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1. A compound of formula I

(I)

(wherein R, and R,, which may be identical or different,
each represents a hydrogen atom, a C,.¢-alkyl,
trihalomethyl, C, ¢-cycloalkyl, halogen, nitrile,
Ci.¢-alkoxy, -CO,R, (where R, is H or C, ¢-alkyl), -
C(O)NRgR; (where Ry and R, independently are H,
C-3-alkyl, or methoxy), -NO,, -NR,¢R;; (where R,, and Ryy
independently are H, or C,_,-alkyl), -80,<phenyl-CH,,
-C(0)R;, (where R,, is C, ¢-alkyl); Ry is C,.¢4-alkyl,
Ci.s-cycloalkyl, a phenyl ring optionally substituted by
halogen, C,.;-alkoxy, or C; ,-alkyl, -NR;;R,, (where R,; and
R;, independently are C,.;-alkyl), a five or six membered
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heteraromatic ring with one, two, or three heteroatons
selected from nitrogen, oxygen, and sulphur; R, is
Ci.¢-alkyl, C; ¢-cycloalkyl, a phenyl ring optionally
substituted by halogen, C, ;-alkoxy, or C, ,-alkyl; Rg is
hydrogen or C,_ ,-alkyl; and R is C,.;-alkyl or hydrogen
and isomers, isomer mixtures and salts thereof.

15. A method of treatment of the human or non-human
animal body to combat diseases mediated by leukotriene
biosynthesis, said method comprising administering to
sald body a compound of formula I as defined in any one

of claims 1 to 7 or a physiclogically acceptable salt

thereof.

1€6. A method as claimed in ciaim 15 £o cowpat asthma,
rheumatoid arthritis, inflammatory bowzl disease and

psoriasis.
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RYRROLIDINE DERIVATIVES

The present invention relates to inhibitors of
leukotriene biosynthesis. 1In particular, this invention
relates to novel 2-(1l-pyrrolidino)-substituted
benzoxazoles and pharmaceutically acceptable salts
thereof, methods for their preparation, their use in
pharmaceutical compositions, and their use in the
treatment of diseases in which inflammation and
arachidonic acid metabolism have been implicated. These
compounds may be racemic or may be a pure enantiomer,
and the substitution on the pyrrolidine may be of either
cis or trans configuration.

Leukotrienes (LTs) are potent pro-inflammatory
mediators produced by the metabolism of arachidonic
acid. They are believed to have a critical role in
mediating the inflammatory response and consequently may
be involved in the etiology of several diseases
including asthma, rheumatoid arthritis, ianflammatory
bowei disease, and psoriasis.

The biosynthesis of leukotrienes and their
pathophysiology have been well documented. Many
investigators have been seeking to block the
pathophysiological effects of the leukotrienes, either
by blocking their biosynthesis or by blocking their
activity at the receptor level. Two recent reviews
(F.H. Musser and A.F. Kreft, J. Med. Chem., 1992, 35,
2501 and A. Shaw and R.D. Krell J. Med. Chem., 1991, 34,
1235) describe the status of research in these areas,
including results of clinical trials. Results of
clinical trials such as thogse cited in these articles
support the concept that agents which block the
biogsynthesis or activity of the leukotrienes will be
useful in asthma and possibly other inflammatory
diseases mentioned above.



-2 -

It has now been found that certain novel 2-(1-
pyrrolidino) -substituted benzoxazoles inhibit the
biosynthesis of LTs and hence having utility in the
treatment of diseases in which inflammation is involved.

Thus, viewed from one aspect the invention provides

compounds of formula I

Rg R‘
R! N }1‘

\>—N Ra (1)

R, 9)

(wherein R, and R,, which may be identical or different,
each represents a hydrogen atom, a C;_¢-alkyl,
trihalomethyl, C;.¢-cycloalkyl, halogen, nitrile, C, ¢~
alkoxy, -CO,R; (where R, is H or C;.¢-alkyl), -C(O)NRgRg
(where R, and Ry, independently are H, C,_j;-alkyl or
methoxy), -NO,, -NR,;,R;, {(where R,, and R;; independently
are H, or C;.;-alkyl), -SO,-phenyl-CH;, -C{O)R,, (where R,,
is Cy.¢-alkyl); R; is C, ¢-alkyl, C;_¢-cycloalkyl, a phenyl
ring optionally substituted by halogen, C, ,-alkoxy, or
Ci-4-alkyl, -NR;3R,4 (where R,;; and R,, independently are
C;-3-alkyl), a five or six membered heteraromatic ring
witn one, two, or three heteroatoms selected from
nitregen, oxygen, and sulphur; R, is C, ¢-alkyl,
Ci.¢-cycloalkyl, a phenyl ring optionally substituted by
halogen, C,_ ;-alkoxy, or C,_,-alkyl; R¢ is hydrogen or
Cy-4-alkyl; and R¢ is C;.;-alkyl or hydrogen and isomers,
eg. stereoisomers, isomer mixtures and salts thereof
especially the physioclogically acceptable salts.

The compounds of the invention may be in racenic
form or the form of a pure enantiomer, which latter may
be preferred.

The substitution on the cyclic amine ring may be of
either cis or trans configuration; however preferred

e A A i e o e e b A~ o Ao e
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compounds are those wherein R; and R, are in the trans

configuration.
Compounds according to the invention which are

preferred include compounds of formula I wherein

R, represents a halogen atom or a C,;_;-alkyl or
trihalomethyl group;

R, preferably represents a hydrogen atom;

R; represents a 2-, 3- or 4-pyridyl group;

R, represents a cyclohexyl or 4-fluorophenyl group; and
R; and R, are hydrogen atows;

or an isomer, isomer mixture or salt thereof.

Especially preferred compounds of the invention
include compounds of formula I wherein R, represents a
halogen atom, R, represents a 2-pyridyl group, Ry
represents a 4-fluorcophenyl group and Rs and Rg both
represent hydrogen atoms, the istmers, isomer mixtures
and physiologically acceptable salts thereof.

