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Frederick Cassidy
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'Cata', Old icuse Lane, Roydon, Essex CM19 5DJ, England;
107 Rundells, larlow, Essex CM18 7HD, England; and
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p.l.c., the applicant would, if a patent were granted upcn an application
made by the said actual inventor(s), be entitled to have the patent
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Great Britain Patent Appln. No. 8514538 filed on 8th June 1985
Great Britain Patent Appln. No. 8527713 filed on 9th November 1985

4,  The basic application(s) refej:'red to in the paragraph 3 of this
Declaration wessiwere the first application(s) made in a Convention country
in respect of the invention the subject of the application.
Declared at Brentford, Middlesex, En land

this lst day of - 'May 1986
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R. Snlther, as Attorney for and on behalf of
the said Beecham Giyoup p.l.c.
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CuaIm
1. A compound of formula (I) or a pharmaceutically

acceptable salt therant:

(1)

wherein:
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one of R} and Ry is hydrogen or Cj_4 alkyl and the
other is Cj.g4 alkyl or R} and Ry together are Cj.g
polymethylene;

either R3 is hydrogen, hydroxy, Cj-g alkoxy or
C1-7 acyloxy and Ry is hydrogen or Rj3 and Ryq together

are a bond;

Rz is hydrogen; C).g alkyl optionally substituted by up
%o three halo atoms, by hydroxy, Cl_é alkoxy, Ci-g
alkoxycarbonyl, carboxy or amino optionally substituted
by one or two independent Cj_g alkyl groups or
disubstituted by Cs_s5 polymethylene; Cp..g alkenyl;
amino optionally substituted by a Cj_g alkyl or Cj_g
alkenyl group or by a Cj.g alkanoyl group optionally
substituted oy up to three halo atoms, by a phenyl
group optionally substituted by Cyj_g alkyl, Cl-g alkoxy
or halogen; or aryl or hetevoaryl, either being

optionally substituted by one or more groups or atomns

selected from the class of Cj_g alkyl, C)-g alkoxy,
hydroxy, halogen, trifluoromethyl, nitro, cyano, C1-12
carboxylic acyl, or amino @r aminocarboanyl optionally
substituted by one or two Cl-g alkyl groups; or (when X
is 0), Rs is selected from the class of carboxy, Cl-g
alkoxycarbonyl, or aminocarbonyl optionally substituted
py one or two Cj-g alkyl groups; and :

Rg is hydrogen or Ci-g alkyl; or

Rs and Re together are =~CH2-(CH2)pn=Z-(CH2)p~ wherein m
and n are 0 to 2 such that m + n is 1 or 2 and Z is
CHz, O, S or MR wherein R is hydrogen, Cl-9 alkyl, C2-7
alkanoyl, phenyl Ci-4-alkyl, naphthylcarbonyl,
phenylcarbonyl or benzyl-carbonyl optionally
substituted in the phenyl or naphthyl ring by one or
two of Cj.g alkyl, Cl-g alkoxy or halogen; or R is
heteroarylcarbonyl;
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X is oxygen or sulphur; or

R5, Re,s X and N together arm tetrahydroisoguinolinone
or tetrahydroisoquinolin-thione optionally substituted

in the phenyl ring as defined for R above;

the nitrogen-containing group in the 4-position being
trans to the R3 group when R3 is nydroxy, Cl-g alkoxy

or C1-7 asyloxy.

11. A pharmaceutical composition comprising a compound
according to any one of claims 1 to 7 or a pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable

carrier.

12. A method of treatment and/or prophylaxis of disorders
associated with the respiratory system by the administration
of an effec%ive amount of a compound according to any one of
claims 1 to 8 to a patient in need of sgch treatment or

prophylaxis,
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The present invention relates to govel pyranopyridines
having pharmacological activity, to a process and
intermediates for preparing them, to pharmaceutical
composii ions containing them, and to their use in the

treatment of mammals.

European Patent Publications 76075, 91748, 93535,
95316, 107423, 120426, 120427, 126311 and 126367
disclose classes of compounds that are described as
having blood pressure lowering activity or
anti-hypertensive activity.

A structurally distinct class of compounds has now been
discovered which are pyranopyridines substituted in the
4~position by a cyclic or acyclic amide, the nitrogen
atom of the amide moiety being bonded directly to the
carbon atom in the 4-position. Such pyranopyridines
have been found to have blood pressure lowering
activity, useful in the treatment of hypertension. In
addition, these compounds are believed to be Kt channel
activators which-indicates that they are of potential
use in the treatment of disorders associated with
smooth muscle contraction of the gastro-intestinal
tract, respiratory system, uterus or urinary tract.
Such disorders include peptic ulcers, irritable bowel
syndrome and diverticular disease, reversible airways
obstruction and asthma; premature labour; and
incontinence. They are also indicated as of potential
use in the treatment of cardiovascular disorders other
than hypertension, such as congestive heart failure,
angina, peripheral vascular disease and cerebral

vascular disease,
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Accordingly, the present invention provides a compound
of formula (I) or a pharmaceutically acceptable salt
thereof:

wherein:

one of R} and Rgp is hydrogen or Cj.4 alkyl and the
other is Cj-4 alkyl or Ry and Ry together are Co-5
polymethylene;

either Ry is hydrogen, hydroxy Ci-g alkoxy or
Ci1.7 acyloxy and. R4 is hydrogen or R3 and Ry together

are a bond;

Rg 1is hYdregen; Ci1-6 alkyl optionally substituted by

up to three halo atoms, by hydroxy, Cj.g alkoxy, Cj_-g
alkoxycarbbnYl, carboxy or amiro optionally substitutec!
by one or two independent Cj_g alkyl groups or
disubstituted‘by C4q-5 polymethylene; Cy.g alkenyl;
amino optionally substituted by a Cj.g alkyl or Ci-6
alkényi group or by a Ci_g alkaﬁoyl group optionally
substituted by up to three halo atoms, by a‘phenYl |
group optlonally subutltuted by Ci1-g alkyl, Ci.o alkoxy
or halogen; ‘or aryl or heterocaryl, elther being

optionally substituted by one or more groups cr atoms

selected from the class of Cj-g alkyl, Cj.g alkoxy,

‘hydroxy, halogen, trifluoromethyl, nitro, cyano, Cj-12
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carboxylic acyl, or amino or aminocarbonyl optionally
substituted Yy one or two C1-g alkyl groups:; or (when X
is 0), Rg is selected from the class of carboxy, Cl-g
alkoxycarbonyl, or aminocarbonyl optionally substituted

by one or two Cj_g alkyl groups; and
Rg is hydrogen or Cj-g alkyl; or

Rg and Rg together are -CH2-(CH2)pn-2-(CH2)m~ wherein m
and n are 0 to 2 such that m +# n is 1 or 2 and 2 is
CHp, 0, S or NR wherein R is hydrogen, Cj-g alkyl, C2-7
alkanoyl, phenyl Ci-4-alkyl, naphthylcarbonyl,
phenylcarbonyl or benzyl-carbonyl optionally
substituted in the phenyl or naphthyl ring hy one or
two of Cy.g alkyl, Cil-s alkoxy or halogen; or R is
heteroarylcarbonyl;

X is oxygen or sulphur; or

R5, Rg. X and N together are tetrahydroisogquinolinone
or tetrahydroisoquinolin-thione optionally substituted

in the phenyl ring as defined for R above;

the nitrogen-containing group in the 4-position being
trans to the R3 group when R3 is hydroxy, Cl-¢ alkoxy
or C1-7 acyloxy.

Preferably, Rl and R2 are both Cl-4 alkyl, in
particular both methyl.

When R3 is Cj.g alkoxy and R4 is hydrogen, preferred
examples of R3 include methoxy and ethoxy, of which
methoxy is more preferred. When R3 is Cj-7 acyloxy and
R4 is hydrogen, a preferred class of R3 is
unsubstituted carboxylic acyloxy, such as unsubstituted
aliphatic acyloxy. However, it is more¢ preferred that
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R3 and Rgq together are a bond, or that R3 and Rgq are
both hydrogen, or, in particular, that R3 is hydroxy
and Ry is hydrogen.

