
P B \""(
acylation t‘—)—N N \ /A
sulfonylation : W

or Y
alkylation 41 5 5
B=-N(COR™"}-, -N(CONHR®)-, -N(CSNHR")-: (T-p

N(SORY-: (1-q)
-N(R1)— (I-r:R* is Ci_g alkyl)

(In the Scheme 6, the symbols are the same as defined above.)

Among the desired compound (I), the compound (I-p), {I-
dq), or (I-r) can be prepared from the compound (I-o) by 1)
removing the COR“‘group, and 2) acylating, sulfonylating or

10 alkylating the resulting compound (I-s).

Step 1: Removal reaction can be carried out by a
conventional method, which is selected according to the type
of the group to be removed, e.g., 1) catalytic reduction using
a catalyst such as palladium on activated carbon under a

15 hydrogen atmosphere, 2) a treatment with an acid such as
hydrogen chloride or TFA, at room temperature or with heating
in an organic solvent, e.g., CH,Cl,, THF, MeOH, EtOH and MeCN,
or without an organic solvent.

Step 2:

20 Acylation: The compound (I-p) (B is -N(COR*!)-, -

N (CONHR®) - or -N (CSNHR®) ~) can be prepared by the N-acylation
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of the compound (I-s). The N-acylation reaction can be carried
out by a conventional method using 1) an acylating reagent,
€.g9., a Cy-7 alkanoyl halide, a Ci..; alkanoic acid anhydride, a
Ci-¢ alkyl halogenoformate such as a Ci_¢ alkyl chlorcformate,
an aryl carbonyl halide, a chlorosulfonyl isocyanate, a Ci_g
alkyl isocyanate, a Cjg alkyl isothiocyanate, an aryi
isocyanate or an isocyanate, or 2) a condensing reagent (e.g.,
CDI, thioCDI) and a requisite amine or alcohol. The N~

acylation can be carried out at a temperature of 0 °C to 100

°C (preferably at a temperature of room temperature to 90 °C)
in the presence or absence of a base (e.g., DIEA, DMAP,
pyridine, NaHCO0;, NayCO0s;, KHCOs;, K2CO3} in an organic solvent
(e.g., THF, CHsCN, CHgClz; DMF, toluene, acetone and the
mixture thereof).

Sulfonylation: The compound (I-q) (B is -N(SC,R’)=-) can
be prepared by the N-sulfonylation of the compound (I-s). The
N-sulfonylation reaction can be carried out py a conventional
method using a requisite Cj_g alkylsulfonyl halide or an
arylsulfonyl halide in the presence of a base {e.g., EtsN,
DIEA, NaHCO3, KHCOj;, Na,COs;, KsC0Oi) at a temperature of 0 °C to
room temperature (preferably at room temperature) in an
organic solvent (e.g., CH,Cl,, THF, DMF, CHsCN, toluene,
acetone and the mixture thereof).

Alkylation: The compound (I-r) (B 1is —N(Ri)—, R! is Ci-6
alkyl) can be prepared by the reductive alkylation of the
compound (I-s). The reductive alkylation can be carried out by
& conventional method, for example, using aldehydes {e.qg.,
formaldehyde, acetaldehyde), a reducing agent (e.g., sodium
cyanoborohydride, NaBH;) and an acid (e.g., HCl) at room
temperature in an organic solvent (e.g., MeOH, EtQH, THF,

dioxane) or Hy0, or the mixture thereof.
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The desired compound {I) of the present invention can ke
also converted into each other in accordance with one of the

following procedures according to the.type of the substituent

thereof.

Procedure A: Acylation of Hydroxyl Group

(A-1) The compound (I) wherein Z, Zl, Ri, Rz, RB, Rﬂﬂ R“,
R°, R® or the substituent of R 1s a substituted or
unsubstituted Cz.; alkanoyloxy group can be prepared by the
acylation of the compound (I) wherein the corresponding Z, Zl,
R', R?, R?® R%, R*', R®, R® or the substituent of R is hydroxy.
The acylation can be carried out using a C;.7; alkanoyl halide
which may be substituted in the presence of a base (e.g., EtsN,
DIEA, NaHCO;, KHCOCs, Nao,COs3, K»COs3, KHCOs, Cs2C03) at a
temperature of room temperature to 50 °C in a suitable solvent
(e.g., CHxCl,, THF, DMF, CHsCN, toluene).

(A-2) Among the compound (I) wherein B is -CH{QOCOR’)- can
be prepared by the acylation of the compound (I) wherein B is -
CH (OH) -. The acylation reaction can be carried out using
R’COC1 in the presence of a base (e.g., Et3N, DIEA, NaHCO;,
KHCO3, NayCO3, K,CO;, KHCO;, Cs,C0O3) at a temperature of 0 °C to

50 °C in an organic solvent (e.g., CHCl,, THF, DMF, CHsCN,

toluene) .

Procedure B: Wittig reaction

Among the compound (I} wherein B is -C{RY) Gﬁ)— and R! and
R® combine with each other at the terminal thereof to form
methylene substituted with C;¢ alkoxycarbdnyl can be prepared
by the Wittig reaction of the compound (I) wherein B is ~-C(=0) -

The Wittig reaction can be carried out by a conventional
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method wusing a Wittig reagent, for example, (triphenyl-

phosphoranylidene)acetic acid Ci-¢ alkyl ester at a room

temperature of 50 °C to 100 °C in an organic solvent (e.g.,

toluene, THF).

Procedure C: Azidation

The compound {I) wherein B is -CH{Na)- can be prepared
from the compound (I) wherein B is -CH(OH)-. This procedure
comprises steps of 1) converting hydroxyl group to an

eliminating group such as methanesulfonyloxy group and
toluenesulfonyl group, and 2) reacting the compound from step-1
with an alkali metal azide. Step-1 can be carried out by
reacting the compound {I) wherein B is -CH({QH)~- with
methanesulfonyl chloride or toluenesulfonyl chloride in the
presence of a base (e.g., EtsN, DIEA, NaHCO;, KHCO;, Na,COs3,
KzCO3, KHCO3, CsC03) at a temperature of 0 °C to 50 °C in an
organic solvent (e.g., CHyCl,, THF, DMF, CHsCN, toluene). Step-2
can be carried out at a temperature of 0 °C_to 100 °C in an

organic solvent (e.g., CHyCl,, THF, DMF, CHsCN, toluene).

Procedure D: Reduction of Azido Group

The compound {(I) wherein B is -CH(NH,)- can be prepared by
reducing the compound (I) wherein B is -CH(N3)-. The reduction
can be carried out by chemical reduction using metal and
inorganic acid (e.g., Fe/HCl, Sn/BCl, SnCl,/HCl, 2n/AcCH and
the like) at a temperature of 0 °C to 50 °C in an organic
solvent (e.g., MeOH, EtOH, AcOH), water or a mixture thereof.
The reduction reaction can be carried out at a temperature of 0
°C to 100 °C in an organic solvent (e.qg., CH,Cl,, THF, DMF,
CH3CN, toluene). In additicn, the reduction can be carried out

under catalytic hydrogenation condition (e.g., H,/Pd-C). The
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reduction reaction can be carried out at room temperature in an

crganic solvent (e.g.,EtOAc, THF, EtOH).

Procedure E: Acylation of Amino Group

(E-1) The compound (I) wherein z, 2!, R!, R?, R®, R*, R*?,
R5, R® or the substituent of R is a substituted or
unsubstituted C;; alkanoylamino group can be prepared by the
acylation of the compound (I) wherein the corresponding %, 2%,
R', R?, R’ R', R', R®, R® or the substituent of R is amino.
The acylation reaction can be carried out by a usual method as
described in the Scheme 6, step 2.

(E-2} The compound (I) wherein B is -CH{NHCOR*%)-, -
CH (NHCONR’R®) - or =-CH(NHCSNR’R®)-, and/or R has NHCOR* as a

substituent thereof can be prepared by the N-acylation of the

compound (I) wherein B is -CH(NH;)- and/or R has NH, as a
substitutent.
The N-acylation «can be performed with wusing 1) an

acylating reagent ({e.g., R'coc1, R'R®NCO, RPR®NCS) or 2) a
condensing reagent (e.g., CDI, EDC) and a requisite acid (e.g.,
R**COOH) . The reaction can be carried out by a usual method as

described in the Scheme 6, step 2.

Procedure F: Sulfonylation of Amino Group

(F-1) The compound (I) wherein Z, Zl, Rl, Rz, R3, R4% Eﬁz,
R°, R® or the substituent of R is a substituted or
unsubstituted Ci;¢ alkanesulfonylamino group can be prepared by
the sulfonylation of the compound (I) wherein the corresponding
z, z', RY, R? R® R™, R%, R°, R® or the substituent of R is
amino. The sulfonylation reaction can be carried out by a usual

method as described in the Scheme 6, step 2.
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{F-2) The compound (I) wherein B is =-CH(NHSO,R’)- and/or R
has NHSO;R® as a substituent can be prepared by the N-
sulfonylation of the compound (I) wherein B is -CH(NH,)- and/or
R has NH; as a substituent. The N-sulfonylation reaction can be
carried out by a usual method as described in the Scheme 6,

step 2.

Procedure G: Preparation of Oxo Group

The compound (I) wherein B is -C(=0)- can be prepared by
oxidating the compound (I) wherein B is =CH(OQH)-. The
oxidation can be carried out in the presence of an oxidating
reagent (e.qg., BEDC, -PCC, Swern reagent, and MnQO;) at a
temperature of -78 °C to 50 °C in an organic solvent (e.g.,

CHyCl,, THF, DMEF, CHs3CN, toluene).

Procedure H: Elimination of Azido Group

The compound (I) wherein B is -CH=CH- can be prepared from
the compound (I} wherein B is -CH{N3)- by B-elimination of Nz
and hydrogen attached to the carbon atom which is adjacent to
B. The elimination reaction can be carried by & usual manner,
preferably in the presence of a base at a temperature of 0 °C
to 50 °C in an organic solvent (e.g., CHyCl,, THF, DMF, CHsCN,

toluene) .

Procedure I: Reduction of Nitro Group

The compound (I) wherein R has NH, as a substitutent
thereof can be prepared by the reduction of the compound (I)
wherein R has NO; as a substitutent. The reduction reaction can
be carried out by a conventional method. Such method can be
selected from, for example, 1) a catalytic reduction using a

catalyst (e.g., Raney-nickel, and a palladium on activated
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carbon) under a hydrogen atmosphere at room temperature in an
organic soclvent (e.g., methanol, H,0 or the mixture thereof),
2) chemical reduction using metal and inorganic acid {e.g.,
Fe/HCl, Sn/HCl, SnCl,/HCl) or 3) reduction with a reducing
agent {e.g., Na»5:;04) 1in a suitable solvent {e.g., methanol,
ethanol, Hy;0 or the mixture thereof) cor without a solvent at a

temperature of 0 °C to 80 °C.

Procedure J: Demethylation of Methoxy Group

The compound {I) wherein 2 or Z' is hydroxy and/or R has
Y

hydroxyl as a substituent thereof can be prepared by the

demethylation of the compound (I} wherein 2 or z' is methoxy
and/or R has methoxy as a substituent. The demethylation
reaction can be carried out by a conventional method, for
example, a treatment with BBrs or HBr for the demethylation of
a methoxy group, at a temperature of -78 °C to 50 °C in a

suitable solvent (e.g., AcOH, water).

Procedure K: Deprotection of Protected Carboxyl Group

The compound (I) wherein zZ, z!', R, R?, R3, R, Iﬁz, R’>, R®
or the substituent of R is carboxyl or has carboxyl can be
prepared by the hydrolysis of the compound (I) wherein the
corresponding Z, Zl, R!, RZ, R®, R, R4, RS, R® or the
substituent of R is Ci_¢ alkoxycarboxyl group or has Ci-g
alkoxycarboxyl. The hydrolysis can be carried out by a
conventional method, for example, hydrolysis using a base
(e.g., NaOH, LiOH, KCH) or an acid (e.g., hydreochloric acid),
and treatment with an acid (e.g., TFA), at room temperature in
an organic solvent (e.g., MeOH, EtOH or THF) or without an

organic solvent.
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Procedure L: Alkylation of Hydroxyl Group

1

(L-1} The compound (I) wherein %, 2Z*, R!, R®

, R}, R, R,
R°, R® or +the substituent of R is a substituted or
unsubstituted C;-¢ alkoxy group can be prepared by the
alkylation of the compound (I) wherein the corresponding 2, 2!,
R', R*, R’, R*, R", R®, R® or the substituent of R is hydroxy.
The alkylation reaction can be carried out using a halogenated
Ci¢ alkane which may be substituted (e.g., methyl iodide,
benzyl bromide} in the presence of a base (e.g., Et3N, DIEA,
NaHCOz, XHCO;, NayCOs, KyCO3, KHCO;, Cs,C03) at a temperature of
room temperature to 50 °C in an organic solvent (e.g., CHyCl,,
THF, DMFE, CHsCN, toluene).

The alkylation reaction can be also carried out by using a
conventional alkylation method such as Mitsunobu Reaction (for
reference of Mitsunobu reaction: (a) Mitsunobu, Synthesis, 1-
28, (1981), (b) Hughes, Organic Reactions, 42, 335 (1992), (c)
Mitsuhashi et al., J. Am. Chem. Soc., 94, 26 (1972)).

(L-2) Among the compound (I) wherein B is ~-CH{OR®*)- and RrR®
is Ci.¢ alkyl which may be substituted can be prepared.by the
alkylation of the compound (I} wherein B is -CH(OQH)-. The
aikylation reaction can be carried out using a C;¢ alkyl halide
which may be substituted in the presence of a base (e.g., EtaN,
DIEA, NaHCO;, KHCGCs, NazC0s5, KoCOs5, KHCO;, Cs2C03) at &
temperature of room temperature to 50 °C in an organic solvent
(e.g., CHyCl,, THF, DMF, CHsCN, toluene), The alkylation
reaction can be also carried out by a conventional alkylation

method such as Mitsunobu Reaction.

Procedure M: Conversion of Carboxyl Group into Carbamoyl Group
{(M-1) The compound (I) wherein Z, 2Z%, R', R?, R®, R*, R*?,

R°, R® or the substituent of R is a substituted or
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unsubstituted carbamoyl group can bé prepared by condensing the
compound (I} wherein %, 2z', R, R?* R’ R*, R*, R®°, R® or the
substituent of R is carboxyl with a substituted or
unsubstituted amine.

The condensation reaction can be carried out by the
conventional method for a wusual peptide synthesis. The
condensation reaction of the compound (I) with a substituted or
unsubstituted amine is carried out in the presence of a
condensing reagent with or without a base in a suitable solvent
or without a solvent. The condensing reagent can be selected
from any one which can be used for a conventional amide bond
synthesis, for example, BOP~Cl, BOP reagent, DCC, EDC or CDI.

The base can be selected from an organic base (e.g., DIEA,
DMAP, DBU, Et3N), an alkali metal hydride {e.g., NaH, LiH), an
alkali metal carbonate {e.g., NayCO;, KCOs3), an alkali metal
hydrogen carbonate (e.g., NaHCO;, KHCO;), an alkali metal amide
{e.g., NaNH;), an alkali metal alkoxide {e.g., NaOMe, KOMe}, a
lower alkyl alkali metal salt {e.g., n-BulLi, t-BulLi}, an alkali
metal hydroxide (e.g., NaCH, KOH), an alkaline earth metal
hydroxide (e.g., Ba(OH);}, and the like.

The solvent can be selected from any one which does not
disturb the condensation reaction, for example, CHpCl;, THF, DMF
or a mixture thereof. The reaction is carried out at a
temperature of 0 °C to room temperature, preferably at room
temperature.

The condensation reaction of a substituted or

unsubstituted amine with the reactive derivative of the

compound (I), for example, with an acid halide {e.g., an acid
chloride), a reactive ester (e.g., an ester with p-
nitrophenol}, an anhydride thereof, a mixed anhydride with

other carboxylic acid (e.g., a mixed anhydride with acetic
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acid), and the like, is carried out in the presence of a base
or without a baée in a solvent or without a solvent.

The base can be selected from an organic base {e.g., DIEA,
DMAP, DBU, Et3N), an alkali metal hydride (e.g., NaH, LiH), an
alkali metal carbonate (e.g., NayC0s, K2CO3), an alkali. metal
hydrogen carbonate (e.g., NaHCOs, KHCO3), an alkali metal amide
(e.g., NaNH;), an alkali metal alkoxide (e.g., NaOMe, KOMe), a
lower alkylalkali metal salt(e.g., n-BulLi, t-BulLi), an alkali
metal hydroxide (e.g., NaOH, KOH), an alkaline earth metal
hydroxide {(e.g., Ba(CH),), and the like.

The solvent can be selected from any one which does not
disturb the condensation reaction, for example, CHyCl,, C,H4Cl,,
Et,0, THF, DMF, CH3;CN, DMSO, benzene, toluene or a mixture
thereof. The reaction is carried out at a temperature of -30 °C

to 100 °cC.

(M-2) The compound (I} wherein Z or Z* is COR** and R*® is
NR’R® can be prepared by condensing the compound (I) wherein %
or z* is carboxyl with HNRRS.

The condensation reaction <can be carried out by a
conventional method as described in (M-1).

{(M-3) The compound {I} wherein R hés -C(=0) - (a—amino acid
residue}) as a substitutent thereof can be prepared by
condensing the compound (I) wherein R has carboxyl greup as a
substitutent thereof with an o-amino acid.

The condensation reaction can be carried out by a

conventional method as described in (M-1}).

Procedure N: Conversion of Halogen Atom to Aryl Group or
Heteroaryl Group
The compound (I) wherein X and Y are aryl which may be

substitituted or heterocaryl which may be substituted can be
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prepared by reacting the compound {I) wherein X and Y is
halogen with a (substituted or unsubstituted aryl)boronic acid
or a (substituted or unsubstituted hetercaryl)boronic acid
using a conventional aryl coupling method such as Suzuki
Coupling method. The coupling reaction can be carried out in a

similar procedure as described in Scheme 1.

Procedure O: Oxidation of Sulfur Atom

{0-1) The compound (I) wherein B is -S0O- or =S0,—- can be
prepared by oxidizing the compound (I) wherein B is -S$- with an
oxidant such as a péracid {e.g., mCPBA, H,0,, AcOCH, PhCCOOH) in
a suitable solvent (e.g., CH,Cl,) at room temperature or under
cooling.

(C-2) The compound (I) wheﬁein R has Ci¢ alkylsulfinyl or
Ci-¢ alkylsulfonyl as a substitutent thereof can be prepared by
oxidizing the compound (I) wherein R has Cig alkylthio as a
substitutent. The oxidation can be carried out in a similar

manner as described in the above procedure (0-1).

Procedure P: Acylation of pyrrolyl group

(P=-1) The compound (I) wherein X and/or Y is formyl-
substituted pyrrolyl can be prepared by formylation of the
compound (I) wherein X and/or Y is unsubstituted pyrrolyl. The
formylation can be carried out by a conventinal method, for
example, with using a Vilsmeier reagent (DMF-POCl:) in a
suitable solvent {e.g., DMF) at a temperature of 0 °C to 5C °C,
preferably at room temperature.

(P-2) The compound (I) wherein R' is lower alkanoyl-
substituted pyrrolyl {said lower alkanoyl may be substituted
with halcgen) can be prepared by the acylation of the compound

(I) wherein R' is unsubstituted pyrrolyl. The acylation can be
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carried out by reacting the compound (I) with a reguisite
lower alkanoyl halide (e.g., acetyl chloride) or a requisite
lower alkanoic acid anhydride (e.g., acetic anhydride,
trifluorocacetic anhydride) in the presence or absence of a

Lewis acid (e.g., SnCl,, TiCl,, AlCl,) in a suitable solvent

{e.g., CHyCly, CCl:) at a temperature of 0 °C to 50 °C,

preferably at room temperature.

Procedure Q: Amination of Halogen

The compound (I) wherein X and/or Y is NR®R® can be
prepared by the amination of the compound (I) wherein X and/or
Y is a halogen with an amine compound, HNR®R®. The amination
can be carried out in a suitable solvent {e.g., THF, toluene,
DMF) or without' scolvent in a sealed tube at a temperature of

50 °C to 150 °C.

Procedure R: Halogenation of Oxo Group

The compound (I) wherein B is -CF;- can be prepared by
halogenating the compound (I} wherein B is -C(=0)-. The
halogenation can be carried out with a halogenating reagent
(e.g., (diethylamino)sulfur trifluoride) in a suitable solvent

such as halogenomethane (e.g., CH,Cl;) at a temperature of 0 °C

to 50 °C, preferably at a room temperature.

Procedure 5: Conversion of CN group into Tetrazolyl group

The compound (I} wherein R is tetrazolyl-substituted aryl
or tetrazolyi-substituted hetercaryl can be prepared by
reacting the compound {(I) wherein R is cyano-substituted aryl
or cyano-substituted hetercaryl with an alkali metal azide

{e.g., NaNs3). The reaction can be carried out in a suitable
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solvent (e.g., DMF, DMSC, toluene) at a temperature of 50 °C to

150 °C.

Procedure T: Conversion of CN group intoc Amidino group

The compound (I) wherein R is amidino-substituted aryl or
amidino-substituted heteroaryl can be prepared by 1)
alcoholyzing the compound (I) wherein R is a cyano-substituted
aryl or a cyano-substituted heterocaryl, and 2) reacting the
resulting ester with ammonia. The alcoholysis (step 1) can be
carried out in the presence of an acid (e.g., HCl) in a

suitable alcohol (e.g., MeOH, EtOH) at a temperature of 50 °C
to 150 °C, preferably at room temperature. The reaction of the
resulting ester with ammonia (step 2) can be carried out in a
suitable solvent (e.g., MeOH, EtOH) at a temperature of 50 °¢

to 150 °C, preferably at room temperature.

Procedure U: Halogenation of Aryl or Heterocaryl

The compound (I) wherein R is halogencaryl or
halogenoheteroaryl {e.g., fluorophenyl)} can be prepared by
reacting the compound (I) wherein R is aryl or heterocaryl with
a halogenating reagent (e.g., fluoropyridinium triflate) in a
suitable solvent (e.g., CH3CN) at a temperature of 0 °C to 100

°C.

Procedure V: Conversion of Amino group into pyrrolyl group or
dimethylpyrrolyl group

(V-1) The compound wherein B is -CH(pyrrolyl)- can be
prepared by reacting the compound (I) wherein B is -CH{NH,)-

with 2,5-dimethoxyfuran in the presence of a base (e.g.,
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NaOAc} in a suitable solvent (e.g., acetic acid). The reaction
can be carried out at a temperature of 0 °C toc 100 °C.
(V-2) The compound wherein B is ~CH(dimethylpyrrolyl)-
can be prepared by reacting the compound (I) wherein B is -
5 CH(NHz}- with 2,5-hexanedione in the presence of acid (e.q.,

AcOH) in a suitable solvent (e.g., EtOH, AcOH)

The starting compound of the formula (II) can be prepared

by the following scheme:

10 Scheme 7.

P R. P
' ' K)
BWWW/U\OG step 1 B oG step 2
N, — N, L
nH Boc  R(K),L (V) H\H Boc
(IX) (X}

R, .P
U()o step 3 R\(K) P
0G V‘)m-\)LOG
B H
B N

NH
3 CAVLE

X
LR
(XI) \I:;]j
(1I) “

Y

=

(In the Scheme 7, the symbols are the same as defined above.)

Step 1: The compound (X) can be prepared by reacting
the compound (IX) with the compound (IV). The reaction can be

15 carried cut in a similar manner as described in Method B.

Step 2: The compound (XI) can be prepared by
deprotecting the compound (X). The deprotection can be carried
out by a usual manner used for the deprotection of a Boc
protected amino group.

20 Step 3: The compound (II) can be prepared by reacting
the compound (XI) with the compound of the formula (XII-a):
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X
' <A§A
L K. /“\)\
W M Y

wherein L' is a leaving group and the other symbols are the

N

(XIT-a)

- same as defined above, or with the compound of the formula

(XII-b):
X

AN

S
QCN,M e Yo

wherein the symbols are the same as defined above.

XII-b)

The leaving group may be selected from conventional

leaving groups such as halogen atoms (i.e., chlorine and

bromine) .

The reaction can be carried out in the presence or

absence of a base in a suitable solvent or without a solvent.

The base can be selected from conventional inorganic bases
such as K;CO3, Na,CO; and NaHCC;, and conventional organic
bases such as pyridine, Et3N, iPr,EtN, aniline, and N,N-
dimethylaniline. The solvent can be selected from any one
which does not disturb the coupling reaction, for example,
toluene, DME, DMF, THF, CH:;Cl, or a mixture thereof. The

coupling reaction can be carried ocut, for example, at a
temperature of -78 °C to 50 °C, preferably at a temperature of
0 °C to room temperature.

The compound (II) wherein OG is a resin-combined hydroxyl

group may be also prepared in accordance with the following

scheme:
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step 3

(In the Scheme 8, 0G® is a protected hydroxyl group, QD is a
resin polymer and other symbols are the same as defined

5 above.) _

Step 1: The compound (XIII) can be prepared by
deprotecting the compound ({(XI-a). The deprotection can be
carried out by a usual manner used for the deprotection of a
protected carboxyl group, for example, by hydrolysis.

10 Step 2: The reaction can be carried out by a
conventional method for solid phase synthesis (e.g., Horiki's
method, Horiki et al., Chem. Lett. 1978 (2) le5-168). For
example, the reaction can be carried out by heating the
compound thus obtained with Merrifield resin in the presence

15 of KF in a suitable solvent such as DMF.

Step 3: The removal of Boc group can be carried out by
a similar method as described in the Scheme 7, step 2.

Step 4: The reaction can be carried out by a similar
method as described in the Scheme 7, step 3.

20 - The starting compound of the formula (III) can be

prepared in accordance with the following scheme:



11 MAR 2004

51
Scheme 9.
P P X
5 oG Step 1 h P(-IDG Z,\/ f\
(\_);NH - MN.W N“M X v
(LX) (XIV)
P X

2]
[§H]
0
)
¥
m{
Z
=
N
d
s

<

(IIT1)
{In the Scheme 9, the symbols are the same as defined above.)
' Step 1: The compound (XIV) can be prepared by reacting
5 the compound (IX-b) with the compound (XII-a) or with the
compound (XII-b). The reaction can be carried out in a similar
manner as described in the scheme 6, step 3.
Step 2: The compound (III) can be prepared by cyclizing
the compound (XIV). The cyclization can be carried out in a
10 similar manner as described in Method A.
The starting compound (III) can be also prepared in

accordance with the following scheme:

Scheme 10.
X

2:<
| —M—> A
P (VI)\ 4 P X
Y 7 —
S Sew
(XV) (IIT) Y

15 (In the Scheme 10, the symbols are the same as defined above.)
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The compound (III) can be prepared by reacting the
compound (XV) with the compound (VI). The reaction can be
carried out in a similar manner as described in the Method C.
The Starting compound (XV)} can be prepared by a conventional
method (for example, J. Med. Chem., 1995, 38, 3565).

The starting compound (V) can be prepared in accordance

with the following scheme:

Scheme 11.
P R-(K)4-L R P
B NH ~ B NH
OopN-w O N-w

(XV) | (V)
(In the.Schemeill, the symbols are the same as defined above.)
The compound (V) can be prepared by reacting the compound
(XV) with the compound (IV). The reaction can be carried out

in a similar manner as described in the Method B.