Particular especially preferred compounds of the
invention include the following compounds of formula I:

S-chloro-[3-(4-fluorophenyl)-2-{2-pyridyl) -pyrrolidin-1-
yl] -benzoxazole,

S-methyl- [3- (4-fluorophenyl)-2- (2-pyridyl) -pyrrolidin-1-

yl]} -benzoxazole,

S-perfluoromethyl- [3- (4-fluorophenyl) -2- (2-gyridyl) -
pyrrolidin-1-yl]-benzoxazole,
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5-isopropyl- 3-(4-fluorophenyl) -2-(2-pyridyl) -
pyrrolidin-1l-yl]-benzoxazole,

5-chloro- [3- (4-methoxyphenyl) -2~ (2-pyridyl) -pyrrolidin-
1-yl] -benzoxazole,

5-chloro- [3- (4-methylphenyl) -2- (2-pyridyl) -pyrrolidin-1-
y1l] -benzoxazole,

5-chloro- [3- (3-fluorophenyl) -2- (2-pyridyl) -pyrrolidin-1-
yl1l] -benzoxazcle,

5-chloro- [3- (4-chlorophenyl) -2- (2-pyridyl) -pyrrolidin-1-
y1l] -benzoxazole,

5-chloro- [3-(3-chlorophenyl) -2-(2-pyridyl) -pyrrolidin-1-

ﬂ’“: yl] -benzoxazole,
:J:" 5-chloro- [3- (3-methoxyphenyl) -2- (2-pyridyl) -pyrrolidin-
e 1-yl]l -benzoxazole,

5-chloro- [3- (3-methylphenyl) -2-{2-pyridyl) -pyrrolidin-1-
y1l] -benzoxazole,

-
ssew
28ee
asee

5-isopropyl- [3- (4-methoxyphenyl) -2- (2-pyridyl) -
pyrrolidin-1-yl]-benzoxazole,

vees

>0

-
sSesea
. [

s e, 5-isopropyl- [3- (4-methylphenyl) -2- (2-pyridyl) -
::": pyrrolidin-1l-yl] -benzoxazole,

. *e

5-methyl- [3- (4-methoxyphenyl) -2- (2-pyridyl) -pyrrolidin-
l1-yl] -benzoxazole,

S-methyl- [3- (4-methylphenyl) -2- (2-pyridyl) -pyrrolidin-1-
yll -benzoxazole, and
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the isomers, isomer mixtures and physiologically
acceptable salts thereof.

The compounds of this invention can be prepared by
a number of different methods or obviocus modifications
thereof. Methods A through F described below are
illustrative of the methods for preparing the compounds.

METHOD A
In general, compounds of formula I may be prepared

by reaction of an appropriately substituted 2-
halobenzoxazole of formula III wherein R, and R, are as
described above with an appropriately substituted
pyrrolidine of formula II wherein R;, R,, R; and R¢ are
as described above. The reaction is generally carried
out in the presence of an acid scavenger such as
triethylamine, diisopropylethylamine, or NaOH. The

i.”: synthesis of appropriately substituted 2-
v chlorobenzoxazoles has been previously described in the
e literature. The coupling reaction may be carried out in

neutral solvents such as methylene chloride, dioxane,
toluene, or DMSO and reaction conditions (solvent,
temperature, reaction time) will depend on the

oo particular reactants. The following is an example:

R

QQIO. Ra Rs R R3 s R‘

P . N M R, —~N ' R
\\ Re \\ ‘

: oe VmHal HN >—N

) o Rz °

111 11 1

(wherein R;, R,, R;, R;, R; and R¢ are as hereinbefore
defined), and Hal represents a halogen atom, preferably

a chlorine atom.



METHOD B

The cis disubstituted pyrrolidines can be prepared
by a number of methods as described below. A key
intermediate in the preparation of the cis pyrolidines
is the cyclic imine of formula VII. Reduction of this
imine will be directed by the C-3 substituent to the
less hindered face of the imine resulting in the
formation of the desired cis compounds. In Method B,
the key cyclic imine can be prepared from a suitably
functionalized ketone in a three-step, one-pot
operation. Lithiation of the ketone of formula IV,
wherein R;, Ry, Rs; and R, are as described above, with a
hindered base such as LDA, LDBEA or LTMP followed by
transmetallation with ZnCl, produces the enolate of
formula V where M is zinc. Reaction of this enolate
with nitroethylene affords the intermediate nitro
compounds of formula VI (X is NO,). Reduction of the
nitro compound can be effected by a number of protocols
which have been described in the literature (for a
summary see R.C. Larock, Comprehensive Organic
Transformation, VCH Publishers, Inc. 198%). Some of
these include metal reductions with reagents such as
FeCl; and SpCl,. Transfer hydrogenation methods have
also been reported to reduce nitro compounds.

Hydride reagents have alsc been reported to reduce
nitro groups, but a competing reaction which has been
observed is the reductio of the ketone as well.
Reduction with Raney nickel in an alccholic solution
under a hydrogen atmosphere produces the intermediate
amine of formula VI (X is NE,;) which immediately cyclizes
to the imine of formwula VII. Under the hydrogenation
conditions used to rrduce the nitro group, the cyclic
imine can be further reduced to the desired amine.
Alternmatively, the imine may also be isolated and then
reduced using a variety of reducing agents such as NaBH,,
NaBH;CN or LAH. The stereoselectivity of the reduction
may depend upon the reducing agent, stoichiometry of
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reagents and the reaction conditiens which are employed.
Temperature and scolvent effoacts are known to eifect the

stereoselectiviry of the reduction.