Examples of Ry, when Cj_g alkyl, include methyl, ethyl
and n- and iso-propyl. Preferably such Rs is methyl.

A sub-group of Rs, when Cj.g alkyl substituted by
halogen is Cj._g alkyl substituted by fluoro, chloro or
bromo. Examples thereof include methyl or esthyl
terminally substituted by one, two or three fluoro,

chloro or bromo.

Examples of Rg, when Cj_g alkyl substituted by hydroxy,
include methyl or ethyl terminally substituted by
hydroxy.

A sub-group of Rs, when Cj.g alkyl substituted by Ci-g
alkoxy is Cj.g alkyl substituted by methoxy or ethoxy.
Examples thereof include methyl or ethyl terminally
substituted by methoxy or ethoxy.

A sub-group of Rg, when Cj_.g alkyl substituted by
Ci-¢g alkoxycarbonyl is Cj_g alkyl substituted by
methoxycarbonyl or ethoxycarbonyl. Examples thereof
include methyl or ethyl terminally subscituted by
methoxycarbonyl or ethoxycarbonyl.

Examples of Rg, when Cj_g alkyl substi't-uted by carboxy
include methyl or ethyl terminally substituted by
carboxy.

Examples of Rg when alkyl substituted by amino
optionally substituted by one or two independent Cj_g
alkyl groups include a group (CHz)qNRgRjp where n is 1
to 6, and Rg and Rjg are ¢ach independently hydrogen or
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Ci1-6 alkyl or together are C4 or C5 polymethylene.
Examples of n include 1 and 2, in particular 1.
Preferably Rg and Ryg are each independently selected
from hydrogen and methyl.

Examples of Rs, when Cy.¢g alkenyl include vinyl,
prop-l-enyl, prop-2-enyl, l-methylvinyl, but-l-enyl,
but-2-enyl, but-3-enyl, l-methylenepropyl, or
l-methylprop-2-enyl,; in both their E and Z forms where

stereoisomerism exists.

Examples of Rg when amino optionally substituted as
hereinbefore defined include an amino optionally
substituted by a methyl, ethyl, propyl, butyl, allyl or
trichloroacetyl group or by a phenyl dgroup optionally
substituted by one methyl, methoxy or chloro group or
atom, in particular amino, methylamino, and phenylamino
optionally substituted in the phenyl ring by one

methyl, methoxXy or chloro group or atom.

Examples of Rg when aryl include phenyl and ::aphthyl,
of which phenyl is preferred.

A sub-group of Rg heteroaryl or heteroaryl for an R
moiety in %, is 5- or 6-membered monocyc¢lic or 9- or
l0-membered bicyclic heterocaryl of which 5- or
6-membered monocyclic heteroaryl is preferred. 1In
addition, 5- or 6-membered monocyclic or 9- or
l0-membered bicyclic hetercaryl preferably contains
one, two or three hetercatoms which are selected from
the class of oxygen, nitrogen and sulphur and which, in
the case of there being more than one heteroatam, are

the same or different.
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Examples of 5- or 6-membered monocyclic heteroaryl
containing one, two or three heteroatoms which are
selected from the class of oxygen, nitrogen and sulphur
include furyl, thienyl, pyrryl, oxazolyl, thiazolyl,
imidazolyl and thiadiazolyl, and pyridyl, pyridazyl,
pyrimidyl, pyrazyl and triazyl. Preferred examples of
such groups include furanyl, thienyl, pyrryl and
pyridyl, in particular 2- and 3-furyl, 2- and 3-pyrryl,
2- and 3-thienyl, and 2~, 3- and 4-pyridyl.

Examples of 9~ or lO0-membered kicvelic heterocaryl
containing one, two or three heteroatoms which are
selected from the class of oxyygen, niitrcgen and sulphur
irclude benzofuranyl, benzothienyl, indolyl and
indazolyl, quinolyl and isoquinolyl, and gquinazonyl.
Preferred examples of such groups include 2- and
3-benzofuryl, 2- and 3-benzothienyl, and 2- and
3-indolyl, and 2- and 3-quinolyl.

Preferably, the number of groups or atoms for optional
substitution of aryl or heteroaryl is one, two, three

or four,

Preferred examples of this groups or atoms for optional
substiution of aryl or heteroaryl include methyl,
methoxy, hydroxy, chlor¢, fluoro, nitro or cyano, most
preferably fluoro.

A sub-group of Rg ig phenyl or naphthyl or a 5- or
6-membered monocyclic or a 9- or lO-membered bicyclic
heteroaryl, the phenyl, naphthyl or heteroaryl group
being optiwnally substituted by one, two, three or four
groups or atoms selected from the class of Cj.g alkyl,
Ci-6 alkoxy, halogen, trifluoromethyl, nitro or cyano.
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A preferred subgroup of phenyl optionally substituted
as hereinbefore defined is phenyl, 4-substituted
phenyl, 3-substituted phenyl, 2-substituted phenyl,
2,4, 2.6 and 3,4-disubstituted phenyl and
3,4,5-trisubstituted phenyl.

A preferred sub-group of 5~ or 6-membered monocyclic or
9- or !U-membered bi-yclic heteroaryl optionally
substitut=d as hereinbefore defined is unsubstituted or
mono-substituted 5- or 6-membered monocyclic or 9- or
10-membered bicyclic heteroaryl, in particular
unsubstituted 5- or 6-membered monocyclic or 9- or

l0-membered bicyclic heteroaryl.

When X is O, examples of Rg also include carboxyl,
methoxycarbonyl, ethoxycarbonyl, aminocarbonyl,

methylamino-carbonyl and dimethylaminocarbonyl.

Rs and Rg, when together are —CH2-(CH2)p-Z-(CH2)p—- as
defined the resulting radical substituting the
pyranopyridine in the 4-position is preferably either
pyrrolidonyl or piperidonyl. Other examples of
4-substituents when Rg and Rg are joined together
include those described in EP-A-107423.

When ~ is other than CHp, m is often O or 1 and n is
often 0 or 1. Suitable examples of R when Z is NR
inciude hydrogen, methyl, ethyl, n- and iso-propyl, n-=,
sec- and tert- butyl, benzyl, phenylcarbonyl or
benzylcarbonyl optionally substituted in the phenyl
ring by methyl, methoxy, chloro or bromo;
furylcarbonyl, thienylcarbonyl, pyrralylcarbonyl or
indolylcarbonyl. Preferably R is hydrogen, methyl,
n-butyl, acetyl, benzyl, benzylcarbonyl, phenylcarbonyl
or furylcarbonyl. Most preferably R is hydrogen.
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Preferred examples of Rg and Rg are Rg is methyl or
halophenyl, such as 2- or 4-fluorophenyl and Rg
hydrogen and Rs and Rg together are C3 or Cy4
polymethylene.

Preferably, X is oxygen.

Examples of a pharmaceut.ically acceptable salt of a
compound of formula (L), when the compound contains a
salifiable substituent which is an optionally
substituted amino group, include acid addition salts
such as the hydrochloride and hydrobromide salts. Such
a salifiable group may be within an Rg group. A
carboxy group within Rg may also be salified to form
metal salts; such as alkali metal salts, or optionally

substituted ammonium salts.

It will also be appreciated that the pyridine in the
compound of formula (I) is alsc salifiable, to give
pyridine sgalts with acids, such as those with HCL and
HBr. Alternatively, internal salts such as the N-Oxide
may be formed by per-acid oxidation of the
corresponding compound of formula (I).

The compounds of formula (I) may also exist as solvates
such as hydrates and the invention extends to these;
such solvates are included wherever a compound of
formula (I) is herein referred to.

The cowmpounds of formula (I), wherein R3 is hydrogen,
hydroxy, Cj.g alkoxy or Cj.7 acyloxy and R4 is
hydrogen, are asymmetric, and, therefore, can eiist in
the form of optical igomers.

