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BENZOPYRANS AND PHARVMACEUTI CAL COVPOSI TI ONS CONTAI NI NG THEM  Descr i s faind
The presenf§> i Juion relates to benzopyrans. ‘More particularly it relates.
to 6 (h,ydr }S;B | Ysul phonyl benzo[ p] pyran derivatives and to conpositions
cont ai ni ng, uses- of, processes for fhe preparation of and intermnedi ates
used in the preparatlon of, such detivativ The present derivatives

di spl ay snmooth nuscle rel axant activity-iby a mechanl sminvol vi ng potassi um

channel opening. They are thereforﬁ Es&f Eil | &.t he curative or prophylactic
treatment of di seases associ ated ed
The present invention relates to benzopyrans. More partlcularly |t
5 relates to. 6-(hydroxyphenyl)sulphonylbenzo[bjpyran derivatives and to
compositions containing, uses of, processes for the preparation of and
intermediates used in the preparation of, such derivatives.
The present derivatives display smooth muscle relaxant activity by a
mechanism involving potassium channel opening. They are therefore useful
10 in the curative or prophylactic treatment of diseases associated with the
altered tone and/or motility of smooth muscle which can, for example, occur
. in the lung, bladder, gut, uterus or cardiovascular system. Such diseases
B '.'ir'\cllude chronic obstructive airways disease, asthma, urinary incontinence,
irfdtable bowel syndrome, diverticular disease, oesophageal achalasia and
15  hypertension. In addition, the present derivatives may be useful in the
treatment of peripheral vascular disease, congestive heart failure, pulmonary
: hypertension myocardial and cerebral ischaemia, angina, male pattern
baldness, cardiac arrhythmia, skeletal muscle fatigue/paralysis (myotonic
muscular dystrophy), glaucoma, epllepsy, tlnmtus, vertigo and
20 dysmenorrhoea.
The present invention provides compounds of the formula:- -
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tone and/or notility at snooth nuscle which can, for exanple, occur in the
| ung, bl adder ut, uterus or cardiovascul ar system Such di seases i ncl ude
chr.oni c. obsPEtcPPYe ai rways di sease, asthma. urinary incontinence,
irritabl e bowel- syn- drone, diverticular di sease, oesophageal achal asia and
hypertension. In addition, the present derivatives may be useful in the
treatment of peripheral vascul ar di seasep. congestive heart failure,

pul nonary hypertension, myocardial and cerebral ischaem a, angina, nale
pattern bal dnddbe pharaceuticallyyadoeptablelsaitsitherenliscl e fati guel paral ysi s

(mycl oni ¢ nuscul.ar -dystroRhy) aucoma, epilepsy, tinnitus, vertigo and
dysrrenorrholé’g.e’%DA- 053([7@2@: é@-&%%ﬂzo, EP- A- 0450415 and EP- A- 0400430

di scl osg benzopyrans ¥ hfid IHadrepeadd BidePlendently selected from H and C,-C,
alkyl or taken together represent C,-C; alkylene;
R?is H or C,-C, alkyl;
R®is
(a) " a 6-membered heterocydlic ring containing 1 or 2 N
10 : hetero-atoms, said ring being linked to X by a ring
| carbon atom, optionally benzo-fused and_'optionally _
substituted, including in the benzo-fused portion, by C,-
) . C, alkyl, hydroxy, -OR®, halo, -S(0),.R®, oxo, amino,’
N -NHRS, -N(R®),, cyano, -CO,R", -CONH,, -CONHFY,
15 or -CON(R®),, with the proviso that R® is not an N-(C,-C;
alkyl)pyridonyl group; '
(b) , when X is NH, a group of the formula:-
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activity. EP-A-0552679 describes epoxidation of chrcnenes. The present

i nvention pppwi d¢g conmpounds of the fornula:- [err] and the
pharmaceutically acceptable salts thereof, wherein Xis O S or NH R and
Rlerr] are each independently sel ected from Hand Cerr]-Cerr] alkyl or
taken together represent Cerr]-Cerr] alkylene; '

(¢) , when X is NH, a group of the formula:-
5 8. 0
K /
3
\0
10 R'is phenyi substituted by a hydroxy group and optionally

further substituted by 1 or 2 substituents each independently
“selected from hydroxy; C,-C, alkyl, -OR®, halo, cyano and nitro;
~  R%is C,-C; alkyl;
- ~ R°is -OR®, -NHR®, -N(R®),, -SR°®or -NHR’,
15 R’ is cyano;
R® is -OR®, -NHR®, -N(R®), or -NHR®;
® is phenyl optionally substituted by C,-C, alkyl, hydroxy.
-OHs halo, cyano or nitro; and
mis 0, 1or2. -
20
in the above definitions, the term "halo* means fluoro, chloro, bromo or
‘iodo. Alkyl groups containing three or more carbon atoms may be straight- -
or branched-chain. |

25 Preferably X is O or NH.
Most preferably X is O.

Preferably R, R' and R? are each C,-C, alkyl.
Most preferably R, R' and R? are each methyl.
30 |
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Rlerr] is Hor Céerr]-C[err] alkyl: Rerr] is (a) a 6-nmenbered heterocyclic
ring contai®ik®@g5950r 2 N hetero-atonms, said ring being linked to X by a
ring carbon atom optionally benzo-fused and optionally substituted,
including in the benzo-fused portion, by Cerr]- (ferr] alkyl, hydroxy,
-OR[err], halo, -S(Oferr]Rerr], oxo, nno, -NHR[err], -N(Rlerr])[err],
cyano, -Cderr]Rerr], -CONHerr], -CONHR[err], or -CON(Rlerr])[err], wth
the provi soptdietabiy i (a)sarﬂlt'newibéi'eﬁcﬁ@terdcyﬁherrrnb eortgtinimy lictanyd  gr oup;

(b), when X is NH a group.of the fornula:-
hetero-atoms, said ring being optionally benzo-fused and optionally

5  substituted by C,-C, alkyl, hydroxy, halo or oxo, and more preferably said
ring is not fully saturated, (b) is a group of the formula:-

R6

10 : ; 7

NR

or (c) is a group of the formula:-

R o

15 /

20 . More preferably R? is 1,2-dihydro-2-oxo-1H-pyridin-4-yl, 1,2-dihydro-5,6-
dimethyl-2-oxo-1H-pyridin-4-yl, 3-hydroxypyfidazin-6—yl, 2,3-dihydro-2-
methyl-3-oxopyridazin-6-yl, 2,3-d'ihydro-2-ethyl-_3-oxopyridazin-e-yl, 1,2-
dihydro-1-oxo-2H-phthalazin-4-yl, 1,2-dihydro-2-methyl-1-oxophthalazin-4-yl,

) - 2-chloropyrimidin-4-yi, 3,4-dioxo-2-ethoxycyclobut-1-en-1-yl or 3-cyano-2-

25  methylisothioureido. .