In the present description and the claims, the C;¢ alkyl
means a straight chain or branched chain alkyl group having 1
Eo 6 carbon atoms, for example, methyl, ethyl, propyl, butyl,
etc., preferably one having 1 to 4 carbon atoms. The Ci
cycloalkyl means a cycloalkyl group having 3 to 6 carbon
atoms, for example, cyclopropyl, cyclobutyl, cyclopentyl, etc.
The Ci.s alkoxy means a straight chain or branched chain alkoxy
group having 1 to 6 carbon atoms, for example, methoxy,
ethoxy, propoxy, butoxy, etc., preferably one having 1 to 4
carbon atoms. The C;.¢ alkoxy also includes a cycloalkyloxy
group having 3 to 6 carbon atoms, for example, cyclopropyl,
cyclobutyl, cyclopentyl, etc. The C; ¢ alkoxycarbonyl means a

straight chain or branched chain alkoxycarbonyl group
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comprising an alkoxy group having 1 to 6 carbon atoms and
carbonyl group, for example methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl, and butoxycarbonyl, etc., preferably one
having 1 to 4 carbon atoms.

The Ci.7 alkanoyl means a straight chain or branched chain
alkanoyl group having 1 to 7 carbon atoms, for example,
formyl, acetyl, propionyl, butyryl, etc., preferably one
having 1 to 5 carbon atoms. The C,_- alkenyl means a straight
chain or branched chain alkenyl group having 2 to 7 carbon
atoms, for example vinyl, allyl, crotyl, etc., preferably one
having 2 to 5 carbon atoms. The "a-amino acid residue"™ means
an amino acid residue which is obtained by removing a hydrogen
atom from the amino group of the corresponding o-amino acid
(e.g., aspartic acid, glutamic acid, glutamine, serine,
sarcosine, proline, phenylaianine, leucine, glycine,

tryptophan, cysteine, histidine, tyrosine, and valine).

- Abbreviations
Ac: Acetyl
Ac,0: Acetic anhydride
AcOH: Acetic acid
ACOOQH: Peracetic acid
AcOrt: Ethyl acetate (= EtOAc)
BCC: t-Butoxycarbonyl {= t-Boc)
BOP-C1: Bis (2-oxo-3-oxazolidinyl) phosphinic chloride
BOP Reagent: Benzotriazel-l-yloxy-tris (dimethylamino)-

phosphonium hexafluorophosphate

BSA: Bovine serum albumin
CDI: 1,1"'-Carbonyldiimidazole
DAST: Diethylaminosulfur trifluoride

DCC: 1,3-Dicyclohexylcarbodiimide
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DCM:
DEAD:
DME :
DMAP:
DMFE ;
DIEA:
DMSO:
EDC:

Et:

EtOH:
HBS5S:
HBTU:

HMPA :
HORT :
HSA:

KHMDS :
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Dichloromethane

Diethyl azodicarboxylate
Dimethoxyethane
4-Dimethylaminopyridine
Dimethyl formamide
Diisopropylethylamine
Dimethyl sulfoxide
1-(3-Dimethylaminopropyl)-3~ethylcarbodiimide
hydrochloride

Ethyl

Ethanol

Hank's balanced salt solution

O-Benzotriazol-l-yl-N,N,N',N'-tetramethyluronium

hexafluorophosphate
Hexamethylphosphoramide
1-Hydroxybenzotriazole

Human serum albumin

Potassium hexamethyldisilazide (=Potassium
bis(trimethylsilyl)amide)

Lithium diisopropylamide
m-Chloroperbenzoic acid (= MCPBA)
Methyl

Methanol

n-Butyl

Phosphate buffered saline
Pyridinium dichromate

Pyridinium chlorochromate

Phenyl

i-Propyl

tert-Butyl

Tetrahydrofuran
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Tf: Trifluorcomethanesulfonyl
TFA: Trifluoroacetic acid
TBDMS:  tert-Butyl-dimethylsilyl
Tris;: Tris (hydroxymethyl)aminomethane

The compound of the present invention is exemplified by

the following examples but not limited thereby.

Examples

Example 1. 5-(4-Bromobenzyl)-3-(3,5-dichlorophenyl) -1, 3~

diazabicyclo[3.3.0]octane-2, 4-dione

{1) To a solution of N-(tert-butoxycarbonyl)proline methyl
ester (1.30 g) in THF (20 mL) at -78 °C was added a solution
of KHMDS (1.25 g) in THF (20 mL). After 45 minutes, a
solution of 4-bromobenzyl bromide {(1.5%9 g) in THF {20 mlL} was
added at -78 °C. The reaction mixture was warmed to room
Cemperature over 3 hours and stirred for an additional 3
hours. The mixture was diluted with EtOAc, washed with water
and brine, dried ({Na;SQ:;}, filtered and concentrated.
Purification by flash column chromatography {silica gel;
EtOAc/hexane 1:2) afforded N-(tert-butoxycarbonyl)-2-(4-
bromobenzyl)proline methyl ester (0.474g). MS (m/z) 398 (MH').

(2} To a solution of the compound obtained above (0.474 g) in
CHzCl, (5 mL) was added TFA (1.5 mL}. After 1 hcour, the
reaction mixture was diluted with CH,Cl,, washed with agueous
NaHCO3 and brine, dried (Na»SO.) and concentrated to give 2-(4-
bromobenzyl)proline methyl ester. MS (m/z) 298 (MH+).
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(3) 3,5-Dichlorophenylisocyanate (0.50 g) was added to a
solution of the compound obtained above in THF (10 mL) and
DIEA (2.0 mL). After 4 hours stirring at room temperature,
the reaction mixture was concentrated. The residue was
redissolved in EtOAc, washed with aquecus NaHCO; and brine,
dried (NazS04), filtered and concentrated. Purification by
chromatography (silica gel: EtOAc/hexane: 1/4, Chromatotron
(Harrison Research)) afforded 0.33 g of N-[{3,5-
dichlorophenyl) carbamoyl]-2-{4-bromobenzyl)proline methyl
ester. MS (m/z) 485 (MH'). mp 170.9 °C.

(4) The compound obtained above (0.153 g} was dissolved in
hot EtOH (10 mL) and cocled to 0 °C. To the solution at 0 °C
was added NaOEt- (0.010 g). After 45 minutes of stirring, the
mixture was concentrated. Purification by chromatography
(silica gel: 15% EtOAc/hexane, Chromatotron) afforded the
titled compound (0.129 g). MS (m/z) 453 (MH"). mp 69.4 °C.

Example 2. (5S,7R)-5-{4-Bromobenzyl)=-3-{(3,5-dichlorophenyl)-7-

hydroxy-1,3-diazabicyclo[3.3.0}octane~2,4-dione

(1) To a solution of (4R) -N- {tert-Butoxycarbonyl)-4-hydroxy
proline benzyl ester (Williams et al., J. Org. Chem. 1994, 59,
3612-3625) (20.75 g) in acetonitrile (200 mL) was added
imidazole (4.43 g) and tert-butyldimethylsilylchloride {(14.47
g) . After stirring overnight, the reaction was concentrated.
The residue was redissolved in EtOAc, washed with satd. NaHCO5
and brine, dried (Na»SQ4), filtered and concentrated. The
compound thus obtained, (4R) -N- (tert-Butoxycarbonyl)-4- (tert-
butyldimethylsilyl-oxy)proline benzyl ester (5.606 g), was

treated in a similar manner as described in Example 1 (1) to
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give (28,4R}—N—(tert—butoxycarbonyl)—2—{4~bromobenzyl)-4—
(tert—butyldimethylsilyl—oxy)proline benzyl ester (4.26 qg).

(2) To a solution of the compound obtained above (1.00 g) in
CHCly (20 mL) was added TBDMSOTf (0.58 mL). After 15
minutes, the mixture was diluted with CH,Cl,, washed with
water and brine, dried (Na,S0,), filtered and concentrated to
yield 0.85 g of 2-{4-bromobenzyl)-4-(tert-
butyldimethylsilyloxy)proline benzyl ester as a mixture of

diastereocisomers. MS {(m/z) 504 (MHY).

(3) The compound obtained above (0.38 g) was treated in a
similar procedure as described in Example 1 (3) and (4) to
give (58, 7R)~5~ (4-bromobenzyl}-3-(3,5-dichlorophenyl) -7~
(tert~butyldimethylsilyloxy)—1,3—diazabicyclo~[3.3.0]Octane-
2,4-dione. Separation of the diastereoisomers (58,7R; 0.23 q)
and (5R,7R; 0.045 g) was achieved via flash chromatography
eluting with CH,Cl,.

(4) To a solution of the compound obtained above (55, 7R;
1.75g) in TEF (20 mL) was added HF-pyridine (65-70%, 2.00 mL) .
After stirring overnight, additional HF-pyridine (65-70%, 1.00
mL) was added. After 20 hours, the mixture was concentrated.
The residue was dissolved in EtOAc, washed with 0.5 N HCI,
satd. NaHCOj3 and_brine, dried (Na;S50Q4), filtered and
concentrated to give 1.43 g of the titled compound. MS (m/z)
469 (MHY). mp 136.1 °C.

Example 3, {55, 7S)~5—(4~Bromobenzyl)~3~(3,5—dichlorophenyl)—

7-azido-1,3—diazabicyclo[3.3.0]octane—2,4—dione
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(1) To a solution of (58, 7R)-5-{4-bromobenzyl)-3-(3,5~
dichloro-phenyl)-7~hydroxy-1, 3-diazabicyclo[3.3.0]octane-2,4-
dione (0.81 g} in CH,Cl; (5 mL) and DIEA (0.50 mL) at 0 °C was
added methanesuifonyl chloride (0.19 mL). After 1 hour at 0
°C, the mixture was diluted with CH,Cl,, washed with satd.
NaHCOz; and brine, dried {(Na;S04;) and concentrated to give (58,
JR)=5-(4-bromobenzyl) -3~ (3,5-dichlorophenyl) -7~
methylsulfonyloxy-1,3-diazabicyclo[3.3.0]octane-2,4-dione. MS
(m/z) 494 (ME"). '

(2) To a solution of the compound obtained above in DMF (4
mL) at 75 °C was added sodium azide (G.54 g). After heating
for 2 hours the mixture was diluted with Et,0 and water. The
organic solution was collected, washed with water and brine,
dried (Na;S04), filtered and concentrated. Purification by
chromatography (silica gel: 2% methanol/CH,Cl,, Chromatotron)
afforded the titled compound (C.82 g). MS (m/z) 494 (MHY), mp
58.9 °C.

Example 4. (58,78) -5-(4-Bromobenzyl) -3- (3, 5~dichlorophenyl) -

7-acetoxy-1,3-diazabicyclo[3.3.0]octane-2, 4-dione

To a solution of {5S,7R)-5-{4-bromobenzyl}-3-(3,5-
dichlorophenyl)-7-hydroxy-1,3-diazabicyclo[3.3.0]octane-2,4-
dione (0.21 g) in THF (5mL) was added DEAD ((.09 mL},
triphenylphosphine (0.15 g}, and acetic acid (0.035 mL).
After stirring overnight at room temperature, the mixture was
concentrated. Purification by chromatography (Silica gel: 25%
EtOAc/hexane, Chromatotron) afforded the titled compound
(0.151 g). MS (m/z) 511 (MH"), mp 149.8 °C.
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Example 5. (55,78)-5-(4-Bromebenzyl)-3- (3, 5~dichlorophenyl) -
7—hydroxy—1,3—diazabicyclo[3.3.0]octane—2,4—dione

To a solution of (58,78)-5-(4-bromobenzyl}-3-(3,5-

dichloro-phenyl)-7-acetoxy=-1,3-diazabicyclo[3.3.0]octane—-2, 4-

dione (0.10 g) in THF {5 ml), MeOH {0.10 mL), and water (0.10
mL) was added 2N LiOH (0.11 mL). After 4 hours, the mixture
was quenched with acetic acid (0.10 mL) and concentrated.
Purification by chromatography (Silica gel: 4%

methanol /CH;Cl,, Chromatotron) afforded the titled compound

(0.0435 g). MS (m/z) 469 (MH"), mp 88.3 °C.

Example 6. 6-(4-Bromobenzyl)-8-(3,5-dichlorophenyl)-1, 8-

diazabicyclo[4.3.0])nonane-7, 9-dione

The titled compound was prepared by a similar procedure
as described in Example 1 starting from pipecolinic acid
except that cyclization occurred during treatment with 3,5-
dichlorophenyl isocyanate and DIEA. MS (m/z) 467 (MH'). mp
128.8 °C.

Example 7. 6-[4-(3-Pyridyl)benzyl]-8-(3,5-~dichlorophenyl)-

1,8-diazabicyclo[4.3.0]lnonane-7, 9-dione

To a solution of 6~ (4-bromcbenzyl)-8-(3,5-
dicthIOphenyl)—1,8—diazabicyclo[4.3.0}nonane~7,9—dione (0.360
g) and 3-pyridineboronic acid (0.225 g) in DME (20 mlL) was
added CsF (0.615 g) and the mixture was degassed with
nitrogen. After 10 minutes, Pd{PPh;), was added and the
mixture was heated under reflux for 6 hours. The reaction

mixture was concentrated. The residue was redissolved in
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EtOAc, washed with water and brine, dried (NasSO4), filtered,
and concentrated. Purification by chromatography (Silica gel:
hexane/acetone: 3/2 , Chromatotron) afforded the titled
compound (0.172 g). MS (m/z) 466 (MH'). mp 276.5 °C.

The following compounds (Examples 8-11) were prepared in

a fashion similar to Example 7 by replacing 3-pyridineboronic

acid with requisite boronic acids.

Table 1.
0 Cl
N
HN\« “<C:§
o} Cl
Example |R n Physicochemical
data
8 ©/\CH0 2 MS (m/z) 493 (MHY)
Mp. 154 °C
%) /lCHO “ 1T [MS (m/z) 469 (MH")
[9]
10 CHO |1 MS (m/z) 485 (MH},
/| 507 (M+Na™")
S
11 (/fHO 1 MS (m/z) 540 (MEY)
N
CO0-t-Bu

Example 12. 6-[4~[2-(Hydroxymethyl)phenyl]lbenzyl]-8-(3,5-
dichlorophenyl)-1,8-diazabicyclo[4.3.0]nonane-7, 9-dione.

NaBH; (13.7 mg) was added to a solution of 6-[4~(2-
formyl—phenyl)benzyl]—S—(3,5—dichlorophenyl)—1,8—
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diazabicyclo[4.3.0}-nonane-7,9-dione {0.178 mg) in THF (5 mL)
at 0 °c. After stirring for 30 minutes, the reaction mixture
was diluted with water and extracted with EtOAc. The extract
was washed with brine, dried (Na,S0Q4), filtered, and
concentrated. Purification by chromatography (Silica gel:
EtOAc/hexane: 1/2, Chromatotron) afforded the titled compound
(167 mg). MS (m/z) 477 (M'-OH).

Example 13. 6-[4-[2-(N,N-Dimethylaminomethyl)phenyl]lbenzyl]-
8-(3,5-dichlorophenyl)-1,8-diazabicyclo[4.3.0]nonane-7, 9~

dione.

S0Clz (0.15 mL) was added to a solution of 6-[4-[2-
{hydroxymethyl)phenyl]lbenzyl]-8-(3,5-dichlorophenyl)-1, 8-
diazabicyclo[4.3.0])nonane-7,9~dicne (0.121 g) in CHyCl, (5
mL) . The mixture was stirred for 1 hour and then evaporated.
The residue was dissolved in toluene, evaporated and dried
under vacuum. The residue was dissolved in DMF (4 mlL) and the
solution was added to an ice cold solution of dimethylamine (1
mL, 2M in THF) in DMF. The reaction mixture was stirred for
18 hours at room temperature and diluted with EtOAc. Aqueous
NaHCO3 was added and the organic layer was separated. The
extract was washed with water, brine, dried (MgS0Q4), filtered,
and concentrated. Purification by chromatography (Silica gel:
CHC13/MeCH: 50/1 to 20/1, Chromatotron) afforded the titled
compound (70 mg). It was converted to the HC1l salt. MS(m/z)
522 (MH") .

Example 14. 6-[4-(2-Methoxycarbonylphenyl)benzyl]-8-(3,5-
dichlorophenyl) -1, 8-diazabicyclo{4.3.0]nonane-7,9-dione
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To a solution of 6-[4~(2-formylphenyl)benzyl]-8-(3,5-
dichlorophenyl)~1,8-diazabicyclo[4.3.0]nonane-7,9~dione (0.206
g) in MeOH (20 mL) was added NaCN (0.204 g), AcOH (0.086 mL)
and MnO; {(activated, 1.84 g) and the mixture was stirred
overnight at room temperature. The inorganics were removed by
filtration through Celite and the filtrate was evaporated.

The residue was dissolved in EtOAc and washed with water,
brine, dried (MgSO4), filtered, and concentrated.

Purification by chromatography (Silica gel: EtOAc/hexane: 1/2)
afforded the titled compound (0.161 g). It was converted to
the HC1l salt. MS (m/z} 545(M"+Na), 523 (MH').

Example 15. 6-[4-(2-Carboxyphenyl)benzyl]-8-(3,5-dichloro-
phenyl)-1,8-diazabicyclo[4.3.0]nonane-7,9-dione.

A solutiocn of 6-[4-({2-methoxycarbonylphenyl)benzyl]-8-
(3,5-dichlorophenyl)-1,8-diazabicyclo[4.3.0]nonane-7,9~dicne
{0.141 g) in MeOH/Hz0 (5/1 mL) containing NaOH (0.087 g) was
heated at 50 °C for 2 h. The reaction mixture was cooled in
ice and acidified with 0.5 N HCl. It was extracted with EtOAc
and the extract was washed with water, brine, dried {MgSQCy},
filtered, and concentrated. Purification by chromatography

(Silica gel: CHCl3/MeOH: 100/1 to 50/1, Chromatotron) afforded

the titled compound (114 mg). MS (m/z) 531 (M'+Na).

Example 16. 6~[4-[2-(N,N~Dimethylcarbamoyl)phenyl]benzyl]-8-
(3,5-dichlorophenyl) -1, 8-diazabicyclo[4.3.0]nonane-7, 9-dione.

A mixture of the 6-[4-(2-carboxyphenyl)benzyl]-8-(3,5-
dichlorophenyl)-1,8-diazabicyclo[4.3.0}nonane-7,%-dione (0.089
g) and SOCl,; (1.0 miL) was heated at 100 °C for 1 hour. The
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solution was evaporated. The residue was dissolved in
tecluene, evaporated and dried under vacuum. The residue Was
dissolved in THF (4 mL) and the solution was added to an ice
cold solution of dimethylamine (1 mL, 2M in THF} in THF (1
mL). The reaction mixture was stirred for 3 hours at room
temperature and diluted with EtOAc and water. The organié
layer was separated and washed with 0.5 N HC1l (10 mlL), water
and brine. It was dried (MgSQ,), filtered, and concentrated.
Purification by chromatography (Silica gel: EtOAc/hexane: 1/2
to 1/1, Chromatotron) afforded the titled compound (85 mg). MS
(m/z} 536(MH").

Example 17. 6-[4-[2-(2-Methoxycarbonylvinyl)phenyllibenzyl]-8-
(3,5~dichlorophenyl)~1,8-diazabicyclo[4.3.0]nonane-7, 9-dione

A mixture of 6-[4-(2-formylphenyl)benzyl]-8-(3,5-
dichloro-phenyl) -1, 8~diazabicyclo[4.3.0lnonane-7,9-dione
(0.205 g) and methyl (triphenyliphosphoranylidene)acetate
{(0.223g) in toluene {5 mL} was refluxed for 8 hours. The
mixture was evaporated and the residue was purified by
chromatography (Silica gel: EtOAc/hexane: 1/4 to 1/3,
Chromatotron) to afford the titled compound (0.229 g). MS
(m/z) 571(M" +Na) .

Example 18. 6-[4-[2-(2-Methoxycarbonylethyl)phenyllbenzyl}-8-
(3, 5-dichlorophenyl) -1,8-diazabicyclo[4.3.0)nonane-7, 9-dione

NiCl;.6H>0 (0.17 g) was added to a solution of 6-[4-[2-
(2-methoxycarbonylvinyl)phenyl]benzyl]-8~(3,5-dichlorophenyl) -
1,8-diazabicyclo[4.3.0]nonane-7, 9-dione (0.196 g). NaBH,

(0.14 g} was added portionwise to the mixture and the mixture
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was stirred for 1 hour. The mixture was diluted with EtOAc
and water and filtered through Celite. The organic layer was
separated and washed with water, brine, dried (MgSQ,),
filtered, and concentrated. Purification by chromatography
{Silica gel: EtOAc/hexane: 1/4, Chromatotron} afforded the
titled compound (G.125 g). MS (m/z) 573 (M'+Na).

Example 19. 6-{4-[2-(2~Carboxyethyl)phenyl]lbenzyl]-8-(3, 5~
dichlorophenyl)~1,8—diazabicyélo{4.3.0]nonane—7,9—dione.

An aqueous solution of NaOH (2 mL; 0.5 N) was added to a
solution of 6-[4-[2-(2-methoxycarbonylethyl)phenyl]benzyl]-8-
(3,5-dichlorophenyl) -1, 8-diazabicyclo[4.3.0]lnonane-7, 9-dicne
(0.11 g) in MeOH (7 mL) and the mixture was stirred for 18
hours. The reaction mixture was acidified, diluted with water
and extracted with EtOAc. The extract was washed with water,
brine, dried (MgS804), filtered, and concentrated to give the
titled compound (0.109 g). MS {(m/z) 559 (M'+Na).

Example 20. 6-[4-[2-[2-(N,N-Dimethylcarbamoyl)ethyl]phenyl]-
benzyl}-8-(3, 5-dichlorophenyl)-1,8-diazabicyclo[4.3.0]nonane-

7,9%-diocne.

The titled compound was prepared in a manner similar to

Example 16. MS {(m/z) 564 (MH').

Example 21. 5-{4-Cyanobenzyl)-3-(3,5-dichlorophenyl)-1,3-

diazabicyclo[3.3.0]octane-2,4-dicne

(1} EtsN (1.7 mL) was added to an ice-cold solution of (S)-

proline methyl ester hydrochloride (1.31 g} and 3,5-
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dichlorophenylisocyanate (1,97 g) in CH,Cl; {40 miL). The
mixture was stirred for 3 hours. It was washed with water,
brine, dried (MgS3804), filtered, and concentrated.

Purification by chromatography (Silica gel: EtOAc/hexane: 1/3)

-afforded (S)-N~[N-{3,5-dichlorophenyl}carbamoyliproline methyl

ester (2.27 g). mp. 110-112 °C; MS (m/z) 339 (M'+Na).

{2) A solution of the compound obtained above (14.3 g) in
toluene {100 mL) containing p-toluenesulfonic acid (0.5 g) was
refluxed for Zhours. The solution was diluted with EtOAc and
was washed with satd. NaHCO;, water, brine, dried (MgSO4),
filtered, and concentrated. Purification by chromatography
(Silica gel: CHCL3/MeOH: ‘10/1) and recrystallization from EtOH
afforded 8.87 g-of (S)-3-(3,5~dichlorophenyl)-1,3-
diazabicyclo{3.3.0]octane~2,4-dione. mp. 169 °C; MS (m/z) 307
(M*+Na) .

(3) A solution of n-Buli (2.2 mi) in hexane {1.6 N) was added
to a solution of diisopropylamine (0.381 g) in THF (5 mL) at -
78 °C. After 15 minutes, a solution of the compound cbtained
above (0.894 g) in TH¥ (8 mlL) was added to the mixture. HMPA
(8 mL) and additional THF (8 mlL}) were added to the mixture.
After 35 minutes, a solution of 4-(bromomethyl)benzonitrile
(0.697 g) in THF (8 mL) was added and the mixture stirred for
30 minutes at that temperature. The mixture was slowly warmed
to room temperature, stirred for 30 minutes and finally
quenched with 0.5 N HCl (10 mL). The mixture was diluted with
water and extracted with EtOAc. The extract was washed with
water, brine, dried (Na,S04), filtered, and concentrated.

Purification by chromatography (Silica gel: EtOAc/hexane: 1/2,
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Chromatotron) afforded the titled compound (0.833 g). MS
(m/z) 422 (M'+Na).

Example 22Z. 5-{4-Methoxycarbonylbenzyl)-3-(3,5-
dichlorophenyl) -1, 3-diazabicyclo[3.3.0]octane-2,4-dione

The titled compound was prepared in a fashion similar to

Example 21. MS (m/z) 455 {(M'+Na).

Example 23. 5-[4-(N,N-Dimethylcarbamoyl)benzyl]-3-(3,5-
dichlorophenyl) -1, 3-diazabicyclo[3.3.0loctane~2, 4~dione

(1) NaOH (0.406 g) was added to a solution of 5-(4-
methoxycarbonylbenzyl) -3~ (3,5-dichlorophenyl)-1,3-
diazabicyclo[3.3.0}octane-2,4-dione (0.601 g) in MeOH/H;O
(20mL/4mL) and the mixture was heated at 45 °C for 18 hours.
The reaction mixture was cooled, acidified , diluted with
water and extracted with EtOAc. The extract was washed with
water, brine, dried (MgSCy), filtered, and concentrated. The
residue was recrystallized from EtOAc/hexane (1:1) to give N-
[N-(3,5-dichlorophenyl)carbamoyl] -2~ (4-carboxybenzyl)proline
(0.529 g). mp. 144.6 °C; MS (m/z) 459 {(M' +Na).

(b) A mixture of the compound obtained above {0.074 g) and
S0Cl,; (1.0 mL) was heated at 100 °C for 1 hour. The solution
was evaporated. The residue was dissclved in toluene,
evaporated and dried under vacuum. The residue was dissoclved
in THF (4 mL) and the solution was added to an ice cold
solution of dimethylamine (1 mL, 2M in THF) in THF (1 mL).
The reaction mixture was stirred for 3 hour at room

temperature and diluted with EtQAc and water. The organic
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layer was separated and washed with 0.5 N HCl (10 mi), watei
and brine. It was dried (MgSQs), filtered, and concentrated.
Purification by chromatography (Silica gel: EtOAc,
Chromatotron) afforded the titled compound (47 mg). MS (m/z)
468 (M'+Na) .

Example 24. 5-(4-Carboxybenzyl)-3-{3,5~dichlorophenyl) -1, 3-

diazabicyclo{3.3.0]octane-2,4-dione.

A mixture of N-[N-(3,5~dichlorophenyl)carbamoyl] -2~ ({4~
carboxybenzyl)proline (0.080 g) and SOCl, (2.0 mL) was heated
at 100 °C for 1 hour. The solution was evaporated. The
residue was dissolved in. toluene, evaporated and dried under
vacuum. The residue was dissolved in a mixture of THF/H,0
(4/0.4 mL) and the solution was stirred for 18 hours. Tt was
diluted with EtOAc and water. The organic layer was
separated, washed with water, brine, dried (MgSQ,), filtered,
and concentrated. Purification by chromatography (Silica gel:
EtOAc/hexane: 1/1) afforded the titled compound (48 mg). MS
(m/z) 441 (M" +Na).

Example 25. 5-[4-[N-(2-Hydroxyethyl)carbamoyl]benzyl}-3-(3,5-
dichlorophenyl)~1,3-diazabicycleo[3.3.0]octane-2, 4-dione.