The present inventlon extends to all such isomers
individually and as mixtures, such as racemates.
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02 Examples of compounds of formula (I) include the

03 compounds prepared in the Examples hereinafter.

04

05 The present invention also provides a process for the
06 preparation of a compound of formula (I) or a

07 pharmaceutically acceptable salt thereof, which

08 comprises;

09

190 i) acylating a compound of formula (fI):

11

12 RGINH

13 R4l

14 N ._w_Ral

15 , (I1)

16, X 0o\ R

17 R,

Lail -

19.y3‘ wherein, R} and Ry are as herei%gﬁfqéf\gj,%%%§iwﬁgl
20e00 is hydroxy, Cj.g alkoxy or Cj_7 acyleiy, )\ and Rgl is
218 0, hydrogen or Cj.g alkyl, the RglHH group being trans
226“ ‘ to the R3l group, |
23

24:£::° a) with an acylating agent of formula (III):
25051000

26 Rg=~CO-L7 (11II)

27 %55.0°

28 wherein Lj is a leaving group, and Rg is hydrogen,
29 Ci-6 alkoxycarbonyl, Ci.g alkyl optionally

BO:Qﬂ:° substituted by halogen, hydroxy, Cj.g alkoxy, Cj_g
31 alkoxycarbonyl, carboxy or amino optionally

32 substituted as hereinbefore defined for Rg, Cp-g
33 alkenyl or optionally substituted aryl or heteroaryl
34 as hereinbefore defined for Rg, or a group

35 convertible to Rg as herelnbefore defined, and

36 thereafter, when Rg i1s hydrogen and Rg i8¢ Y(CHjp)z—
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02 where z 1is 3 or 4 and Y is a leaving group,

03 cyclising the resultant compound;

04

05 b) with a compound of formula (IV)

06

07 X=C=N.R1} (IV)

08

09 wherein Rj}) is hydrogen, Cj.g alkyl, Ci-g alkenyl,
10 C1- alkanoyl optionally substituted by up to three
11 halo atoms, or phenyl optionally substituted by Cj-g
12 alkyl, Cj.g alkoxy or halogen; and X is oXygen or
13 sulphur, and thereafter when Ry; is hydrogen,

14 optionally converting Rjj: or

15

16 ii) where, in the resultant compound of formula (I), Rg
l7?°o” and Rg are joined together or Rs is aminocarbonyl,
l8£g°& reacting a compound of formula (V):

19 esoo

2070

21" N

2200 ° (v

23 N 0 R2 )

243 0% Rl

25 o1,

2.6°° 0 whersin Rj and Ry are as hereinbefors defined, wich
273 .00, a compound of formula (VI);

sy oo

2¢

30 o0, Ry 3NHCOR] 3 (vI)

gy oo

32

kK] wherein Rj 3 18 Rg as defined and Ry, is aminocarbonyl:
34 Rip and Ryj together are -CHp-(CHp)p=%=(CHy)y~ or

35 R13NHCORj 5 18 tetrahydroisoquinolinoie;

36
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optionally converting R3 in the resulting compound into
another R3; in the case where R3 and Rg in the
resulting compound are hydroxy and hydrogen
respectively, optionally dehydrating the compcound to
give another compound wherein R3 and R4 together are a
bond, and optionally reducing the resulting compound
wherein R3 and R4 together are a bond, to give another
compound. wherein R3 and x4 are each hydroger; and
optionally thiating the Rg-N-CO-Rs group inr the
resulting compound to give a compound wherein X is
sulphur; and optionally forming a pharmaceutically

acceptable salt thereof.

In the process variant i) a) acylation of a compound of
formula (II) with an acylating agent of formula (III),
the leaving group Lj is a group that ig displaceable by
a primary or secondary amino nucleophile. Examples of
such a group include Cj.4 alkanoyloxy, and halogen,
such as chloro and bromo or hydroxy. When the leaving
group Lj is either of these examples, the acylating
agent of formula (III) is either an acid anhydride or
an acid halide. When it 1s an acid anhydride, it may
be « mixed or simple anhydride., If it is a mixed
anhydride, it may be prevared in situ from a carboxylic
acid and an acid halide, 1lthough this is less
preferred than using the halide itself. When L is
hydroxy, conventional coupling methods using

dicyclohexylecarbodiimide are suitable.

Ir process variant i) a), when Rg in the desired
compound of formula (I) is an Rg optionally substituted
amino-substituted alkyl group as hereinkefore defined,
it is preferred that Rg is a group convertible to the
Rg substituted alkyl group as hereinbefore defined, in
particular that it is Cj.g alkyl substituted by halo,
especially bromo. The Rg halo substituent in the
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resultant compound of process variant i) a) may be
converted to an Rg substituent which is amino
optionally substituted as hereinbefore defined by a
conventional amination reaction with ammonia or a
corresponding alkyl- or dialkylamine. When Rg is
Ci-palkoxycarbonyl, ‘his may be converted to Rg is
carboxy by conventicnal hydrolysis.

Less favourably Rg may be Cj_.g alkyl substituted by
protected amino, protected Cj_g alkylamino or amino
substituted by two independent Cj_g alkyl groups, it
being necessary to protect thie Rg amino function in

process variant i) a).

When the acylating agent of formula (III) is.an acid
anhydride, the acylation of the compound of formula
(II) may be carried out in the presence of an acid
acceptor, such as sodium acetate, optionally using the

anhydride as the solvent.

When the acylating agent of formula (III) is an acid
halide, the acylation of the compound of formula (II)
is, preferably, carried out in a non-aqueous medium,
such as dichloromethane, in tihe presence of an acid
acceptor, such as triethylamine, trimethylamine,

or calcium, potassium or sodium carbonate.

When the acylating agent of formula (III) is an acid
the acylation of a compound of formula (II) is
conveniently performed in the presence of a dehydrating
agent, such as dicyclohexyldicarbodiimide in an inert
solvent, such as dimethylformamide at a temperature of
0°C to ambient.

when R3} in a compound of formula (II) is hydroxy,
there is a risk of a sice~reaction between the
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hydroxy group and the acylating agent of formula
(III). However, the reaction may be carried out under

controlled conditions such that only the amine, RglNH-

is acylated, for example, by using a Cp-9 acyloxy group
‘as the leaving group Lj, in the acvlating.agent'of
formula (III) in the manner as previosusly described for

- an acid anhydride, and/cr effecting the reaction at

rélatively low temperature, a.g. at below lO°C<
Alternatively R3l may be Cj_7 achoky in a compound of
formata (II), although less preferably if R3 in the
resultant compound of formula (I) is to be hydroxy,
and, after rveaction with the acylating agen£,of formula
(III), be converted into hYdroxy, as described

hereinafter.

When Rg is Y(CHjy), where the variables are as

hereinbefore defined, the leavihg group Y is a group
that is displaceable by a secondary amino nucleophile
adjacent to a carbonyl function. » gpreferred example

is chloro.

The cyclisation reaction when Rg is Y(Cﬁz)z whcre the

variables are as hereinbefore defined is preferably

~carried out in an inert solvent such asg

- dimethylformamide.

In procesé variant i) b), whern Rjj in a compound of
formula (IV) is Cj-g alkyl, Cj.g alkanoyl optionally
sﬁbstituted as hereinbefore defined, or phenyl
optionally substituted as hereinbefore defined, the
reaction betweén.the compounds of formulae (II) and
(Iv) is, preferably, carried out in a solvent, such as
methylene chloride, at below room tempefature, in
particular below 10°C. o
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When Ry11 is hydrogen, the reaction between the
compounds of formulae (IIL) and (IV) is, prefetably,

carried out using a corresponding alkali metal cyanate

~or thiocyanate, for example that of sodium or

potassium, in an optionally methanolic aqueous

medium acidified with a mineral acid, such as dilute

- hydrochloric acid. A slightly elevated temperature

such as 50 to 90°C is apt.