Most preferably R* is 1,2-dihydro-2-oxo-1H-pyridin-4-yl or 2,3-dihydro-2-
methyl-3-oxopyridazin-6-yl. '

Preferably R* is phenyl substituted by one or two hydroxy group(s).

30 More preferably R* is 2-, 3- or 4-hydroxyphenyl; or is 3,4-dihydroxyphenyl.
Most preferably R* is 3-hydroxyphenyt or 4-hydroxyphenyl.
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or (c) when X is NH, a group of the fornula:- [err] R err] is phenyl
substit ut ed BIYC &9f/dr oxy group and optionally further substituted by 1 or
substitlents each inde-

-5-
Preferably R® is -SR®.
Most preferably R is methylthio.

Preferably R® is -OR®.
Most preferably R® is ethoxy.

The pharmaceutically acceptable salts of the compounds of the
10 formula (1) include. the acid addition ahd the base salts thereof.
Suitable acid addition saits are formed from acids which form non-
toxic saits and examples are the hydrochloride, hydrobromide, hydroiodide,
™ sulphate, bisulphate, phosphate, hydrogen phosphate, acetate, maleate,
' fumarate, lactate, tartrate, citrate, gluconate, benzoate, methanesulphonate,
15 benzenesulphonate, and p-toluenesulphonate salts.

Suitable base salts are formed from bases which-form non-toxic salts
and examples are the aluminium, calcium, magnesium,'zinc and
diethanolamine salts. _

For-a review on suitable salts seé\Berge et al, J. Pharm. Sci., 1977,

20 66, 1-19.

A corhpound of the formula (I) may contain one or more asymmetric
carbon atoms and may therefore exist in two or-more stereoisomeric forms.
T-he present invention includes the individual stereocisomers of the

| ) : compounds of the formula (I) and mixtures thereof, together, where
25 appropriate, with all the tautomeric forms of the compounds of the formula
0. .

Separation of diasterecisomers may be achieved by conventional

techniques, e.g. by fractional crystallisation, chromatography or H.P.L.C.



pendently selected fromhydroxy, Cerr]-Clerr] alkyl, -OR[err], halo, cyano
and nitro; err% '%s Cerr]-Cerr] alkyl: Rerr] is -ORerr], -NHR[err],
-N(Rerr])]| Il‘cf, 2 Rlerr] or -NHR[err]; Rerr] is cyano; Rerr] is
-OR[err], -NHR[err], -N(Rerr])[err] or -NHRerr]; Rerr] is phenyl
optionally substituted by CJerr]-Cerr] alkyl, hydroxy, -ORerr], halo,
cyano or nitro; and ms 0O, 1 or 2. -6-

of a stereoisomeric mixture of.a compound of the formula (I) or a suitable
salt or derivative thereof. An individual enantiomer of a compound of the
5 formula (I) may also be prepared from a corresponding optically pure

intermediate or by resolution, such as by H.P.L.C. of the corresponding
racemate using a suitable chiral suppdrt or by fractional crystallisation of the
diastereoisomeric salts formed by reaction of the corresponding racemate
with a suitable optically active acid or base.

10 A preferred group of compoimds of the formula (I) has the formula:-

‘\\
15 ....(IA)
where X, R, R', R% R® and R* are as previously defined for a compound of
20 the formula (1).
The compounds of the formula (1) provided by.the invention can be-
prepared by the following methods:-
) 1) All the compounds of the formula (I) can be prepared by deprotection
25 of a compound of the formula:-
3
R
X/
30 - 10 OH
R¥s0, [/ r? (D)
1
R
O/T‘
. R
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In the above definitions, the term"halo" neans fluoro, chloro, brono or

i odo. Al kyl P§FoBB8 containing three or nore carbon atonms may be strai ght-
or branched-chain. Preferably Xis Oor NH Most preferably Xis QO
Preferably R, Rlerr] and Rlerr] are each (Jerr]-(err] al kyL Most
preferably R R err] and R err] are eac'b7_rrethyl. Preferably Rerr] is (a) a
6- menbered heterocyclic ring containing 1 or 2 N hetero-atons, said ring

bei ng opti onal | ywhere R' is phenyl substituted by a protected hydroxy group and
optionally further substituted by 1 or 2 substituents each
5 independently selected from a protected hydroxy group, hydroxy, C,-
C, alkyl, -OR®, halo, cyano and nitro, and X, R, R', R? R® and R°® are
as previously defined for a eompound of the formula (1).

A variety of suitable hydroxy protecting groups together with methods
io : for their removal are well known in the art to the skilled person, e.g.

see T.W. Greene and P G.M. Wuts, "Protective Groups in Organic

Synthesis®, Second Edition, Wiley-Interscience, 1991. '

Certain alkyl groups, e.g. methyl and t-butyl, can be regarded as

15 hydroxy protecting groups. It should therefore be realised that when
the R' pheny! group Is substituted by C,-C, alkoxy, e.g. methoxy or
t-butoxy, it may also be converted to a hydroxypheny! group using
certain deprotection conditions.

o )

20 In a typical procedure for the removal of a methyl hydroxy protecting
group, a methoxyphenylisulphone of the formula (lf) is treated with -
boron tribromide in a suitable organic solvent, e.g. dichloromethane,
at room temperature.