. ) R
R & Hs R‘ RB R e s x
ar o ’ or
Ry.Rs o Rs)Rs oM Rs):Rs o)
Iv v Vi
R R
Rs
er A
R™ °N Rsj:Ry N
H
<I VII

(wherein R;, R,, Rs and E; are as hereinbefore defined).
Ccther approaches which involve a suitably
substituted 4-aminoketone intermediate can also be used
to make the key pyrreoline intermediates which will then
afford the cis substituted pyrrolidines upon reduction.
a number of 2-aminoethyl

In place of the nitroethylene,
For

eguivalent alkylating agents can alsc be employed.

example, reaction of the enclate of formula V with a 2-

halo-acetonitrile will produce an intermediate
cyanoketone which can then be reduced to either the

pyrroline or pyrrolidine system. Other électrophiles

include various Z2-halo-aminoethyl derivatives with
protecting groups on the nitrogen which are capable of
withstanding the strongly basic reaction conditions
needed for the alkylation step. A Boc or Cbz protecting

group on the nitrogen may be compatible with these

reactions. For example, alkylation of the ketone of

formula IV with a suitably protected 2-aminocethyl halide

will generate an N-protected system of formula VI (X 15

a N-protected group). Removal of the protecting group
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results inn the spontaneous cyclization to the imigpe
which can then he reduced to the cyclic amine.
alternatively, an alkylating agent may be used which
will introduce a suitable leaving group (X is halide, p-
toluenesulfonate) which can then be displaced with an
An azide group, which can later be

can alsc be used in the place of a

amine eguivalent.
reduced rc an amine,

protected amine derivative.

METHOD C
A number of known literature methods can also be

used tu prepare different cyclic imines of formula VII
herein R,, R,, R; and R, are a3 described previocusly.
These can then be further elaborated before reduction Lo
the desired cis substituted amines. Far example, an
intramolecular alkylabing strategy utilizes the reaction
of an appropriate halonitrile of formula VIII (wherein X
represents a2 halogen atom, preferably a chlorine,
bromine or icd*ne atom) with a Grignaxrd reagent {(of the
tyce R, or RMgBr, wherein R, and R; are as hereinbefore
deflined) to geuerate 2-substituted pyrzelines (A.E.
Kemppanien, M.J. Thomas, P.J. Wagner J. Org. Chem.,

1376, 41, 1234). These pyrrcolines can be sslectively
functicnalized at the C-3 positicn through a metallation
and alkylaticon protccol to yield compounds of formula
VII {wherein R, and x; are as hereirbefore defin=d),
which may be reduced te yield pyrrolidine derivatives of
formula II as hereinbefore defined. This strategy
coTmplements Method A in that it allows the preparation
of C-3 substituted pyrrolines which are not amenable to

the previcusly described conditions.
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(wherein R;., R, R, and R; are as hereinbefore defined}

METHCD P
The acid catalyzed thermolysis of appropriately

substituted cyclopropyl nitriles has also been reported

to generate pyrrolines (R.V. Stevens, M.C. Ellis

Tetrahedron Lett., 1964, 5185). The appropriate
cyclepropylnitriles of formula XI can be easily prepared
from readily available

formula X (wherein R, and Ry are as defined in claim 1)
Reaction of

acetonitrile derivatives of

via alkylation with 1-bromo-2-chlorocethane.
the nitrile of formula XI with Grignard reagents,
results in the addition of the Grignard

as
described above,
to the nitrile moiety yielding compounds of formula VIEI.
These can bhe hydrolyzed to the imines which have been
shown to undergo acid catalyzed thermolysis to the

desired 2,2-disubstituted pyrrolines of formula II.

1l R R‘
§ - 4
ji RiR‘ CN RYRsMgBr ”‘j

RS 'RJ
XI K VII
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(wherein R;, R;, R and Rs are as hereinbefore defined).

METHOD E

The trans pyrrolidines can be obtained as minor
products in the hydride reductions discussed above.
Reaction conditions can also be modified to increase the
ratio of the trans adduct. However, in all cases the
cis isomer is still the major component of the reaction
mixture. These modifications include the use of higher
temperatures or more reactive hydride reagents in the
reduction step.

Alternatively, the trans pyrrolidines can be
prepared in a stereoselective manner using a number of
different literature approaches. Method E involves the
reaction of a 2-aza-allyl anion of formula XIII (wherein
R, and Rg are as hereinbefore defined) with an
appropriately substituted alkene derivative of formula
XII (where R; and Rs; are as hereinbefore defined) to
produce the desired pyrrolidine of formula II directly
(W.H. Pearson, D.P. Szura, M.J. Povitch J. Am. Chem.
Soc., 1992, 114, 1329). The desired 2-aza-allyl anion
may be generated by a number of methods. The direct
deprotcnation of an appropriately substituted Schiff
base has been reported to generate the desired anion.:
Conversely, a transmetallation reaction of a stannane to
the lithiated species has also been reported to generate
the desired aza-allyl anion. This intermediate can thén
e trapped with an appropriately substituted
dipolarephile to produce the desired pyrrolidine system.
The major product of this reaction is the desired 2,3-
disubstituted trans pyrrolidine isomer. These two
isomers are readily separable by column chromatography,
and can be purified at either the pyrrolidine stage or
after coupling with an appropriate 2-chlorobenzoxazole.
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{wherein R,, R,, Rs and R; are as hereinbefore defined).

METEQD F
Azomethine ylids, which are more reactive as well

as more stable than 2-aza-allyl anions, have also beeéen
reported to undergo reaction with activated olefins to
produce pyrrolidines (A. Padwa, W. Dent J. Org. Chem.,
1987, 52, 235). Method F involves the reaction of
appropriately substituted azomethine ylids of formula XV
(wherein R; and Ry are as hereinbefore defined),
generated using a number of literature protecols, with a
variety of styrenes and reactive olefins of formula XIV
(wherein R, and R are asg hereinbefore defined) to
generate pyrrolidine derivatives of fortmula XVI which on
cleavage of the N-R bond yields a mixture of 2,3 and 2,4
trans substituted pyrrolidines of formula II from which
the desired praoduct can be obtained by chrowmatographic

separation.
Ry
n‘/g n e
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(wherein R,, R,, R, and R, are as hereinbefore defined
and R is a hydrogen atom or a group reducible to such).