In the process variant ii) reaction of a compound of
formula (V) with a compound of formula (VI),; it is
particularly preferred that the reaction is carried out
under basic conditions so as to facilitate the ‘
formation of the anion bf £he compound of formula (VI),

for example, in the presence of sodium hydride.

The reaction of the‘compounds nf formulae (II) with
(III) or (IV) results in a compound of formula (I)
wherein R3 is hydroxy, Cj_g alkoxy or Cj_7 acyioxy,
whereas the reaction of the compounds of formulae (V)
and (VI) results‘in a compound of formula (I) wherein

" R3 is hYdrdxy. Examples of an optional conversion of

R3 in a compound of formala (I) intc another R3 are
generally known in the art, For example, when Rj is

hydroxy, it may be alkylated using an alkyl iodide in

an inert solvent, such as toluene, in the presence of a
base, such as potassium hydroxide, or it may be

acylated using a carboxyllic acid chloride or anhydride

in a non-hydroxylic¢ solvent in the presence of an acid
acceptor. Alternatively, when R3 is Cj..7 acyloxy or
C1-g alkoxy, it may be converted into hydroxy by
conventional hydrolysis or dealkylation respectively.

The optional dehydration of the resulting compound of

formula (I), wherein R3 and R4 are hydroxy and hydrogen

regpectively, into another compound of formula (I),

T
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wherein R3 and Rgq together are a bond, may be carried
out under conventional dehydration conditions, for
example, by using a dehydrating agent, such as sodium
hydride, in an inert solvent, such as dry

tetrahydrofuran, at reflux temperature.

The optional reduction of the resulting compound of
formula (I), wherein R3 and R4 together are a bond,
into another compound of tormula (I), wherein Ry and Rg
are eath hydrogen, may be carried out by hydrogenation

using a catalyst of palladium on charcoal.

The optional thiation of the Rg-N-CO-Rg group in a
compound of formula (I) to give another compound of
formula I, wherein X is sulphur, is, preferably,
carried out with conventional thiation agents, such as
hydrogen sulphide, phosphorous pentasulphide and
Lawesson's reagent (p-methoxyphenylthiophosphine
sulphide dimer). The use of hydrogen sulphide and
phosphorous pentasulphide may lead to side-reactions
and, therefore, the use of Lawesson's reagent is

preferred.

The thiaticon reaction conditions are conventional for
the thiation agent employed. For example, the use of
hydrogen sulphide is, preferably, acid catalysed by,
for example, hydrogen chloride in a polar solvent, such
as acetic acid or ethanol. The preferred use of
Lawesson's reagent is, preferably, carried out under
reflux in a dry solvent, such as toluene or methylene

chloride.

The optional formation of a pharmaceutically acceptable
salt may be carried out convent;onally. It should be
appreciated that formation of an N-Oxide by oxidation
may affect other substituents and appropriate
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modification of reaction conditions and/or protection

will be taken where necessary.

A compound of formula (IT) may be prepared by reacting
a compound of formula (V), as defined hereinbefore,

with a compound of formula (VII):
RgINHy - (VII)

wherein R6l'is as defined hereinbefore; and optionally
converting R3l hydroxyl in the resulting compound of

formula (II) into another Rgl.

The reaction is normally carried out in a solvent,'sqch:
as a Cy4 alcohol, in particular methanol, ethanol or
propanol at an ambient or an elevated temperat@re, for
ekamplé 12 to 100°C.  The reaction proceeds _

particularly smoothly if carried out in ethanol under

reflux.

The resulting compound of formula (IIL) may be removed
from the reaction mixture by removal of the solvent,
for example, by evaporatidn under reduced pressure.

.y epoxide impurity may be removed conventionally, for
example by chromatography. '

‘The optional conversion of the.hydroxy group for R31 in

the resulting compound of formula (II) into a
Ci-¢ alkoxy or Cl,j acyloxy group may be carried out as
described hereinbefore inh relation to the corresponding

conversion of Ry in a compound £ formula (I).

A compound of formula (V) may be prepared by reacting a
compound of formula (VIII):
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wherein R; and Ry are as hereinbefore defined, the
bromine. atom being trans to the hydroxy group, with a
base, such as potassium hydroxide, in a solvent, such
as ether or aqueous dioxan. It is preferred that the
compound of formula (V) is used directly in the

reaction with (VI),

A compound of formula (VIII) may be prepared by
reacting a compound of formula (IX):

(IX)

wherein R; and Ry are as hereinbefore defined, with
N-bromosuccinimide in a solvent, such as aqueous

dimethyl sulphoxide.

A compound of formula (VIII) may be prepared in
accordance with analogous processes to those described
in the aforementioned European publications, i.e. by

the process depicted below:
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02 (&) N7 C
03 X S | J<:2
04 OH 0
1

05
06
07 Ry (b)
08 l
09 R, —C —cC=CH ~
10 c1 - | N R,
11
12 X 0 R

1
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14
15
16
17
el
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Zlggoh (a) Room temperature; NaOH/40%
22" benzyltrimethyl-ammonium hydroxide in methanol;
23
245 o7 (b) Heat in o~dichlorobenzene;
25,0 °°,
26 T (c) N-bromosuccinimide/dimethylsulphoxide/water;
278 50
28 As mentioned previously, some of the compounds of
29 formula (I) may exist in optically active forms, and
30:.£:' the processes of the present invention produce mixtures
31 of such forms. The individual enantiomers may be
32 resolved by conventional methods.
33
34 It is preferred that the compounds of formula (I) are
35 isolated in substantially pure, pharmaceutically
36 acceptable form.,

37
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The intermediates of formulae (II), (V), (VIII) or
(IX) are believed to be novel and represent part of the
present invention. The intermediates of formulae
(I11), (IV), (VI) or (VII) are known and may be
prepared in accordance with an appropriate known

process,

As mentioned previously,. the compounds of formula (I)
have been found to have blood-pressure lowering
activity. They are therefore useful in the treatmenu
of hypertension. They may also be of potential use in
the treatment of other disorders hereinbefore

described.

The present invention accordingly provides a
pharmaceutical composition which comprises a compound
of formula (I) or a pharmaceutically acceptable salt
therecf, and a pharmaceutically acceptable carrier. In
particular, the present invention provides an
anti-hypertensive pharmaceutical composition which
comprises an anti-hypertensive effective amount of a
compound of formula (I) or a pharmaceutically
acceptable salt thereof, and a pharmaceutically

acceptable carrier.

The compositions are preferably adapted for oral
administration. However, they may be adapted for other
modes of administration, for example parenteral
sdministration for patieats suffering from heart
failure. Other alternative modes of administration
include sublingual or transdermal administration. A
composition may be in the form of a spray, aerosol or
other conventional method for inhalatiou, for treating

agthma.
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The compositions may be in the form of tablets,
capsules, powders, granules, lozenges, suppositories,
reconstitutable powders, or liquid preparations, such
as oral or sterile parenteral solutions or suspensions.

In order to obtain consistency of administration it is
preferred that a composition of the invention is in the

form of a unit dose.

Unit dose presentation forms for oral admin-
istration may be tablets and capsules and may contain
conventional excipients such as binding agents, for
example syrup, acacia, gelatin, sorbitol, tragacanth,
or polyvinylpyrrolidone; fillers, for example lactose,
sugar, maize-starch, calcium phosphate, sorbitol or
glycine; tabletting lubricants, for example magnesium
stearate; disintegrants, for example starch,
polyvinylpyrrolidone, sodium starch glycollate or
microcrystalline cellulose; or pharmaceutically
acceptable wetting agents such as sodium lauryl

sulphate.

The solid oral compositions may be prepared by
conventional methods of blending, filling or
tabletting. Repeated blending operations may be used
to distribute the active agent throughout those
compositions employing large guantities of fillers.
Such operations are of course conventional in the art.
The tablets may be coated according to methods well
known in normal pharmaceutical practice, in particular

with an enteric coating.