The titled compound was prepared in a fashion similar to
Example 23 but replacing dimethyl amine with 2-amincethanol.

MS (m/z} 484 (M' +Na).

Example 26. 4-(tert-Butoxycarbonyl) -6~ (4-bromobenzyl) -8~
{3,5-dichlorophenyl)~1,4,8-triazabicyclo[4.3.0]lnonane~7, 9-

dione
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(1} To a solution of ethyl l-benzyloxycarbonyi-4-(tert-
butoxycarbonyl)-2-piperazinecarboxylate (2.49 g) {(Tet. Lett.
3G (39}, 5193-5196) in EtOH was added Pd/C (0.25 g). The
solution was degassed with nitrogen and hydrogen gas was
bubbled into the mixture. The reaction mixture was stirred
for 3 hours under hydrogen atmosphere. The mixture was
filtered through Celite and concentrated to give 1.15 g of
ethyl 4-(tert-butoxycarbonyl)-2-piperazinecarboxylate.

(2} To a solution of the compound obtained above in THF (10

mL) was added 3,5-dichlorophenyl isocyanate (1.00g). After
stirring overnight, the solution was concentrated.
Purification by chromatography (Silica gel: EtOAc/hexane: 1/4,
Chromatotron) afforded ethyl 1-[N-(3,5-

dichlorophenyl) carbamoyl]-4-tert-butoxycarbonyl-2~
piperazinecarboxylate (1.36 g). MS (m/z)} 446 (MH').

(3) The compound cobtained above was treated in a manner
similar to Example 1 {4} to yield 4-(tert-butoxycarbonyl)-8-
(3,5-dichlorophenyl)-1,4,8~triazabicyclo[4.3.0]nonane-7, 9~
dione (0.72 g). MS (m/z) 422 (M'+Na) mp 60.2 °C.

(4) To a solution of the compound obtained above {(0.67g) in
THE (5 mL) at -78 °C was added LDA (1.3 eq.). After 30
minutes at -78 °C, a solution of 4-bromobenzyl bromide (0.57
g) in THF (2 mL) was added to the mixture. The reaction
mixture was allowed to warm to room temperature over 1 hour.
After stirring for 4 hours the mixture was concentrated. The
residue was redissolved in EtOAc, washed with 1N HC1, agueous

NaHCC3, and brine, dried (Na,SO.), filtered, and concentrated.
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Purification by chromatography (Silica gel: EtOAc/hexane: 1/4,
Chromatotron) afforded the title compound {0.89 g). MS (m/z)
590 (M'+Na). mp 79.5 °C.

Example 27. 6~ (4-Bromobenzyl)-8-(3, 5-dichlorophenyl}~1,4, 8-

triazabicyclo[4.3.0]nonane-7,9-dione

To a solution of 4-({tert-butoxycarbonyl)-6-{4-
bromobenzyl)—B—(3,5—dichlorophenyl)—1,4,8—
triazabicyclo[4.3.0]lnonane-7, 9-dione (0.82g) in CH,Cl; (10 mL)
was added TFA (0.5 mL). Additional TFA (0.5 mlL) was added
after 1 hour and 2.5 hours. After 5 hours, the reaction
mixture was diluted with CH,Cl,, washed with aqueous NaHCO;,

and brine, dried (NayS0;), filtered, and concentrated to yield

-the titled compound (0.63 g). MS (m/z) 468 (MH'). mp 92.5 °C.

Example 28. 4-Acetyl-6~(4-bromobenzyl)-8-(3,5-dichloro-
phenyl)—l,4,8—triazabicyclo[4.3.0]nonane—7,9—dione

To a solution of 6-(4-bromobenzyl)-8-(3,5-
dichlorophenyl)—1,4,8—triazabicyclo[4.3.0]nonane-7,9—dione
{0.062 g) in THF (2.5 mL) and DIEA (0.030 mL) was added acetyl
chloride (0.015 mL). After 30 minutes, the reaction mixture
was diluted with EtOAc and the solution washed with NaHCOs,
and brine, dried (Na,S0,), filtered, and concentrated.
Purification by chromatography (Silica gel: CH,Cl,/MeOH: 99/1,
Chromatotron) afforded the titled compound (0.046 g,). MS
(m/z} 510 (MH'). mp 89.6 °C.

Example 29. 4-Methyl-6- (4~bromobenzyl)-8-(3,5-dichloro~
phenyl)—1,4,8—triazabicyclo[4.3.0]nonane—7,9-dione
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To a solution of 6-(4-bromobenzyl)-8-(3,5-
dichlorophenyl)~1,4,8~triazabicyclo[4.3.0]nonane—7,9—dione
(0.072g) in formic acid (0.40 mL) and water {(0.10 mL}) was
added 37% formaldehyde (0.050 mL). After 1 hour at reflux,
the reaction mixture was diluted with EtOAc and the solution
washed with aqueous NaHCOs3;, and brine, dried (Na,SQ4),
filtered, and concentrated to yield the titled compound (74.3
g). MS {m/z) 482 (MH'). mp 221 °C.

Example 30. 4-(tert-Butoxycarbonylmethyl) -6~ (4-bromocbenzyl) -
8-(3,5—dichlor0phenyl)~1,4,8—triazabicyclo{4.3.0]nonane—7,9—

dione

To a sclution of 6-(4-bromobenzyl)-8~(3,5-
dichlorophenyl)—1,4,8—tria2abicycLo[4.3.G]nonane—7,9—dione
(0.11g) in THF (5 mL) was added DIEA (0.1 mlL} and tert-butyl
bromoacetate (0.06 mL). Additional tert-butyl bromcacetate
(0.040 mL) was added after 16 hours. After 40 hours, the
reaction mixture was concentrated and the residue was diluted
with EtOAc and washed with water, NaHCOs;, and brine, dried
(Nax804), filtered, and concentrated. Purification by
chromatography (Silica gel: EtOAc/hexane: 1/5, Chromatotron)
afforded the titled compound (0.124 g). MS (m/z) 582 (MH).
mp 74.7 °C.

Example 31. 4—[(Dimethylamino)acetyl]—6—(4—bromobenzyl)—8—
(3,5—dichlorophenyl)—l,4,8—triazabicyclo[4.3.0]nonane—7,9-

dione
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To a scolution of 6-(4~bromobenzyl)-8-(3,5-
dichlorophenyl)*1,4,8—triazabicyclo{4.3.0]nonane~7,9*dione
{(0.085g} in THF (5 mL) was added DIEA (0.1 mL), HOBt (0.57 q),
EDC (0.054 g) and N,N-dimethylglycine (0.037 g). After
stirring overnight, the reaction was concentrated and the
residue was diluted with EtOARc and washed with water, NaHCOs,
and brine, dried (Na;S0,), filtered, and concentrated.
Purification by chromatography (Silica gel: 2% MeOH/CH2Cl2,
Chromatotron) afforded the titled compound. (0.093 g). MS
(m/z) 553 (MH'}). mp 73.5 °C.

Example 32. 4-[2Z-(Diethylamino)ethyl]-6-(4-bromobenzyl)-8-
(3,5—dichlorophenyl)—1,4,8—triazabicyclo[4.3.0]nonane—7,9—

dione

The titled compound was prepared in a fashion similar to
Example 30.
HCl salt: MS (m/z) 567 (MH"), mp 223 °C.

Example 33. 4-Methanesulfonyl-6-(4-bromobenzyl)-8-(3,5-
dichlorOPhenyl)—1,4,8—triazabicyclo{4.3.O]nonane—7,9fdione

To a solution of 6-{4-bromobenzyl)=-8-(3,5-
dichlorophenyl)—l,4,8—triazabicyclo[4.3.0]nonane—7,9—dione
(0.063g) in CH»Cl, (6 mlL) was added DIEA {0.05 mL) and
methanesulfonyl chloride (0.015 mL). After 1 hour, the
mixture was concentrated and purified by chromatography
(Silica gel: 4% MeOH/CH,Cl,, Chromatotron) afforded the titled
compound. (0.069 g). MS {m/z) 546 (MH'). mp 229 °C.
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Example 34. 4-Carboxymethyl-6-(4-bromcbenzyl)-8~(3,5-

dichlorophenyl)~l,4,8—triazabicyclo[4.3,0]nonane—7,9—dione

To a solution of 4-(tert-butoxycarbonylmethyl)-6-(4-
bromobenzyl) -8-(3,5-dichlorophenyl)-1,4,8-
triazabicyclo[4.3.0]nonane-7, 9-dione (0.080 g} in CHzCl, (10
mlL) was added TFA (0.10 mL). Additional TFA (0.5 ml) was
added after 3 and 22 hours. After stirring for 48 hours, the
mixture was concentrated and purified by chromatography

(S5ilica gel: 8% MeOH/CH,Cl,, Chromatotron) afforded the titled
compound. (0.083 g). MS (m/z) 526 (MH'). mp 236.5 °C.

Example 35, 5-(4-Bromobenzyl) -3~ (3,5-dichlorophenyl) -1, 3~

diazabicyclo[3.3.0]octane~-2,4,7-trione

(1) To a solution of 1l-benzyloxycarbonyl-4-oxoproline {10.61
g, J. Am. Chem. Scc., 79, 185 {1957)) in methanol (150 mL) was
bubbled HCl gas. After 30 minutes, the reaction mixture was
concentrated and the residue was diluted with EtOAc and washed
with aqueous NaHCO; and brine, dried (Na,S04), filtered, and
concentrated. Purification by chromatography (Silica gel:
EtOAc/hexane: 1/3) afforded 10.26 g of l-benzyloxycarbonyl-~
4,4-dimethoxyproline methyl ester.

(2) The compound obtained above was treated in a similar
manner as described in Example 1 (1) to give 1-
benzyloxycarbonyl—2—(4—bromobenzyl)—4,4—dimethoxyproline
methyl ester.

(3) To a solution of the compound obtained above (4.76 g) in

acetic acid (100 mL) was bubbled HBr gas for 15 minutes.
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After stirring overnight, Et,0 was added to the mixture. The
resulting solid was collected and added to a mixture of ethyl
acetate and aqueous NaHCO;. The organic solution was washed
with aqueous NaHCO; and brine, dried (Na,SO4), filtered, and
concehtrated to give 2-(4-bromobenzyl)-4-oxoproline methyl

ester.

{4) The compound obtained above was reacted with 3, 5-
dichlorophenyl isocyanate in a fashion similar to Example 1
(3) to afford N-[N-(3,5-dichlorophenyl)carbamoyl]-2~ (4-
bromobenzyl) -d-oxoproline methyl ester. MS (m/z) 499 (MH").
mp 194.2 °C.

(3) A solution of the compound obtained above (0.115g) 1in
toluene (4 mL} containing p-toluenesulfonic acid (10 mg) was
refluxed for 5 h and then concentrated. Purification by
chromatography (Silica gel: EtOAc/hexane: 1/4) afforded 97.6
mg of the titled compound. mp. 85.4 °C ; MS (m/z) 467 (MH').

Example 36. 5-(4-Bromobenzyl)-3-(3,5-dichlorophenyl)-7-
methoxycarbonylmethylene—1,3—diazabicyclo[3.3.0]octane—2,4~

dione.

The titled compound (mixture of E/Z isomers (1.2/1.0))
was prepared in a fashion similar to Example 17 from 5- (4-
bromobenzyl)-3-(3,5~dichlorophenyl}-1, 3-diazabicyclo[3.3.0]-
octane-2,4,7-trione. MS (m/z) 523 (MH"), mp 74.9 °C.

Example 37. 53— (4-Bromobenzyl)-3-{3,5-dichlorophenyl} -7~
carboxymethyl—l,3—diazabicyclo[3.3.0]oct—6—ene—2,4—dione
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To a solution of 5-{4-Bromobenzyl)-3-(3,5-
dichlorophenyl)—7—methoxycarbonylmethylene—1,3—
diazabicyclo[3.3.0]octane~2,4-dione (0.564 g) in THF (4 mL)
and methanol (1 mL) at 0 °C was added 2N LiOH (1.20 mL).
After 2 hours, the reaction mixture was concentrated and the
residue was suspended in 1 N HCl and filtered. A solution of
the filtrate (0.10 g) in thionyl chloride (5 ml) was refluxed
for 30 minutes. The reaction mixture was concentrated and the
residue was diluted with EtOAc and water. The organic
solution was collected and dried (Nazso4), filtered, and
concentrated. Purification by chromatography (Silica gel: 4%
MeOH/CH,Cl,, Chromatotron) afforded 0.0863 g of the titled
compound. MS (m/z) 509 (MH*), mp 101.5 °C.

Example 38. (8R) -5- (4-Bromobenzyl) -3~ (3, 5-dichlorophenyl) -8-
phenyli-1,3-diazabicyclo[3.3.0]octane-2,4-dione

The titled compound was prepared in a fashion similar to

Example 1. MS (m/z) 530 (MH"), mp. 72.4 °C.

The following compounds {Examples 39-44) were prepared in
a fashion similar to Example 1 using the requisite isocyanate,

provided that KHMDS was replaced with LDA.

Table 2
Br
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Exanmple | A X Y Physicochemical
No. data
mp, °C MS (MHY)
39 N cl C1 76.3 455
40 CH NO, NO, 106.1 475
41 CCcl NO, H 61.5 465
42 CH NO» H 53.8 430
43 CH  |Me Me 176.6 413
44 CNMe, |H H 58.5 428

Example 45. 6—[4—[2~[[2—(dimethylamino)ethoxy]methyl]phenyl]—
benzyl]-8-(3,5-dichlorophenyl)-1,8-diazabicyclo[4.3.0]nonane-

7,9-dione

(1) To a solution of 6-[4-[2~{(hydroxymethyl)phenyl]lbenzyl]-8-
(3,5—dichlorophenyl)—1,8—diazabicyclo[4.3.0]nonane—7,9—dione
{0.318 g} in CHCl,; (5 mlL) was added thionyl chlcoride (0.2 mi)
and the mixture was stirred for 1 hour at room temperature.
The mixture was concentrated and the residue was redissolved
in CH:Cl, (5 mL) and evaporated again. The residue was dried
under vacuum to give 6-[4-[2-(chloromethyl)phenyl]lbenzyl]-8§-
{3,5-dichlcrophenyl)-1,8-diazabicyclo[4.3.0]nonane-7, %9-dione.

(2} Nall (60% in oil, 0.090 mg) was added to a solution of N,N-
dimethylethanolamine (0.58 mg) in DMF (5 mL) and the mixture
was stirred for 30 minutes. To the reaction mixture wés added
a solution of the compound obtained above in DMF (2 mL) and
the mixture was stirred overnight at room temperature. The
mixture was cooled in ice-water and quenched with EtOAc/water.
The organic layer was separated and washed with water and

brine. It was dried, filtered, stripped and the residue was
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purified by chromatography (silica gel: CHCl3/MeOH: 50/1 to
30/1) to yield 84 mg of the titled compound. It was dissolved
in MeOH and treated with 1IN HC1/Et,;0 (2 mL). The mixture was
evaporated and dried under vacuum to yield 88 mg of the

hydrochloride of the titled compound. MS (m/z) 566 (MHY).

Example 46. (5R, 7S)—5—(4—Bromobenzyl)—3—(3,5~dichlorophenyl)—

7-azido-1,3-diazabicyclo[3.3.0]octane-2,4-dione

{1} To a solution of (4R)-N-(tert-Butoxycarbonyl)-4-hydroxy
proline benzyl ester (8.96 g} in CH,Cl, {100 mL) and DIEA (8
ml) at 0 °C was added methanesulfonyl chloride (3.00 ml) .
After 1 hour, the reaction mixture was alliowed toc stir at room
temperature. After 2.5 hours, the mixture was diluted with
CH,Cl;, washed with satd. NaHCCs; and brine, dried (NagsOq),
filtered and concentrated. To a solution of the residue in DMF
(100 mL) was added sodium azide (7.80 g) and placed in a
preheated oil bath (75 °C). After stirring overnight, the
reaction was diluted with water and extracted with Et,0. The
organic layer was washed with brine, dried (NaySOQ,)}, filtered
and concentrated. Purification by chromatography (silica gel:
EtOAc/hexane: 1/10) afforded 7.70 g of (4S)-N-(tert-

butoxycarbonyl}-4-azidoproline benzyl ester.

(2) The compound obtained above (5.69 g) was treated in a
similar manner as described in Example 26 (4) to give (a
mixture of diastereoisomers) (2R, 48) -N-{tert-butoxycarbonyl) -

2-(4-bromobenzyl)-4-azideproline beﬁzyl ester (4.51 qg).

(3) The compound obtained above (1.66 glwas treated in a

similar procedure as described in Example 2 (2) to give
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(2R,4S)—2—(4—bromobenzyl)~4—azidoproline benzyl ester (1.0 g)
and (28,48)—2—(4—bromobenzyl)f4—azidoproline benzyl ester
(0.125 g) after purification by flash chromatography.

(4) The compound obtained above (2R,4S5; 0.36 g) was treated
in a similar procedure as described in Example 1 (3} and (4)
to give (5R, 7S)-5-(4-bromobenzyl)-3-(3,5-dichlorophenyl)-7-
azido-1,3-diazabicyclo[3.3.0]octane-2, 4-dione (0.28 g). Ms
(m/z) 495 (MH").

Example 47. (5R, 78)—5—(4-Bromobenzyl)—3—(3,5—dichlorophenyl)—

/-amino-1,3-diazabicyclo[3.3.0joctane-2,4-dione

To a solution of (5R, 7S)-5-(4-bromobenzyl)-3-(3,5~
dichlorophenyl)—7—azido—1,3—diazabicyclo[3.3.0]octane~2,4—
dione (0.83 g) in acetic acid (20 mL) was added zinc powdexr
(0.90 g). After 1 hour at room temperature, the mixture was
concentrated. The residue was suspended in satd. NaHCO; and
EtOAc. The mixture was filtered and the organic layer was
collected, washed with brine, dried (Na,S0,), filtered and
concentrated. Purification of the residue by chromatography
(silica gel: CHyCl,: Chromatotron) afforded the titled
compound (0.42 g). MS (m/z) 468 (MH"). mp 64.4 °C.

Example 48. (&R, 78) -5~ (4-Bromobenzyl) -3~ (3, 5-dichlorophenyl) -

7—acetamido—l,3wdiazabicyclo{3.3.0]octane—2,4—dione

To a solution of (5R, 7S)-5-(4-Bromobenzyl)-3-(3,5~
dichlorophenyl)—7—amino—1,3wdiazabicyclo[3.3.0]octane—2,4—
dione {0.103 g) in THF (4 mlL) was added acetic anhydride

{0.031 mL). After 5 hours, the reaction mixture was
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concentrated and purified by chromatography (silica gel:
CHyCl,, Chromatotron) to afford the titled compound (0.125 qg).
MS (m/z) 510 (MH™). mp 140.7 °C.

Example 49. (5R, 73)-5-(4-Bromobenzyl)-3-{(3,5-dichlorophenyl)-

7-methanesulfamide-1, 3-diazabicyclo[3.3.0]octane-2, 4-dicne

The titled compound was prepared in a fashion similar to

Example 33: MS (m/z) 546 (MH'). mp 125.8 °C.

Example 50. (SR, 7S)-5-(4-Bromobenzyl)-3-(3,5-dichlorophenyl)-

7-dimethylamino-1, 3-diazabicyclo[3.3.0]octane-2, 4-dione

The titled compound was prepared in a fashion similar to

Example 29: MS (m/z) 496 (MH'}). mp 54 °C.

Example 51. 5-(4-Cyanobenzyl)~-3-{3-chloro-5-(l-pyrrolyl)-
phenyl]-1,3-diazabicyclo[3.3.0]octane-2,4-dione

(1) To a solution of 5-chloro-1, 3-phenylenediamine (2.00 g)
in acetic acid (20 mL) was added 2,5-dimethoxytetrahydrofuran
(1.8 mL). After 4 hours at reflux, the reaction mixture was
concentrated. The residue was suspended in satd. NaHCC; and
EtOAc. The reaction mixture was filtered and the organic
layer was collected, washed with satd. NalCO; and brine, dried
{(NazS04), filtered and concentrated. Purification of the
residue by chromatography (silica gel: EtOAc/hexané: 1/4)
afforded 0.54 g of 3-chloro-5-(l-pyrrolyl)aniline. MS (m/z)
193 (MH'}.
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(2) To a solution of the compound obtained above (0.35 g) in
CHxClz (15 ml) was added a solution of trichlorcacetyl
chloride (0.17 g) dissolved in CH,Cl, (2 mL). After 45 minutes
at room temperature, 2-{4-cyanobenzyl)proline methyl ester
(0.38 g) (prepared in a similar fashion to Example 1 (1) and
(Z2}} dissolved in CH,;Cl, {10 mlL) and triethylamine (2 mlL) were
added. After stirring overnight, the mixture was concentrated.
The residue was dissolved in EtOAc, washed with satd. NaHCO;
and brine, dried (Na,S0;), filtered and concentrated.
Purification by chromatography (silica gel: EtCAc/hexane: 1/4,
Chromatotron) afforded 0.51 g of N-[[3-chloro-5-(1-
pyrrolyl)phenyllcarbamoyl]-2-{4~bromobenzyl)proline methyl..MS

(m/z)} 463 (ME').

(3} The titled compound was prepared from the above compound
in a fashion similar to Example 1 (4): MS (m/z) 431 (MH"). mp
266.5 °C.

Example 52. 5-(4-Cyanobenzyl)-3-[3-chloro-5-{2-formyl-1-
pyrrolyl)-phenyl]l-1,3-diazabicyclo[3.3.0]octane-2, 4~dione

To a solution of POCls (0.1 mL}) and DMF (0.2 mL) was
added after 45 minutes a solution of 5—(4—cYanobenzyl)~3~[3—
chloro-5-(1l-pyrrolyl)-phenyl]-1,3~diazabicyclo[3.3.0]octane-
2,4-dione (0.22 g) in DMF (0.5 mL). After 1 hour at room
temperature, the reaction mixture was diluted with water (2
mL) and stirred. After 30 minutes, the mixture was diluted
with CHCl; and satd. NaHCO;. The organic layer was collected,
washed with brine, dried (Na;S804), filtered and concentrated.

Purification by chromatography (silica gel: EtOAc/hexane: 1/3,
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Chromatotron) afforded 0.091 g of the titled compound. MS

(m/z) 459 {(MH'). mp 109.7 °C.

Example 53. 2-{tert-Butoxycarbonyl)-6-(4-bromobenzyl)~-8-(3,5-
dichlorophenyl)~1,2,8-triazabicyclo[4.3.0]nonane-7,9%-dione

(1) In direct analogy to the method of Chen et al. (Bioorganic
and Med. Chem. Lett. 9 (1%99), 1587), 1,2-di(tert-
butoxycarbonyl) -hexahydropyridazine-3-carboxylic acid ethyl
ester was synthesized from ethyl-5-bromo-pentancate. MS (m/z)

381 (M+Na)™.

(2) To a solution of freshly prepared LDA (13.2 mmol) in dry
THF (30 mL) was added a solution of the compound obtained
above (4.0 g) in dry THF (20 mL). The yellow solution was
stirred at -78 °C for 30 minutes whereupon a solution of p-
bromobenzylbromide (3.9 g) in dry THF (20 mlL) was added via
cannula. The reaction mixture was stirred at -78 °C for 30
minutes then warmed to -30 °C over 2 hours. After warming to
room temperature, the reaction mixture was shaken with
EtOAc/HZ0. The organic layer was separated and the agqueous
layer was extracted with EtOAc. The combined organic layer
was dried over MgSOy, filtered and concentrated. Purification
by liquid chromatography (silica gel: EtOAc/hexane: 12/88)
gave 1,2-di(tert-butoxycarbonyl)-3-(4-
bromobenzyl)hexahydropyridazine-3-carboxylic acid ethyl ester

{2.3 g). MS (m/z) 327 (M-2Boc)”*.

(3) The compound obtained above was dissolved in TFA (50% in
CHzC1z, 30 mlL) and stirred at room temperature for 3 hours.

The mixture was washed with NaHCOs; until effervescence ceased.
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The organic layer was dried over MgSO; and concentrated to
give 3-(4-bromobenzyl)hexahydropyridazine-3-carboxylic acid

ethyl ester (650 mg). MS (m/z) 327 (MY).

(4) Di-tert-butyl dicarbonate (454 mg) was added to a sclution
of the compound obtained above (650 mg) and triethylamine
(0.32 mL) in CH,Clp (20 mL) at O °C. After 5 hours at 0 °C, the
reaction mixture was warmed to room temperature and stirred
for additional 20 hours. The mixture .was shaken with
EtCAc/H,0, and the organic layer was separated and the agueous
layer was extracted with EtOAc. The combined organic layer was
dried over MgSQ,, filtered and concentrated. Purification by
liquid chromatography (silica gel: EtOAc/hexane: 35/65) gave
l-{tert-butoxycarbonyl)-3-(4-bromobenzyl) hexahydropyridazine-
3-carboxylic acid ethyl ester (580 mg).

(5} 3,5-Dichlorophenyliscocyanate (306 mg) was added to a
sclution of the compound obtained above (580 mg) in dry
toluene and the reaction mixture was heated to 95 °C. The
progress of the reaction was monitored by MS (following
appearance of a peak at 470). .Two further portion of 3,5-
dichlorophenylisocyanate (306 mg) were added at 24 hours and
48 hours. After a total of 50 hours, the reacticn mixture was
shaken with EtOAc/H;0. The organic layer was separated and the
aqueous layer was extracted with EtOAc. The combined organic
layer was dried over MgS80,, filtered and concentrated.
Purification by liquid chromatography (silica gel:
EtOAc/Hexane: 30/70) and recrystallization from EtOAc/hexane
to give the titled compound (303 mg). MS {(m/z) 592 (M+Na)*.
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Example 54. 6-(4-Bromcbenzyl)-8-(3,5-dichlorophenyl)-1,2,8-

triazabicyclo[4.3.0]nonane~7,9-dione

2~ (tert-Butoxycarbonyl} -6~ (4-bromobenzyl) -8~ (3, 5~

dichlorophenyl)-1,2,8-triszabicyclo[4.3.0]nonane-7,9%-dione

5 (260 mg} was disscolved in TFA/CH,Cl, (50%, 5 mL) and stirred
at room temperature for 3 hours. The reaction mixture was then
concentrated in vacuo, redissolved in CH,Cls; (5 mlL) and DIEA
(0.22 mL} was added. The mixture was stirred at room
temperature for 30 minutes and was shaken with CH»Cl,/H,0. The

10 organic layer was separated and the aqueous layer was
extracted with CHyCl;. The combined organic layer was dried
over MgS0,, filtered and concentrated. The residue was
recrystallized from EtOAc/hexane to give the titled compound

(180 mg). MS (m/z) 470 (M").

15 Example 55. 3-(2,6-dichloro-4-pyridyl)-5-{4-bromobenzyl)-1,3-

diazabicycle[3.3.0)octane-2,4~-dione (Solid phase synthesis)

Br.
e e e
, Il -
Y o] S o] O
_b. _’_
o OH N
~BCC
N, N
BOC BOC

8,
M m i BFY\J
Utg— AFe - Y
N—

cl

(In the above scheme, means resin polymer.)
(1) A mixture of N-(tert-butoxycarbonyl)-2-(4-
bromobenzyl)proline ethyl ester (3.00 g), LiOH {10 mmol), THF
20 (25 mL), MeOH (10 mL) and H»0 (5 mL) was stirred at room

temperature overnight. The mixture was then heated at 74 °C
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overnight. The mixture was concentrated in vacuo, and water
Was added. The mixture was washed with Et;0 and the agueous
layer was made acidic with the addition of 1N Hy;SQs. The
aqueous layer was extracted with EtOAc. The EtOAc layer was
washed with brine, dried over Na;S0O4, and evaporated to give
N~ {tert-butoxycarbonyl)~-2-{4-bromobenzyl)proline (3.02 g). M3
(m/z) 284 (MH'-{-Boc); mp: 143.9 °C.