Thus, viewed from a further aspect the
invention provides preparation of the novel compounds
according to the invention, said process comprising at
least one of the following steps:

a) reaction of a 2-halobenzoxazole of formula III

R, N
‘ \>——-Hal (III)
R, ‘ 0

(wherein R. and R, are as defined in claim 1 and Hal
represents a halogen atom, preferably a chlerine atom)
with a pyrrolidine of formula II;

Rg HS

)k
HN\/‘ R (I1)

(whereir R,, R,, R, and R, are as hereinbefore defined)
in the presence of an acid scavenger;

b) performance of the reaction of step (a) using
reagents having functional groups protected by
protecting groups and subsequently removing said
protecting groups;

c) isolation of the reaction product;
d) separating isomers of compounds of formula I;
and

e) converting a compound of formula I to a salt

so 1 P CRTHS NP L.



thereof.

Viewed from a still further aspect the invention
provides preparation and isolation of compounds of
formula II:

R3 RS R,

Re
HN (II)

(wherein R;, Ry, R; and R; are as hereinbefore defined)
according to the methods described above.

The inhibition of leukotriene biosynthesis is
measured by determining whether and to what extent test
compounds can inhibit LTB, production from endogenous
arachidonic acid in human peripherai blood leukocytes.
To a 48-well tissue culture plate was added a solution
of the test compound followed by addition of human
polymorphonuclear leukocytes isolated from peripheral
blood at a demsity of 1.5 x 10° cells/well. Culture
plates were preincubated for approximately fifteen
minutes with shaking at about 28°C. Cells were
stimulated with calcium ionophore A23187 at a final
concentraticn of 2.5 uM for an additional 10 min. The
reaction was terminated by the addition of an EGTA
solution (10 mM final concentration) follewed by
centrifugation at 1500 rpm at about 10°C. Supernatants
were stored at about -70°C. LTB; levels weir~ determined
by RIA using a commercially avasilable kit. Nonlinear
regression analysis was used to calculate percentage of
inhibition values. The following table shows percent
inhibition of LTB, by compounds of this invention
(prepared analogously to the following Examples) at the
test concentration of one wmicromolar.
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In each of the compounds in the following table, the
substituents R,, R, and R, are hydrogen atoms.

26/16/94IB7956 NP, 1
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E——
No. Ry R, R, C/T MP $1uM
1 |s5-c1 rh Ph c 185-6 82
2 |s-cl 2Py 4FPH c 149-50 |80
3 5-1iPr Benzyl H OIL 76
4 s-Cl Benzyl H 7 OlLL 67
s |5-c1  |coMe H | 79-81 87
& 5-C1 SMeTh:i;enyl 3ClpPh c OIL 80
7 |s-ipr |Et Ph c OIL 83
8 |s-Meo |Et Ph c {orL 84
s {5-ibr |4BrPh Pr c OIL 100
-0 |5-Meo |4Brph Pr C oIL 87
11 |s-ipr |Ph H , ~ |o1L 59
1z |s-cl Ph R E: 143-3 |30
i3 5-iPr . sMeThienyl |3ClPh C OIL 63
14 [s-iPr |Ph Me T oIL 100
15 |s-ipr |Ph Me c 108-10 |89
;':J: 16 |s5-iPr |Ph Pr T OIL 78
" 17 |s-irx |Ph Pr c OIL 76
§:::“ 18 |s-cl ph CH,SCH, |T oIL 62
. 19 |s-cl Ph CH,SCH, |<¢ 140-2 a9
) 20 |s-ipr |Ph Et X 82-4 61
5"." 21 5-iPr | Ph | EL C OIL 74
e 22 |5-ipr |Ph Et c 87-8
.3;"‘ 23 [s-ci 2Py 4PPh T OIL 100
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———— e -

No. Ry R, R, C/T MP %1uM
24 |5-Me0 |2Py 4FPh c 49-51 45
25 |5-ipr |{Ph Ph T OIL 85
26 |s-iPr |Ph Ph C 153-5 67
27 |s-c1 ph Ph T FORM 81
28 |5-Cl Ph 3Py T 77-9 65
29 |s-cl Ph 3Py c 181-3 a8
10 |s-cl Ph (for Re 66-7 93

and Rg)

{ Ph, Me

31 |s-c1 Ph (for R, 133-5 80

and R}

Me, Ph
32 |s-cl (for %, and | 4FPh 80-2 30

R,)
2Py, Me

33 |s-cl CO,Me ph 166-8 15
34 |s-cl 2Py 4CF,Ph QIL 75
35 S-Cl 2Py {for R, OIL 48

and R;}

| 1, 5MeOPh

36 |5-cl 2Py Ph T OIL 100
37  |5-Me0 | zPy Ph T oIL 100
g |5-C1 2Py Naphthyl | T o1L 100
35 ‘S—Cl ) 2Thicphene 4FPh C 136-8 €9
40 5-Cl 2Thicprene | 4FPh T 129-31 €4




- 16 -

No. R, R, R, c/T . MP $1uM
a1 5-iPr 2Py 4FPh T 202-4 57
42 5-Cl 2Py cyclcochexyl |C 184-6 $7
33 5-CL abpy cyclohexyl |T 129-30 94
a4 5-Cl 2Py 3Clph c 151-2 84
as  [s-cl 2Dy 3¢C1Ph T RESIN 91
46 {for R, 2Py 4F-Ph T 54-56 s6
L and Ry}
5,6-diF

47 5-CF3 2py 4F-Ph T 199-201 |83
48 5-C1 ®h 4F-PhCH, c 164-166 |84
45 5-Cl Ph 4F-PhCH, T RESIN 87
50 5-Cl 4F-Ph | 2Py T RESIN 31
s1 5-C1 4F-Ph | 2Py C RESIN &7
s2 5-cl 3-Py | 4F-Ph c RESIN 4
53 5-Cl 3-Py |4F-Ph T RESIN 79

. ea 54 5-CF3 2Py cyclohexyl |C 1e0-161 |38

o 55 | S5-CF3 2Py cyclohexyl |T RESIN 75

Tefaet 56 5-C1 2Py 3Ph- T OIL 33

cree OBenzyl ‘

I 57 5-C1 2Py 2-N-Me- T olL 78

- . Pyrrole
58 5-Cl 2Py 2-Furan T OIL 100

el 59 5-C1 2Py 4-Me- T OIL 34

:»:- thiazole

-~b [ ]