Oral liquid preparations may be in the form of, for
example, emulsions, syrups, or elixirs, or may be
presented as a dry product for reconstitution with
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water or other suitable vehicle before use. Such
liquid preparations may contain conventional additives
such as suspending agents, for example sorbitol, syrup,
methyl cellulose, gelatin, hydroxyethylcellulose,
carboxymethylcellulose, aluminium stearate
gel, hydrogenated edible fats; emulsifying agents, for
example lecithin, sorbitan monooleate, or acacia;
non-aqueous vehicles (which may include edible oils),
for example almond oil, fractionated coconut oil, oily
esters such as esters of glycerine, propylene glycol,
or ethyl alcohol; preservatives, for example methyl or
propyl p-hydroxybenzoate or sorbic acid:- and if desired

conventional flavouring or colouring agents.

For parenteral administration, £luid unit dosage forms
are prepared utilizing the compound and a sterile
vehicle, and, depending on the concentration used, can
be either suspended or dissolved in the vehicle. In
preparing solutions the compound can be dissolved in
water for injection and filter sterilized before
filling into a suitable vial or ampoule and sealing.
Advantageously, adiuvants such as a local anaesthetic,
a preservative and buffering agents can be dissolved in
the vehicle. To enhance the stability, the composition
can be frozen after f£illing into the vial and the water
removed under vacuum. Parenteral suspensions are
prepared in substantially the same manner, except that
the compound is suspended in the vehicle instead of
being dissolved, and sterilization cannot be
accomplished by filtration. The compound can be
sterilized by exposure to ethylene oxide before
suspending in the sterile vehicle. Advantageously, a
surfactant or wetting agent is included in the
composition to facilitate uniform distribution of the

compound.
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The compositions may contain from 0.1% to 99% by
weight, preferably from 10-60% by weight, of the active
material, depending on the method of administration.

The present invention further provides a method of
prophylaxis or treatment of hypertension in mammals
including man, which comprises administering to the
suffering mammal an anti-hypertensive effective amount
of a compound of formula (I) or a pharmaceutically

acceptable salt thereof.

An effective amount will depend on the relative
efficacy of the compounds of the present invention, the
severity of the hypertension being treated and the
weight of the sufferer., However, a unit dose form of a
composition of the invention may contain from 1 to 100
mg of a compound of the invention and more usually from
2 to 50 mg, for example 5 to 25 mg such as 6, 10, 15 or
20mg. Such compositions may be administered from 1 to
$ times a day, more usually from 2 to 4 times a day, in
a manner such that the daily dose is from 5 to 200 mg
for a 70 kg human adult and more particularly from 10

to 100 mg.

No toxicological effects are indicated at the

aforementioned dosage ranges.

The present invention further provides a compound
of formula (I) or a pharmaceutically acceptable salt
thereof for use in the treatment or prophylaxis of

hypertension.
The following descriptions relate to the
preparation of intermediates and the following examples

relate to the preparation of compounds of formula (I).

All temperatures therein are in ©C.
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Description 1

2,2-Dimethyl-2H-pyrano[3,2-c]pyridine

| CH (bl)
s 3
G CH

p-Hydroxypyridine (32,0 g), 40% benzyltrimethylammonium
hydroxide in MeOH (50.7 g) and 3-methyl-3-chlorobut-1-
yne (37.4 g) were dissolved in CHy9Cly (150 mL). To
this stirred solution was added NaOH pellets (14.5 g)
dissolved in HpO (150 mL) and the resulting mixture
stirred vigorously at room temperature for 3.75 days.
The layers were separated and the aqueous layer further
extracted with CHCl3z. The combined organic layers were
evaporated and the resulting brown oil was taken up in
Et>0 and washed with 10% NaOH solution, H0 and brine
before drying over anh. MgSO4. Filtration and
evaporation yielded an orange oil (21.0 g) which was
boiled in o-dichlorobenzene under N for 1 h.
Evaporation of the solvent and distillation gave the
title pyranhopyridine (9.2 g): bp 110°C/0.18 mmHg;
NMR (CDCl3) & 1.47 (s, 6H)

5.67 (4, J=10, 1H)

6.37 (4, J=10, 1H)

6.67 (4, J=6, 1lH)

8.17 (s, 1H)

8.28 (d, J=6, 1H)
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Description 2

Tranc~-2-Bromo-3,4-dihydro-2,2-dimethyl-2H-pyrano[3,2-c]

pyridin-4-ol

OH
“\“\BI‘
P \O CH3 (D2)

To the pyranopyridine (4.0 g) of description 1
dissolved in DMSO (60 mL) and HyO (40 mL) was added NBS
(5.3 g) in one portion with vigorous stirring at room
temperature. After an additional 90 min of stirring
the mixture was poured into Hp0 {70 mL) containing HCl
to pH 2. Extraction with EtOAc, was followed by
basification of the aqueous layer to pH 9 with aqueous
NaHCO3 and further extraction w.th EtOAc., Both organic
extracts were washed with H90 (pH 7) and brine before
drying over anh. MgSO4. The combined extracts were
filtered and evaporated and trituratsd with pentane to
give the bromohydrin (2.27 g) as a pale yellow solid.

A small portion was recrystallised from EtOAc~pentane:
mp 140-1419C; NMR (CbLCljz) & 1.46 (s, 3H), 1.65 (s,
3H), 4.14 (d4, J=9, 1lH), 5.03 (4, J=9, 1H) overlapped by
5.08 (s, lH exchangeable wivh D9Q), 6.77 (d, J=6, 1H),
8.35 (4, J=6, 1lH), 8.62 (s, lH).
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Example 1

Trans-3,4-Dihydro-2,2-dimethyl-4-(2-oxopyrrolidin-1-yl)

2d-pyrano[ 3, 2-c]pyridin-3-ol

[:N :L&b
OH

NS
| (E1)
o .:,\\ CH3

0
CHj

The bromohydrin of description 2 (1.2 g) and KOH
pellets (1.2 g) were stirred in Etp0 (200 mL) at room
temperature for 20 h. Filtration and evaporation gave
a crude epoxide (0.78 g) which was used directly,
without purification, in the next stage.

The epcxide (0.43 g) was added to a solution of
2=-pyrrolidinone (0,22 mL) in dry DMSO (10 mL)
containinyg 80% NaH (80 mg), and the reaction mixture
stirred under N, for 24 h at room temperature. Water
(LOO mL) was added cautiously to the reaction mixture
and the aqueous layer extracted with EtOAc. ' The
igqueous layer was basified to pH 14 with aquecus KGCH
and extracted with EtOAc. The organic extract vas
washed with Hy0 (&t pH 7) ard brine and dried cver
anh. MgSO4. Filtration and evaporation gave a solid
(0.22 g) which was c¢hromatographed (chromatotron, 2mm
silica gel, gradient elution with CHCLj ->20%
MeOH/CHCLlz) and recrystallised from EtOAc to give the
title compound (74 mg): mp 253°C; mees spectrum (EI)
Mt at m/z 262.1316. Calcd. for Cjy4k1gN203; 262.1313.
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Example 2

Trans-3,4-Dihydro-2,2-dimethyl-4-(2-oxopyrrolidin-1-yl)

-2H-pyrano[ 3, 2-c]pyridin-3-ol oxide (E2)

-Q N o)
OH
FNT O
. o CHq (E2)
CH3

The compound of example 1 (102mgm) and
m-chloroperbenzoic acid (l134mgm) were heated under
reflux ‘in chloroform (10OmL) for 2hr, The reaction
mixture was cooled and evaporated and the resulting gum
was chromatographed (chromatotron; chloroform ->10%
methanol-chloroform in a gradient elution), and
chromatographically homogenous fractions were combined
and recrystallised from ethyl acetate-methanol to give
the N-oxide of (E2) as a solid (54mgm) of m.p.
284-285°cC,

Mass spectrum (E.I.) M™ at m/z 278.1255. Cy4H1gN20y4
requires 278.1243.
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Example 3

Trans-3,4-Dihydro-2,2~-dimethyl-4~(2-oxopiperidin-1-yl)-

2H-pyrano[ 3, 2-c]pyridin-3-ol (E3)

(E3)

The bromohydrin of description 2 was treated in a
similar manner tao that described in example 1, and the

crude epoxide used directly as follows.