25 A trialkylsilyl group can also be used as a-hydroxy protecting group.
The tert-butyldimethylsilyl group is preferred and it may be removed
by treatment with fluoride ion, e.g. using tetrabutylammonium fluoride
or hydrofluoric acid. |

30
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”l-).é"hz'o”]'c l.J-Sed and optionally substituted by (ferr]-Clerr] al kyl, hydroxy,

hal o or oxo,
group of th
preferably R err]

re preferably said ring is not fully saturated, (b) is a

d
eP)?(g %%?a - [err] or (c) is a group of the fornula:- Mre

is 1, 2-di hydro- 2- oxo- 1H pyri di n-4-yl ,

1, 2-di hydro- 5, 6- di net hyl - 2- oxo- 1H-pyridin-4-yl, 3-hy- droxypyridazin-6-yl,
2, 3-di hydr o- 2- net hyl - 3- oxopyri dazi n- 6- yl ;8-
2, 3-di hydr o- 2- et hyl - 3- oxoggrldam

1- oxo- 2H pht hal az

oGt od sl )L 1 6% Brrparacis .1 2ol

| 2-chl oropyri m di ngfs )Sén b frépatd® 1ont NEenBY¥dRd of the formula (i) where both

5

10

15- °

20

25

30

2)

hydroxy groups are protected together, e.g. as a ketal.

The compounds 6f the formula (l1) where R® has thé definition (a) as
previously defined for R® for a compound of the formula (1) can be
prepared from a compound of the formula (Vi) by a similar procedure
to that described in method (2) for the preparation of the compounds
of the formula (1).

The compounds of the formula (Il) where R? has the definition (b) or ..

- {c) as previously defined-for R? for a compound of the formula (I) can

be prepared by first converting a compound of the formula (Vi) to the

- corresponding 4-amino-3-hydroxybenzopyran derivative by a similar

procedure to that described for the preparation of a compound of the
forfnula—-(VlI) from a compound o;\the formula (llf) in method (4),
followed by further reaction thereof to incorporate the desired 4-
substituent by a similar procedure to that described in any one or
more of methods (4), (5) and (7), as appropriate.

The compounds of the formula (l) where R? has the definition (a) as

previously defined for R® for a compound of the formula (l), and X, R,

‘R', R? and R* are as previously defined for a compound of the

formula (l), can be prepared by reaction of a compound of the
formula:-

4
R*s0, e
o\ |

R | T
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but-1 -en-1-yl or 3-cyano-2-nethylisothioureido. Mdst preferably Rerr] is
1 . 2-di hydr g o5 1H-pyri di n-4-yl or

2, 3-di hydr o- 2- net hyl - 3- oxopyri dazi n-6-yl. Preferably R4 is phenyl
substituted by one or two hydroxy group(s). More preferably Rerr] is 2-,
3-or 4-hydroxyphenyl, or is 3,4-di hydroxyphenyl. Mst preferably Rerr] is
3- hydr oxyphenyl or 4-hydroxyphenyl . Pref@rably Rlerr] is -SRerr]. Mst.

preferably Rierrly s "Bt BY! R2aAd R* are as previously defined for this method,
either with a compound of the formula:-
5 | .  R%H
or, where appropriate, a tautomer thereof, and in the presence of a
base, or with a base salt of a compound of the formula:-
R*XH .
where X and R® are as previously defined for this method.

10 _
Preferred base salts of the compounds of the formula R*XH include
the alkali metal salts, e.g. the sodium and potassium salts. if a base

M salt is used, this may be generated in_situ from the corresponding
' compound of the formula R®*XH using a suitable base, e.g. sodium
15 hydride.

If a base salt of the compound of the formula R°XH is not used, a
suitable base, e.g. pyridine or tnethylamme, must also be present
~ although only a catalytic amount is usually necessary.
20
.The reaction may be carried out in-a suitable organic solvent, e.g.
ethanol or 1,4-dioxane, at from room temperature to, and preferably
at, the reflux temperature of-the solvent. '
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-3- Preferably Rlerr] is ORerr]. Mst preferably Rlerr] is ethoxy. The
phar maceut i cRLCy586cept abl e salts of the conpounds of the forrmula (I)
i ncl ude the acid addition and the base salts thereof.

-10-
The compounds of the formula (lll) can be prepared by the following
procedure:-
5
Br. :
\G(\-_Rz )
Rl
o\ _
R
10
"W ) .
- ReG=T
s %
R .
20

rR*s0,
_R2 [,VIJ
R

D, | | l
25 .

R4SO<I< 5
—R (DD
1
30 2%
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Suitable acid addition salts are forned from aci ds which form non-toxic
salts and eRPafpl5@S are the hydrochl ori de, hydrobroni de, hydroiodide,

sul phate, bisul phate, phosphate, hydrogen phosphate, acetate, nuleate,
fumarate, lactate, tartrate, citrate, gluconate, benzoate,

met hanesul phonat e, benzenesul phonat e, anp,p 't ol-.uenesul phonate salts.
Suitabl e base salts are fornmed from bases which formnon-toxic salts and

exanpl es are the whereiRi*Ui plognye isubstiiired &y al Brotecied WOW@T‘JW@W”‘ ne
salts. For a review on suitable salts see Berge et al . Pharm Sci .,

1977, 66, 1-19. APEsRBhiAtheT sukstitWed.hyal or)2 ﬁ*&?ﬁt@é?ﬂt&%%he or more
asymet gi ¢ car bor, sl OFRARg JCtE A dHh Y ﬁrtﬁéétﬁh Hylrb¥P group, C,-C; alkyl,

-OR?, halo, cyano and nitro, and R, R', R%, R* and R°® are as
previously defined for a compound of the formula (I) for method (2).

In a typical procedure, a compound of the formula (IV) is reacted with
10 a thiol of the formula:-
’ R10aSH
| where R'™ is as previously defined for this method, in the presence
T S of sodium t-butoxide and tetrakis(triphenylphosphine)palladium(0) in a
suitable solvent, e.g. ethanol, and at the reflux temperature thereof.
15 '
The compound of the formula (V) produced can be converted to an
oxirane of the formula (V1) by oxidation using sodium hypochiorite in
the presence of [(R,R) or (8,S)-1,2-bis(3,5-di-tert-butylsalicylide-
. - amino)Jeyclohexane manganese(fi) chloride (see J.A.C.S., 1991,
20 113, 7063). | |

The hydroxy protecting group(s) can then be removed from a
compound of the formula (VI) by a conventional procedure to provide
) a compound of the formula (lif).

25

‘ it is possible to prepare a compound of the formula (V) from a
compound of the formula (V) using methyl as the hydroxy protecting
Qroup in R'®, to dealkylate this compound to provide the
corresponding phenol and then to reprotect the phenol with a second

30 hydroxy protecting group, e.g. benzyl prior to carrying out the |

: oxidation reaction.