(2) To a solution of the compound obtained above (2.45 g) in
DMF (100 mL) was added Merrifield Resin {4.70 g} and KF (1.1
g). The resulting mixture was stirred under N; at 80 °C
overnight. The resin was filtered, and washed thoroughly with
MeOH, Hz0 and CH;Cl,, then dried in vacuc overnight to yield
the resin-bound .N-{tert-butoxycarbonyl)-2-(4-
bromobenzyl)proline (6.66 g); FTIR (cm™') 1740, 1697, 1397,
1131, 1011.

(3) The compound obtained above was then deprotected using a
50% solution of TFA in CHyCl,, followed by thorough washing,
to give the resin-bound 2— (4-bromobenzyl)proline (6.09 g):
FTIR (cm™™) 1722.

{(4) To the compound cobtained above {200 mg) was added a DMF
solution of 2,6-dichloro~4-pyridyl isocyanate (5 equiv.). This
mixture was shaken at room temperature in a sealed receptacle
overnight. The mixture was filtered, and the resin was washed
with DMF, water and MeOH, and air~dried to give the resin-
bound N-[ (2, 6-dichloro-4-pyridyl)carbamoyl]-2-(4-

bromecbenzyl)proline.
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(5} A solution of DIEA (350 pL} in DMF (5 mL} was added to the
compound obtained above, and the resulting mixture was then
shaken at 50 °C for 2 hours, then at room temperature
overnight. The resin was filtered and washed with MeOH, and
the filtrate was evaporated. The residue was purified by
reverse phase HPLC (gradient of 0%-70% CHi:CN in water) to
yield 3-(2, 6-dichloro-4-pyridyl)-5-(4-bromobenzyl}-1,3-
diazabicyclo[3.3.0]octane-2,4-dione (58.0 mg). MS (m/i): 456
(MH") ; mp: 76.3 °C;

Example 56: B8-(t-Butoxycarbonyl)-5-{4~cyancbenzyl)-3-(2,6-
dichloro-4-pyridyl) -1, 3,8-triazabicyclo[3.3.0]octane-2,4-

dione
Q MesSICHN 9 i
e3SiCHN; TFA
VLN’T"S Me:aSIMN/TOS—' M N7TOS
I NN N-NH
1 2 3
1) NaCNBH,
2) (BOC),0
0
0 Cl NJ\N/TOS o
MN TN EBNS0C N H[ AINCO N0
. \_ BOC )~ |
N-N~( LA A N-NH
BOC o) cl i BOC
5 4
cl
1) LDA
2) ArCH,Br
NC
0 cl
N N
N,NW( \ 7
BOC 0 oy

(1) Aza-proline derivative 4 was synthesized from N-
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methyl-N-tosylacrylamide 1 according to the method of
Carreira et al (J. Am. Chem. Soc., 1997, 119, 8379).

(2) To a solution of aza-proline 4 (1.7 g) in dry CH,Cl,
(30 mL) was added 3,5-dichloropyrid-4-yl isocyanate (1 g)
under N;. The solution was stirred at room temperature for
18 hours. The reaction mixture was concentrated in vacuo
and purified by chromatography (Si0,, EtOAc/hexanes 25/75%)
to give the urea 5 (2.2 g). M$ (m/z) 573 (MHY).

(3) To a suspension of the urea 5 (1.95 g) in dry
toluene/DME (50 mL/12 mlL) was added triethylamine (0.18
mL) . The reaction mixture was heated at 50 °C for 18 hours,
whereupon it was concentrated in vacuo and purified by

chromatography (8i0;, EtOAc/DCM 1/9) to give the bicyclic

derivative 6 (0.95 g). MS (m/z) 387 (M).

(4) Freshly prepared LDA (1.55 mmol}) was added to a
solutien of the bicyclic compound 6 (0.5 g) in dry
THFE/DMPU (8 mL/1I mL) at -78 °C under N, to give an orange
solution. After stirring at -78 °C for 20 minutes, 4-cyano-
a-bromotoluene (382 mg) in THF (5 ml) was added via

cannula and the reaction mixture stirred at -78 °C for 2.5
hours, then at room temperature for 0.5 hour. Water (30
mL) and EtOAc (50 mL) were added and the mixture was
shaken. The agueous phase was separated and extracted with
EtOAc. The combined organics were dried over Na,S0,
filtered and concentrated in vacuo. Purification of the
residue by HPLC (8i0,;, MeCN/H,0 50/50) gave the titled
compound (156 mg). MS (m/z) 502 (M), mp 179 °C.
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Example 57: 5-(4-Cyancbenzyl)-3-(2,6~dichloro-4-pyridyl)-

1,3,8-triazabicycio {3.3.0] octane-2,4-dione.

MEA

cl
_DTFA =\

,N N’N‘« N\
BOC Ci

To a solution of the compound from Example 56 (102

mg} in CHoCl, (5 mL} at -10 °C was added TFA {1 mL).

After

warming to room temperature, the reaction mixture was

stirred for a total of 1 hour while monitoring the

progress by TLC. Upon consumption of the

starting

material, the reaction mixture was cooled to 0 °C and DIEA
(20 mL)
and EtOAc (30 mL) were added and the mixture shaken. The

(4.5 mL) was added carefully. After 2 hours, water

agueous phase was then separated and extracted with EtCAc.

The combined organic layers were dried over Na,S80,,
filtered and concentrated in vacuo. The residue was
purified by liguid chromatography (Si0;, EtOAc) and re-
crystallization from EtOAc/hexanes to give the titled
coﬁpound (62 mg). MS (m/z) 402 (M); mp 187 °C.

Example 58: (5R, TR) -5-[4-(Trifluoromethoxy}benzyl] -3-
{2,6—dichloroé4—pyridy1)—7—hydroxy—1,3—
diazabicyclo[3.3.0)octane-2,4-dicne; and

Example 59: (58,7R)-5-[4-(Trifluocromethoxy)benzyl]-3-(2,6-

dichloro-4-pyridyl}-7-hydroxy-1, 3-

diazabicyclo[3.3.0]octane-2,4-dione
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CO4Me CO,Me
. BDMSO!"
COMe step [ HO! G: E step 2 ' q
d b N\l NH
. —_— - . —_—
HOY NH 0 0
N f N—Cl
I cl ' =N
I U oy
step 3
0 Cl
2 £l step 4 C[/Q =
- - (BDMSO# N N
N\\<N4<\:/EN N N
cl o <
v v
Step-1. Tc a suspension of L-4-trans-hydroxyproline

methyl ester hydrochloride (5.25 g) in THF (50 mL) and
5 DIEA (10 mL) was added 2,6-dichloropyrid-4-yl isocynate
{7.00 g). After stirring overnight, the reaction mixture
was concentrated. The residue was dissolved in EtQAc,
washed with 0.5 N HCl, NaHCO;, brine, dried (Na,;S0.),
filtered and concentrated. The residue was suspended in

10 CHzCl; and the white solid filtered to give the urea II
- (7.12 g).

Step-2. To a suspension of the above urea derivative II
{(7.12 g) in CH3CN (150 mL) was added imidazole (2.92 g) and
15 tBDMSCl {6.52 g). BAfter 7 hours, the reaction mixture was
concentrated. The residue was dissclved in EtOAc, washed
with 0.5 N HCl, NaHCO;, brine, dried (Nas304), filtered and
concentrated to give the desired product III (10.23 g).

20 Step-3. To a soclution of the above crude urea derivative
(10.23 g) in CHsCN (100 mL) was added DIEA (5.0 mL) and
heated to reflux. After refluxing for 2 days, the

reaction mixture was concentrated and purified by flash
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chromatography (2:98 MeOH/CH,Cl,) to vyield the desired
compound IV (7.16 g).

Step-4. The compound from step 3 (3.55 g) was benzylated
in a similar procedure as described for Example 56, step 4
yielding 5-[4-(Trifluocromethoxy)benzyl]-3-(2,6-dichloro-4-
pyridyl}-7-(tert-butyldimethylsilyloxy}-1,3-
diazabicyclo{3.3.0loctane~2,4-dione. Separation of the
diastereomers G5R,7R (2.76 g) and 55,7R (0.3 g) was
achieved by flash chromatography eluting with CH,Cl,.

Step-5. Both diastereomers from step 4 were treated
separately in a similar procedure as described in Example

2 (step 4) to give the following compounds:

(SR, 7R) -5-[4-(Trifluoromethoxy)benzyl]-3-(2, 6-dichloro-4-
pyridyl)-7-hydroxy-1,3-diazabicyclio[3.3.0]octane-2,4-
dione; 1.86 g, MS (m/z) 476 [MH'], mp 52.4 °C

{5S8,7R})=-5-[4-(Trifluoromethoxy)benzyl] -3~ (2, 6-dichloro-4-
pyridyl}-7-hydroxy-1,3-diazabicyclo[3.3.0]octane-2,4~
dione: 0.18 g, MS (m/z) 476 [MH']. mp 162.3 °C.

Example 60: (3R, 7R} -5~ {4-Cyanobenzyl)-3-(2, 6-dichloro-4-
pyridyl)—7—hydroxy—1,3—diazabicyclo[3.3.0]octane—2,4—dione

The titled compound was prepared in a manner similar

to Example 58. MS (m/z) 417 [MH*]1. mp 97.6 °C
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Example 61: {5R, 78)-5-(4-Bromobenzyl)-3-(3, 5~
dichlorophenyl)-7-hydroxy-1, 3-diazabicyclo[3.3.0]octane-

2,4-dione

The titled compound was prepared in a manner similar
to Example 58 using 4-bromobenzyl bromide in step 4. MS

(m/z) 469 [MH']. mp 60.4 °C.

Example 62 : {5R, 78)-5-[4-(Trifluoromethoxy)benzyl]-3-
(2,6-dichloro-4-pyridyl)-7-azido-1, 3~

diazabicycle[3.3.0]cctane-2,4-dione

The titled compound was prepared from (5R, 7R)-5-[4-
(Trifluoromethoxy)benzyl]-3-(2,6-dichloro-4-pyridyl)-7-
hydroxy~1,3-diazabicyclio[3.3.0]octane-2,4-dione in a
manner similar tc Example 3 except that no heat was used

in step 2. MS {(m/z) 501 [MH']. mp 139.9 °C.

Example 63. (5R, 78)-5-{4~-(Trifluoromethoxy)benzyl]-3-
(2,6-dichlero~-4-pyridyl)-7-amino-1, 3~

diazabicyclo[3.3.0]occtane-2, 4-dione

The titled compound was prepared from (5R, 73)-5-[4-
(Trifluoromethoxy)benzyl]~3-(2, 6-dichloro-4-pyridyl)-7-
azido-1,3-diazabicyclo[3.3.0]octane-2,4-dione in a manner

similar to Example 47. MS (m/z) 475 [MH']. mp 150.6 °C.

Example 6d. {OR, 738)-5-[4~(Triflucromethoxy)benzyli-3-
(2,6-dichloro-4-pyridyl)-7-acetamido-1,3-

diazabicyclo{3.3.0]octane-2,4-dione
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The titled compound was prepared from (5R, 7S)-5-[4-
(Trifluoromethoxy)benzyl]-3-(2, 6-dichloro~4-pyridyl)-7-
amino-1,3-diazabicyclo{3.3.0]octane~2,4-dione in a manner

similar to Example 48. MS (m/z) 517 [MH']. mp 126.9% °C.

Example 65. {5R, 78)-5-{4-(Trifluoromethoxy)benzyl] -3~
(2,6-dichloro-4-pyridyl)-7-{ethylurea)-1, 3-

diazabicycleo[3.3.0}octane~2,4-dione

To a solution of {5R, : 78)y-5-[4-
(Trifluoromethoxy)benzyl]-3-(2,6-dichloro-4-pyridyl}~7-~
amino—l,3—diazabicyclo[3.3.0]octane—2,4—dione {0.085 g) in
THF (5 mL) was added ethyl isocynate (25 mnlL). After
stirring overnight at room temperature the reaction
mixture was concentrated and purified by chromatography

(silica gel: 98:2 CHCl,:MeQH, Chromatotron) to afford the

titled compound (0.095 g). MS (m/z) 546 [MH']. mp 227.5
°C.
Example 06. (5R, 75}-5-[4-(Trifluoromethoxy)benzyl]-3-

(2,6-dichloro-4-pyridyl)-7-{3~carboxypropanoylamino}-1, 3-

diazabicyclo[3.3.0]octane-2,4-diocne

To a solution of {5R, 758)-5-[4-
{(Trifluoromethoxy)benzyl] ~-3-(2, 6-dichloro-4-pyridyl)-7-
amino-1l,3-diazobicyclo[3.3.0]Joctane-2,4-dione (0.155 g) in
CHzCl; (4 mL) was added succinic anhydride (0.072 g) and
DMAP (cataiytic amount). After 4 hours, the reaction
mixture was concentrated and purified by chromatography

(silica gel: 95:5% CHyCl,:MeQH, Chromatotron) to afford the
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titled compound (0.182 g). MS (m/z) 575 [MH"]. mp 101.9
°C.
Example 67, {5R, 78} -5-{4-(Trifluoromethoxy)benzyl] -3-

{2,6-dichloro-4-pyridyl)-7-{isonicotinoylamino) -1, 3-

diazabicycle[3.3.0loctane-2, 4-dione

To a solution of {5R, 73)-5-14-
(Trifluoromethoxy)benzyl]—3—(2,6~dichloro—4—pyridyl)—7¥
amino-1, 3-diazobicyclo[3.3.0]octane-2,4~-dione (0.075 g) in
THF (5 mL) was added isonicotinic acid (0.041 g), EDC
{(0.050 g), HOBt (0.057 g), and DIEA (0.10 mL). After
stirring overnight at = room temperaturé, the reaction
mixture was concentrated. The residue was dissolved in
EtOAc, washed with NaHCO; and brine, dried (Na504),
filtered, concentrated and purified by chromatography
(silica gel: 95:5 CHCl,:MeOH Chromatotron) to afford the
titled compound (0.103 g). MS {m/z) 580 [MH']. mp 148 °C.

Example 68. (5R, 15)-5-[4-(Trifluoromethoxy)benzyl] -3~
{2,6-dichloro-4~pyridyl)-7-(dimethylamincacetylamino) -1, 3-

“diazabicyclo[3.3.0]octane~2, 4—dione

The titled compound .was prepared in an analogous

manner to Example 67. MS (m/z) 580 [MH']. mp 252 °C.

Example 69. (5R, 73)-5-[4-{Trifluoromethoxy)benzyl] -3-
{2,6-dichloro-4-pyridyl)-7-[3~- (4-methyl-1i-
piperazinylcarbonyl)propanoylamino] -1, 3~

diazabicyclo[3.3.0)}octane-2, 4-dione
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To a solution of the compound from Example 66 (0.12
g) in THF (5mL) was added N-methyl piperazine (50 xL), EDC
(0.90 g), HOBt (0.090 g), and DIEA (0.10 mL). After
stirring overnight the reaction mixture was concentrated.

5 The residue was dissolved in EtOAc, washed with water and

brine, dried (Na,SQ,), filtered, concentrated and purified
by chromatography (silica gel: 95:5 CH,Cly: MeOH,
Chromatotron) to afford the titled compound (0.10 g). MS

(m/z) 657 [MH']. mp 70 °C.

10
Example 70. (5R}~5-[4- (Trifluoromethoxy)benzyl] -3-(2,6-
dichloro-4-pyridyl)-7-oxo-1,3-diazabicyclo[3.3.0]octane-
2,4-dione

15 PDC (0.40 g) was added to a solution of (5R, 7R)-5-

[4- (Trifluoromethoxy)benzyl] -3- (2, 6-dichloro-4-pyridyl) -7-

hydroxy—l,3—diazobicyclo[3.3.0]bctane—2,4—dione (0.21 g)
in CH,Cl, (10 mL). Additional PDC was added after 24 hours
(0.43 g) and 96 hours (1.19 g). The reaction mixture was

diluted with CH;Cl;, washed with water, 0.5 N HCl, and

brine, dried (Na;S0,), filtered, concentrated and purified

by chromatography (silica gel: CH,Cl,, Chromatotron) to

afford the titled. compound (0.134 g). MS (m/z) 474 ([MH'].
mp 166 °C.

25
Example 71 (5R, 78} -5- (4-Bromobenzyl) -3- (3,5~
dichlorophenyl) -7-hydroxy-1,3-diaza bicyclo{3.3.0]octane-
2,4-dione

30 The titled compound was prepared in a manner similar

to Example 2 using (4S)-N-(tert-butoxycarbonyl) 4-hydroxy
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L-proline benzyl ester as starting material. MS (m/z) 470

IME']. mp 113.6 °C.

Example 72: (5R, TR)-5-(4-Bromobenzyl)=-3-(3,5-
dichleorophenyl)-7-azido-1, 3-diazabicyclo[3.3.0)octane-2,4-

dione

The titled compound was prepared from (5R, 78)-5-(4~
bromobenzyl)-3-(3,5-dichlorophenyl)-7~hydroxy-1,3-
diazabicyclo{3.3.0]Joctane~2,4-dione in a manner similar to

Example 3. MS (m/z) 495 [MH']. mp 83.4 °C.

Example 73 (5R, TR)-5-(4~-Bromobenzyl)-3-(3, b—-
dichlorophenyl)77—amino—l,3—diazabicyclo[3.3.0]octane—2,4“

dione

The titled compound was prepared from (58, 7R)-5-(4~
bromobenzyl)—3—(3,5—dichlorophenyl)—7—azido—1,3—
diazabicyclo[3.3.0]octane-2,4-dione in a manner similar to

Example 47. MS (m/z) 469 [MH']. mp 87.4 °C.

During the reduction process, two elimination
products were isolated in 11 % combined yield as a 10:1

mixture of Example 74 and Example 75.

Example 74. (58)-5-{4-Bromobenzyl)-3-(3,5-dichlorophenyl)-1,3~

diazabicyclo{3.3.0]loct-6-en-2, 4-dione

Cl Ms (m/z) 474 [MNa']. mp 97 °C.



10

15

20

25

11 MAR 2084

94

Example 75. (5R)5-(4-Bromobenzyl)-3-(3,5~dichlorophenyl)-1,3-

diazabicyclo[3.3.0]oct~7-en-2,4-dione

"~

SN0 !
G
\,m\(" \ /
0 Cl MS (m/z) 474 [MNa*l. mp 52 °C.
Example 76. (5R, TR} -5-(4-Bromobenzyl)-3- (3, 5-

dichlorophenyl) -7T-~acetamido-1, 3-diazabicyclo[3.3.0]octane-

2,4-dione

The titled compound was prepared from (5R, 7R)-5-(4-
promobenzyl)-3-(3,5-dichlorophenyl)-7-amino-1, 3-
diazabicyclo[3.3.0]loctane~-2,4-dione in a manner similar to

Example 48. MS (m/z) 511 [MH']. mp 156.9 °C.

Example 77. (5R, TR} ~5-{4-Bromobenzyl)-3-{(3,5-
dichlorophenyl)—7—benzamide—1,3—diazabicyclo[3.3.0]octane—

2,4-dione

To a solution of (5R, 7R)-5-(4-bromobenzyl)-3-(3,5-
dichlorophenyl)-7-amino-1,3-diazabicyclo[3.3.0]octane-2,4-
dione (0.065 g) in THF (5 mL) was added DIEA {0.50 mL) and
benzoyl chloride (0.20 ml). After 3.5 hours, the reaction
mixture waé concentrated and purified by chromatography
(silica gel: 98:2 CH2Cl;: methanol, Chromatotron) to afford
the titled compound (0.073 g). MS (m/z) 594 [MNa®]. mp
149.6 °C. |
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The following compounds were prepared in an analogous

manner to Example 77.

Table 3.
0 Cl
N
N Q
\g Cl
Example | Diastereomer | R Physicochemical
Properties
78 5R, 7R —HN MS (m/z) 630 [MH"]
H >—COME
0 i mp 108 °C
79 5rR, 7R —un CHy MS (m/z) 615 [MH']
}—( >—N
o CHy mp 154 °C

Example 80. (5R, 7R)-5-(4-Bromobenzyl)-3-(3,5-
dichlorophenyl) -7~ {4-t-butoxycarbonylbenzoylamino) -1, 3-

diazabicyclol[3.3.0]octane-2,4-dione

The titled compound was prepared from (58, 7R)-5-(4-
bromobenzyl)-3-(3, 5-dichlorophenyl)-7-amino-1, 3-

diazabicyclo[3.3.0]octane-2,4~-dione in a manner similar to

Example 67. MS (m/z) 670 [M-H] . mp 112 °C.

Example 81. (5R, 7R)-5-(4-Bromobenzyl)-3-(3,5-
dichlorophenyl) -7~ (4-carboxybenzoylamino) -1, 3-

diazabicycle[3.3.0]octane-2,4-dione.

To a solution of Example 80 (0.161 g) in CHpCl, {4 mL}
was added TFA (1 mL}. After 3 hours at room temperature,

the reaction mixture was diluted with CH,Cl,, washed with
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water and brine, dried (NayS504), filtered, concentrated and

purified by chromatography {silica gel: 80:20 CH;Cl;:MeOH,

‘Chromatotron) to afford the titled compound (0.133 qg) . MS

(m/z) 614 [M-H] .

Example 82. 5-(4-Bromobenzyl)-3- (3, 5-dichlcrophenyl)-8-oxo-

1,3-diazabicyclo[3.3.0}octane~2,4-dione

Br Br%\
i

§/COZMe
L -CO3Et step 2 S:N

=

s A

COyEt step | -
I G S N

7 if 8] WCI

o : o .
7

: i uref

! step 3
. |
Br i
Bro o R |

L [
SN
oy =~
I
N—\ Y, N
N \
~ J
0 0 Cl o al
v v
Cl

Step-1. To a solution of ethyl pyroglutamic ester (4.09%9 g)
in THF at -78 °C was added KHMDS (12.75 g). After 30
minutes, 4-bromobenzyl bromide (6.79 g) in THF (25 mL) was
added. The reaction mixture was allowed to warm to room
temperature over 1 hour. After 1 hour at room temperature,
the reaction mixture was concentrated. The residue was
dissolved in EtOAc, washed with 0.1 N HCl and brine, dried
(Naz804), filtered, concentrated and purified by
chromatography (silica gel; 95:5 CHyCl,: MeOH) to afford
the benzylated derivative (5.00 g).
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Step-2. The wurea compound was prepared in a similar

procedure as described in Example 1 (step 3).

Step-3. The compound obtained above (0.10 g} in THF (10 mL)
was treated with 2 N LiOH (0.1 mL). After 2 hours, the
reaction mixture was concentrated. The residue was
dissolved in EtOAc, washed with 0.5 N HCl and brine, dried
(NazS04), filtered, concentrated to give the acid (0.1 g).

Step-4. To a solution of the crude acid obtained above in
THF (10 mL) was added EDC (0.17 g), HOBt (0.11 g) and DIEA
(O.l mL) . After stirring overnight the reaction mixture
was concentrated. The . residue was dissolved in EtOAc,
washed with 0.5 N HCl and brine, dried (Na»504), filtered,
concentrated and pﬁrified by chromatography (silica gel:
95:5 CHoCl,:MeOH, chromatotron) to afford the titled
compound (0.048 g). MS (m/z) 491 [MNa']. mp 229.6 °C.

Example 83. (78} -b-{4-Bromobenzyl)-3-(3,5-dichlorophenyl)
phenyl-1,3-diazabicyclo[3.3.0])octanre-2,4-dione

By
=
T S Ph CO,CHy  Stop? g step 3 CO;Me
- —— N ——— - COxMe —— = Ph
“Boe Boc Ph RS NH
"Boc v

1
I I

step 4

Br.
COZMc
step 3 PR
N_ -t

Cl

-7 =
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Step-1l. To a solution of acid I (1.0 g) in CH:Cl: {10 mL)
was added DIEA {(0.90 mL), HOBt {0.53 g), EDC (0.83 g) and
MeOH (0.10 mL). After stirring overnight the reaction
mixture was diluted with CH,Cl,, washed with 1 N HC1,

NaHCO3; and brine, dried (Na,S04), filtered, concentrated to

yield the desired ester II (0.97 g). e

Step-2. The compound above was treated in a similar
procedure as described in Example 26 (step 4) vyielding a

mixture of diastereomers of the comound III.

Step-3. The compound oktained above was treated in a

manner similar to Example 1 (step 2).

step-4. The compound obtained above was treated in a

manner similar to Example 1 (step 3).
Step-5. The titled compound was prepared in a manner
similar to Example 21 (step 2). MS (m/z) 551 (MNa'). mp.

123.5 ¢

Example 84. 5-(4-Bromobenzyl)-3-(2-chloro-6-dimethylamino-
d-pyridyl}-1,3-diazabicyclo[3.3.0]octane-2,4-dione.

A mixture of Example 39 (0.26 g) and (Me),NH (2 M in

" THF, 5 mlL) was heated in a sealed tube at 8C °C for 2

hours. The sclution was concentrated and the residue was
crystallized from EtOH to yield the titled compound (0.16
g). MS (m/z) 464 (MH"); mp. 194.3 °C.
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Example 85. 5- (4-Bromobenzyl)-3-(2-chloro-6-methylamino-
4-pyridyl) -1,3-diazabicyclo[3.3.0]octane-2,4-dione

By following the above procedure (Example 84) but
5 replacing dimethylamine with methylamine the titled

compound was obtained. MS {(m/z) 450 (MH").

The following compounds were prepared using the

requisite boronic acid in a manner similar to Example 7.

10 Purification by chromatography (Si0O,, EtOAc/hexanes 1/1)

gave a mixture of the mono-substituted bicycle 1 and the

di-substituted bicycle 2 which was - further purified by
HPLC (MeCN/H,O 50/50) to give the compounds:

NC NC
O Cl XB(OH),, CsF, X
= Pd{PPh3),, DME —
N N T T T N
N\« N/ N\
0 Ct X
1 2
15 X =phenyl, heterocyclic
Table 4
NC
O Y
\
N / N
Nljg _
0] Z
Example | Y Z Physicochemical
Properties

86 ‘ B M3 (m/z) 545 (M")
\©\OM9 \OOME

mp. 111 °C
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Example | Y Z Physicochemical
. Properties

87 \@ \@ MS (m/z) 485 (M")
mp. 99 °C

88 \©\ \©\ MS (m/z) 622 (M')
OCFs OCFs mp. 237 °C

89 cl MS (m/z) 473 (M)
QOME mp. 179 °C

90 \Q cl MS (m/z) 528 (M")
0%%s mp. 194 °C

91 \© cl MS {m/z) 443 (M}

92 \© Cl MS (m/z) 511 (M)
CFs mp. 1%4 °C

93 \@ cl MS (m/z) 468 (M")
N mp. 254 °C

94 e Cl MS (m/z) 462 (M)
M;I:§ mp. 82 °C

95 N,COOtBu Foosu MS (m/z) 663 (M)
|y Y, mp. 173 °C

96 N,COOtBU cl MS {m/z) 532 (M%)
\H;) mp. 94 °C

97 |‘;N cl MS (m/z) 444 (M%)
mp. 80 °C

Example 98: 5-(4-Cyanobenzyl)-3-[2,6-bis{2-pyrrolyl)-4-

pyridyl)-1,3-diazabicycle([3.3.0]octane~2, 4-dione

~ v
O N
2

H

MS

{m/z) 463

(M")
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Example 99: 5-{4-Cyanobenzyl)-3-{2-chloro-6-{2-pyrrolyl)-4-
pyridyl)-1,3-diazabicyclo[3.3.0]octane-2,4-dione

NC._-

O Cl

. e
&/N=(N_\W/N
/

# MS (m/z) 432 (MY)

The title compounds were prepared from Example 95 and

5 Example 96 respectively by removal of the BOC group with

TEA.