The epoxide (0.95g) in dimethyl sulphoxide (1l5mL) was
added “o a solution of 6-valerolactam (0.64g) and 80%
NaH (0.18g) in dimethyl sulphoxide (lUmL) and the
mixture stirred for 18 hours under nitrogen. Water was
added cautiously to the reaction mixture and the pH
adjusted to 12 with sodium hydroxide«, and the solution
saturated with sodium chloride. Extraction with ethyl
acetate; gave a crude product whic’: was chromatographed
(chromatotron; chloroform -3»25% methanol-chinroform in
a gradent elution) to give the required product (0.03q)
as a solid. Further extraction of the aqueous layer
with chloroform, and distillation of the co-extracted
dimetlivl sulphoxide gave more crude product which was
chromatographed as above to give a further batch of the
required material (0.355g). Solids were combined and
recrystallised from ethyl acetate to give the compound
of example 3 as colourless crystals (0.232g); m.p.
241-243°C. IR (KBr disc): 3500-3100; 1610cm~1l,

i
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02 ' Example 4

03

04 : _ Transé4—Ace£ylamino—3,4—dihydro—2,2—dimethyl—2H—pyrano—

05 [3,2-clpyridin-3-ol (Ed4)

06 '

07 |

o8 HNCOCH 3

09

10

11 (E4)

12

13 _

14 -~ Crude epokide (1.48q, prepared as described in example

15 1) was treated with 0.88 ammohia solution (15mL) in

16 ethandl (30mL) during 31 hours. Evaporation gave a

7 crude aminoalcohoi (1L.56g) as a foam. '

1_8:_:“‘”

19§J°:° A portion of this aminoa .cohol (0.7lg), triethylamine
anz”® (0.51lmL) and dichloromethane (25mL) were stirred at

21 % 0, 0°C. Acetyl chloride (0.26mL) was added to this

223i;:n solution, and the mixture stirred for a further 1

23°°% ° hour. The organic layer was washed with water. The

24 aqueous extract was'made basic with sodium carbonate

258 7% and saturated with sodium chloride and extracted with

26§::°;; chloroformJ The organic layer was dried, filtered and

7 *°°  evaporated to leave a solid (0.48g) which was

283 %% o recrfstallised from ethyl acetate to furnish the

29 e ~ compound of example 4 as a white solid (O.274g) of

30 m.p. 208-210°C. C

318 %% NMR (CDCl3) §

s 1.28 (s, 3H)

33 1.49 (s, 3H)

34 2.08 (s, 3H)

35 e 3.62 (d, J=10Hz, 1H)

36 ' 5.03 (d, J=10Hz, 1H)

37 _ : 6.79 (d, J=6Hz, 1H)

18 _ 8.18 (m, 2H)



L]
Q

18

20
21,
22,
23°
24

®

[

.
+

’
]

L
v

(R

e &
[

o s
[

oa &

co

vead

o a9
) N

»
¢ 6@

LR

L3
LK X

LX)}

@
LN

- 20 -
Example 5

Tfans—4—(44fluorobenzoylamino)—3;4—dihydro—2y24dimethyl

-2H-pyrano[ 3, 2-c]pyridin-3-ol (E5)

HNco—~<::j>—F L
.~ _OH

(ES)

Crude aminoalcohol (0.859) prepared as described in
example 4) was treated in an identical manner to that

described in example 4, with rp~fluorobenzoyl chloride.

Chromatography of the crude préduct (0.654g) using a
gradient elution technique (chromatotron; chloroform -
methanol) gave the:required material which was
recrystallised frOm ethyl icetate-methanol as a
crystalline white solid (64mg) of m.p. 254-2550C,
Anal. Found: C, 64.29; H, 5.35; N, 8.77;

Cy7H17N903F req: C, 64.55; H, 5.42; N, 8.86.
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Example 6

2,2—Dimethyl—4—(2—oxopiperidin—l—Yl)—2H—pyrano{3,2—c]

pyridine (E6)

(E6)

The compound of ekample 3 (0.40g) and 80% WaH (0.088qg)
were heated under reflux in dry xylene (35 mL) under
nitrogen for 2.5h. a few drops of water were added
cautiously and:the solution evaporated to give a yellow
gum (O.GOQ)IWhiCh was chromatographed (chromototron;
chloroform —>25%'MeOH—chloroform in a gradient elution)

to give a crude product (0.147g) which was

‘recrystallised from ethyl acetate-pentane to give the

title compound (0.086g) as colourless crystals mp
108-113°cC. -

 NMR CDCl3 6

1.52 (s, 6H)

'1.94 (brs, 4H)
2.56 (brs, 2H)

3.49 (m, 2H)

5.59 (s, 1H)

6.72 (d, J=5.5Hz, 1H)
8.05 (s, 1H)

8.26 (d, J=5.5Hz, 1H)
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Example 7 '

Trans-3,4-dihydro-2,2-dimethyl-4-(2-oxopiperidin-1-yl)-

2H—pyrano[3,2ec]pyridih—3?ol oxide (E7)

(E7)

The compound of example 3 was treated with m—chlofo—
perbenzoic acid as described in the preparation of the
oxide of example 2, to give the N-oxide (E7) as a solid

of m.p. 290-291°C from ethyl acetate-methanol.
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Example 8

Trans-4-(2-fluorobenzoylamino)=-3,4-dihydro-2,2-dimethyl

-2H-pyrano[3,2-clpyridin-3-o0l (E8)

=~
HNCO
NN on (E8)
I CH
= o 3
CH3

The crude aminoalcohol (0.97g, prepared as described in
example 4) was added to a solution of dicyclohexyi-
carbodiimide (1.027g), hydroxybenzot.ciazole (0.657g)
and 2-fluorobenzoic acid (0.7g) in - 4ry dimethyl-
formamide (20 mL) at 09C. The reaction mixture was
allowed to attain room temperature, and was stirred for
3 days. The mixture was filtered and evaporated, and
the residue chromatographed on silica gel. Elution
with 10% methanol-chloroform mixture and recrystal-
lisation from ethyl acetate-methanol furnished the
product of example 8 (345 mg) of m.p. 254°cC,
NMR (CD30D) 6 1.33 (s, 3H)

1.53 (s, 3H)

3.81 (4, J=9Hz, 1lH)

5.27 (d, J=9Hz, 1H)

6.83 (d, J=6Hz, 1H)

7.10 - 7.93 (series of m, 4H)

8.23 (d, J=6Hz, 1lH)

8.36 (s, 1lH)

e
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Example 9

Trans-4-(3-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl

—2H-pyrano[ 3, 2-c]pyridin-3-ol (E9)

HNCO—
OH
NT N (E9)
| -
— 0 3
CHj

The compound of this example was prepared in a similar
manner, employing 3-fluorobenzoic acid, to that
described in example 8. Recrystallisation from ethyl
acetate-methanol gave the product of m.p. 259-261°C,
Mass Spectrum (E.I.).

Mt at m/z 316.1220. Cj7H]7N203F requires 316.1223.

- h——y &
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Example 10

Trans-4-(2,4-difluorobenzoylamino)-3,4-dihydro-2,2-

dimethyl-2H-pyrano[ 3, 2-c]pyridin-3-ol (E1l0)

F
HNCO-—%i::>—F
OH
\

(-

(E1O)

CH
0 3

CHjy

The compound of this example was prepared in a similar
manner, employing 2,4-difluorobenzoic acid, to the
compound of example 8. Recrystallisation from ethyl
acetate gave the compound of example 10 of m.p.
235-237°cC.
NMR (CD3OD) 5§ 1.37 (s, 3H)

1.57 (s, 3H)

3.84 (4, J=10Hz, 1lH)

5.30 (4, J=10Hz, 1H)

6.85 (d, J=6Hz, 1H)

7.14 (irregular t, J=8Hz, 2H)

7.87 (g, J=8Hz, 1H)

8.23 (4, J=6Hz, 1H)

8.36 (s, 1H)
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Example 11

Trans-4-(2,6-difluorobenzoylamino)-3,4-dihydro-2,2-
dimethyl-2H-pyrano[ 3, 2-c]pyridin-3-ol (ELll)

F\\
HNCO
F
CH E1ll
NT N\ ( )
| CH
e o 3

CH3

The compound of this example was prepared in a similar
manner, employing 2,6-difluorobenzoic acid, to the
compound of example 8. Recrystallisation from ethyl
acetate-methanol furnished the compound of example 11
as a solid of m.p. 256°C,

Anal. Pound: C,6l.17; H,4.55; N,8.29%.