T ———
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or nore stereoisoneric forms. The present invention includes the individual
st er eoi somepgcokgshe conpounds of the formula (1) and m xtures thereof,
t oget her, where appropriate, with all the tautoneric forns of the conpounds
of the fornmula (1). Separation of diastereoisonmers may be achi eved by
conventional techniques, e.g. by fractional crystallisation, chromatography
or HP. L C of a stereoisoneric nixtureld a conpound of the formula (1) or

a suitable salt r \ 0a (E@%

conpound of the Irtﬁldgvﬁéd%w{h% Foﬂ%@r%é 9‘?,") éﬁ rﬁl(';mggla Q%Hr'resp@%%r%d
optically pure |nyafm§nabﬁaqcmobydm@gol ution, such as by HP.L.C. of the
correspgndlng racemate using a suitable chlral support

3) The compounds of the formula () where R? has the definition (a) as
previously defined for R® for a compound of the formula (I), and X,
R, R', R* and R* are as previously defined for a compound of the
formula (1), can be prepared by reaction of a compound of the
10 formula:- |

10 :
15 R SO, —R? wee(VIA)
. _ Rl
o R

where R' is pheny! substituted by a tri{C,-C, alkyl)silyloxy group (i.e.

a tri(C,-C, alkyl)silyl protected- hyé?oXy group) and optionally further
20 substituted by 1 or 2 substituents each independently selected from
tri(C,-C, alkyl)silyloxy, hydroxy, C,-C, alkyl, -OR®, halo, cyano, and
nitro and R, R!, R? and R°® are as previously defined-for a compound
of the formula (1), either with a compound of the formula:-
DI R°XH
25 or, where appropriate, a tautomer thereof, and in the presence of a
base, or with a base salt of a compound of the formula:-
R®XH
where X and R® are as defined for this method.
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or by fractional crystallisation of the diastereoisoneric salts forned by
reaction of pthesgerresponding racemate with a suitable optically active
acid or’ base. A preferred group of compounds of the fornula (1) has the
formula:- [err] where X, R Rerr], Rerr], Rerr] and Rerr] are as
previ.ously defined for a conpound of t he fornula (I'). The compounds of the
formula (1) provided by the invention cd®-be prepared by the following

Farie o o OBETEHEES dpHotno 5 o &

butyldlmethylsuyloxy

Preferred base salts of the compounds of the formula R*XH include
the alkali metal salts, e.g. the sodium and potassium salts. If a base
salt is used, this may be generated in_situ from the corresponding
compound of the formula R*XH using a suitable base, e.g. sodium
10 hydride.

if a base salt of a compound of the formula R*XH is not used, a
N suitable basé, e.g. pyridine or triethylamine, must be present
. although only a catalytic amount is necessary.
15 | ,

- In a typical procedure where a base salt of a compound of the .
formula R*XH is not used, the reaction is carried out in a suitable
orgénic soivent, e.g. 1,4-dioxane, ethanol, isopropanol or diethylene
glycol, and at an elevated temper;a\tu're, e.g. at or about the reflux

20 temperature of the solvent.

4) The compounds of the. formula (1) where X is NH,.R® is a group of the
formula:-

25

SR®
_< ,

"NR’
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[err] where %e[é% i s phenyl substituted by a protected hydroxy group and
optional by f Ssubstitut ed by 1 or 2 substit- uents each independently
selected froma protected hydroxy group, hydroxy, Clerr]-Cerr] alkyl,
-OR[err], halo, cyano and nitro, and X, R, Rerr], Rerr], Rerr] and
Rlerr] are as previously defined for a cegpound of the formula (I). A
variety of suitable hydroxy protecting groups together with nethods for
their renoval areametH, R'n®inR*NRE BadaRT ate asresicuslyedefmad forae. g. see
T.W Geene and P.G M V%l Protectiyve Groups in O.ganic Synthesis",
Second Edition, VW9BHOYH 9? g forpwia (Ho gan be prepared by reaction of a

5 compound of the formula:-
NH, OH
4
R S02 : L.RZ
10 / Rl ....‘ iH)
| ~o TR

! where R, R', R? and R* are as previously defined for this method,
| with a compound of the formula:-
15 ~ (R%S),C=NR’

where R® and R’ are as previously defined for this method.

In a typical procedure the reactants are heated together in the
presence of a base catalyst, e.g. ;;yridine, and in a suitable solvent,
20 _ e.g. ethanol.

The compounds of the formula (VII) can.be prepared-by treatment of -
a compound of the formula (IIl) with a ethanolic solution of aqueous
) ammonia, typically at a temperature of from 40 to 50°C.
25



Certain al kyl groups, e.g. nmethyl and t-butyl, can be regarded as hydroxy
protecting éiﬁguﬁ@s It should therefore be realised that when the R err]
phenyl group is substituted by (Jerr]-C[err] al koxy, e.g. nethoxy or
t-butoxy, it may also be converted to a hydroxyphenyl group using certain
deprotection conditions. In a typical prgcedure for the renoval of a nethyl
hydr oxy protecting group, a nethoxyphenylsul phone of the

5) The compounds of the formula (I) where X is NH, Rlisa group of the

formula:-

RS
_< :
- NR’
10
R® is -OR®, -NHR®, -N(R®), or -NHR’and R, R', R? R* R®, R and
R® are as previously defined for a compound of the formula (I), can
B - be prepared by reaction of a compound of the formula () where X, R,
' R', R% R® RY R® and R’ are as defined for method (4) for the
15 preparation of compounds of the formula (l), with a suitable base salt
of a compound of the formula R°OH '(i.e. an alkoxide derivative), or
with a compound of the formula R®NH,, (R%),NH or R°NH,, or a
suitable base salt thereof, as appropriate, where R® and R® are as

0\. .

defined for this method.