Example iG0. 6- {4-Bromobenzyl)-8-(2, 6~dichloro~4-pyridyl} -

1,2,8-triazabicyclo{4.3.0] nonan- 7,9%-dicne

Br.
0 Cl
N— N
NN _Q
H 0 Ci

10
The titled compound was prepared in a manner analogous to

Examples 53 and 54. MS m/z 470 (MH"); mp. 190 °C {(dec).

Examples 101-105 were prepared in accordance with the

15 following scheme.
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Br.

Br

o} Cl %/AO . 0 _ Cl

- = N N

N N N N/

95 =0 e
N N \

N 0 Cl
A_ 0 cl . N hﬁé - 04L?

Example 101 Example 100 Example 102

Br

Br.

0

OR

1: R = Me: Example 104
2: R = Me; Example 103
4: R = Et: Example 105

n
n
n
Example 101. 6-{4-Bromobenzyl}-8-(2,6-dichloro-4-pyridyl) -2~

acetyl—l,Z,8—triazabicyclo[4.3.0]nonane—7,9—dioﬁe.

5 To a solution of the compound from Example 100 (80
mg) in dry THF (2 mL) wunder N; was added DIEA (0.073 mL)
followed by AcCl (0.024 mL) and the reaction mixture
stirred at room temperature for 18 hours. Water (10 mnL)
and EtOAc (10 mlL) were added and the mixture was shaken.

'm The aqueous phase was then separated and extracted with
EtOAc. The combined organics were dried over MgSOQOq,
filtered and concentrated in wvacuo. The residue was
purified by chromatography (silica gel; EtOAc/hexanes;
chromatotron) to give the titled compound (71 mg). MS

15 (m/z) 513 (MH'); mp. 91 °C. |
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Example 102. 6-(4-Bromobenzyl)-8-(2,6-dichloro-4-pyridyl)-
Z2-methoxycarbonyl-1,2,8-triazabicyclo[4.3.0]lnonane~7, 9-

dicone.

To a solution of the compound from Example 100 (60
g} in dry THF (2 miL) was added DIEAR (0.044 mlL),
methylchloreoformate (0.02 mL) and DMAP {catalytic amount).
The reaction mixture was heated at 80 °C for 3 days during
which more methylchloroformate (0.1 mlL) was added after 24
hours and 48 hours. Water (10 mL) and EtOAc (10 mL) were
added and the mixture shaken. The aqueous phase ‘was
separated and extracted with EtOAc. The combined organics
were dried over MgS50,, filtered and concentrated in vacuo.
The residue was purified by chromatography (silica gel;
EtOAc/hexanes; chromatotron) to give the titled compound

(37 mg). MS (m/z) 529 (MH"); Mp. 81 °C.

Example 103. 6-{4-Bromobenzyl)-8-{2,6-dichlioro-4-pyridyl)-
2-[2~(methoxycarbonyl)ethyl]-1,2,8-

triazabicyclo[4.3.0]lnonane-7, 9~dione.

The compound from Example 100 (80 mg) was dissoclved
in methyl 3-bromopropancate {0.5mL} and DIEA {0.089 mL)
and heated at 73 °C for 3 days. The reaction mixture was
concentrated and purified by chromatography (silica gel;
EtOAc/hexanes; chromatotron) to give the titled compound

{38 mg). MS (m/z) 557 {(MH"); mp. 157 °C.

The following compounds were prepared in a similar

manner.
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Example 104.

6- (4~Bromobenzyl)-8-

104

pyridyl)-2-methoxycarbonylmethyl~i,2, 8-

triazabicyclo[4.3.0]nonane-7, 9-dione:

Example 105.

pyridyl)-2-{4-(ethoxycarbonyl)butyl}-1,2,8-

triazabicyclo[4.3.0]lnonane-7, 9-dione: MS (m/z)

Example 106. - 5-

6- (4-Bromobenzyl)-8-

O PPh3, DEAD o

N

N\« N\«
1 0 o 2
Step 1: To a solution

2,4~dione 1 (500 mg,

{4-Cyanobenzyl)

1) LDA
2) ArCHZ

diazabicyclo(3.3.0}octane-2, 4-dione

VS

of 1,3-diazabicyclo(3.3.0}Joctane-

J. Med. Chem., 1985,

11 MAR 2004

(2, 6-dichloro-4-

MS (m/z) 543 (MH*

).

{(2,6-dichloro-4-

38,

599 (MHY).

3566),

-3-{3,5-dichlorobenzyl)~1, 3-

PPhj

(1.2 g} and 3,5-dichlorobenzyl alcohol (690 mg} in THFE (10

mL) at 0°C was added DEAD (0.

minutes, The mix

ture was

(5C =~

temperature and H,O /EtOAc

mixture was shaken.

and extracted with

7 mL)

allowed

each)

drop-wise

to

over 45

warm to room

were added and the

The aqueous phase was then separated

EtOAc. The combined organics were dried

over MgS0s, filtered and concentrated in vacuo.

was purified by chromatography

recrystallization

benzyl derivative 2

(SiOZJ

from EtOH/H0 to give

(550 mg).

MS

(m/z)

The residue

EtOAc/Hexanes)
the desired
(M) .

299

and

M-
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Step 2: The alkylation was done in a manner similar to
Example 56 to give the titled compound.
MS (m/z) 414 (M"); mp. 124 °C.

The following compounds were prepared in a manner

analogous to Example 106.

Example 107 : 5—(4—Cyanobenzyl)—3—[2w(3—chlorophenyl)ethyl]—
1l,3-diazabicyclec[3.3.0]octane~-2,4~-dione

NC
O
C
:
N
) MS (m/z}) 394 (M"); mp. 148 °C.
Example 108: 5-(4-Cyanobenzyl)-3- (4-pyridylmethyl) -1, 3-
diazabicyclo[3.3.0]octane-2,4-dione
NC '
O
N
N
R
=N M3 (m/z) 346 (M"); mp. 154 °C.
Example 109. 5-(4-Bromobenzyl)~3-(3,4-dichlorcbenzoyl) -

1l,3-diazabicyclo[3.3.0]octane-2,4~-dione

B Br
;
0
O 1) TBSCI O ArCOGI, 0
CKQNH 2) LDA " Et3N LN
N% - N\\< \\<
\ 3) ArCH2Br Y o) cl

Cl
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Step 1: To a solution of 1,3-diazabicyclo[3.3.0]octane-
2,4-dione (5.24 g) in DMF (50 mL) was added Et3N (6.2 mnL)
and tBDMSCl (6.2 g). The reaction mixture was stirred at
room temperature for 2 hours whereupon water (30 mL) and
DCM/hexanes (1/9, 100 mL) were added and the mixture was
shaken. The aqueous phase was separated and extracted with
DCM/hexanes (1/9). The combined organic layers were washed
with water, dried over Mg30,, filtered and concentrated in
vacuo to give the protected imide (9.9 g) which was used
without further purification. The alkylation was done in a
manner similar to Example 106 to vyield the desired

benzylated material.

Step 2: To a solution of the compound from step-1 (100
mg), and EtiN (0.054 mlL) in THF (2 mL) was added 3,4-
dichleorobenzoylchloride (74 mg). The reaction mixture was
stirred at room temperature for 4 hours, concentrated in
vacuo and purified by chromatography (silica gel;
EtOAc/hexanes; Chromatotron) to give the titled compound

(54 mg). MS (m/z) 483 (MH"); mp. 158 °C.

Example 110. 5-(4-Bromobenzyl)-3-(3,5-dichlorophenyl)-7,7-

difluoro-1,3-diazabicyclo([3.3.0]octane-2,4-dione:

Br:
Cl 0 Cl
DAST
CH2C]2 F N
F N

Cl

In a plastic vial, the compound from Example 35 (167
mg) was dissolved in anhydrous CHCl, (5 mL) and DAST (47

1L} was added. The reaction mixture was stirred at room
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temperature for 6 hours, followed by refluxing for 2
hours. The reaction mixture was then cooled to room

temperature and 10 % NaHCO; (2 mlL) was added. The mixture
was extracted with EtOAc and the combined organic lavers
were dried over NayS0O4, filtered and evaporated. The
residue was purified by chromatography (SiCp, hexanes to
2:1 hexanes/EtOAc gradient elution) and HPLC ('®c-wWaters 40
®x 210 mm, 1% HOAcC/CH3CN gradient) provided the titled

compound (38 mg). MS {(m/z) 488 (MHT) mp. 160.3 °C.

Example 111, 5-(4-Cyano-oa~-hydroxybenzyl)-3-(3,5-
dichlorophenyl)l, 3-diazabicyclo[3.3.0}octane-2,4-dione

‘ NC
0 e OH
<:j/4 1) LDA o 0 C
N 2)NC o
"~ |G\ L
0 Ci CHO ~
0 ci

To a solution of 3-(3,5-dichlorophenyl) -1, 3-

diazabicyclo[3.3.0]octane-2,4~dione, (5.63 g) in anhydrous

"THF (20 mL) at -78 °C was added LDA prepared from n-BulLi

(13.6 mL) and diisopropylamine (3.33 mnL). The reaction
mixture was stirred at -78 °C for 30 minutes then at 0 °C
for 1 hour. To this mixture was added in one portion 4-
cyanobenzaldehyde (3.64 g). The reaction mixture was
allowed to warm to room temperature for 3 hours then
poured onto 1 N HCL {5C mL)}. The mixture was extracted
with EtOAc and the combined organic layers were dried over
Na,304, filtered and the solvent evaporated. The residue

was purified by chromatography (Si0O2, hexanes to 1:1

hexanes/EtOAc gradient elution) and HPLC (*®C-Waters 40 x
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210 mm, 1% HOAcC/CHiCN gradient) to provide the +titled

product (5.5 g}). MS (m/z) 416 (MH'); mp. 184.4 °C.

Example 112, 5-{4-Cyanobenzoyl}-3-{(3,5-dichlorophenyl) -
5 1,3-diazabicyclo[3.3.0]octane-2,4-dione

NG NG ]
OH
o o . 0 Ci
N
N
N I S
o Cl 0

PCC (2.43 g) was added to a solution of the compound
from Example 111 (3.90 g) in CH,Cl, {20 mL) and the
reaction mixture stirred at room temperature for 48 hours.

10 The mixture was filtered though a plug of S5i0; (washing
with 1:1 CHyCl,:EtOAc). The solvent was evaporated and the
residue was purified by chromatography (5i02, hexanes to
1:1 hexanes/EtOAc gradient elution) providing the titled
compound (1.97 g). MS {(m/z) 414 (MHT). mp. 72.1 °C.

15
Example 113. 5-(4-Cyanc-o,o-diflucrcobenzyl)-3-(3,5-
dichlorophenyl)-1,3-diazabicyclo[3.3.0]octane-2,4-diocne

NC

o F

0 Cl
N
-

In a plastic tube, the compound from Example 112 (154

0 Cl DAST

Y cCl,
N
%

Cl

20 mg) was dissolved in CCl; (4 mL) and treated with DAST

(88.3 plL). This reaction mixture was stirred for 22 hours
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at room temperature. The reaction mixture was quenched
with 10 % NaHCOs; (5 mL) and then extracted with EtOAc. The
combined organics were dried over Na,S0,, filtered and the
solvent evaporated. Chromatography of the residue (SiO2,
hexanes to 2:1 hexanes/EtOAc gradient elution) provided
the titled compound (141 mg). MS (m/z) 434 (MH'). mp. 66
°c.

Examples 114-11¢ were prepared in accordance with the

following scheme (Scheme 12):

Scheme 12:
OoN
Br: OZN@
0 Cl B(OH). Ci
CsF / Pd(Ph;P), H,/Pd-C
—_—— -
N\\(N DME FiOAC/EIOH
s cl step-1 Gl step-2
RN
e
cl acid halide O o cl
or anhydride
or
RSO,TI N\(N
o) cl step-3 0 cl

Example 114. 5-[4-{4-Nitrcphenyl)benzyi]-3-(3,5-
dichlorophenyl) -1, 3-diazabicyclo[3.3.0]octane-2,4~dione
(Scheme 12, step 1):

The titled compound was prepared in a manner similar

to the compound in Example 7. MS (m/z) 496 (MHY). mp. 72-
73 °C.
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Example 115. 5-[4-(4-Aminophenyl)benzyl]-3-(3,5-
dichlorophenyl)—l,3—diazabicyclo[3.3.0]octane—2,4—dione
(Scheme 12, step 2)

The compound from Example 114 (140 mg) was dissolved
in EtOCAc (15 ml) and EtOH (5 ml). The solution was
degassed (pump/N; purge) to remove O,. Pd-C (5 mg, 5%
degussa type) was added and H; was bubbled through the

sclution for 5 minutes. The reaction mixture was stirred
under H, for 4.5 hours. The mixture was filtered through
celite (washing with EtOAc). The solvent was evaporated

and the residue purified by HPLC ('®C-Waters 40 x 210 mm,
1% HOAc/CH3CN gradient) to provide the titled compound. MS

(m/z) 466 (MH'). mp. 278 °C (dec.).

Example 116. 5-[4-{4-Acetylaminophenyl)benzyl]-3-(3,5-
dichlorophenyl)-1,3~diazabicyclo{3.3.0]loctane-2,4-dione
(Scheme 12, step 3}

The compound from Example 115 (38 mg) was dissolved
in CH2Cl; (1 mL) and pyridine (1 mL). To this solution was
added Ac;0O (200 pL) and the reaction mixture was refluxed
for 15 minutes. The solvent was evaporated and the

e
residue was purified by chromatography (Si0O2, hexanes to

1:1 hexanes/EtOAc gradient elution) to provide the titled

compound (41 mg). MS {(m/z) 508 (MHT). mp. 123.9 °C.

The following compounds were prepared in a manner similar

to Example 116:
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Table 5
H
R._.N
X
O Cl
209
"~
0] Cl
Example R-X- MS (m/z)
117 CH3S0,- 542 (MH+)
118 ‘!'IOO(;(Cﬂz]zCO_“W' 566 (MH+}

The corresponding 3-aminophenyl derivatives were prepared

5 in an analogous manner.

Table ©

Cl
M

-

\\g Ct
Example R MS (m/z) mp (°C}
119 AcNH 508 (MH") 98
120 {CH1S0,) »N 622 (MH") 123
121 CH3S0,NH 544 (MH*) 126.1
122 EtOQCONH 538 (MH") 115.3
123 PhCONR 570 (MHM) 119.7
124 {CH;3;NHCO) 5N 580 (MH") 111.5

Example 125: 5-(4-{3-(Phenylthioureido)phenyllbenzyl}-3-(3,5~

10 dichlorophenyl)-1,3-diazabicyclo[3.3.0]Joctane-2,4~-dione
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QLA
NJ\NH
H
PhNCS O Cl
EyN/ CH,ClL, —
N
N\‘( \ /
0 Cl

To a solution of the compound from Example 220 (100
mg) in CH,Cl, (3 mL) and EtsN (60 ulL) was added PhNCS {31
ull) and the reaction mixture was stirred overnight at room
temperature. The mixture was diluted with CH,Cl, and then
extracted in succession with 1IN HCl, brine and NaHCO;. The
crganic phase was dried over NayS50;, filtered and the
solvent was evaporated. The residue was. purified by
chromatography {Si02, hexanes to 4:1 hexanes/EtOAc gradient
elution) and reverse phase HPLC (*®C, Waters 210 x 40 mm,

0.1 N HOAC to CH3CN gradient) to provide the titled

compound (35 mg). MS (m/z) 601 (MH*). mp. 128.6 °C.

Example 126: 5-[4-[3~(Phenylureido) phenyl]benzyl]-3-(3, 5-
dichlorophenyl)~1,3—diazabicyclo[3.3.D]octane—Z,4-dione

NHl | O

Cl .
PHNCO
——
EtyN / CH,Ch
Cl

Cl

Cl
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To a solution of the compound from Example 220 (100

rag) in CH.Cl, (3lmL) and EtiN (60 uylL) was added PhNCO (29
uL) and the reaction mixture was stirred overnight at room
temperature. The mixture was diluted with CH;Cl, and then

5 extracted in succession with 1IN HCl, brine and NaHKCO;. The
organic phase was dried over Na;S04, £filtered and the
solvent was evaporated. The residue was purified by
chromatography (Si02, hexanes to 4:1 hexanes/EtOAc gradient
elution) to provide the titled compound {95 mg). MS (m/z)}

10 585 (MHY). mp. 150.2 °C.

Example 127: 5-[4-{3-(2-oxo~-1l-pyrrolidinyl}phenyl]lbenzyl]-3-
{3,5-dichlorophenyl) -1, 3-diazabicyclo{3.3.0]}octane~-2,4-dione

O Cl
N
WQ
O Cl
15 To a solution of the compound from Example 220 (100 mg}
in CHyCl:; (3 mL) and DIEA (75 uL) was added Br (CH;)3iCOCl (30

Cl
Br(CH,);COCI
DIFA /CH,CL ™

Cl

pL) and the reaction mixture was stirred for 48 hours at room
temperature. The mixture was diluted with CHpCl, and then
extracted in succession with 1N HCl, brine and NaHCQO;. The
20 organic phase was dried over Na;S0O,, filtered and the solvent

was evaporated. The residus was purified by chromatography
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was evaporated. The residue was purified by chromatography

(5102, hexanes to 4:1 hexanes/EtOAc gradient elution) to

provide the titled compound (40 mg). MS (m/z) 534 (MHY). mp .
86.5 °C. |
3
Example 128. 5-[4-(5-tetrazolyl)benzyl)-3-{(3,5-
dichlorophenyl)-1,3-diazabicyclo[3.3.0]octane-2, 4-dione:
N~ |
NC\%/( N\E \
0 of NaN; 0 Ci
DMF
QT '~
@) Gt O Ci
10 NaN3 (64.5 mg) was added to a solution of Example 21 {137
mg) in DMF (3 mL). The reaction mixture was sealed and heated
at 140 °C for 72 hours. The reaction mixture was cooled to
room temperature and the solvent removed under reduced
pressure. The residue was purified by HPLC {wC~Waters 40 x

-, 15 210 mm, 1% HOAc/CHsCN gradient) to provide the titled compound

(27 mg). MS (m/z) 457 (MHY). mp. 194.8 °C.

Example 129. 5-(4-Amidinobenzyl)-3-(3,5~dichlorophenyl)-1,3-

diazabicyclo{3.3.0}cctane~2,4-dione:

NH
. NC HA
0 cl 0 cl
z 1) HCl / CH;0H_ N
N 2)NH, / EfOH N~
0 cl 0 cl

20 Anhydrous HCl was bubbled through a solution of Example

21 (219 mg) in CH30H (10 mL) for 15 minutes at 0 °C. The
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reaction mixture was sealed in a pressure tube and allowed to
stir for 48 hours at room temperature. Evaporation c¢f the
solvent followed by repeated dissolution and re-evaporation
with CH30H provided the intermediate imino ether. The imino
5 ether was then treated with NH3/EtOH (2 M, 20 mL), resealed
and stirred for 48 hours. Evaporation of the solvent followed
by purification by HPLC ('°C-Waters 40 x 210 mm, 1% HOAc/CHsCN
gradient) provided the titled compound (177 mg). MS {m/z) 431

(MH™); mp. 187.6 °C.

10 Example 130: 5-(4-Cyanobenzyl)-3- (2, 6-dichloro-4-pyridyl)-1,3-
diazabicycio[3.3.0]octane-2,4{-dione
. NC

O Cl

N
N N
o)
This compound was prepared in a manner similar to Example

21. MS {m/z) 401{(M"'). mp 96 C

N

Cl

15
Examples 131-133 were prepared in accordance with the

following scheme (Scheme 13):

Scheme 13:
20
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Ci Cl
NaH/DMF
O,N NH, ~  ON N(CBZ),
CBZCl
Cl Cl
1 step-1 2

Cl
Na, 5,04 triphosgene
- HoN N(CBZ),
THF/H,0 ol

Dioxane, reflux

step-2 step-3

3
CN
‘ CN
) O 5
Ci o
NH OMe
QCN N(CBZ),

el . N

O
step-4 Cl
4 P o
N(Cbz),

Cl
CN &
Cl
NaQEt HBr/AcOH
0 NH(Cbz)
N RT
Cl
step-5 N.“&O step-6
CN 7
Cl N
Ci
Cl
0 NH, jg N0
N 0 ,@NH
Cl t
"N e 7 cl
N
——&0
Example 131. 5~ (4-Cyanobenzyl)=-3-(3,5-dichloro-4-

benzyloxycarbonylaminophenyl) -1, 3-

diazabicyclo[3.3.0]octane-2,4-dione
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Step-1. NaH (0.64 g, 60% in oil) was added to an ice-cold
sclution of the 2,6-dichloro-4-nitroaniline 1 (3 g) in DMF
(20 mL) and the reaction mixture was stirred for 20
minutes. CbzCl (2.72 g) was added slowly and the mixture
was allowed to warm up to room temperature and stirred for
overnight. The solution was partitioned between EtOAc/H»0.
The combined organic layers were dried over Na;S0,
filtered and concentrated. The product was purified by
flash chromatography on silica gel to yield the desired
compound (2.7 g}. MS (m/z) 475 (MH").

Step-2. The CBZ protected aniline from above (2.7 g) was

"dissolved in THE/H,C (15/10 mL). The mixture was cooled to

0 °C, followed:by the addition of Na,S$:0; (2.0 g). The

reaction solution was stirred at 0 °C for 3 hours. The

-solution was extracted with EtOAc. The combined crganic

layers were dried over Na,$04, filtered and concentrated.
The product was purified by flash chromatography on silica
gel to yield the desired compound (2.1g). MS (m/z) 445
(MH") .

Step-3. Triphosgene (1.34g) was added to a solution of the
compound from step-2 (2 g) in dioxane (20 mwmlL). The
reaction solution was heated under reflux for overnight.
Solvent was evaporated under vacuum. The product was used

for the next step without further purification.

Step-4. The compound from step-3 (1.23 g) was added to an
ice-cold solution of the proline derivative (compound 5,
0.58 g) in THF (10 mL) and the reaction mixture was

stirred at 0 °C for 30 minutes. It was allowed to warm up
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to room temperature and stirred overnight. The reaction
mixture was partitioned between EtOAc/H,O. The combined
organic layers were dried over NasS0, filtered and
evaporated. The product was purified by flash
chromatography on silica gel (1:1 EtOAc/Hexanes) to yield
the titled compound (1.34 g). MS (m/z) 715 (MH').

Step-5. The wurea compound from step-4 (260 mg) was
cyclized in a manner similar to Example 1, step~4, to

yield the titled compound {140 mg). ESMS {(m/z) 549 (MH").

Example 132. 5-(4-Cyanobenzyl)-3-(3,5-dichloro-4-
aminophenyl) -1, 3-diazabicycleo[3.3.0]octane~2, 4~dione

(Scheme 13, step 6)

The compound from Example 131 (100 mg) was dissolved
in HBr (2 mL, 30% in AcOH). The resulting solution was
stirred at room temperature for 30 minutes. The solution
was extracted with EtOAc/H,0. The combined orgaﬁic layers
were dried over NazS04, filtered and evaporated. The
product was purified by preparative TLC to vyield the
titled compound (52 mg). MS (m/z) 415 (MH*). mp. 103 °C.

Example 133. 5>—(4-Cyanobenzyl)-3-(3,5-dichloro-4-

acetylaminophenyl) -1, 3-diazabicyclo[3.3.0]octane-2, 4-dione
(Scheme 13, step 7)

_ Acetyl chloride (10 pL ) was added to a soluticn of
the compound of Example 132 (20 mg) and DIEA (2 drops) in
THE (1 mL). The resulting solution was stirred at room
temperature for 2 hours. The sclution was partitioned

with EtOAc/H0. The combined organic layers were dried over
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Na,SQ4, filtered and concentrated. The product was purified
by preparative TLC to yield the titled compound (15 mg) .
MS (m/z) 457 (MH').

Examples 134-137 were prepared according to the following

scheme (Scheme 14):

Scheme 14:
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Cl
Na,8,0, triphosgene
OMe H,N OMe —
THF/H,0 Dioxane, Reflux
cr step-1 Cl
1 Br 5 step-2
0O
OMe
Br
i NH
4 i ' NeD
OCN aOFt
OMe OMe —
THF N 4
Cl 7/’N step-
3 step-3 O cl
5 OMe
Br Cl
Br
0 Cl
aq. HBr O 1
N N OMe
\« . Reflux N N OH
0 c ~
0 cl
step-5
Br
K,CO3/DMF/80°C
o Cl LiOH/DMF/H,0
e N 0
OEt N~ ) step-?
0 1 EtO
step-6
Br. Br
O
OH Cl SOCl, 0 Cl
1 %N O NI Reflux i N‘Q*O‘Qj;o |
N c| HO step-8 \% o HO

Example 134.

5- (4-Bromobenzyl)-3-(3,5~dichloro—4-

methoxyphenyl)—l,3—diazabicyclo[3.3.0]octane~2,4udione.
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Step-1. 2,6-Dichloro-4é-nitrcanisole (2 g) was reduced to
the corresponding aniline (1.5 g) as described in the

Example 131. MS (m/z) 192 (MH").

Step-2. A solution cf the above aniline (2.12 g) and
triphosgene (3.28 g) 1in dioxane (20 mL) was refluxed for
24 hours. The solvent was evaporated and the product was

used for next step without further purification.

Step-3. The above isocyanate (2.46 ¢g) was added to an
ice-cold solution of the proline derivative (3 g} in THF
(20 mL). The resulting solution was stirred at C °C for 30
minutes and then allowed to warm up to room temperature
and stirred .overnight. The reaction mixture was
partitioned between EtOAc/H,O. The combined organic layers
were dried over NayS0y, filtered and evapcorated. The
product was purified by flash chromatography on silica gel
(1:1 EtOAc/hexanes) to yileld the desired compound (3.2 g).
MS (m/z) 515 (MH').

Step-4. The above urea (1.48 g) was cyclized with NaOEt

(0.215 g) to yield the titled compound (1.1lg). MS (m/z)
483 (MH) .
Example 135. o= (4-Bromobenzyl)-3~(3,5-dichloro-4-

hydroxyphenyl)—1,3—diazabicyclo[3.3.0]octane—2,4—dione
(Schem 14, step 5)

The compound from Example 134 (0.8 g) was taken in
aqueous HBr (10 mL) and the solution was refluxed

overnight. The aqueocus solution was extracted with EtOAc.
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The combined organic layers were dried over Na,SOg,
filtered and evaporated. The residue was purified by flash
chromatography on silica gel (1:1 EtOAc/Hexanes) to yield
the titled compound {(0.65 g). MS (m/z) 469 (MHY).