C17H1gN903Fy require: C,61.07; H,4.82; N,8.388%.

- -
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Example 12

Trans-4-(N-acetyl-2-oxopiperazin-l-yl)-3,4-dihydro-2,2-

dimethyl-2H~pyrano[3, 2-c]pyridin-3-ol (E12)
COCH

* 3
[jN

NjJi}o

R OH

| c
= o 3
CH3

(E12)

The epoxide (2.5g, the preparation of which was
described in example 1) and 4-acetylpiperazin-2-one
(2.79) were stirred in dimethyl sulphoxide (30 mL).
Sodium hydride (0.57g, 80% dispersion in oil) was added
in portions to the solution at room temperature under
nitrogen. The reaction mixture was stirred at room
temperature for an additional 6 h. Water (25 mL) was
added cautiously to the solution and the mixture
extracted several times with chloroform. The organic
extracts were washed with H20 and brine, and dried over
anhydrous MgSO4. The solution was filtered and
evaporated and the residual gum chromatographed on
silica gel. Elution with 5% methanol-~chloroform gave
the product which was recrystallised from ethyl acetate
~methanol to give the compound of example 12 (0.36g) as
a solid of m.,p. 215-217°C,

Anal. Found: C,60.24; H,6.,59; N,13.16%.

C16H21N304 requires: C,60.18; H,6.63; N,13.16%.

ey



- 37 =
Example 13

Trans-4-(2-oxopiperazin-1-yl)-3,4-dihydro-2,2-dimethyl-

2H-pyrano[ 3,2-c]pyridin-3-ol (E13)

H
|
[N
Nl'o
OH (E13)
NN
l » CH
as 73

CH3

The compound of example 12 (0.64g) was heated under
reflux in 5N HCl (6mL) and ethanol (10 mL) for 2 hours.
The solution was cooled, partially evaporated and
basified with KOH pellets. The mixture was evaporated
to dryness, and taken up in hot ethyl acetate and
filtered. Evaporation of solvent gave a residue which
was recrystallised twice from ethyl acetate-methanol to
give the compound of example 13 as a crystalline solid
(156 mg) of m.p. 198-199°C,

Mass spectrum (E.I.,) (M+H)T at m/z 278.1512,
C14H2003N3 requires 278.1504.
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Example 14

2,2—dimethyl—4—(2—oxopiperazin—l—yl)—2H—pyrano[3,2—c]
pyridine (E14)

' H
\
)
DS
: El4
NT NN ( :
I // o CH3
CH3

The compound of example 13 was treated in a similar
manner to the compound of example 3 during the
preparation of the compound of example 6, to furnish
the title compound (El4) as & solid of m.p. 109-111°C
after chromatography (chromatotron; elution with 15%
methanol=chloroform),
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PHARMACULOGICAL, DATA

Blood Pregsure Lowering Activity

Systolic blood pressures were recorded by a
modification of the tail cuff method described by I.M.
Claxton, M.G. Palfreyman, R.H. Poyser, R.L. Whiting,
European Journal of Pharmacology, 37, 179 (1976). A
W+W BP recorder, model 8005 was used to display pulses.
Prior to all measurements rats were placed in a heated
environment (33.5 % 0.5°C) before transfer to a
rastraining cage. Each determination of blood pressure
wag the mean of at least 6 readings. Spontaneously
hypertensive rats (ages 12-18 weeks) with systolic

blood pressures >180 mmHg were considered hypertensive.

Time % Change in
Compound of Post Systolic
Fxamp.e 1 Dose Hrs Blood
Pressure
6 Rats
Dose 1 1 _ -39 £ 7
mg/kg po 2 -29 * 4
Initial Blood
Pressure 4 =17 £ 4
2387 mmHg 6 ~12 £ 4
24 =15 £ 3

The other compo''nds of the Examples werxe tested and
found to be active in the above test.
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Bronchodi.lator Activity = Guinea Pig Asphyxic Collapse

Model in-vivo

This model is based on the method described by
Herxheimer (Br.J.Pharm.50, 314 (1974)]. Conscious
guinea pigs (Dunkin-Hartley strain, 500-700g body
weight) were placed individually into a Perspex chamber
of approximately 8 litres capacity, and the animals
were challenged with an histamine aerosol. The
standard histamine aerosol was generated using a
Monaghan 675 ultrasonic nebulizer (power setting 7)
from a 5 x 10®m solution of histamine diphosphate in
distilled water. - After obtaining satisfactory aerosol
generation, the aerosol was passed into the chamber for
10 seconds and the time was recorded from introduction
of the aerosuvl until the guinea pig collapsed (termed
asphyxic collapse). In this way, the mean time to
asphyxic collapse for a group of guinea pigs was
determined.,

Compounds were administered orally to groups of animals
(number = N) and the degree of protection against
histamine-induced asphyxic collapse was determined by
the percentage increase in mean time to asphyxic
collapse of a compound-treated group over that for
asphyxic collapse for control groups. Compound-treated
animals that did not collapse were considered to be
100% protected.

Compounds were administered in 1% methyl cellulose at a
concentration of 5mg/kg (lml/kg body weight) and the
animals were challenged with the standard histamine

aerosol after 30 min.
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The significance of any increase in the mean asphyxic
collapse time of a compound-treated group of animals
over that of a vehicle-treated control group was

determined using Student's ''t'' test.

The results were as follows:

Compound Dose (p.o.) N Mean Collapse time (sec)
example 3 5 mg/kg 5 193.0 £ 7.0%
Control 5 67.8 £ 6.1

*£<0.001 (Student's t-~test),.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A compound of formula (I) or a pharmaceutically

acceptable salt thereof:

(1)

wherein:

~one of Rl and Rop is hydrogen or Cj_4 alkyl and the

other is Cj_-4 alkyl or R} and Ry together are C2 5

polymethylene;

either R3 is hydrogen, hydroxy, C)-g alkofy or
Cl -7 acyloxy and Ry is hydrogen or Rz and. R4 together
are a bond

Rg is hydrogen; Cp-g alkyl optionally eubstituted‘by up
to three halo atoms, by hydroxy, Cj.g alkoxy, Cj-g
alkoxycarbonyl, carboxy‘or amino optionally substituted
by one or two independent Cj.g alkyl groups or
disubstituted by Cq.g polymethyiene; Co_g aikenyl;
amino optionally eubstituﬁed by a Cj-g alkyl or Cj._g
alkenyl group or by a-Cl-G alkanoyl group optionally
substituted by up te three halo atoms; by a phenyl
group optionally‘substituted‘by C1-¢ alkyl, Ci-g alkoxky
or halogen; or aryl or heteroaryl, either being
optionally substituted by one or more groups or atoms
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selected from the class of Cj_g alkyl, Ci-g alkoxy,
hydroxy, halogen, trifluoromethyl, nitro, cyano, Cl-12
carboxylic acyl, or amino or aminocarbonyl optionally
substituted by one or two Cl-6 alkyl groups; or (when X
is 0), R is selected from the class of carboxy, Ci-,.
alkoxycarbonYl,:or aminocarbonyl optionally substituted

by one or two Cjy.g alkyl groups; and
Rg is hydrogen or Cj-g alkyl; or

Rs and Re together are ~-CHo-(CH2)n-Z-(CH2)p- wherein m
and n are O_to 2 such that m + n is 1 or 2 and 2 is
CHy, O, S or NR wherein R is hydrogen, Ci-g.alkyl, Co-7
alkandyl, phenyl Ci-4-alkyl, naphthylcarbonyl,
phenylcarbonyl or benzyl-carbonyl optionally

substituted in the phenyl or naphthyl ring by one or
‘two of Cj-g alkyl, Ci1-g alkoxy or halogen; or R is
'heteroarylcarbonyl; '

X is oxygen or sulphur; or

R5, Re: X and N together are tetrahydroisoguinolinone
or tetrahydroisoquinolin-thione optionally substituted

in the phenyl ring'as.defined for R above;

the nitrogen-containing group in the 4-position being
trans to the R3 group when'R3 is nydroxy, Cl=¢ alkoxy
or C1-7 acyloxy:

2. A compound according to claim 1 wherein Rl and R2
are both methyl.

3. A compound according t6 claim 1 or 2 wherein'Ré is
hydroxy and Ry is hydrogen, or R3 and RH;tOgether are a
pond. :

-
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4. A compound according to any one of claims 1 to 3
wherein Rs and Rg are joined to form
~CH3~(CHp)n-2-(CHy )y~ as defined in claim 1.