OO 60 5-C1 ph SPh T oIL 100 |

a a0

e

T,--‘

@

N )

s, S O |

= by

v s

Qo ox




E—NAT- R, R, ;?=~ c/T 4*=§; $1luM
61 |s-cl 2by aMeOPh | T oIL 81
| 62 |s-c 2Py 2MePh T oIL 83
63 |s-c1 “|apy 3-Me- T OIL o1
Thiazole
€a |s5-Cl 2Py 4MePh T - |ReESIN 98
65 |5-Cl 2Py (for R, |T I rESIN 87
and R}
3,4-
diFPh
66 |[s-cl 2Py 3-F-Ph T RESIN 89
i &7 fs-a 2Py 4-Eto-Ph | T RESIN | 78
68 |s-Cl 2Py 3-MeOPh | T RESIN 81
69 [s-c1 apy 2-MeOPh | T RESIN 82
70 |s5-c1 Ph 3-NO,-Ph | T o1T, 76

Thus, viewed from a further aspect, the inventicn
provides a pharmaceutical composition comprising a
compound of formula I or a physioclogically acceptable
salt thereof together with at least one physioclogically
acceptable carrier or diluent.

Viewed from a still further aspect the present
invention provides a method of treatment of the human or
non-human animal body to combat diseases mediated by
leukortriene biosynthesis, said method comprising
administering to said body a compound of formula I as
disclosed above or a physiclogically acceptable salt
thereof. Additionally, the present invention provides a
method of treatment of the human or non-human animal
body to combat asthma, rheumatoid arthritis,
inflammatory bowel disease and psoriasis.

Viewed froem a yeb still further aspect the present
invention provides the use of a compound of formula I as
disclosed above cor a physioclogically acceptable salt
thereof for the manufacture of a therapeutic¢ agent for
combatting diseases mediated by leukotriene biosynthesis




. =0
L]

¢ ee
L 3 -

« &9

-
e
EL 2

.8
* seee
L 3

L4
*® Beed
L4

-
ease
[ res
caen
¢« e 8
(4]

L3

(X X 11
(2213

.
*eovEe
[ 2 -

* & -
s
¥ L)

L3N]
L] (14

- 18 -

including such diseases as asthma, rheumatoid arthritis,

inflammatory bowel disease and psoriasis.
This invention will now be disclosed with reference

to the following non-limiting Examples:

A flame-dried 2L three-necked round bottomed flask
was charged with finely divided magnesium (13.44q,
0.55M) . A sclution of 4-fluorobenzyl chloride (8Qg,
0.55M) in 400 mL ether was added to the reaction flask
over 45 minutes at a rate to maintain a gentle reflux.
The resulting dark grey reaction mixture was heated at
reflux for an additional 24 hours. A solution of 2-
cyanopyridine (57.6g, 0.55M) in 400 mL ether was then
added over 15 minutes toc the reaction mixture at a rate
to maintain a steady reflux and the resulting green
colored mixture was heated at reflux for an additional
24 hours. The reaction mixture was cooled to room
temperature, quenched by the addition of 800 wL
methanol, and then carefully acidified to pH 2 with
concentrated HCl. After stirring for 1 hour, the
reaction mixture was extracted with two 500 mL portions
of ethyl acetate. The aqueous portion was then made
alkaline with 40% aqueous KOH solution, washed with
three 500 mL portions of ethyl acetate, and the combined
organic phase was washed with 250 mL saturated sodium
chloride solution, dried over wmagnesium sulfate,
filtered, and concentrated to obtain a brown residue
which was recrystallized from petroleum ether to obtain
52.47g (44%) of the desired 2-(3-(4-fluorophenyl)-2-
oxo) -pyridine as a yellow solid. mp 55°C.

To a solution of diiscopropylamine (35.8 ml, 0.26 M)
in 50 ml, THF cooled to -78°C was added to a solution of
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n-BuLi (162.2 mL, 2.5 M in hexane, 0.26 M} and the
resulting clear colorless solution was allowed to stir
at that temperature for 15 min. To this solution was
then added a solution of the above ketone (50 g, 0.23 M)
in 250 mk THF and the yellow solntion was allowed to
stir at -78°C for 1 hour. A solution of ZnCl, (465 L,
6.5 M in THF, 0.23 M) was then added dropwise to the
dark yellow solution followed by warming of the reaction
mixture to 0°C. The resulting pale yellow solution was
then cooled to -78°C, freshly distilled nitroethylene
(18.67 g, 0.23 M) was added dropwise, and the reaction
was allowed to warm to -10°C over 36 hours. A 30 mbL
portion of saturated ammonium chlnride solution was
added to the reaction followed by the addition of 500 mL
ethyl acetate. The organic phase was washed with 200 wmbL
portions of water and saturated sodium chloride
solution, dried over magnesium sulfate, filtered, and
concentrated to a brown solid which was chromatographed
on silica gel with methylene chloride to obtain 20 g
(30%) of the desired 2-(3-(4-flucrophenyl)-3-{2~
nitroethyl)-2-oxoj-pyridine as a yellow oil.

This material (20 g, 0.07 M) was dissolved in 600
mL: ethanol and transferred to a Parr bottle to which was
added 10 g Raney nickel. The resulting slurry was
shaken under a hydrogen atmosphere (50 psi) for 27 h,
filtered through a pad of Celite, and concentrated to
afford a pale yellow oil which was then chromatographed
on silica gel with methylene chloride to obtain 9.6 g
(58%) of the desired A!-3-({4-fluorophenyl)-2-(2-
pyridyl) -pyrroline as a pale yellow oil.

The crude pyrroline (6 g, 0.025 M) was dissolved in
100 mL wmethanol and cooled to 0°C. Sodium
cyanoborohydride (1.57 g, 0.025 M} was added to the
solution and then the reaction mixture was adjusted to
pH 3 with aqueous 2N HCl sclution and maintained at that
level for 1 hour. The resulting yellow solution was
neutralized with agueous 1N sodium hydroxide solution
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and extracted with 250 mL ethyl acetate. The organic
layer was washed with 100 mL portions of water and
saturated sodium chloride solv’:ion, dried over magnesium
sulfate, filtered, and concentrated to obtain 5.9 g
{(100%) of the desired (3-{4-fluorophenyl}-2{(2-pyridyl) -
pyrrolidone which was used immediately in the ensuing
reaction.