20
Suitable base salts of the compounds of the formula R°OH, R°NH,,
(R®),NH and R°NH, include the alkali metal salts, e.g. the sodium and
potassium salts. ' '

25 The reaction is typically carried out in a suitable solvent, e.g.
tetrahydrofuran, and at the reflux temperature thereof.



formul a (”%Lé %%eated wi th boron tribromde in a suitable organic
sol.vent ; d? | oronet hane, at roomtenperature. A trialkylsilyl group
can also be used as a hydroxy protecting group. The tert-butyldinethylsilyl
group is pre- ferred and it may be renoved by treatnment with fluoride ion,
e.g. using tetrabutyl ammoni um fl uoride_gg- hydrofluoric acid. Wen the
conpound of the fornula (1) to be prepared is a 1, 2-di ol,, this can be
prepared fr@m a Foensempousiistafdhedermula (1) whemn is Nbk R*H9 @ Bxy groups are

Dot ected L oaet it e Rk Gl ng SARASMRCLRY® B naiod BBl o,
conpourgl optionally substituted as previously defined in definition (a) for R® for
a compound of the formula (I), and R, R’ , R? and R* are as
previously defined for a compound of the formula (I), can be prepared
by reaction of a compound of the formula (Vil) where R, R', R? and
R* are as previously defined for a compound of the formula (VII), with
10 a 6-membered ring heterocyclic compound containing 1 or 2 N
heteroatoms which is substituted on a ring carbon atom by a leaving
group, e.g. halo (preferably chioro or bromo) or a group of the
| o= formula (C,-C, alkyl)S(O),- where n is 0, 1 or 2, and optionally further
" - substituted as previously defined for R?® for this method.
15 |
in a typical procedure when a halo leaving group is used, the
- reaction is carried out in the presence of a-suitable acid-acceptor,
e.g. diisopropylethylamine;-in a suitable solvent, e.g. 1,4-dioxane, and
at about the reflux temperature of the solvent.
20
7) The compounds of the formula () where X is NH, R® is a group of the
formula:-

wa RS /°

25

/

——
———
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of the fornmula (1) can be prepared froma conmpound of the forrmula (VI) by a
simlar propgdusesto that described in nethod (2) for the preparation of

t he compounds of the fornula (1). The conpounds of the formula (11) wher e
Rlerr] has the definition (b) or (c) as previously defined for Rerr] for a
conpound of the formula (1) can be prepared by first converting a conpound
of the formula (VI) to the correspondlﬁd 4- am no- 3- hydr oxybenzopyr an

derivative b ' f
S tom pound of ERE AaRnERor BUATR BY giess dieeidishPdefifid fehoa BofifRAd ", O
nmet hod (4), foll ofwrke tqrnfulat(t);ecam ebecpneparédneyereacnm |aﬁ@oc¢mpatmdtdiehde5| red

4-substituent by a simlar procedure tp that, described ri one or nore
of met hdds formula (VIl) where R, R, R® and R" are as prevrousy defmed for a

compound of the formula (Vll), with a compound of the formuia:-

RS _ /O
10 - (VIO
N\

o

where Z is a suitable leaving group, e.g. ethoxy, and R% is as
15 previously defined for this method.

In a typical procedure the compounds are heated together in a-
suitable solvent, e.g. ethanol, and at about the reflux temperature
thereof. o

20
The compounds of the formula (VIll) may be prepared by
conventional procedures.

e

aced

i
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(4), (5) an? é?%Q as appropriate. 2) The conpounds of the fornula (1) where
Rl err] has )ﬁe e?i nition (a) as previously defined for R3 for a conpound
of the formula (1), and X, R Rerr], Rerr] and Rerr] are as previously
defined for a conpound of the formula (1), can be prepared by reaction of a
compound of the formula:- [err] where Ri8R[err], Rerr] and Rerr] are as
previously defined for this nethod, either with a conpound of the formula:-
Rl err] XH '

All of the above reactions and the preparations of novel starting
5  materials-used in the preceding methods are conventional and appropriate
reagents and reaction conditions for their performance or preparation as
well as procedures for isolating the desired products are well known to
those skilled in the art with reference to literature precedents and the
Examples and Preparations hersto.

10 A pharmaceutically acceptable sait of a compound of the formula (i)
may be readily prepared by mixing together solutions of a compound of the
formula (I) and the desired acid or base, as appropriate. The salt may
precipitate from solution and be collected by filtration or is recovered by
evaporation of the solvent.

15 The compounds of the formula (I) have smooth muscle relaxant

activity since they are able to open potassium channels in such tissue.

They can be tested for smooth muscle relaxant activity by-a method

involving measuring the jn_vitro relaxation of electrically stimulated guinea

MV

pig tracheal rings as follows.
20 Adult male guinea pigs (Porcelius, 500-900g) were killed by a blow to
. the head with subsequent exsanguination. Each trachea was excised and
placed in Krebs solution (the composition of the Krebs solution was. as
follows (millimoles):- NaCl (118); KCI (4.7); NaHCO, (25); KH,PO, (1.2);
MgSO, (1.2); CaCl, (2.5); glucose (11), and indomethacin (2.8pM) was
) 25  added to remove the influence of the endogenous prostanocids: the

S ——

il



or, where appropriate, a tautoner thereof, and in the presence of a base,
or with a baRECs29% of a conpound of the fornmula:- R err]XH where X and
are as previously defined for this method. Preferred base salts of
t he conpounds of the fornmula R3XH include the alkali nmetal salts, e.g. the.
sodi um and potassiumsalts. If a base salf is used, this may be generated
in situ fromthe correspondi ng conpound ‘3P~ the formula R3XH usi ng a

sui tabl e basgjufort) wasOghssBalh i9896 oxygen / 5% carbon dioxide and the

Rl.err].

10

15

20

25

30

temperature was kept constant at 37°C). The adherent connective tissue
was dissected away and the tracheal tube opened by cutting through the
cartilage on the side opposite to the smooth muscle band. A long cotton
thread was attached to the cartilage at one end of the tracheal strip for
attachment to an isometric transducer and another thread was attached to
the other end of the strip for connection to a stimulation electrode. The
preparation was mounted under a resting tension of 1g in a 15mi organ bath
which was maintained at 37°C and gaésed with 95% oxygen / 5% carbon
dioxide. The tissue was washed at 15 minute intervals and allowed to
equilibrate for 1 hour.

At the end of the equilibration period the tissue'wés stimulatéd ata

frequency of 1Hz, pulse duration of 0.1ms and at a supramaximal voltage of

25-30V for a period of 10 seconds at 100 second intervals. When the
contractile responses had stabllised, ‘a single concentration of a compound
of the formula (), or a pharmaceuticél!y acceptable salt thereof, was added |
to the bath and stimulation of the tissues was continued for 2 hours.

The minimum dose of the compound of the formula (1) which causes
maximal inhibition of the cholinergic contraction relative to control was then
determined.