5. A compound according to any one of claims 1 to 4

wherein Rs is methyl or Rs is phenyl or amino either
being optionally substituted as defined in claim 1l; and

Rg 1s methyl, ethyl or hydrogen.

6. Trans-3,4-Dihydro-2,2-dimethyl-4-
(2-oxopyrrolidin-1l-yl)2H-pyrano(3,2-clpyridin-3-o0l,

trans-3, 4-dihydro-2, 2-dimethyl-4-(2-oxopiperidin-1-yl)-
2H-pyranol3,2-clpyridin-3-0l,

trans-4-acetylamino-3,;4-dihydro-2,2-dimethyl~2H-pyrano-
(3,2-clpyridin-3-ol,

trans-4-(4-fluorobengzoylamino)-3,4-dihydro-2, 2-
dimethyl-2H-pyrano[3,2=c]pyridin-3-0ol,

2,2-dimethyl-4-(2-oxopiperidin-1l-yl)-2H-pyrano[3,2-c]
pyridine,

trans-4-(2~fluorobenzoylamino) -3, 4~-dihydro=2, 2~
dimethyl-2H-pyranol[3,;2-clpyridin-3-ol,

trans-4-(3-fluorobenzoylamino)-3,4-dihydro-2, 2-

dimethyl-2H-pyranol[3, 2-clpyridin-3-ol,

trans-4-(2,4-difluorobenzoylamino)-3, 4-dihydro-

2,2-dimethyl=2H-pyrano[ 3,2-c]pyridin-3-ol,

trans-4-(2,6-difluorobenzoylamino)-3,4-dihydro-2,

2-dimethyl-2H=-pyrano[3, 2-c}pyridin-3-o1l,
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trans-4-(N-acetyl-2-oxopiperazin-1l-yl)-3,4~-dihydro-
2,2-dimethyl-2H-pyrano[3,2-c]lpyridin-3-ol,

trans-4-(2-oxopiperazin-1l-yl)-3,4-dihydro-2, 2-
dimethyl-2H-pyrano[ 3, 2-clpyridin-3-ol, or

2,2~-dimethyl-4-(2-oxopiperazin-1l-yl)-2H-pyrano-
(3,2-clpyridin-3-0l; or a pharmaceutically acceptable
salt of any of the foregoing.

£ Cormula (.I) as C)xe};\nea W
7. An N-oxide of a compound aeee;&%ng—%@ﬁeny one of

claims 1 to 6.
8. A process for the preparation of a compound
according to claim 1 or a pharmaceutically acceptable

salt thereof, which comprises;

i) acylating a comgound of formula (7T):

wherein , R} ani R are as hereinbefore defined, Ryt
. Ry is \udreaen L
1s hydroxy, C1-g alkoxy or C)-7 acyloXy, Aand Rg+ 1s
hydrogen or Cj_g alkyl, the R71NH group being trans

to the R3l group,
a) with an acylating agent of formula (III):

Rg-CO-L1 (L1I)
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0l

02 wherein Ly is a leaving group, and Rg is hydrogen,
03 C1-6 alkoxycarbonyl, Cl-g alkyl optionally

04 substituted by halogen, hydroxy, Cl-g alkoxy, Cl-g
05 alkoxycarbonyl, carboxy or amino optionally

06 substituted as hereinbefore defined for Rg, Cp-g

07 alkenyl or optionally substituted aryl or heteroaryl
08 as hereinbefore defined for Rg, or a group

09 convertible to R5 as hereinbefore defined, and

10 thereafter, when Rg is hydrogen and Rg is Y(CH2)z—
11 where z is 3 or 4 and Y is a leaving group,

12 cyclising the resultant compound;

13

14 b) with a compound of formula (IV)

15

16 | X=C=N.Rj] (1IV)

17

18 - wherein R)3] is hydrogen, Ci-g alle, Cl-g alkenyl,
1932"  - Cl-6 alkanoyl optionally substituted by up to three
2O:I|f halo atoms, or phenyl thionally substituted by Cj_g
Zl'i - ‘ ‘ ‘ alkyl, Cy-g alkoxy or halogen; and X is oxygen or
22% ‘ sulphur, and thereafter when Rjj is hydrogen,
23':“‘ o optionally coaverting Rij; Or

2437, | |

25~ ii) where, in the resultant compound of formula (I), Rg
26; ., and Rg are joined together or R5 is aminocarbonyl,

27 %0.." reacting a coa.>d of formula (V):

230000 |

29
30 5,000

31 (v)

32

33 4,000

34 :

35 wherein Rj and Ro ara as herelabai ora defined, with

36 a compound of formula (VI):

37
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01
02
3 R13NHCUR] 2 (vI)
04
05
06 wherein R1 3 is Rg as defined and R12 is aminocarboayl;
07 R12 and R]3 together are -CHp-(CH2)p-2-(CH2)m~ ©OF
08 R} 3NHCOR] 2 is tetrahydroisoquinolinone;
(o)}
10 optionally converting R3 in the resulting compound into
11 another R3; in the case where R3 and R4 in the
12 resulting compound are hydroxy and hydrogen
13 respectively, optionally dehydrating the compound to
14 give another compound wherein Rj and R4 together are a
15 bond, and optionally reducing the resulting compound
16 wherein R3 and Rgq together are a bond, to give another
17 compound, wherein R3 and R4 are each hydrogen; and
18, optionally thiating the Rg-8-CO-Rs group in the
19 resulting compound to give a compound wherein X is
26 sulphur; and optionally forming a pharmaceutically
21 acceptaple salt thereof.
231
2:1' .. 9. A compound of formula (II) ex—¥) as defined in
Zé‘:" claim 8, or a compound of formula (VIII) or (IX):
25
26, -,
270 ..
PR
sg o
29:"':: (VIII) T¥)
30
31
32 e, Ry
33 awee
34
35 10. 2,2-Dimethyl-2H-pyranol3,2-clpyridine, ov
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trans-3-bromo-3, 4-dihydro-2, 2-dimethyl-2H-pyrano-[3, 2-c]

pyridin-4-ol.

11. A pharmaceutical composition comprising a compound
according to any one of claims 1 to 7 or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable

carrier.

12. A method of treatment and/or prophylaxis of disorders
associated with the respiratory system by the administraticn
of an effective amount of a compound according to any cne of
claims 1 to 8 to a patient in need of such treatment or

prophylaxis.

13. A method of treatment or prophylaxis ¢£f hypertension by
the administration of an effective amount of a compound
according to any one 0f the claims 1 to 8 to & patient in

need of such treatment or prophylaxis.

14. Compounds of Formula (1), methods for their manufacture
or pharmaceutical compositions containing them,
substantially as hereinbefcre described with reference to

the Examples.

DATED THIS 25th January, 1990
DAVIES & COLLISON

Fellows Institute of Patent
Attorneys of Australia.

Patent Attorneys for the Applicant
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