Example 136. 5-(4-Bromobenzyl)-3-[3,5-dichloro-4-(3-
ethoxycarbonylpropyloxy)phenyl] -1, 3-
diazabicyclo{3.3.0}octane-2,4-dione (Scheme 14, step 6)

Ethyl 4-bromobutyrate (28 mg) was added to a mixture
of the compound from Example 135 {55 mg) and K;CO; (18 mg)
in 2 mL anhydrous DMF and the resulting mixture was heated
at 80 °C for 5 hours. The solution was partitioned between
EtOAc/H;0. The .combined organic layers were dried over
NaS04, filtered and concentrated. The residue was purified
by preparative TLC to yield the titled compound (61 mg).
MS (m/z) 583 (MH).

Example 137. 5-{4-Bromobenzyl)-3-[3,5~-dichloro-4~{3-
carboxypropyloxy)phenyl]-1,3-diazabicyclo[3.3.0]octane-
2,4~dione {Scheme 14, step 7, 8)

LiOH (15 mg) was added to a solution of the compound
from Example 136 (30 mg) in anhydrous DMF (1 mL) and the
reaction mixture was stirred at room temperature for
overnight. The solution was partitioned with EtOAc/E,0. The
combined organic layers were dried over Na,S0,, filtered
and concentrated to dryness to give the diacid. MS (m/Z)
573 (MH").

The dried diacid was taken in 8S0Cl, (1 mL} and the

solution was heated to reflux for 1 hour. S0Cl, was
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evaporated. The residue was partiticned between EtOAc/lN
HCl. The combined organic layers were dried over Na;30,,
filtered and evaporated. The residue was purified by
preparative TLC (1:1 EtOAc/Hexanes) to give the titled
compound. MS {m/z) 555 (MH').

Example 138: 5—(4—Bromobenzyl)—34[3,5—dichloro—4~
(benzyloxy)phenyl]-1,3-diazabicyclo[3.3.0]octane-2,4~-dione

Br
O Cl
oC
LG

o Cl

This compound was synthesized from Example 135 in a
manner anaiogous to Example 136. MS (m/z) 559 (MH'); mp.62
o]

C.

Example 139: 5-(4-Cyancbenzyl)-3-(3,5-dichloro-4-
methoxyphenyl) -1, 3-diazabicyclo[3.3.0]octane~2, 4-dione

NC
O Ci
N OMe

3

Ct

The titled compound was prepared in a manner similar to

Example 134. MS m/z 430 (MH"). mp. 95.1 °C.
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Example 140: 5-{4-~Bromobenzyl)-3-[3,5-dichloro~4-(5-
ethoxycarbonylpentyloxy)phenyl]-1,3-diazabicyclo{3.3.0]octane-

2,4-dione

Br
O Ci
N\(N O(CH3)5CO5EL
5 O Cl

This compound was prepared in a manner similar to Example

136. MS m/z 612 (MH").

Examplie 141: 5-(4-Bromobenzyl)-3-[3,5-chloro-4- (5-
10 carbxypentyloxy}phenyl] -1, 3-diazabicyclo[3.3.0]octane-2,4-

dione
Br
O Cl
N O(CH;)sCOOH
N\( (CHz)sC0O0
0O Cl
15 This compound was prepared in a manner similar to Example

137. MS m/z 584 (MHE").

Example 142: 5-{4-Methoxycarbonylbenzyl)-3-(3,5-dichioro—4-
hydroxyphenyl) -1, 3-diazabicyclo[3.3.0)octane~2, 4-dione

20
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MeO,C
o) Gl
N OH
N~
0 Cl

A mixture of the compound from Example 139 (20 ng) and

aqueous HEr (5 mL) was heated under reflux for 40 minutes.

5 ©EtOAc was added and the organic layer was separated. The
agueous layer was extracted with EtQAC. The combined organic
layers were dried over Na;S04, filtered and evapocrated. The
residue was purified by preparative TLC (EtOAc). The
obtained material was dissolved in MeCH (2 mL) and few drops

10 of S50Cl; were added. The reaction mixture was heated under
reflux for 1 hour. The residue was partitioned between EtOAc
and water. The organic layer was dried over Na;S304, filtered
and concentrated. The product was purified via preparative

TLC. MS m/z 449 (MH'). mp. 105.3 °C

15
Example 143: 5—[4—((L)—Nz—asparaginocarbonyl)benzyl]—3—
(3,5-dichlorophenyl}-1,3-diazabicyclo[3.3.0]octane-2,4-
dione t-butyl ester
HOLC
O
COH 1.EDC RN
HOBT/DIEA R
N_o THF 0 ci
HN N
cl 2. RNHR' N ‘Q
T 1,
Ci
20

To a solution of the diacid=-urea ({(compound from Example
23, step-1, 145.1 mg) in THF (10 mL) and DMF (1 mL) was added
EDC (193 mg), HOBT (130 mg) and N,N-diisopropylethylamine (300
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uL) . Upon stirring under Ar at room temperature for 8 hours,
L-asparagine tert-butyl ester (116 mg) was added. Stirring
continued overnight. The solution was partitioned between
EtOAc/HCl (0.5 N). The EtOAc layer was separated and washed
successively with water, NaHCO; (saturated}, and brine. It
was dried over Naz;S504, filtered and concentrated. The residue
was purified by chromatography (Si02, hexanes/EtOAc gradient
elution} to provide the titled compound {177.8 mg). M5 m/z
589 (MH'). mp. 144.2 °C

The following compounds were prepared in an analogous
manner. The free acids were obtained via TFA deprotection of

the t-butyl esters.

Table 7
54
QO Cl
N—<:>
N
AR
Example |R Physicochemical
Properties
144 —CONHC*H (CH3) COOtBu MS m/z 546 (MHY)
(L) mp. 87.3 °C
145 -CONHC*H (CH,Ph) COOtBu |MS m/z 644 (MNa‘)
{L) mp. 78.4 °C
146 ~CONHC*H (CH,COOH)COOK | MS m/z 533 (MEY)
{L) mp. 183.2 °C
147 -CONHC*H (CH3) COOH MS m/z 490 (ME")
(L) mp. 192.1 °C
148 —-CONHC*H (CH,Ph) COOH MS m/z 566 (MH')
(L) mp. 129.6 °C
149 —conrcrg-N o MS m/z 531 (MH")
mp. 187.6 °C
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Example |R Physicochemical
Properties
150 —~CONHCH,Ph MS m/z 508 (MH")
mp. 128.6 °C
151 -CON (Me) (CH,),Ph MS m/z 536 (MH")
mp. 202.3 °C
152 —CONH N MS m/z 509 (MH')
0O mp. 69.7 °C
153 —conH MS m/z 524 (MHY)
) mp. 103.8 °C
Me(Q .
154 -CONHD MS m/z 5009 (MHY)
l/
Me

Example 155: 6-{4-Methoxycarbonylbenzyl)-8-(3,5-

dichlorophenyl)~1, 8-diazabicyclo[4.3.0]nonane-7, 9-dione

MeO,C
O Cl
Nj% Cl

This compound was prepared by a method similar to Example
21 starting from pipecolic acid. MS m/z 447 (MH"). mp. 51 °C.
10
The following compounds were prepared starting from

Example 155 by feollowing methodology similar to Example 23,
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Table 8
R
0 cl

Example R Physicochemical
Properties

156 COOH MS: m/z 433 (MH"),
mp.256.2 °C (dec)

157 CONHMe MS: m/z 446 (MH),
mp.78.7 °C (dec)

158 CONHOH MS: m/z 448 (MH'),
mp.105.6 °C {(dec)

Example 159: €-[4-(4,4-Dimethyl-4,5-dihydro-2-
5 oxazclyl)benzyl]-8-(3,5-dichlorophenyl)-1, 8-

diazabicyclo[4.3.0]lnonane-7,%-dione

4
1
o]
o] C
N
N
H% cl
10 Step-1l. Thionyl chloride (2 mL) was added to Example 156
{0.644 g) and the mixture was heated at 100 °C for 2 minutes
and stirred overnight at room temperature. The mixture was
evaporated and the residue was dried under high vacuum to give

the acid chloride. This was used as is for the next step

15 (0.655 g}. MS: m/z 451 (MH").
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A mixture of the above acid chloride (0.425 g) and 2-
{0.27 CHzCl: (5 mL)

Step-2.

amino-2-methyl-1-propanol mL) in Was

stirred at room temperazture for 24 hours. The solvent was

and the dried

(5 mL) was added and the solution waé warmed

evaporated residue was under high wvacuum.

Thionyl chloride
The mixture was evaporated and the
(CH:CN/0.1 N HOAc)
| 87.2 °C.

to 50 °C for 30 minutes.
residue was purified via HPLC to give the

desired compound (30 mg) . MS: m/z 486 (MH'), mp.

The follow1ng compounds (Examples 160 —162) were synthe51zed

by follow;ng methods 51mllar to Examples 26 and- 27.

Table ©
NG
0 ct
T
N N\ /
AR
Example | A X Physicochemical
Properties
160 CH- CH MS 414 (MHY)
mp. 57.3 °C
161 N (COOtBu) N MS: m/z 516 (MHY)
mp. 80.1 °C (dec)
162 NH N MS: m/z 416 (MHY)
mp. 240.6 °C {dec)

Example 163:

6-(4—Cyanobenzyl)—4-(3—carboxypropionyl)—8—(2,6—

dichloro=4—pyridyl}~l,4,8—triazabicyclo[4.3.0}nonane—7,9—dione



41 MAR 2004

130
NC
O Cl
HOOC N -
o) Cl

This compound was prepared from Example 162 in a manner

similar to Example 64. MS m/z 516 (MH"); mp. 100.9 °C (dec)

5
The compound from Example 163 was converted to the
following compounds in a manner similar to Example 69.
Table 10
NG
0 Cl
S
N
N N\ /
10 \\g Cl
Example | A Physicochemical
Properties
164 NCO (CHp) 2CONH, MS m/z 515 (MH");
mp. 79.3 °C (dec)
165 /N MS m/z 598 (MH');
NCO(CH,),CO-N  N-Me
N mp. 165.5 °C (dec)

Example 166: 6-(4-Cyanobenzyl)-4-dimethylaminocacetyl-8-(2, 6-
dichloro-4-pyridyl)-1,4,8-triazabicyclo[4.3.0jnonane-7,9-dione

I5
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NC
O cl
MezN'ﬂ\g’T\\//N\j(N \;_j/N
c

This compound was prepared in a manner similar to Example

31. MS m/z 501 (MH"). HCl salt, mp. 260.8 °C {dec).

5
Example 167: 6-(4-Bromocbenzyl)-8-(3,5-dichlorophenyl) -1, 8-
diaza—é—thiabicyclo[4.3.0]noﬁane—7,9—dione

10 This compound was prepared starting from thiazine 2-
carboxylic acid in a manner similar to Example 26.

The following compounds were obtained from Example

167 via oxidation with mCPBA.

15

Takble 11

Br

O Cl

(6] Ci
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Example | A Physicochemical
Properties
168 SO MS m/z 503 (MH)
208.9 °C (dec)
169 SOz {MS m/z 515 (M-H)'
| 127.4 °C (dec)

The compounds in the following tables

{Tables 12,

11 MAR 2004

13 and

14) were prepared in a manner similar to Example 21 by

following Method B.

Table 12

Examples Ry Ry - Physicochemical
Properties

170 Br 3-Me MS m/z 468 (MH")
white foam

171 H 3-Br MS m/z 454 (MHY)
white foam

172 H 2-Br MS m/z 454 (MH")
mp. 47.1 °C

173 Me H MS m/z 389 (MH")
mp. 138 °C

174 CFs H MS m/z 443 (MH")

175 CF, 2-F MS m/z 461 (MH")

176 CF5 3-F MS m/z 461 (MHY)

177 OCF4 H MS m/z 459 (MHY)
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Examples | R, Physicochemical
Properties
178 CzHs MS m/z 403 (MH")
mp. 98.8 °C
179 SMe MS m/z 421 (MH)
180 H 3-NO» MS m/z 420 (MH")
181 NH, MS m/z 390 (MHY)
mp. 75.3 °C
182 cl MS m/z 578 (MH")
mp. 214.5 °C
-NHCONH
Cl
Table 13
. R .
N mN
0
Example | R Physicochemical
Properties
183 cFaoQ MS m/z 460 (MH+)
mp. 111.4 °C
184 FzCHOO\ MS m/z 442 (MH+)
mp. 120.8 °C
185 FF%,O MS m/z 456 {MH+)
OO\ mp. 72.8 °C
186 NG MS m/z 419 (MH+);
F
\ﬁi:L\ mp. 93.7 °C
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Table 14
N
i
o) Cl
Example Physicochemical

Properties

R
= T
187 0/ /5 MS m/z 415 (MH")

a

188 J—? MS m/z 419 (MH")

Example 189: 5-(4-Methylsulfinylbenzyl)-3-(3,5-

dichlorophenyl)-1,3-diazabicyclo[3.3.0]octane-2,4-dione;
and

Example 120: 5-(4-Methylsulfonylbenzyl}-3-(3,5-
dichlorophenyl)-1, 3-diazabicyclo[3.3.0]octane-2,4-dione.

MCPBA (95 mg) was added to a sclution of Examplile 179
(6.15 g) in CHyCl; (10 miL) and the sclution was stirred for
15 hours at room temperature. EtOAc was added and the
combined solution was washed successively with saturated
NaHCO3, water and brine. The solution was dried and
evaporated. The residue was purified via HPLC to yield the

titled compounds.
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Takle 15
R
O Cl
N
i
O Cl
Example | R Physicochemical
Properties
189 SOMe |[MS m/z 438 (MH")
mp. 71.2 °C
190 S0;Me |MS m/z 454 (MH")
mp. 80.3 °C

The following compounds were prepared in a manner similar

5 to Example 56, step 4.

Table 16
R
N X

Example | R X Physicochemical
properties

191 NS N MS m/z 377 (MH'}

=

np. 141.4 °C

192 Me>=N N MS m/z 397 (MH")

193 CH MS m/z 425 (MH")

mp. 134.6 °C

194 Meo\Q N MS m/z 406 (MH')
mp. 127.3 °C
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Example | R X Physicochemical

properties

195 MeOD\ N MS m/z 431 (MHY)
NC

Example 196: 5-{4-Hydroxybenzyl)~3-(2,6-dichloro-4-pyridyl)~

1,3-diazabicyclo[3.3.0]octane-2, 4-dione
HO

O Cl

N— N
N \_
\«o R

A solutiocn of BBr; in CH,Cl, (1 M, 8 mlL) was added
dropwise to an ice-cold solution of the compound from
Example 194 (1.10 g) in CHyCl; (30 mL) with stirring. The
slurry was stirred at 0 °C for 30 minutes and at room

10 temperature for an additional 30 minutes. The reaction
mixture was quenched with water and diluted with EtOAc.
The solution was washed successively with water, saturated
NH4Cl, brine, dried and evaporated to give the desired
product {(0.96 g). mp. 164.9 °C ; MS m/z 393 (MH').

15

" Example 197: 5-(3-Cyano-4-hydroxybenzyl)-3-(2,6-dichloro-4-
pyridyl)-1,3-diazabicyclo[3.3.0]octane-2, 4-dione
HO

NC 0O Cl

N— N
N \_/
\53 cl
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This compound was prepared in a manner similar to
Example 196 from the compound of Example 195. MS. 417
(MH*). mp. 113.5 °C.

Example 198: 5-[4-[2-(4-Pyridyl)ethoxy]benzyl)-3-(2,6-
5 dichloro-4-pyridyl}-1,3-diazabicyclo[3.3.0]loctane-2,4-dione

[ °
N 0 cl
N\\<N \ /N
cl

To a mixture of thé compound from Example 196 (0.15
10 g}, PhsP (0.22 g) and 4-hydroxyethylpyridine ((0.070 mL} in
anhydrous CH;Cl, (3 mL}) was added DEAD {0.15 mL) under Ns.
After 30 minutes the reaction mixture was concentrated and
the residue was purified via HPLC to give the desired
compound (97 mg). MS m/z 498 (MEY).
15
The following compounds were prepared in a manner
similar to Example 198 by wusing reguisite hydroxy

compounds.

20 Table 17

R
0 Ci
m«N \ N
O Cl
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Example [ R Physicochemical
properties
199 N MS m/z 497 (MH")
~ o
200 O/\/O\ MS m/z 503 (MH')
HN
201 MesN (CHy) 20— MS m/z 463 (MH")
202 CH3CH,0- |MS m/z 420 (MHY)
203 CH3 (CHy) 20- MS m/z 434 (MH")

Example 204: 5-(4~i-Propoxybenzyl)-3-(2,6-dichloro-4-pyridyl) -

1l,3-diazabicyclo{3.3.0]octane~2,4-dione

Me 0
he
Me 0 cl
N—( N
N I
5 \<o cl

2-Todopropane (0.5 ml) was added to a suspension of

Example 196 (0.17 g) and CS,;CO3 (0.28 g) in DMF {3 mL) and
the mixture was stirred for £ hours. The mixture was

10 diluted with citric acid and the solution was extracted
with EtOAc. EtOAc layer was washed with water and brine,
dried and evaporated. The residue was purified via HPLC

to yield the titled compound (0.1i3 g}. MS m/z 435(MHE").

[5 Example 205: 5—(4—i—Butoxybenzyl)—3—(2,6—dichloro—4—pyridyl)—
1,3-diazabicyclo[3.3.0)octane-2,4-dione
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Me
Me ©
0O Cl
N N
N\« \
O Cl

This compound was prepared in an analogous manner to

Example 204. MS m/z 447 {MH').

5 Example 206: 5-(4-Ethoxy-3-fluorobenzyl)-3-(2,6-dichloro-4-
pyridyl)-1,3-diazabicycle[3.3.0joctane-2,4-dione

~._9
F Y Cl
N N
N N\ 4
10 To a solution of the compound from Example 202 (0.24
a) in CHLCN {15 mL) was added 3,5-dichloro-1-

fluoropyridinium triflate (0.38 g} and the mixture was

refluxed for 30 hours. The mixture was concentrated and

purified by HPLC to give the desired compound (C.094 qg).
15 MS m/z 438 (MH").

The following compounds were prepared in a manner (Suzuki

coupling method) similar to Example 7.
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Table 18
R
Ry
Q
N N\
S
Example | R, R, X Physicochemical
properties
207 @\ H CH MS m/z 451 (MHY)
mp. 57.2 °C
208 Me H CH |[MS m/z 470 (MH)
&%I“
‘N__
Me
209 Ohte H CH MS m/z 481 (MH"Y)
Q mp. 64 °C
210 MeQ . H CH MS m/z 481 (MH"Y)
<:>ﬁ mp. 165.2 °C
1211 OHC H CH |[MS m/z 479 (MH")
@— mp. 220 °C (dec)
212 NC H CH MS m/z 476 (MH)
@— mp. 210 °C (dec)
213 GOMe H CH MS m/z 493 (MHY)
©\ mp. 80.5 °C
214 O H. CH MS m/z 479 (MH")
OHC
: mp. 82.5 °C
215 NC@\ H CH MS m/z 476 (MH")
mp. 89 °C
216 2 H CH |MS m/z 494 (MH")
)b\ mp. 68.1 °C
217 e H CH |MS m/z 457 (MH")
== mp. 60.5 °C
218 @ H CH MS m/z 507 (MH")
/5 mp. 100.6 °C
219 @(CN H N MS m/z 477 (MHY)
mp. 154.3 °C
220 HN H CH MS m/z 466 (MH")
€:>\ mp. 122.4 °C
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Example | R, Rs. X Physicochemical N
properties
1221 a H CH |MS m/z 457 (MH)
S mp. 83.1 °C

Example 222: 5-~[4-(3-Hydroxymethylphenyl)benzyl}-3-(3,5-
dichlorophenyl) -1, 3-diazabicyclo[3.3.0]octane-2,4-dione

3

o't o '
N\(N < 2 |
%) cl

This compound was prepared in a manner similar to Example

12. MS m/z 481 (MH"). mp. 77.1 °C.

Bxample 223: 5-[4-[3-(1-Hydroxy}ethylphenyl]lbenzyl]}-3-(3,5-
10 dichlorophenyl)~1,3-diazabicyclo(3.3.0]octane-2,4-dione

Me, .OH

Yo

N N

o Ci

MeMgBr (1.4 M in THF, 0.7 mlL) was added tc a solution of

15 the compound from Example 211 (0.4 g) in THF (10 mL) at -40 °C
and the solution was stirred for 30 minutes. The reaction
mixture was warmed to 0 °C and gquenched with 1IN HCl and
extracted with EtOARc. The EtOAc layer was washed with brine,

dried (MgS0;) and evaporated. The residue was purified by
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chromatography {silica gel; hexanes to 50% EtOAc/hexanes;

Chromatotron) and HPLC (CH3CN/O.1 M HOAC) to give the desired
compound (0.3 g). MS: m/z 517 (MNa*}, mp. 66.5 °C.

Example 224: (E)=5-[4~[{3-(2-
Methoxycarbonyl)vinylphenyl]benzyl]—3~[3,5—dichlorephenyl)-
1,3—diazabicyclo[3.3.0]octane~2,4-dione

This compound was prepared in a manner similar to Example

17. MS m/z 535 (MH'). mp. 71.3 °C.

Examples 225 and 226 were prepared irn accordance with the

following scheme (Scheme 15y.

Scheme 15:
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1} 70% HNG, 6. .0 1) NayS§,0
Ci Cl H.O /1 190C : EtC?Hzl Iij
Cl Cl
2) Ha804/Et,0 2) dioxane o
reflux

NO, PN
; NO, ClhCO~™ "OCCHh
- 2

Q 0 Br o
cl ol 0 THF o
- + ~ H
0 N e N cl
NH
NCO o) @Q_},OA{
4 cl 0
Br
) NaOEt o) cl
EtOH o
2) S0Cl, DCM N
DCM —é N~ OH
0 cl

bxample 225: 5-(4-Bromobenzyl) -3-[3,5-dichloro-4-(t-
butoxycarbonyl)phenyl]-1,3-diazabicyclo[3.3.0]octane-2, 4~

dione (Scheme 15, compound 5)

Step 1. A mixture of 2,6-dichloro-4-nitrotoluene (10 g),
70% HNO3; (18 mlL) and water (20 mlL) was sealed in a steel
bomb and heated with stirring in a sand bath at 195 °C for
24 hours. Additional HNO; (2 ml) was added and the mixture
was reheated at 195 °C for 19 hours. The mixture was
extracted with EtOAc and slowly treated with saturated
NaHCO; solution. The aqueous layer was separated, acidified
and re-extracted with EtOAc. It was dried (MgS04),
filtered, concentrated and dried under high wvacuum to
yield the desired acid (9.9 g). MS m/z 236 (MH"). H,S0,.
(2 mL) was added to a solution of the above acid (6.21 g)
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in Et:0 (20 mL}. Isobutylene (5 mL) was condensed at -20 °C
and added to the above solution. The mixture was placed
in a steel bomb and stirred overnight. The bomb was
opened and the mixture was taken up in Et;0 (100 mL). It
was washed with I N NaOH (100 mL). The organic layer was
dried (MgS804), filtered and evaporated to give the desired
ester (6.21 g).

Step 2. The above nitro-ester (5.43 g) was reduced to the
corresponding aniiine (3.87 g) as described in the Example
131, step-2. ESMS: m/z 262 (MHE') A solution of the above
amine (2.25 g} and triphosgene (2.6 ¢g) in 20 mL dioxane
was refluxed for 24 hours. The solvent was evaporated and
the residue was wused for next step without further

purification.

Step 3. The above isocyanate (2.47 g) was added to an ice-
cold solution of the proline derivative (2.23 g) in 50 mL
THF. The resulting solutien was stirred at 0 °C for 30
minutes and then allowed to warm up to room temperature
and stirred overnight. The reaction mixture was
partitioned between EtOAc/H;0. The combined organic layers
were dried over NayS50, filtered and evaporated. The
product was purified by chromatography (silica gel, 1:1
EtOAc/hexanes) to yield the desired compound (2.46 g).
ESMS: m/z 600 (MH").

Step 4. The above urea (0.5 g) was hydrolyzed with NaOEt
(0.06 g) in EtOH at room temperature to yield the desired
acid (0.5 g). ESMS: m/z 572 (MH'). S0OCl, was added to a
slurry o©f the acid (0.092 g) in CHyCl, (10 mL) and the
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mixture was stirred overnight at room temperature. The

mixture was evaporated and the residue was purified by

chromatography (silica gel; 3/2 hexane/EtOAc;

Chromatotron) to yield the titied compound (0.09 g). MS
5 m/z 554 (MH"); mp. 109-11i0 °C.

Example 226: 5-{(4-Bromobenzyl)-3-(3,5-dichloro-4-
carboxyphenyl)-1,3-diazabicycle[3.3.0]octane-2, 4-diocne
(Scheme 15, compound 6)
10
The compound from Example 225 was deprotected with
TFA/CHaCl; to give the titled acid. MS m/z 492 (MH'); mp.
152 °C.

15 Examplie 227: 5-{4-Bromobenzyl)-3-[3,5-dichloro-4-

(carboxymethylcarbamoyl} phenyl]-1,3-

diazabicyclo[3.3.0]loctane-2,4-dione

- Br
- 1y 8OCI,
O Cl reflux -
Ned 0
~ i OH HN" Y \K
(@] Cl 0

DIEA

Br. Br-
TFA
O Ci DCM 0 Cl
o) _— 0
. N N
N“« HN N\« HN
0 Ci —>—0 o) cl _>—OH
9] ﬁ— O
20

Step-1. A mixture of the compound from Example 226, SOCl,

and a few drops of water was heated under reflux for
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3days. The mixture was evaporated and dried under high

vacuum to give the desired acid chloride, which was used

as is for the next step.

Step-2. DIEA (0.13 mL) was added to a solution of glycine
t-butyl ester hydrochleoride {0.035 g) in THEF {3 mi). To
this solution was added a solution of the above acid

chloride (0.061 g¢g) in THF (2 mL) and the mixture was

stirred overnight at room temperature. THF was evaporated

and the residue was diluted with EtOAc. The solution was

washed successively with 1IN HCl, brine and water. It was
dried (MgS80.), filtered and concentrated tc an ocil which
was purified wvia chromatography (silica gel; 3/2
hexanes/EtOAc; 'Chromatotron) to give the desired amide

{0.061 g). MS m/z 611 (MH").

Step-3. The above ester was dissolved in a mixture of TFA
(1 mL) and CHyCl, (1 mL} and the solution stirred at rocm
temperature for 4 hours. It was concentrated and the
residue purified wvia chromatography (silica gel; CHCls-
CHC13/MeOH 10%) to give the titled compound {0.045 g). MS
m/z 555 {(MH'), mp. 157-158 °C.

The following examples were prepared in a similar manner

using requisite amino acid derivatives.