The crude pyrrolidine (5.9 g, 0.025 M) was
dissolved in 100 wk 1,4-dioxane containing N,N-
diisopropylethylamine (4.35mL, 0.025 M). Then 2,5-
dichlorobenbenzoxazole (4.7 g, 0.025 M) was added and
the resulting yellow solution was heated at reflux for 2
hours, cooled to room temperature and diluted with 250
mL. ethyl acetate. The reaction mixture was washed with
200 ml portions of water and saturated sodium chloride
solution, dried over magnesium sulfate, filtered and
concentrated to cobtain a yellow oil. Chromatography on
silica gel with methylene chloride-methanol resulted in
4.6 g (47%} of the desired cis - +/--5-chloro-3-(4-
fluorophenyl) -2~ (2-pyridyl-pyrrolidin-1-yl) -
benzoaxazole, mp 149-150°C.

To a solution of phenylmagnesium bromide (16.9 mL,
3 M in ether, 50.7 wM) in 100 mL ether was added over 45
min a solution of 4-chlorcbutyronitrile (5 g, 48.3 mM)
in 100 wmL ether. The resulting white slurry was then
heated at reflux for 5 hours, 200 mL xylene were added
to the reaction mixture, and the ether was removed by
distillation. The resulting reaction mixture was then
heated at 130°C for 3 hours and the tan colored slurry
was cooled to room temperature and washed with a 100 mL
portion of saturated ammonium chloride solution. The
aqueous phase was washed with 200 wmlL ethyl acetate, and
the combined organic phase was then washed with 100 mL
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portions of saturated sodium bicarbonate solution and
saturated sodium chlcride solution, dried over magnesium
sulfate, filtered, and cc... 2ntrated to obtain a2 vellow
01l which was then distilled at 80-82°C at 1 mm Hg to
obtain 4.97 g (71%) of the A!'-2-phenyl-pyrroline.

A solution of lithium diisopropylamide was prepared
by the addition of a solution of nBuli (1.52 mkL, 2.5 M
in hexane, 3.8 mM) to a solution of diisopropylamine
(0.53 mL,, 3.8 mM) in 12 wmL THF which was cooled to
~-78°C. Te¢ this solution was added a solution of the
above mentioned pyrroline (0.5 g, 3.4 mM; in 3 mL THF
and the resulting yellow solution was allowed to stir at
-78°C for one hour. The reaction mixture was warmed to
0°C and then reccoled to -78°C. Ethyl iodide (0.5 mlL,
6.25 mM) was added to the reaction mixture which was
then allowed to warm to room temperature over one hour.
The addition of 1 mL of a saturated ammonium chloride
solution was followed by the agddition of 50 mL ethyl
acetate. The organic layer was sequentially washed with
25 mL water and saturated sodium chloride solution,
dried over magnesium sulfate, filtered and concentrated
to a dark yellow oil which was then ghromatographed on
silica gel with methylen#& chloride and methanol to
obtain 0.374 g (58%) of the desired A'-3-ethyl-2-phenyl-

To a solution of 3 pyridyl-1,1l-cyclopropylnitrile
(1.5g, 10.4 mM) in 50 mL ether was added a solution of
phenylmagnesium bromide (4.2 mL, 3 M in ether, 13 mM}
and the resulting dark red slurry was allowed to heat
at reflux for 3 hours. After cooling the reaction
mixture to room temperature, sodium sulfate decahydrate
(9.4 g, 29.1 mM) was added and the reaction mixture was
stirred for one hour. The solids were filtered, washed
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with ether, and the combined crganic phase was

concentrated to obtain 2.47 g of a yellow oil which was

then dissolved in S0 mlL toluene. A small amount of

ethereal HCl was added, and the reaction mixture was

then heared to reflux for 2 hours. After allowing the

reaction wmixture to cool to
washed with 100 @l pcrtions of saturated sodium
saturated scdium chloride

room temperature, it was

bicarbonate solutiocn,
dried over magnesium sultate, filtered, and

sclution,
concentrated to a yellow oil. Column chromatography on

silica gel with ethyl acetate and hexane afforcded 1.68 g

{(73%)} cf a white solid.

A thick wall pressure bottle was charged with 40 =L
of 40% agueous methylamire solution and 2-pyridine
carboxaldehyde (22.5 g, (.21 M) in 50 mL methkanol. The

bottle was sealed and the reaction mixture was stirred

at room temperature for 17 hours. The corange colored

sclution was concentrated, the resulting oil was
disscolved in 100 mbL ethyl acetate, dried over magnesium
sulfate, filteresd and concentrated to prcduce 21.1 g
{83%) of yellow oil.

A solution of diisopropylamine (25.2 mk, ¢.18 M} in
100 ml THF was cocled to -78°C, nBuLi (2.5 M ia hexane,
72 mL, 0.18 M) was added dropwise, and the resulting
soluticn was stirred for 15 wminutes. A solution of the
Schiff base (19.67 g, 0.16 M)} in 400 ml THF was added
dropwise to the reaction mixtv - at -78°C, and the dark
red solution was stirred at that temperature for 1 hour.

A solution of 4-F-styrene (20 g, 0.16 M} in 100 mL
THF was added over 15 min to the reaction and then
allowed to warm to 25°C over 3 hours. The reaction
mixture was quenched by the addition of 25 mk of a
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saturated ammonium chleride solution and then diluted
with 500 mL of ethyl acetate. The organic layer was
separated, washed with 100 mL portion of water and
saturated sodium chloride solution, dried over magnesium
sulfate, filtered and concentrated to obtain 43.53 g of
a yellow oil which was then chromatographed on silica
gel with methylene chloride-methanol-ammoniumhydroxide
to obtain 21.23 g (54%) of the desired trans-2-(2-
pyridyl) -3-(4-fluorophenyl) -pyrrolidine.