For human use, the compounds of the formula () and their salts can
be administered alone, but will generally be administered in admixture with

~* a pharmaceutical carrier selected with regard to the intended route of

administration and standard pharmaceutical practice.
For example, they can be administered orally in the form of tablets

‘containing such excipients as starch or lactose, or in capsules or ovules

either alone or in admixture with excipients, or in the form of elixirs,
solutions or suspensions containing flavouring or colouring agents.
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If a base salt of the conpound of the fornmula Rl err] XH is not used, a

sui tabl e bpse,5¢59. pyridine or triethylamne, nust al so be present

alst hough only a catalytic anbunt is usually necessary. The reaction may be
carried out in a suitable organic solvent e.g. ethanol or 1, 4-dioxane, at
fromroomtem perature to, and preferably at, the refl ux tenperature of
the solvent. The conpounds of the f or méPa (III) can be prepared by the

fol I owi ng proceghse can be injected parenterally, for example, intravenously,
intramuscularly or subcutanedusly. For parenteral administration, they are
5  bestusedin thé form of a sterile aqueous solution which may contain other
substances, for example, enough salts or glucose to make the solution
isotonic with blood. _ _
For oral and parenteral administration to human patients, the daily
dosage level of the compounds of the formula (I) will be from 0.01 to
10 20mg/kg (in single or divided doses) and preferably will be from 0.1 to
~ 5mg/kg.
Thus tablets' or capsules' of the compounds will contain from 1mg to
N | 0.5g of active compound for administration singly or two or more at a time,
as appropriate. The physician in any event will determine the actual dosage
15  which will be most suitable for an individual patient and it will vary with the
age, weight and response of the particular patient. - The above dosages are |
exemplary of the average case; there can, of course, be individual instances
where highér or lower dosage ranges are merited, and such are within the

.

scope of this invention.

20 The compounds of formula () can also be admihistered by inhalation
and are conveniently delivered in the form of an aerosol spray presentation
from a pressurised container or a nebuliser with the use of a suitable
propeliant, e.g. dichlorodifluoromethane, trichlorofiuoromethane,

'. ) . dichlorotetrafluorosthane, a hydrofluoroalkane, carbon dioxide or other

25 . suitable gas. In the case of a-pressurised aerosol, the dosage unit may be
determined by providing a valve to deliver a metered amount. The
pressurised container or nebuliser may contain a solution or suspension of
the active compound. Administration by inhalation may also be carried out
using a' dry powder inhaler. Capsules and cartridges (made, for example,

36 from gelatin) for use in an inhaler or insufflator may be formulated to contain
a powder mix of a compound of formula (I) and a suitable powder base
such as lactose or starch.
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[err] R[err] where R err] is phenyl substituted by a protected hydroxy
group and offLiCoB&5ly further substituted by 1 or 2 substit- uents each

i ndependently selected froma protected hydroxy group, Cferr]-Cerr] alkyl,

-OR[err],

hal o, cyano and nitro, and R, Rerr], Rerr], Rerr] and R err]

are as previously defined for a corrpouh_t%c_)f the formula (1) for nmethod (2).

10

15

20

25

30

Aerosol formulations are preferably arranged so that each metered
dose or "puff* of aerosol contains from 20ug to 1000ug of a compound of
formula (1), or a pharmaceutically acceptable salt thereof, for delivery to the
patient. The overall daily dose with an aerosol will be within the range of
from 20ug to 10mg which may be administered in a single dose or, more
usually, in divided doses throughout the day.

Alternatively, the compounds of the formula (1) can be administered in
the form of a suppository or pessary, or they may be applied topica!ly.in the
form of a lotion, solution, cream, ointment or dusting powder. For example,
they can be incorporated into a cream consisting of an aqueous emulsion of

- “polyethylene glycols or liquid paraffin; or they can be incorporated, at a

concentration of from 1 to 10%, into an ointment consisting of a white wax

or white soft paraffin base together with such stabilizers and preservatives

as may be required. _
Thus the invention further provides:-

. a pharmaceuticél composition comprising a compound-of the formula
(), or a pharmaceutically accepta%!e‘ salt thereof, together with a
pharmaceutically acceptable diluent or carrier; _

ii) a compound of the formula (I), or a pharmaceutically acceptable salt
or composition thereof, for use as a medicament;

iii) the use of a compound of the formula (I), or of a pharmaceutically
acceptable salt or composition thereof, for the manufacture of a
medicament for the curative or prophylactic treatment of a disease -
associated with the altered tone and/or motility of smooth muscle;

iv)  use as stated in (iif) where the disease is chronic obstructive airways
disease, asthma, urinary incontinence, irritable bowel syndrome,
diverticular disease, oesophageal achalasia or hypertension;

——

Te——
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In a typical procedure, a conpound of the fornula (1V) is reacted with a
thiol of themomad a:- R err]SH where Rerr] is as previously defined for
this method, in the presence of sodiumt-butoxide and tetrakis(triphenyl -
phosphi ne) palf adium(O in a suitable solvent, e.g. ethanol, and at the
reflux tenperature thereof.
P2
v) a method of treatment of a human to cure or prevent a disease
associated with the altered tone and/or motility of smooth muscle
5 which comprises treating said human with an effective amount of a
compound of the formula (i) or with a pharmaceutically acceptable
salt or composition thereof; |
vi) a method as stated in (v) where the disease is chronic obstructive

airways disease, asthma, urinary incontinence, irritable bowel

10 syndrome, diverticular disease, oesophageal achalasia or -
. hypertension; and
vii)  intermediates of the formulae (i), (1), (VIA) and (VIi).
- N The following Examples illustrate the preparation of the compounds

of the formula (I):-

[E—
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The conpound of the fornmula (V) produced can be converted to an oxirane of
the fornmul g &VEpsby oxidation using sodi um hypochlorite in the presence of
(R R or (S S)- 1,2-bis(3,5-di-tert-butylsalicylideanm no)]cycl ohexane
manganese(l11) chloride (see J.A C. S, 1991, 113, 7063). The hydroxy
protecting group(s) can then be renoved froma conpound of the formula (V)
by a conventional procedure to provide a conpound of the formula (I111). It
is possible to prepare a conpound of t formula (V) froma conpound of the
formula (1V) using nmethyl as the hydroXy protecting group in Rlerr], to
deal kyl ate this conpound to prOV|dq§gBEugg;Jpspondlng phenol and then