Example 228: 5-(4-Bromobenzyl)-3-(3,5~-dichloro-4-L-

alaninocarbonyl)-1,3-diazabicyclo[3.3.0]octane-2,4-dione



11 MAR
147
Br
O Cl
O
N Ve
N HN
O Cl OH
o MS m/z 569 (MH"); mp. 203 °C

Example 229: 5-{4-Bromcbenzyl)-3-(3,5~dichloro-4-L-
asparaginocarbonylphenyl)-1,3-diazabicyclo[3.3.0]octane-2,4-

5 dione

Br

0 et

Cl
d MS m/z 612 (MH")}; mp. 172 °C

2004

The following compounds were prepared in a manner similar

10 to Example 1 with the exception of the use of LDA in place of

KHMDS in step~l.

Takle 19
Br

ar

Z

o,

15

Example | Y - Z Physicochemical

Properties

230 Ccl H MS (m/z) 419 [MH'].
mp 66 °C
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Example | Y pA Physicochemical
Properties
231 SMe H MS (m/z) 431 [ME'].
mp 84.8 °C
232 CF; CF3 MS (m/z} 521 [MH'].
mp 138.0 °C
233 CFs H MS (m/z) 453 [MH'].
mp 82.6 °C
234 CN H MS {(m/z) 410 {MH'}.
mp 241.0 °C
235 OMe OMe MS {(m/z) 445 {[MH"}.
mp 154.8 °C
| 236 COzH CO,H IRE {m/z) 473 [MH'].
' mp 259 °C (dec)
237 COMe H MS (m/z) 427 [MH'].
mp 120.4 °C
238 F H MS (m/z) 403 [MH'].
mp 120.9 °C

11 MAR 2004

Example 239: 5-(3-Nitrobenzyl)-3-(2,6-dichloro-4-pyridyl)-1,3-

diazabicyclo[3.3.0]octane-2,4-dione.

=

OQ‘N|+M Ie)

é.

R
Y

“ﬁi?é

Ci

This compound was prepared in an analogous manner. MS m/z

421 (MHY);

mp.

182.8 °C.
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Example 240: 5-(4-Cyanobenzyl)-3-{2-aminc-3,5~dichlorophenyl) -
1,3-diazabicyclo[3.3.0]joctane-2, 4-dione

NC
0 cl
N
"
OHN ¢

This compound was prepared in a manner similar to
Examples 131 and 132 starting from 2,4-dichloro-6-
nitroaniline. MS m/z 415 (MH'). mp. 122.2 °C.

10 The following compounds were prepared in a manner similar

to Example 67 uéing the requisite acid.

Table 20
Example [ diastereomer |R Physicochemical
Data
mp °C |MS (m/z)
241 5R, 78 HsC A HN— 124.8 | 584 [MH']
242 5R, 78 N=\ HN— 155.8 | 584 [MH']
oy N
CHg
243 5R, 78 Y 253 580 [MH"]
N=" 0O




10

15

41 MAR 2004

150
Example |diastereomer |R Physicochemical
Data
mp °C |{MS (m/z)
244 5R, 75§ BocNHCH,CONH~ | foam 654 [MNa™]
245 5R, 7S 0 H 125.5 | 585 [MNa']
HZN/H\V/“\H/N\\
&)
246 5R, 78 HN— 178 543 [MH"]
!>—<O
247 5R, 7S MN— Dec 585 [MH']
|s 0
248 5R, 7S == HN— 190.8 | 585 [MH'"]
249 5R, 75 0 H 689 [MH']
. HzN)H/WN\
Boc’NH ©

Example 250: (5R, 78)-5-[4-(Trifluorocmethoxy)benzyl]-3-(2,6-
dichloro-4-pyridyl)-7-methoxycarbonylamino-1, 3~

diazabicyclo[3.3.0]octane-2,4-dione

To a sclution of the compound from Exaﬁble 63 (0.075 g)
in THF (4 mlL) was added DIEA {0.10 mi) and methyl
chlorocformate (0.020 mnlL). After 3hours, the reaction was
concentrated and purified by chromatography (silica gel; 98:2
CHzClz/methancl, Chromatotron) to afford the titled compound
{0.0715 g): MS (m/z) 533 [MH']. mp 119.8 °C.

Example 251: (5R, 7S) -5-[4-(Trifluoromethoxy)benzyl]-3-(2,6-
dichloro-4-pyridyl)-7-(l-pyrrolyl)-1,3-

diazabicyclo[3.3.0]octane-2, 4-dione
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To a sclution of the compound from Example 63 (0.25 g) in
acetic acid (5 mL}) was added sodium acetate (0.26 g) and 2,5-
dimethoxyfuran (0.14 mL). After 20 minutes at reflux, the
reaction was cooled, diluted with EtOCAc, neutralized with
solid NaHCO;. The organic solution was collected, washed with
saturated NaHCO; and brine, dried (Na2S50,4), filtered,
concentrated and purified by chrbmatography (silica gel; 95:5
CH,Cly/methanol, Chromatotron) to afford the tifled compound
(0.145 g): MS (m/z) 525 [MH']. mp 129.5 °C.

Exanmple 25Z2: (5R, 78}-5-[{4-{Triflucromethoxy)benzyl]}-3-(2,6-
dichloro-4-pyridyl)-7-amincacetylaminoc-1,3-

diazabicycle[3.3.0]octane-2,4-dione

The titled compound was prepared from Example 244 by
treatment with TFA in the usual manner. MS (m/z) 532 [MH').
mp 114 °C.

Example 253: (5R, 78)}-5-{4-(Trifluoromethoxy)benzyl]-3-(2,6-
dichloro-4-pyridyl)-7-[ {methansulfonylaminoacetyl)amino]-1,3-

diazabicyclo[3.3.0]loctane-2,4-dione

The titled compound was prepared from Example 252 in a
manner similar to Example 33: MS (m/z) 632 [MNa®}. mp 104.9
[e]

C.
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Example 254: (5R, 78)-5-[4-(Trifluoromethoxy)benzyi]-3-(2, 6~
dichloro-4-pyridyl)-7-methanesulfonylamino-1, 3-

diazabicyclc[3.3.0]octane-2, 4-dione

The titled compound was prepared from the compound from
Example 63 in a manner similar to Example 33: MS (m/z) 575

[MNa*]. mp 207.2 °C.

Example 255: (5R, 75)-5-{4~-{Trifluoromethoxy)benzyl]-3-(2,6-
dichloro-4-pyridyl)-7-[ (3-carbamoyl-3-aminopropanoyl)amino] -

1,3-diazabicyclo[3.3.0])octane-2, 4~dione

The titled compound was prepared from Example 249 by
treatment with TFA in usual manner: MS (m/z) 589 [MH']. mp
107.8 °C.

Example 256: (3R, 78)-5-[4-(Triflucromethoxy)benzyl]-3-(2,6-
dichloro-4-pyridyl)-7-[(3-carbamoyl-3-
acetylaminopropanoyl})amino] -1, 3-diazabicyclo[3.3.0]octane-2,4-

dione

The titled compound was prepared from Example 255 in a
manner similar to Example 48. MS (m/z) 653 [MNa"]. mp 152.8
=]

C.

Example 257: (5R, 7TR)-5-[4-(Trifluorcmethoxy)benzyl]-3-(2,6-
dichloro-4-pyridyl)-7-dimethylcarbamoyl-1, 3-

diazabicyclo[3.3.0]octane-2,4-dione
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F3CO F,CO FaCO
\Q\ O HF.Pyr \Q\ TsCl, Pyr
—~0Bn
TBD
MSO NBOC NBOC

Q

NaCN, DMSO
80C

F4CO
\@\ FiCO Faco
r © ANCO @\
z OBn -— . 8] MeOHH*
MeQ,Civ- NTH o . CHL
o NBOC

| NH
=N
6 CI 5 4
lEtsN DCM
O\ 0 Cl ;

T LiCH

MeO,Cae N—Q N HO,Cire

OH
N\/

BOP, Me,NH

D
9
4%

F3CO

\... N N
MezN N @

The mixture of diastereoisomers of structure 1 (5.5g)

?

A

o

Step 1.

were dissolved in TEF (150 mlL)
added.

and HF pyridine (10 mL) was
The reaction mixture was stirred at room temperature

for 1 hour whereupon saturated NaHCO; was added until no

further effervescence. The aqueous phase was then separated

and extracted with EtOAc. The combined organics were washed

with EC1 (5%), saturated NaHCO;, then dried over Na:S04,

filtered and concentrated in vacuo. The residue was purified
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- by liquid chromatography (Si0O,, EtOAc/Hexane = 25/75) gave 2

as a single diastereoisomer (2.9 g). MS (m/z) 496 {(MH").

Step Z. A mixture of the compound 2 (2.9 g), TsCl (2.23 gqg),
pyridine (1.4 miL) and DCM (10 mlL) was stirred at room
temperature. After 3 days, EtOAc was added and the mixture was
washed with HCl (5%). The aqueocus phase was then separated and
extracted with EtOAc. The combined organics were washed with
NaHCOQ3, then brine, dried over Na,S0,, filtered ana
concentrated in vacuo. The residue was purified by liquid
chromatography (Si0;, EtOAc/Hexane = 1/9) to give 3 (3.5 g).
MS (m/z) 650 (MH")

Step 3. The compound 3 (2.47 g) was dissolved in dry DMSO (8
ml) and powdered NaCN (340 mg) was added. The reaction mixture
was heated at 80°C for 30 hours with more NaCN (2 x 100 mg)
being added at 2 and 22 hours. EtOAc and brine were added and
the reaction mixture was shaken. The agueocus phase was then
separated and extracted with EtOAc. The combined organics were
dried over Na;S50,, filtered and concentrated in vacuo. The
residue was purified by liguid chromatography (510C,,

EtOAc/Hexane = 1/9) gave 4 (0.9 g). MS (m/z) 504 (MHY).

Step 4. The compounda 4 (0.9g) was dissolved in dry MeOH (6 mL}
and HC1 (1M in Et,;0, 12 mL) was added and the reaction mixture
was stirred at room temperature. After 18 hours, EtOAc and
saturated NaHCO3; were added until no further effervescence.
The agueous phase was then separated and extracted with EtOAc.
The combined organics were dried over Na:;304, filtered and

concentrated in vacuo. The residue was purified by liquid
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chromatography (Si0O;, EtOAc/Hexane = 3/7) to give 5 (730 mg).
MS (m/z) 438 (MHY).

Step 5. Amine 5 (720 mg} was dissolved in DCM (10 mL) and 3, 5-
dichloro-4-pyridyl isocyanate {343 mg) was added directly. The
mixture was stirred at room temperature for 5 hours whereupon
it was concentrated and purified by liquid chromatography
(810,, EtOAc/Hexane = 2/8) to give 6 (900 mg). MS (m/z) 626
(M%)

Step 6. Urea 6 (880 mg) was dissclved in DCM (16 mL) and Et;3N
{0.59 mL) was added. The reaction mixture was then heated at
43°C for 18 hours, concentrated in wvacuo and purified by
liquid chromategraphy (Si0,;, EtOAc/Hexane = 2/8) to give 7
{508 mg). MS (m/z) 518 (M").

- Step 7. The compound 7 (280 mg) was dissolved in THF/MeOH and

L1i0OH (50 mg) in H;O (1 mlL) was added. The reaction mixture was
stirred at room temperature for 24 hours. HCl (5%) was added
to pH=Z and the reaction mixture concentrated. The agqueous
layer was extracted with EtOAc and DCM and the combined
organic layers dried over Na;S50; and concentrated fto give the

desired product 8 (305 mg). MS (m/z) 522 (M').

Step 8. To a scolution of the above diacid 8 (53 mg) in dry DCM
(2 mL) and diisopropylethylamine (0.044 mL) was added BOP
reagent (99 mg) and the solution stirred at room temperature
for 2.5 hours. Dimethylamine (2M in THF, 0.066 mL) was then
added. After 4 h, further BOP reagent (0.1 mmol) and
dimethylamine (0.05 mmol) were added. After a total of 20

hours, EtOAc and HCl (5%) were added and the reaction mixture
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shaken. The aqueous phase was separated and extracted with
EtOAcC, The combined organics were washed with saturated
NaHCO3, brine, dried over Na;S0,, filtered and concentrated in
vacuo. The residue was purified by 1liquid chromatography
(S10;, EtOAc/DCM = 1/9) to give the titled compound {47 mg).
MS (m/z) 531 (M*).

The following compounds were prepared in an analogous

manner to Example 257.

Table 21

F5CO
42 e, ' o

0! Cl
Example |diastereoisomer |R*? Physicochemical
Properties
258 5R, TR MeNH- MS (m/z) 517 (M)
mp. 75 °C
259 5R, 7R [>_NH_ MS (m/z) 543
(M) mp. 77 °C.
260 5R, 7R d N MS (m/z)573 (M")
N/
261 58, 7R ) MS (m/z) 616 (M)
I\/N\/\N/
262 5R, 7R @/\ﬁﬁ MS (m/z) 593 (M)
263 5R, 7R F A~ MS (m/z)599 (M)
264 5R, 7R 9 MS (m/z)626 (MY)
Ot




11 MAR 2004

157

Example 265. (5R, 7R} —-5-[4-{(Trifluoromethoxy)benzyl]-3-(2, 6~

dichloro~4-pyridyl)~7-carbamoyl-1, 3-diazabicyclo[3.3.0]octane~

2,4-dione

F F
o

o]
\I::l\_ 0 Ci

Q . =
y N>\[||- N N \ /N
2 O cl

The title compound was prepared in a manner similar to

Example 257 but replacing dimethyl amine with ammonium

10 chloride in step 8. MS {(m/z) 503 (M)

Example 266. (5R,7R)-5-benzyl-3-(3,5-dichlorophenyl)-7-

hydroxy-1, 3~diazabicyclo{3.3.0}octane-2,4-dione

a,

HOue N\(N
15 O Ci

This compound was prepared in a manner similar to the

compound described in Example 58. MS (m/z) 391 (MH")

‘Example 267. 5-Benzyl-3- (3, 5-dichlorophenyl-1, 3~

20 diazabicycle[3.3.0]octane-2,4-dione
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0] Ci
N

N\\<
0 Cl

This compound was prepared in a manner similar to the
compound described in Exampie 21. MS (m/z) 375 (MH"); mp.
173.8 °c

Example 268: (5R, 7TR) -5-[4-(Trifluoromethoxy)benzyl]-3-(3,5~
dichlorophenyl) ~7~hydroxy-1,3-diazabicyclo[3.3.0]octane-2, 4~

dione
FsCO
. 0 Ci
Howd | W
=0
o Cl
This compound was prepared in a manner similar to the
compound described in Example 58. MS (m/z) 475 (MH"); mp.
50.4 °c

Example 269: 6-Bromobenzyl-8-(2,6-dichloro-4-pyridyl)-1,4,8-

triazabicyclo[4.3.0}lnonane-3,7,9-trione.
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ar 1) HCl(g) / EtOH LDA f THF

Br
o 7% "
2) TEA/MgSO, ¢ Q
|
OH N—,
HzN /@H =N O~ lij:: Br
c o] o]

Br

Br

SN o HaNNH, H,0 HoN BrCH,COCI
o MeOH NN O THF
HaN
o O
1 2
Br.
o]
Br
Bf\)L
HN O Cl N, _Cl
DIEA/DMARP - | =
H,N O~ Dioxane }E\,NH O™ 2
0 : C NCO
)
3 4
Br.
CH,Cl, o Cl
- HN -
N \ N
L s
0] Cl
Steps 1 and 2. Compound 1 was prepared from 4-

brmophenylalanine ethyl ester according to the methodology
described in WO 98/39303. MS(m/z): 431 (MH").

Step 3. A mixture of the compound 1 and hydrazine hydrate in
MeOH was heated under reflux for 24 hours. MeOH was evaporated
and the compound was purified via chromatography to give the

diamine. MS{m/z): 301 {(MH"}.

Steps 4 and 5. THF (15 ml) was added to the above diamine
(1.1 g) and the sclution was cocled in ice. Broemoacetyl

chloride (0.35 mL) was added dropwise and the solution was
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warmed slowly to room temperature. The mixture was stirred for
5 hours and concentrated to half the volume. Et.0 was added
and the mixture stirred at rOoom temperature until
precipitation was complete. The solid was filtered and
dissolved in EtOAc. The solution was washed with saturated
NaHCO; followed by Dbrine, dried (MgS3S0a4) , filtered and
evaporated. The residue (1.09 g) was use& as 1s for the next
step.

A mixture of the above compound (0.480 mg), DIEA {0.59
mL) and DMAP (7 mg) in dioxan (2C mL) was heated at 70 °C for
24 hours,. The mixture was diluted with EtOAc/water and the
EtOAc layer was separated. The aqueous sclution was extracted
with EtOAc and the combined organic layer was dried (NazSQy),
filtered and concentrated. The residue was purified via HPLC
(AcOH 0.1M/CH3CN 75/25 to 0/100) to give the desired compound
(0.52 mg). MS({m/z): 341 (MH"). ‘

Step 6. To a solution of the above compound {50 mg) in dry
DCM (2 mL) was added 2,6-dichloropyridyl-4-isocyanate (36 mg)
and the solution stirred at room temperature for 5 hours. The
solution was concentrated in vacuo and the residue purified by
chromatography (silica gel; Chromatotron) to give the titled
compound (0.47 mg). mp. 226 °C. MS{m/z): 484 (MH").

The following compounds were prepared in a manner similar

to one of the above Examples.
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Table 22.
Example | Dia- R Method M35 mp
stereomer similar m/z (°C)
to (MH")
Example
270 5R, 78 ~HN - N= 243 580 g9.1
N\ /
o]
271 5R, 78 Q 243 569 259
—HN%
. (&)
272 5R, 78 oy 243 569 249
o
C
273 5R, 78 o 243 594 52.6
N
—N
H
274 5R, 78 -NHCOO {i-Pr) 250 560 146.7
275 5R, 78 ~-NHCOQFPh 250 560 146.7
276 5R, 78 Q 250 572 172.7
\NJLN
0
O
277 5R, 75 —ﬂwlw’\wMB 65 560 146.7
H
S
278 5r, 7S _lew/\JMe 65 560 146.7
H
279 5R, 78 -NH-B-Asp (N~ 67 631 152.8
Ac) -NH,
280 5R, 7S ~NH-B-AsSpNH; 67 589 107.8
281 5R, TR ~NH, 63 475 123.5
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Example | Dia- R Method MS mp
stereomer similar m/z (°cy
to (MH")
Example
282 5R, 7R -NHCO {¢-Pr) 64 543 136.8
283 5R, TR ~NHCOMe 64 517 122.7
284 5R, 7R THN AN 580 102.3
3_<:} 243 _
285 5R, 7R JOL 250 572 86.2
H
Example 286. (5R, 78)-5-[4-(Triflucromethoxy)benzyl]-3-(2,6~

dichloro-4-pyridyl)-7-valerylamino-1, 3-

diazabicyclo[3.3.0]octane—2,4—dione.

Valeryl chloride (0.031g) was added to a solution of the
compound from Example 63 (0.1 g) and DIEA (0.84 g) in THF (5
mL) and the reaction mixture was stirred at room temperature
for 24 hours. The mixture was concentrated and the residue
was purified via HPLC (CH3CN/0.1 M AcOH) to yield 0.075 g of
the titied compound. M3 (m/z) 559 (MEY) and 581 (MNa'). mp
66.8 °C.

Example 287. (53R, 78)-5-[4-({Trifluocromethoxy)benzyl]-3-(2,%6-
dichloro-4-pyridyl)-7-ureido-1,3-diazabicyclo[3.3.0]octane-

2,4-dione,

A solution of the compound from Example 63 (0.114 g) in
diethyl ether (5 mL) was added dropwise to a solution of N-

~chlorosulfonylisocyanate (30 pL) in diethyl ether (5 mL) at -

15 °C. After 1 hour, the reaction mixture was concentrated.
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The residue was stirred with 0.5 N HCl1l for 30 minutes. The

reaction mixture was diluted with DMSO and purified by HPLC

(CHCN/0.1 M AcOH). The desired fraction was collected,
concentrated, neutralized, extracted with EtOAc, dried
(NapsS0C4q), <£filtered and concentrated to afford the titled

compound (0.077g). MS {(m/z) 518 (MH"). mp 141.7 °C.

Example 288. (OR, 78)-5-{4-{Trifluoromethoxy)benzyl]-3-(2, 6~
dichloro-4-pyridyl)-7-(2,5-dimethylpyrrolyl) -1, 3~

diazabicyclo[3.3.0]octane-2,4-dione.

A mixture of the compound from Example 63 (0.1 g), 2,5-
hexanedione {(0.028 g), AcOH (5 mL) in EtOH (5 mlL) was reflfluxed
for 4 hours. The mixture was concentrated and the residue was
purified via HPLC (CH3CN/0.1 M AcOH) to yield 0.065 g of the

titled compound. MS {(m/z) 553 {MH+). mp 112.4 “c.

Example 289. (53R, 78)-5-[4-(Trifluoromethoxylbenzyl]-3-(2,6-
dichloro-4-pyridyl)-7-[2-(trifluorcacetyl)pyrrolyl]-1,3-

diazabicyclo[3.3.0]occtane-2,4-dione.

To a solution of the compound from Example 251 (0.078 g} in
CHzCl; (10 mlL) was added trifluorcacetic anhydride (0.084 g)
and the mixture was stirred under N; overnight. The reaction
mixture was concentrated and the residue was purified via HPLC

(CHiCN/0.1 M AcOH) to yield 0.060 g of the titled compound.

MS (m/z) 621 (MH'). mp 166.6 °cC.

The following compounds (bR,75  diastereocmers) were

prepared in a manner similar to one of the above Examples.
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Table 23.
F;CO
\Q\g 0 Cl
T )
“
0] Cl
Example | Dia- R Method MS np
stereomer similar {m/z (OC)'
to (MH")
Example
290 5R, 78 N3 62 500
291 S5R, 78 AcNH 64 516 0l.2
292 5R, 7S cPrCONH 67 542 97.6
203 SR, 75 Xy CONH- 67 579 100.5
’ i
>
294 R, 78 CO- 593 87.1
’ LY o7
Me™ N
295 5R, 75 Hy © 67 585 174.8
0:{4—7/’(”,
H
296 5R, 78 o H 67 573 68.4
HzNJWN\
0
297 bR, 78 o |67 656 72.9
(\NJ\/YN\
_N 0
Me
298 5R, 78 FtCCONH 250 546 64
299 5R, 78 Q 250 571 151.2
oy
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Example 300. (5R, 7T3)-5-[4~(Trifluoromethoxy)benzyll-3-(3,5-
dichlorophenyl)-7-amino-1,3-diazabicyclo[3.3.0}octane-2, 4-

dione.

Hydrogen (gas} was bubbled through a solution of the
compound from Example 288 (0.274 g) in EtOAc (20 mlL) in
presence of Pd-C (5%, 20 mg) for 10 minutes and the mixture
was stirred for 2 hours, The mixture was £filtered through
celite and the celite washed with additional EtOAc. The
combined EtOAc was evaporated and the residue was purified via

chromatography (hexanes-EtOAc) to yield 0.161 g of the titled

compound. MS (m/z) 474 (MH+). mp 43.3 “c.

Example 301. f5R, 15)=~5-[4-(Trifluoromethoxy)benzyl]-3-(3,5-
dichlorophenyl) -7~ (N-acety-N-methylamino) -1, 3-

diazabicycle[3.3.0]octane-2, 4~dione.

LDA (0.34 M in THF; 0.045 g) was added to a solution of
the compound from Example 64 (0.18 g) in THF at -80 °C and the

mixture was stirred for 20 minutes at that temperature. Mel

(0.65 g) was added and the reaction mixture was stirred for 10

minutes. The mixture was warmed to room temperature and
stirred for additional 20 minutes. It was quenched with
aqueous NHyCl sclution rand the mixture was evaporated. The

residue was purified via HPLC (CH3CN/0.1 M AcOH) to yield

0.012 g of the titled compound. MS (m/z) 531 (MH') and 553
(MNa+) . mp 74.7 °C.

Example 302. {5R, 7S)-5-[4-(Trifluoromethoxy)benzyl]-3-(3,5-
dichlorophenyl)-7-[[4- (dimethylamino)butyryl}amino]-1, 3-

diazabicyclo[3.3.0]octane-2, 4-dione
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This compound was prepared similar to Example 67. MS
(m/z) 587 (MH"). mp 57.9 °C.
5 The following compounds were prepared in a manner similar
to one of the above Examples.
Table 24.
10
Example | R Method MS mp
similar |m/z (°c)
to (MH")
Example _
303 t-BOC 161 575 185
304 H 162 511 155.9
305 ; 0 67 657 71
Y
Me’N\) °©
306 2 67 574 99.7
HoN
\é(\/k
307 * 64 531 166.9
a’l\
244 568 209.4
308 H>NCH,CO-
244 582 196.7
309 HyN (CHy) ,CO-

The following compounds were prepared in a manner similar

to Examples 189 and 190.
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Table 25.
R
) Cl
-
N
Example | R MS m/z mp
(MH™) (°C)
310 SOCF3 491 63.5
311 SO,CF3 | 507 72.5
5
Example 312. (5R, TR)=5-[4-(Trifluorcmethoxy)benzyl]-3-(3,5-
dichlorophenyl)-7-carbamoyl~-1, 3-diazabicyclo{3.3.0]octane-2,4-
dione.
F3CO
0 =
3 (-
10 ral % el

The compound from Example 257, step-7 (diacid compound 8,

0.153 g) was treated with thionyl chloride (2 mL} and heated
to reflux. After 1 hour, the reaction mixture was

15 concentrated and evapcrated with toluene. The residue was
dissclved in THF (3 mL) and the mixture was added to NH,OH
(0.5 mL) in THF (5 mL) chilled with an ice bath. After 15
minutes, the mixture was added to 3N HCl (10 mL). The mixture
was extracted with EtOAc. The extract was washed with brine,

20 dried (NazSQ4), filtered and concentrated. Purification by

HPLC afforded the titled compound (0.108 g): MS (m/z) 502



5

Table 26,
F>rF
Fo
9] Cl
o 5
N N
R Ty
[0
Example | Diastereomer | R M3 mp
M/z (°c)
(MH")
313 5R, 7R -NMe, 530 106.
314 5R, 7R -NHMe 516 21z.
315 5R, 7R - o 572
316 5R, TR —nun-N 6 | 587 174.
L —
317 5R, 78 ~NH; 502 140.
318 5R, 78 — 572
! NLJD 129.
319 5R, 7S -NHMe 516 122.

(MH+); mp 122.7 °C.

les8
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The following compounds were prepared in a manner similar

to the Example 257 replacing BOP reagent with SOCl, in step-8

as described in Example 310.
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Reference Examples

Preparation of the substituted benzylbromide intermediate:

Prototype example.

Synthesis of 5—bromomethyl—2,2—difluorobenzodioxole.

BH3-THF (iM, 10 mL} was added to a solution of 2,2~
difluorobenzodioxole~5-carboxylic acid (0.52 g} in THF (10 mL)
and the resulting mixture was stirred at room temperature for
14 hours. The reaction mixture was quenched with 2 N HCl and
extracted with EtOCAc. The EtOAc solution was washed with
brine, dried (Na;S0;) and concentrated to yield the alcohol
(0.42 g) that was used as is for the next step.

The abcve compound was dissolved in dry CH,Cl, (10 mL)
and PhsP (1.86 g) was added with stirring. After about 15
minutes a solution of CBry (4.06 g) in <CHyCl, was added
dropwise with stirring. After 20 hours the reaction mixture
was concentrated and the residue was purified via
chromatography (silica gel; hexanes-20% EtOAc/hexanes) to

yield the desired bromide (0.48 g).