A solution of the pyrrolidine (14.2 g, 0.059 M),
2,5-dichlorobenzoxazole (11 g, 0.059 M), and N,N-
diisopropylethylamine (10.2 mL, 0.059 M) in 300 mL 1,4-
dioxane was heated to reflux and stirred at that
temperature for one kour. The resulting dark brown
solution was cooled to room temperature, diluted with
400 mL ethyl acetate and the organic phase was washed
with 100 mL portions of water and saturated sodium
chlcride solution, dried over magnesium sulfate,
filtered, and concentrated to obtain 27 g of a yellow
0il. The oil was chromatographed on silica gel with
methylene chloride-methanol to obtain 19.5 g (85%) of
the desired product as a viscous yellow oil which was
dissolved in 100 mL ether and then 100 mL of a HCl
saturated ethereal solution was added resulting in the
formation of a white precipitate. The solid was
filtered, washed with ether and recrystallized from
ethanol-petroleum ether to obtain 17.5 g of the desired
product as the dihydrochloride salt. The mother liquor
afforded an additional 3.75 g of the product upon
concentration and recrystallization for a combined yield
of 21.25 g (92%), mp 160-2°C.
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* The claims defining the invention are as follows:-

1. A compound of formula I
R
R3 S Rq
R, N R
\>__N 6 (1)
Ry o

(wherein R; and R,, which may be identical or different,
each represents a hydrogen atom, a C; ¢-alkyl,
trihalomethyl, C; g-cycloalkyl, halogen, nitrile,
C,.¢~alkoxy, -CO,R;, (where R, is B or (C,_¢-alkyl), -
C(O)NRgR; (where Ry and Ry independently are H,
Ci-3-alkyl, or methoxy), -NO,, -NR;¢R;; (where R,, and R,,
independently are H, or C, ,-alkyl), -SO,-phenyl-CH,,
-C(O}R,, (where R;; is C, ¢-alkyl); R, is C,.¢-alkyl,
C;.¢-cyclealkyl, a phenyl ring optionally substituted by
halogen, C;j;-alkoxy, or C; 4~alkyl, -NR;;R,, (‘there R,; and
R;4 indepéndently are C; ;-alkyl), a five or six membered
heteraromatic ring with one, two, or three heterocatoms
selected from nitrogen, oxyden, and sulphur; R, is
Cy-s-alkyl, C;.¢-cycloalkyl, a phenyl ring optionally
substituted by halogen, C,. j;-alkoxy, or C,_,-alkyl; Ry is
hydrogen or C,_ 4-alkyl; and Ry is C,.;-alkyl or hydrogen
and isomers, isomer mixtures and salts thereof.

2. A compound of formula I as claimed in claim 1
wherein

R; represents a halogen atom or a C; ;-alkyl or
trihalomethyl group;
R; represents a hydrogen atom;
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R; represents a 2-, 3- or 4-pyridyl group;
R, represents a cyclohexyl or 4-fluorophenyl grcoup; and

Rs and R¢ are hydrogen atoms;
or an isomer, isomer mixture or salt thereof.

3. A compound of formula I as claimed in claim 1
wherein R, represents a halogen atom, R; represents a 2-
pyridyl group, and R, represents a 4-fluorophenyl, 4-
methoxyphenyl, 4-methylphenyl, 3-fluorophenyl, 4-
chlorophenyl, 3-chlorophenyl, 3-methoxyphenyl or 3-
methylphenyl group, or an isomer, isomer mixture or salt

thereof.

4. A compound of formula I as claimed in claim 3
wherein R, is 4-fluorophenyl, or an isomer, isomer
mixture or salt thereof.

5. A compound of formula I as claimed in any one of
claims 1 to 4 wherein R, is a chlorine atom, or an
igomer, isomer mixture or salt thereof.

6. The following compounds according to claim 1:

5-chloro- [3- (4-fluorophenyl) -2- (2-pyridyl) -pyrrolidin-1-
y1l] -benzoxazole,

5-methyl- [3- (4-fluorophenyl) -2- (2-pyridyl) -pyrrolidin-1-
y1l] -benzoxazole,

5-perfluoromethyl- [3- (4-fluorophenyl) -2- (2-pyridyl) -
pyrrolidin-l-yl] -benzoxazole,

§-isopropyl- [3- (4-fluorophenyl) -2~ (2-pyridyl) -
pyrrolidin-1l-yl] -benzoxazole,
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5-chloro- [3- (4-methoxyphenyl) -2- (2-pyridyl) -pyrrolidin-

1-yl] -benzoxazole,

5-chloro- [3- (4-methylphenyl) -2- (2-pyridyl) -pyrrolidin-1-
v1l] -benzoxazole,

5-chloro- [3- (3-fluorophenyl) -2- (2-pyridyl) -pyrrolidin-1-
y1l] -benzoxazole,

5-chloro- [3- (4-chlorophenyl) -2- (2-pyridyl) -pyrrolidin-1-
y1l] -benzoxazole,

5-chloro- [3- (3-chlorophenyl) -2~ (2-pyridyl) -pyrrolidin-1-

v1l] -benzoxazole,

5-chloro- [3- (3-methoxyphenyl) -2~ (2-pyridyl) -pyrrolidin-
1-yl] -benzoxazocle,

5-chloro- [3-(3-methylphenyl) -2- (2-pyridyl) -pyrrolidin-1-~
yl] -benzoxazole,

5-isopropyl- [3- (4~-methoxyphenyl) -2- (2-pyridyl) -
pyrrolidin-1l-yl] -benzoxazole,

5-isopropyl- [3- (4-methylphenyl) -2- {2-pyridyl) -
pyrrolidin-1l-yl] -benzoxazole,

<-methyl- {3- (4-methoxyphenyl) -2- (2-pyridyl) -pyrrolidin-
1l-yl] -benzoxazole,

5-methyl- [3-(4-methylphenyl) -2- (2-pyridyl) -pyrreolidin-1-
y1l] -benzoxazocle, and

the isomers, isomer mixtures and physiologically
acceptable salts thereof.
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7. A compound of formula I as claimed in any one of
claims 1 to 6 wherein the R; and R, substituents are in
the trans configuration, or an isomer, isomer mixture or
salt thereof.