5 _
r nvlisulphony!-2.2 3-tri hvil-2H-benz ran
10
CH,0
15

(3S,4R)-4-(2-Chloropyrimidin-4-yl)amino-3,4-dihydro-3-hydroxy-6-(3-
methoxyphenyl)sulphonyl-2,2,3-trimethyl-2H-benzo[b]pyran (0.23g) (see"
. Preparatioﬁ 19) was dissolved in dichloromethane (25ml) (the flask was
fitted with a calcium chloride drying tube)-;hd boron tribromide (1ml) was
-20 - added. The mixture was stitrred at room temperature'for 24 hours'and a
precipitate was formed. The dichloromethane was decanted -off, the solid
taken up in 1N aqueous sodium hydroxide and washed with ethyl acetate.
, The aqueous phase was acidified o give a gum which was collected and
: ) . dried.under reduced pressure at 70°C to yield-(3S,4R)-4-(2-chloropyrimidin-
25 - 4-yl)amino-3,4-dihydro-3-hydroxy-6-(3-hydroxyphenyl)sulphonyi-2,2,3-
trimethyl-2H-benzo[b]pyran (0.123g) as a white solid, m.p. > 280°C. LRMS
m/z = 475 (m)*. .
'H-NMR (d,-DMSO): 8 = 10.20(1H,s), 8.15(1H,d), 8.05(1H,d), 7.65(1H,m),
7.50(1H,d), 7.15-7.40(3H,m), 7.00(2H,m), 6.75(1H,d), 5.50(1H,d),
30 1.40(3H,s), 1.30(3H,s), 1.10(3H,s) ppm.
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to reprotect the phenol
benzyl, prigrLd aomrryi

the formul ae (I'V) and R err] SH can be prepared by conventi onal
3) The compounds of the fornula (1) where R err]

previ ously defined for

Rlerr], Rerr] and R er
formula (1)
[err]

10

HO

15

Wi th a second hydroxy protecting group, e.dg.
ng out the oxidation reaction. Al the conpound
pr ocedu

R3 for a conmpound of the formula (1), and X R

r] are as previo

(3S,4R)-4-Amino-3,4-dihydro-3-hydroxy-6-(3-hydroxyphenyl)-

s of
res.

has the definition (a) as

Yy defined for a conpound of the

, can be prepared by reaCE ng{_Eazconpound of the formula: -

sulphonyl-2,2,3-trimethyl-2H-benzo[b]pyran (0.62g) (see Preparation 20) and

1 2-diethoxy-3 4-dioxocyclobut-1-ene (0.15g) were dissolved in ethanol

(10mi) (a calc;um chloride drying tube was attached to the flask) and the

mixture was heated under reflux for 90 mmutes The solvent was removed

20

under- reduced pressure, the residue was then azeotroped with

dichioromethane and the crude product was chromatographed-on silica with-

5:95 methanol :

dichloromethane as the eluent to yield (35,4R)-3,4-dihydro-

4-(3,4-dioxo-2-ethoxycyclobut-1-en-1-yl)amino-3-hydroxy-6-(3- -

25 solid.

’H-NMR.(ds-DMSO) (two rotamers observed): 8 = 10.20(1H, broad), -
9.25(0.5H,broad), 9.00(0.5H,br6ad), 7.75(2H,m), 7.38(2H,m), 7.25(1H,s),

- 7.00(2H,m), 5.45(0.5H,d), 5.38(0.5H,s), 5.30(0.5H,s), 4.95(1H,d), 4.75(1H,q),
4.60 (1H,broad), 1.45(1.5H,t), 1.38(3H,s), 1.29(1.5H,broad), 1.22(3H,s),

30

i

0.99(3H,s) ppm.
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wher e R[err] is phenyl substituted by a tri(Clerr]-Cerr] alkyl)silyloxy
group (i.e Fl;]ggC[err] Clerr] alkyl)silyl protected hydroxy group) and
optiona]ly urt er substituted by 1 or 2 substituents each independently
selected fromtri(Cerr]-Cerr] alkyl) silyloxy, hydroxy, (err]-derr]
alkyl, -OR[err], halo, cyano, and nitro and R, Rlerr], Rerr] and R err]
are as previously defined for a conpount®%f the formula (1), either with a
conpound of the fornmula:- Rerr]XH ppropriate, a tautoner

. e ,a
thereof, and in the presence of a b%h a base salt of a conpound
of the formula: - i i i

5 3-h

- &

HO

(3S,4R)-4-Amino-3,4-dihydro-3-hydroxy-6-(3-hydroxyphenyi)-
15 sulphonyl-2,2,3-trimethyl-2H-benzo[b]pyran (0.6g) (see Preparation 2.0) and
. dimethyl N-cyanodithioiminocarbonate (0.24g) were dissolved in pyridine
(10ml) (a calcium chloride drying tube was attached to the flask) and the-
mixture heated at 50-60°C for 24 hours The solvent was removed under
- reduced pressure and the residue. chromatographed on silica with 1:1 ethyl
20 - acetate : dichloromethane as the eluent to give a crude product which was
azeotroped with ethyl acetate followed by dichloromethéne, and then -
triturated with diethyl ether (to remove residual pyridine) to yield (3S,4R)-4-
(3-cyano-2-methylisothioureido)-3,4-dihydro-3-hydroxy-6-(3-
) hydroxyphenyl)sulphonyi-2,2,3-trimethyl-2H-benzo[b]pyran (0.276g) as a
25  solid. |
TH-NMR (de-DMSO): 6 = 10.25(1H,s), 8.50(1H,d), 7.70(1H,d), 7.50(1H,s),
7.30—7.45(2H,m), 7.25(1H,d), 6.98-7.05(2H,m), 5.45(1H,d), 5.40(1H,s),
2.72(3H,s), 1.37(3H,s), 1.25(3H,s), 1.07(3H,s) ppm.