All benzyl bromides were prepared in an analogous manner

starting from the requisite acid.

Cell Adhesion Protocol

Cell Adhesion - The recombinant protein ICAM-1+Fc was

constructed from the 5 extracellular domains of human ICAM-1
and fusion with the constant region of human IgG. ICAM-1+Fc
was purified by Protein A affinity chromatography and stored

in aliquots at -20°C. Immobilized ICAM-1+Fc was prepared by
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dilution of the protein in PBS pH 7.5, transfer of 100 pl/well
to Falcon Probind TII plates and overnight incubation at 4°C.
Wells coated with BSA served as a measure of non specific
background adhesion. Washed plates were blocked with a
solution of 0.25% ovalbumin in PBS for 1 h at 37°C. HBSS
washed Jurkat cells were suspended to a final concentration of
2.5x10%ml in TBSg adhesion buffer (24 mM Tris pH 7.4, 0.14 M
NaCl, Z.7 mM KCl, 2 mM glucose, 0.1% HSA). A 100 pl volume of
cells was added to the blocked and washed ICAM-1sFc coated
plates that contained 100 pl of plate buffer (TBSg, 10 mM
MgCl,, 2% DMSO). Adhesion was for 1 h at 37°C. Non adherent
cells were removed using the EL404 plate washer (BioTek
Instruments; Highland Park, VT). The number of adherent cells
was quantified by measuring enzymatic activity of endogenous
N-acetyl-hexosaminidase using the enzyme substrate p-
nitrophenol-N-acetyl-b-D~glucoseaminide, pNAG. The amount of
liberated p-nitrophenol was measured by reading the optical
density at 405 nm using a vertical pathway spectrophotometer
to quantify cell attachment (VMAX Kinetic Microplate Reader,
Molecular Devices, Menlo Park, CA). For competition studies
the compounds from 100% DMSO stock solutions were diluted in
plate buffer at 2-fold the required testing concentration
prior to transfer to the ICAM-1-Fc coated plate and serial
dilution.

The compound of the present invention has an ICsy from

low nM to pM in the Jurkat/ICAM -1 adhesion assay.
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Claims
1. A compound of the formula (I):
R
P X
\TKL) ve m__<
N—M N A
et N
n W
Y (1)

or a pharmaceutically acceptable salt thereof;

wherein
A is =C(2") -, or =N-;

B is 1) -C(RY) (R?) -,

2) -8-,

3) -80-,

4) -80,-,
5} -0-,

6) -N(R*) -,

7) -N{COR*) -,

8) -N(CSR*)-,

9) -N(SO.R®) -,

©10) -N(R®*)CO-,

11} -N(COR*')CoO-,
12) -N{CSR*')CO-, or
13) -N(SOR®) CO-;

K is -CHp~, -CH{OH)-, -C(=0)-,

M is a single bond, -(CH3}p-, -C(=0)~ or -NH-;

or -CFs-;

W is one cof the following groups:

hig

Q » R Q

X and Y are independently

and

Q

RG

11 MAR 2004
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1) H,
2) halogen,
3) NOg,
4} CN,
5 5) Ci¢ alkylthic,
6) NR’R®,

7) Ci¢ alkyl optionally substituted with halogen,
8) Cl-s alkoxy,
9) COR*,

10 10} aryl which may be substituted, or
11) heteroaryl which may be substituted;

Z and z' are independently

1) H,
2} OH,

15 3} halogen,
4} NO»,
5) CFs,
6) NR’R®,
7) NHCOR*!,

o, 20 8) Ci.¢ alkoxy optiocnally substituted with:

a) carboxyl,
b) Ci.¢ alkoxycarbonyl, or
c) phenyl, or
9} COR*?;
25 P and Q are independently O or S;
R is aryl or heteroaryl, and said aryl and heteroaryl may be

substituted with a group selected from:

1) halogen,
2) OH,
30 3) Cn,

4) Ci1s alkyl optionally substituted with a group selected
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from:
a) halogen
b) OR®,
c) COR*,
d) aryl which may be substituted, or
e) NR’RS,
5) Ci.s alkoxy optionally substituted with a group

selected from:

6)
7}
8)
9)
10)
11)
12)
13)
14)

a) halogen

b) NR’R®,

c) aryl which may be substituted,

d) heteroaryl which may be substituted, and

e} non-aromatic heterocyclic group,
NO,,
NR’R®,
NHCOR**,
NHSO;R",

COR*?,

C (=NH) NH,,

CONHOQH,

Cis alkylthio which may be substituted with halogen,

Ci.¢ alkylsulfinyl which may be substituted with

halogen,

15)

Ci¢ alkylsulfonyl which may be substituted with

halogen,

16)

17}

C1.3 alkylenedioxy optionally substituted with:
a) Ci.e alkyl,

b} halcgen,

<¢) aryl which may be substituced, or

d) heteroaryl which may be substituted,

~C{=0) - {(natural w-amino acid residue)
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wherein said natural o-amino acid residue may be
esterified with C;.¢ alkyl group,
aryl which may be substituted, and

heteroaryl which may be substituted;

R* and R® are independently

1)
2)
3)
4)
5)
6)
7)
8)
7 9)
10)
11)
12)
13}
14)
15)
16)

to form:

1)

H,
halogen,
OR?,
OCOR?,
SO,R?
NRRS,
NRECOR*?,
NR°CSR*?,
NR®SO,R?,
OCONR’R?,
Ns,
Ci-¢ alkyl which may be substituted,
CN,
COR*?,
aryl which may be substituted, or

heterocaryl which may be substituted;

"or R' and R? combine with each other at the terminal thereof

OX0O,

- 2) methylene substituted with carboxyl, Ci.y

alkoxycarbonyl, or CONR®R®, or

3)

Cy3 alkylenedioxy;

R® and RP combine with each other at the terminals thereof to

form a 3-7 membered ring together with the nitrogen atom to

which they are attached, where said 3-7 membered ring may

include

additional heteroatoms such as oxygen, nitrogen and
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sulfur and may be substituted with C,.¢ alkyl, oxo, hydroxy,
Ci.¢ alkoxy or NRPR®;
R® is
1) H,
5 2) Cbg alkyl which may be substituted,
3) Ci.¢ cycloalkyl,
4} aryl which may be substituted,
5) heterocaryl which may be substituted, or

6) non-aromatic heterocyclic group;

10 R* is
1) Ci.¢ alkyl which may be substituted,
2} Ci.¢ alkoxy which may be substituted,
3) aryl which may be substituted,
- 4) heteroaryl which may be substituted,
15 5)non-aromatic heterocyclic group which may be
substituted,

6) Ci;_g cycloalkyl, or

7) NR°R%;
R*? is
20 1) H,
2} OH,

3) Cy.¢ alkyl which may be substituted,
4) Ci.¢ alkoxy which may be substituted,
5) aryl which may be substituted,
25 6) NR’R®, or
7) non-aromatic heterocyclic group which may be

substituted;

1) Ci1¢ alkyl which may be substituted, or

30 2) aryl which may be substituted;
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1) H, or
2) Ci.¢ alkyl which may be substituted;
mis 0, 1, 2 or 3; n is 0, 1 or 2; o is 1 or 2; p is 1 or 2.
2. The compound according to claim 1, wherein

X and Y are independently selected from:

halogen,

NO,,

Ci-¢ alkyl optionally substituted with halogen,
Ci1.¢ alkoxy group,

Ci-7 alkanoyl group,

CN,

carboxyl,

Ci.s alkylthio,

NR’R®,

10) phenyl optionally substituted with:

11)

a) Ci¢ alkyl optionally substituted with halogen,
b) Ci.s alkoxy optionally substituted with halogen,
or

c) CN,

isoxazolyl optionally substituted with C;.¢ alkyl,

12) pyrrolyl optionally substituted with Cj

alkoxycarbonyl or formyl,

13)

pyridyl,

R is phenyl, naphthyl, pyridyl, benzofuryl or thiazolyl,

wherein said phenyl, naphthyl, pyridyl benzofuryl and

thiazolyl may be substituted with a group selected from:

1)
2)
3)
4)

halogen,

CH,

CN,

Ci-s alkyl optionally substituted with a group selected
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halogen,
ORS, or
COR*?,

5) Ci.s alkoxy optionally substituted with a group

gselected from:

10)
11)
12)
13)
14)
haleogen,
15)
halogen,

16)

17)

a)
b)
c)

d)

NO,,
NR3RS,

halogen,
NR’R®,
pyridyl, or
piperidinyl,

NHCOR**,
NHSO,R5; .

COR*?,

C {=NH) NH;,

CONHOH,

Ci-6
Cig

Cis

~C (=

alkylthio which may be substituted with halogen,
alkylsulfinyl which may be substituted with

alkylsulfonyl which may be substituted with

alkylenedioxy optionally substituted with:
C:s alkyl, or
halogen,

0) - (natural a-amino acid residue), wherein said

natural a-amino acid is selected from aspartic acid,

alanine,

phenylalanine, and asparagine and said natural

c¢-amino acid residue may be esterified with C,.4 alkyl

group,

18)

phenyl optionally substituted with:
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a) Ci.s alkoxy,

b) Cis alkyl optionally substituted with OR®, N(Cj.g
atkyl), or COR*?,

c) CN,

dy Cor*?,

e) C;.; alkenyl optionally substituted with COOR®,

f) NRPRS,
g) NOg,

h) NECOR*!,
i) NHSO:R®,

i) N(SO:R%),
k) NHCONHR®,
1) N(CONHR?),,
m) NHCSNHR’, or
n) pyrrolidinyl which may be substituted with Ci¢
alkyl,
19) furyl optionally substituted with CHO,
20) thienyl optionally substituted with CHO,
21) pyrrolyl opticnally substituted with CHO and C;.¢
alkoxycarbonyl,
21) dihydroxazolyl opticnally substituted with C;.s alkyl,
22) isoxazolyl optionally substituted with C;.s alkyl,
23) benzothienyl,
24} pyridyl,
25) tetrazolyl, and
26) thiazolyl which may be substituted with C;.¢ alkyl;

R' and R® are independently selected from:

1) H,
2} halogen,
3) OR®,

4) QCOR®,
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NR’R®,
NR°COR',
NHCSR*',
NHSO.R?,
N,

10) COR*?, or

11} phenyl;

or R* and R? combine with each other at the terminal thereof to

form oxo;

R® ig
1)
2)

from:

hydrogen;
Ci.¢ alkyl optionally substituted with:

a) OCH,

b) phenyl optionally substituted with halogen or Cj_¢

alkoxy,

¢) carboxyl,

d) carbamoyl,

e) NR°R®,

f) Ci.¢ alkoxycarbonyl,

g) morpholinyl,

h} pyridyl,

i) thienyl, or

j) pyrrolidinyl optionally substituted with oxo,
C3;.¢ cycloalkyl,
phenyl optionally substituted with halogen,
pyridyl optionally substituted with C;¢ alkyl, ot
morpholinyl;

Ci-¢ alkyl optiocnally substituted with a group selected

a) NR°R?,
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b) carboxyl,

c) -CONR‘R? where R° and RY are independently selected
from hydregen and C;.¢ alkyl, or R° and R? combine with
each other at the terminals thereof to form a 3-7

5 | membered ring together with the nitfegen atom to which

they are attached, and said 3-7 membered ring may include
additional 1-3 hetercatoms such as oxygen, nitrogen and
sulfur and may be substituted with C;.¢ alkyl, oxo,

hydroxy, Ci.¢ alkoxy or NR°R®,

10 d) Ci.¢ alkoxycarbonylamino,
e) Ci¢s alkylsulfonylamino,
f) Ci; alkanoylamino, and
g) pyridyl;
2) Ci¢ alkoxy optionally substituted with NR°R® or phenyl,
15 3) NR’R®,
4) phenyl optionally substituted with:
a) carboxyl,
b) Ci¢ alkoxycarbonyl, or
c) NR°R®,

20 5} Ci.¢ cycloalkyl,

o
i
. 6) isoxazolyl optionally substituted with C;.¢ alkyl,

7) pyridyl,
8) thienyl,
9) furvyl,

25 10) phenoxy, or
11) NR®R®;

R*? is

1) H
2) OH;

30 3) Cy¢ alkyl optionally substituted with NR°R® or phenyl,

4} C, alkoxy optionally substituted with NR°R®,
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5) NR’R®,
6) NR°R®, or
7) pyridyl which may be substituted with C;.¢ alky;

5 1) Ci.s alkyl optionally substituted with COR*?, or

2} aryl;

1) hydrogen, or
2) Ci¢ alkyl optionally substituted with -N(C;s alkyl),.

10
3. The compound according to claim 1, wherein the chemical

structure is the following:

RT1

wherein
15 A is =C(2Z')-, or =N-;
X and Y are independently
1) H,
2) halogen,
3) NO2,
20 4) cN,
5) Ci¢ alkylthio,
6) NR’R®, or
7) Ci¢ alkyl optionally substituted with halogen;
Z' is selected from
25 1) H,
2) CH,
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halogen,

NR’R®,

NHCOR*!

Ci-s alkoxy optionally substituted with;
a) carboxyl,
b) Cis alkoxycarbonyl, or
¢) phenyl, and

COR*?;

R' and R? are independently H, halogen, OR*®, NR’R®, NHCOR*!,

NHSO,R?,

N3, COR*?, or phenyl ;

or R' and R? combine with each other at the terminal thereof

to form
R is a
1)
2)
3)
4)
5)

OXO;
group selected from:

H,

CH,

halogen,

CN,

Ci.¢ alkyl optionally substituted with halogen, OR® or

COR*2,

6)

Ci-¢ alkoxy optionally substituted with halogen, NR’RS,

pyridyl, or piperidinyl,

7)

8)

9}

10)
11)
12)
13)
14)
15)
16}

NO,,
NR’R®,
NHCOR*?,
NHSO;R?,
COR*?,
C (=NH) NH,,
CONHOH,
C1.6 alkylthio,
Cy-s alkylsulfinyl,
Ci.¢ &alkylsulfonyl,
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phenyl which may be substituted with a group selected

from a) C,.» alkenyl substituted with COOR?, b) COR*?, )

Cis alkyl opticnally substituted with OR®, d) C,.¢ alkoxy,

and e) CN,
18) thienyl which may be substituted with CHO,
19) furyl which may be substituted with CHO,
20) tetrazolyl,
21) dihydroxazolvyl,
22} pyrrolyl which may be substituted with CHO,
23) isoxazolyl substituted with C;.z alkyl,
24) benzothienyl;
R’ is a group selected from:
1) hydrogen,
2) halogen,
3} CN,
a) Ci.s alkyl optionally substituted with OR® or COR*?, or
5) NOj;

or, R and R’ combine with each other at the terminal thereof

to form C;.; alkylenedioxy optionally substituted with halogen;
mis 0, 1, or 2, and n is O0.or 1.
4. The compound according to claim 3, wherein

A is =CH- or =N-;

X and Y
1)

are independently
halogen,

NO,,

NR’R®, or

Cis alkyl opticnally substituted with halogen;

one of R' and R* is H, and the other is H, OH, halogen, NR'R®,

NHCOR*®,

NHCSR*', NHSO.,R®, N;, COR*?, or phenyl;
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cr R' and R? combine with each other at the terminal thereof
to form oxo;

R is a group selected from:

i} H,
2) halogen,
3) CN,

4) Ci.¢ alkyl optionally substituted with halogen,
5) Cis alkoxy optionally substituted with halogen,
6) COR*?,
7) Ci6 alkylthio,
8) phenyl which may be substituted with a group selected
from a) C;.; alkenyl substituted with COOR?, b) COR*?, ¢)
Cis alkyl optiocnally substituted with OR®, d) C,.s alkoxy,
and e) CN;
9) thienyl which may be substituted with CHO,
10) furyl which may be substituted with CHO,
11} pyrrolyl which may be substituted with CHO,
12) isoxazolyl substituted with C,.¢ alkyl;
R? is hydrogen;
or, R and R” combine with each other at the terminal thereof
to form ;.3 alkylenedioxy substituted with halogen;

mis 1, and n is 1.

5. The compound according to claim 4, wherein
X and Y are independently halogen;
one of R* and R® is H, and the other is H, OH, NR’R®, NHCOR*!,
NHCSR*!, or COR*?;
R* is

1} Ci6 alkyl optionally substituted with a group selected
from: '

a) NR°R®,
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b) carboxyl,
¢} carkamoyl,
d) piperazinylcarbonyi optionally substituted with
Cy.¢ alkvl,
e) C;.; alkancoylamino, and
£) pyridyl;

2) Ci.s alkoxy,

3) NRR®,

4) Ci.z cycloalkyl,

5) pyridyl,

6) thienyl,

7) furyl, or

8) pyrrolidinyl;

R*? is NR’R® or morpholinyl;

R™ is
1) halogen,
2) CN, or

3) Ci-¢ alkoxy optionally substituted with halogen; and

R’? is hydrogen.

6. The compound according to claim 5, wherein

X and Y are independently halogen;

one of R* and R* is H, and the other is OH, NHCOR'' or COR*;
R* is

a) Ci.s alkyl optionally substituted with a group selected

from carboxyl, carbamoyl, and piperazinylcarbonyl substituted

with Ci. alkyl,
b) NH,
¢) NH(C; ¢ alkyl),
d) pyridyl, or
e) pyrrolidinyl,
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R*® is NH,, NH(C:; ; alkyl) or morpholinyl;

R’ is C;s alkoxy substituted with halogern; and

R’? is hydrogen.

7.

The compound according to claim 1, wherein the chemical

gtructure is the following:

R
O X
B \ — \
I\/N\\( N\
O Y (I—B)
wherein A is =CH- or =N-;
_S_p _SO—, _SOE-, —N(Rs)—, _N(COR41)—, "N(CSR41)— or

B is

-N(SO,R®) -;

X and Y are independently H, halogen, NO;, or C;. alkyl;

R’ is a group selected from:

1) H,

2} halogen,

3) CN,

4) Ci.¢ alkyl optionally substituted with halogen,
5) Ci.¢ alkoxy optionally substituted with halogen,
6) COR*?,

7} Ci.s alkylthio,

8) phenvi,

9) thienvl,

10) furvyl,

11) pyrrolyl,

12) isoxazelyl substituted with C .5 alkyl,

wherein said phenyl may be substituted with a group

selected from a) C;.» alkenyl substituted with COOR™, b)
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- COR*®, c) C,.s alkyl optionally substituted with OR®, d)
Cis alkoxy, and e) CN, and said thienyl, furyl and

pyrrolyl may be substituted with CHO.

5 8. The compound according to claim 7, wherein
B is -N(COR') -;
X and Y are independently halogen;
R* is

1) Ci.¢ alkyl optionally substituted with a group selected

10 from:
a) NR°R®,
b) carbamoyl, and
c} piperazinylcarbonyl optionally substituted with
Ci-s alkyl;
15 2) Ci.s alkoxy, or
3) NR’R®;
R is
1) halogen, or
2} C;.¢ alkoxy optionally substituted with halogen.
20
9. The compound according to claim 1, wherein the chemical

structure is the following:

R71

O X

N A

,N\\< N\ /
B
0 Y (1-0)
wherein A is =CH- or =N-;

25 B is -N(R®)-, -N(COR*M) -, -N(CSR*Y) - or -N{SO.R®)-;

X and Y are independently H, halogen, NO;, or C:.; alkyl;
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R is a group selected from:
1) H,
2) halogen,
3) CN, _
5 | 4) Ci1¢ alkyl optionally substituted wiﬁh halogen,

5) Ci6 alkoxy optiocnally substituted with halogen,
6) COR*?,
7) CI—G alkylthlo,

8) phenyl,
10 9) thienyl,
10) furyl,

11) pyrrolyl,
12) isoxazolyl substituted with C;.s alkyl,
"wherein said phenyl may be substituted with a group
15 selected from a) C,.; alkenyl substituted with COOR®, b)
COR**, c) Ci.¢ alkyl optionally substituted with OR®, d)
Ci.¢ alkoxy, and e) CN, and said thienyl, furyl and
pyrrolyl may be substituted with CHO.

20 10. The compound according to c¢laim 1, wherein the chemical

structure is the following:

R71
O X
N A
N\\< N\ /
O Y (I_D)
wherein

A is =CH-, or =N-
25 X 1g H or halogen;

Y is 1) pyrrolyl coptionally substituted with formyl,
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2) phenyl optionally substituted with a) CN, b) C; ¢ alkyl
optionally substituted with halogen, c¢) C;.s alkoxy optiocnally
substituted with halogen, or

3) isoxazolyl optionally substituted with Ci; ¢ alkyl;

R is a group selected from:

1) H,
2) halogen,
3) CN,

4) Ci.¢ alkyl optionally substituted with halogen,
5) Ci.¢ alkoxy optionally substituted with halogen,
6) COR*?,

7) Ci-6 alkylthio,

8) phenyl,
9) thienyl,
10} furyl,

11} pyrrolyl,

12) isoxazolyl substituted with C;.¢ alkyl,
wherein said phenyl may be substituted with a group selected
from a) C;.; alkenyl substituted with COOR®, b) COR*?, c¢) Cie
alkyl optionally substituted with OR®, d) C,. alkoxy, and e)
CN, and said thienyl, furyl and pyrrolyl may be substituted
with CHO.

11. The compound according to claim 1, wherein the compound
is selected from the group consisting of:

{5R, 7R)-5-[4-{trifluoromethoxy)benzyl]-3-{3,5-
dichlorophenyl) -7-hydroxy-1,3-diazabicycle[3.3.0]octane-2,4-
dione;

(5R, 78)-5-[4-(triflucromethoxy)benzyl] -3-(3,5-
dichlorophenyl) -7-acetylamino-1,3-diazabicycleo{3.3.0]octane-

2,4-dione;
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(5R, 78)-5-[4-(trifluoromethoxy)benzyl]-3-(3,5-
dichlorophenyl) -7- (3-carbamoylpropionylamino) -1, 3-
diazabicyclo[3.3.0]octane-2,4-dione;

(5R, 78})~5-[4-({triflucromethoxy)benzyl]-3-(32,5-
dichlorophényl)—7~[3ﬁ(4—methyl—l—
piperazinylcarbonyl)propionylaminol -1, 3-
diazabicyclo[3.3.0]loctane-2,4-dione;

{(5R, 78}-5-[4-(trifluoromethoxy)benzyl]-3-(3,5-
dichlorophenyl) -7-nicotinoylamino-1, 3-
diazabicyclo{3.3.0]loctane-2,4-dione;

(5R, 78)-5-[4-(trifluoromethoxy)benzyl]-3-(3,5-
dichlorophenyl} -7- (1-pyrrolidinylcarbonylamino) -1, 3-
diazabicyclo[3.3.0}octane-2,4-dione;

(5R, 7R)-5-[4-(trifluoromethoxy)benzyl]-3-(3,5-dichlorophenyl}) -
7-carbamoyl-1,3-~diazabicyclol3.3.0]octane-2,4-dione;

(5R, 7R)-5-[4-{trifluoromethoxy)benzyl]-3-(3,5-dichlorophenyl} -
7-morphlinocarbonyl-1,3-diazabicyclo[3.3.0}octane-2,4-dione;
(5R, 7R)-5-[4-{triflucromethoxy)benzyl]-3-(3,5-dichlorophenyl) -
7-dimethylcarbamoyl-1,3-diazabicyclo{3.3.0]octane-2,4-dione;
(5R, 7R)-5-[4-(trifluoromethoxy)benzyl]-3-(3,5-dichlorophenyl} -
7-methylcarbamoyl-1,3-diazabicyclo[3.3.0]octane-2,4-dione; and
(5R, 7R)-5-[4-(trifluocromethoxy)benzyl]-3-(3,5-
dichlorophenyl) -7-morpholinocarbamoyl-1, 3-

diazabicyclo[3.3.0]octane-2,4-dione.

12. A process for preparing a compound of the formula (I):
R
™
Ko / :X
Z
\_
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wherein the symbols are the same as defined in claim 1, or a
pharmaceutically acceptable salt therecf, which comprises
cyclizing the compound of the formula (II):

R. . P

A "
B ¢ Z\:<

N. _NH-M A
Sy N\ /

Y (11
wherein OG is a hydroxyl group, a protected hydroxyl group, or
a resin-bound hydroxyl group, and the other symbols are the
same as defined above, and converting into the

pharmaceutically acceptable salt, if necessary.

i3. A process.for preparing a compound of the formula (I):

R

Ko F X

A 7
N—M A

B\H/N‘W/ \ 4
n

wherein the symbols are the same as defined in claim 1, or a
pharmaceutically acceptable salt thereof, which comprises

reacting the compound of the formula (III):

P X
Z —
Bjj;j//JZN——NI A A
o/ J\_/<
n
Y (1171)

wherein the symbols are the same as defined above, with the
compound of the formula (IV):

R-(K)o-L (IV)
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wherein L is a leaving group and the cother symbols are the
same as defined in claim 1, and optionally converting into the

pharmaceutically acceptable salt, i1f necessary.

14. A process for preparing a compound of the formula (I):

ko X
0 Z,__
BMN“M <

TNV W
n W

wherein the symbols are the same as defined in claim 1, or a
pharmaceutically acceptable salt thereof, which comprises

reacting the compound of the formula (V):
R .
P
Xw
B NH
by N
n W

wherein the symbols are the same as defined in claim 1, with

(V)

the compound of the formula (VI):

X
Z —
L—M A A
M
Y  (vI)

wherein I, is a leaving group and the other symbols are the
same as defined in claim 1 and converting the resulting

compound into a pharmaceutically acceptable salt if necessary.

15. A pharmaceutical composition which comprises a
therapeutically effective amount of the compound as set forth
in claim 1 in admixture with a therapeutically acceptable

carrier or diluent.
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16. A method for treatment or prevention of wyf, adhesion
mediated condition in a mammal comprising administering a
therapeutically effective amount of the compound as set forth

in c¢laim 1.

17. The method according to claim 16, said condition is
selected from rheumatoid arthritis, asthma, allergy
conditions, adult respiratory distress syndrome, AIDS,
cardiovascular diseases, thrombosis or harmful platelet
aggregation, reocclusion following thrombolysis, allograft
rejection, reperfusion injury, stroke, psoriasis, eczema, skin
inflammatory diseases such as contact dermatitis and atopic
dermatitis, osteoporosig, osteocarthritis, atherosclerosis
{including graft arteriosclerosis after transplantaticn),
neoplastic diseases including metastasis of neoplastic or
cancerous growth, wound healing enhancement, eye diseases such
as detaching retina, Type I diabetes, multiple sclerosis,
systemic lupus erythematosus (SLE}, inflammatory and
immunoinflammatory conditions including ophthalmic
inflammatory conditions and inflammatory bowel diseases
(Crohn's disease, ulcerative colitis), regional enteritis,
Sjogren's Syndrome, and other autoimmune diseases,
pancreatitis, delayed graft function, intimal hyperplasia;
myocardial reinfarction or restenosis after surgery such as
percutanecus transluminal coronary angioplasty (PTCA),
rejection after transplantation (chronic rejection and acute
rejection), host vs. graft or graft vs. host diseases, and

cancer.

18. The methced according to claim 17, wherein said diseases
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is selected from psoriasis, rheumateid arthritis, inflammatory
bowel diseases (Crchn's disease, ulcerative colitig), systemic
lupus erythematosus, atcpic dermatitis, Sjogren's Syndrome,
rejection after transplantation (chronic rejection, acute

rejection), and graft vs. host disease.