8. A process for the preparation of compounds as
claimed in any one of claims 1 to 7, said process

comprising at least one of the following steps:

a) reaction of a 2-halobenzoxazole of formula III

R1 , 7 N
\>__Ha1 (II1)
R, o

(wherein R; and R, are as defined in claim 1 and Hal
represents a halogen atom)

with a pyrrolidine of formula II;

Re (I1)
HN

(wherein R;, R,, R; and R, are as defined in claim 1) in
the presence of an acid scavenger;

b) performance of the reaction of step (a) using
reagents having functional groups protected by
protecting groups and subsequently removing said
protecting groups;

c) isolation of the reaction product;
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separating isomers of compounds of formula I; and

a)

e) sonverting a compound of formula I to a salt

thereof.

9. A process for the preparation of cis-disubstituted
said

pyrre’idines of formula II as defined in claim 8,
process comprising the following steps:

a) lithiation of a ketone cf formula IV

Rg

Ry
b
2 (o}

a{n

{wherain R;, R,, Rgy and R, are as defined in clai.a 1}
with a2 hindered base such as LDA, LDEA or LTMP;

b) transmetallation with 2nCl, to produce the enoclate

of formula V

* :..:
o:c. ‘R‘ Rﬂ
o f (V)
[ d .-'. ar
- RS lRJ OM
..".
*e wherein M is zinc;
(Y73
ssae
b
e c}) reaction of the enclate of formula V with
‘eut nitrcsthylene to produce the intermediate nitro compound

of fcrmula VI




R,
Rq ‘ X
- (VI}
Rsl;R: "0
wherein X is NO,;
d) reduction of the nitro compound to produce the
corresponding amine of formula VI
Ry
Re X
(vI)
o
m%R; o
(wherein X is NH,;) which immediately cyclizes to the
imine of formula VII;
R
Ra |
(VII)
oF A
Rﬂfﬁ N

e) reduction of the imine gof the formula VII to the

pyrrolidine of formula I%¥; and

£) isolation of the reaction product.

10. A process according to claim 9, said process

comprising the following steps:
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a) reaction of a halonitrile of formula VIII

. x/\/\CN (VITI)

{(wherein X represent a chlorine, bromine or iodine atom)

with a Grignard reagent of the type
o
Ry} RsMgBT
wherein R, and Rg are as defined in claim 1;

b) metallation and alkylation at C-3 to yield a
pyrrolidine derivative of formula VII

R
R |
(VII)

Rsza; Sn

wherein R, and Ry are as defined in claim 1;

reduction of the resulting C-3-gubstituted

c}
pyrroline to the pyrreolidine derivative of formula II;
and

d} isclation of the reaction product.

11. A process according to claim 9, said process

comprising the following steps:

a) alkylation of an acetonitrile derivative of formula
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Re

Ri)\cu ()

(wherein R, and R¢ are as defined in claim 1}
with l-bromo-2-chlorcethane teo yield a cyclopropyl

nitrile of formula XI;

a?”
RyRy CN (XI)

reaction of a nitrile of Formula XI with a Grignard

b)
reagent of formula
or
E."u‘ R;ﬁ RgMgBr
:.8...
.E.‘ wherein R; and R are as defined in claim 1;
;;:g.‘
T e c} reduction of the resulting pyrreline of formula
v.‘GO VI I '.
*ees Re
ceee R¢
M (VII}
‘00.
.Q.' . - \
RitFF: N
:5;:
. and
L 3
d) isolation of the resulting pyrrolidine ef formula

IX.




12. A& process for the preparation of trans-
disubstituted pyrrolidines of formula II as defined in
claim 8, said process comprising the following steps:

a) reaction of a substituted alkene derivative of

formula XII
Ry
(XI1}

n

(wherein R, and R¢ are as defined in c<laim 1}

with 3 2-aza-akikylanion of farmula XIIX

NS o XITI
\\7‘//\\93155 { }

(wherein R, and Rg are as defined in claim 1} to produce

the pyrrelidine of formula II;

. o -
b L 4
.Q Q: angd
" "o
.:.. + .~ o .
. b} isolation of the reaction product.
"OC.
:g.. 313. A process according to claim 12, said process
comprising the following steps:
;‘.QO
oL al reaction of a substituted alkene derivative of
LR
r:' formula XIV
:..:
Re
e g =
i ‘ 3
.. - X
=, R,
r

{wherein R, and R¢ are as defined irn claim 1)
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with an azomethine derivative 2f formula XV

- \+ a”
N "';\R,,,E-ls (XV)
’

{wherein R, and Rs are as defined imn claim 1) to yield a

pyrrolidine derivative of formula XVI;

Ry
Ry
(XVI})

or
Hshaa i
R

b} cleaving the N-R-bond; and

c} isclation of the reaction preoduct.

14. A pharmaceutical composition comprising a compound
of formula I as defined in any cne of claims 1 to 7 or a
physiclogically acceptable salt thereof together with at

least one physiologically acceptable carrier oxr diluent.

15. A method of treatment of the human or non-human

animal body to combat diseases mediated by leukotriene
biaosynthesis, said method comprising administering to
said body a compound of formula I as defined in any cne

of claims 1 to 7 or a physiclogically acceptable salt

thereof.

A method as claimed in claim 15 to combat asthma,

16.
inflammatory bowel disease and

rheumatcid arthritis,

psoriasis.
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17. A compound of formula I as defined in any one of
claims 1 to 7 as herein disclosed in any one of the

Examples.

DATED this 19th day of  August, 1997.

BOEHRINGER INGELHEIM PHARMACEUTICALS, INC
By Their Patent Attorneys:
CALLINAN LAWRIE

J‘ 'a,im\ag . %‘lstm’»\}\m» .
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Abstract
p lidi; jerivati

The invention relates to novel 2-(l-pyrreolidino)-
benzoxazoles of formula I

R
83584

N
\>—N e ()
o)

R¢

Rz

wherein R, to R, are as defined in claim 1, their
manufacture and use as inhibitors of leukotriene
biosynthesis.
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