30

l! !lll
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Rlerr] XH where X and R3 are as defined for this nethod. A preferred
tri(Cerr]- r | kyl )silyl oxy protecting group is
tert-butyld$%§§h§?giIonxy. Preferred base salts of the conpounds of the
formula Rlerr]XH include the alkali netal salts, e.g. the sodi um and
potassiumsalts. If a base salt is used, this may be generated in situ from
t he correspondi ng conpound of the formul26R[err] XH using a suitabl e base,

e.g. sodiumhydride. If a base salt &i g gﬂgzund_ of the fornula Rerr]XH
is not used, a suitable base, e.g. p triethyl am ne,
4R)-3.4-Dihydro-3- -6-(4-h isulphonyl-4-(3-
5 ~ hydr ridazin-6-yljoxy-2.2.3-trimethyl-2H-benz ran

=0

jo 4
. oNH
.l":o . fl) Q :H
< CH_’ )
@ O
0" “am, HO o

CH,

o=

TBDMS-O

(3S,48)-6-(4-tert-Butyldimethylsilyloxyphenyl)sulphonyl-3,4-dihydro-

15 3,4-epoxy-2,2,3-trimethyl-2H-benzo[b]pyran (0.35g) (sée Preparation 14)
and 3,6-dihydroxypyridazine (0.273g) were suspended in absolute ethanol
(Smi), dry pyridine (0.065ml) was added and the mixture was heated under

. reflux for 4" days. The solvent was then removed under reduced pressure
and the residue chromatographed on silic;a with 1:99 methanol : ethyl -

20 - acetate as the eluent to yield (38,4R)-3,4-dihjdro-3—hydroxy-6-(4-hydroxy-
phenyl)suIphonyl-4-(3-hydroxypyridazin;6-yl)oxy-2,2,3-trimethyl-2H- -
benzo[b]pyran (0.165g) as a white solid, m.p. > 200°C. Found: C,67.54;

_ . H,5.35; N,5.57.. C,,H,,N,0,S, 0.20. ethyl acetate requires C;57.50; H,4.99;
) . N,5.88%.

25  'H-NMR (d,-DMSO): § = 12.38(1H,s),.7.1 6(4H,m), 7.25(1H,d), 6.80- -

7.00(4H,m), 5.80(1 H,s), 5.38(1H,s), 1.38(3H,s), 1.30 (3H,s), 1.15(3H,s) ppm.

_— .
—
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must be present although onl y a catalytic amount is necessary. In a typical
procedure %q%%snbase salt of a conmpound of the formula R err]XH is not
used, the t is carried out in a suitable organic solvent, eg.

1, 4-di oxane, ethanol, isopropanol or diethylene glycol, and at an el evated
tenperature, e.g. at or about the reflux tenperature of the solvent. 4) The
conpounds of the fornmula (1) where X is2NH, Rerr] is a group of the

EXAMPLE 5

formula:- [err]

N2
it . llg ]? .9
E JOH
TBDMS-O 0 CHS C.Ha
CH; HO ~ (o

15 (3S,45)-6-(4-fert-Butyldimethyisilyloxyphenyl)sulphonyi-3,4-dihydro-
3,4—epoxy-2.2,3-trimethy.l-2H-benzo[b]pyran (1.618.g) (see Preparation 14)
and 2,3-dihydro-2-methyi-3-oxo-6-hydroxypyridazine (1.33g) (see
J.0Org.Chem, 1971, 38, 3372) were suspgnded’in dry 1,4-dioxane (15ml),
pyridine (0.275ml) was added and the mixture was heated undér“reﬂdx (a

20 calcium chioride drying tube was attached to the flask) for 8 days. The
sélvent was removed under reduced pressure and the residue was
partitioned between ethyl acetate and water. The organic phase was
separated and dried (anhydrous sodium sulphate), the solvent was removed

\' ) - under reduced pressure and the crude product was chromatographed on

-25.  silica using 1:99 methanol : ethyl acetate as the eluent to yield (3S,4R)-3,4- -

~ dihydro-4-(2,3-dihydro-2-methyl-3-oxopyridazin-6-yl)oxy-3-hydroxy-6-(4-
hydroxyphenyl)suiphonyi-2,2,3-trimethyi-2H-benzo[bjpyran (0.352g) as a
white solid.” Found: C,58.13; H,5.00; N,5.70. C,3H,,N,0,S requires C,58.46;
_ H,5.12; N,5.93%.

30  'H-NMR (dg-DMSO): & = 7.65-7.75(4H,m), 7.27(1H,d), 6.82-7.05(4H,m),

5.78(1H,s), 5.36(1H,s), 3.34(3H,s), 1.39(3H,s), 1.30(3H,s), 1.20(3H,s) ppm.

s e —
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-7- and R, Rerr], Rerr], Rerr], Rerr] and R err] are as previously

def i ned, f orprgc c®pound of the formula (1), can be prepared by reaction of a
conmpound of the fornmula:- [err] where R, Rerr], Rerr] and R err] are as
previously defined for this nethod, with a conpound of the fornula:-

-28-

EXAMPLE 6

5  hydr

ﬁﬁ?
R}

0
10 O/s 3
) TBDMS-O o

(3S,4S)-6-(4-tert-Butyldimethylsilyloxyphenyl)'suIphohyl—3,4-dihydro- :
15. 3,_4-epoxy-é,2.3-trimethyl-2H-benzo[b]pyran (1.664g) (see Preparation 14) -
and 2,3-dihydro-2-ethyl-3-oxo0-6-hydroxypyridazine (1.52g) (see J.Org.Chem,
1971, 36, 3372) were suspended in dry 1,4-dioxane (15ml), pyridine
(0.282ml) was added and the mixture was heated under reflux (a calcium
chloride drying tube was attached to the"ﬂask) for 3 days. The solvent was
20. removed under reduced pressure.and the residue was partitioned between
ethyl acetate and water. The organic phase was separated and dried
(anhydrous- sodium sulphate), the solvent removed under reduced pressure
and the crude product was chromatographed on silica with 1:99 methanol :
; ‘_') . - ethyl acetate as the eluent to yield (3S,4R)-3,4-dihydro-4-(2,3-dihydro-2-
25 ethyl-3-oxopyridazin-6-yl)oxy-3-hydroxy-6-(4-hydroxyphenyl)-suiphonyl-2,2,3-
trimethyl-2H-benzo[b]pyran (0.340g) as a white solid, m.p. 186-188°C.
Found: C,59.16; H,5.27; N,5.10. C,,H¢N,0,S, 0.10 ethyl acetate requires
C,59.16; H,5.45; N,5.65%.
'H-NMR (CDCIs)z d = 7.52-7.70(4H,m), 7.16(1H,d), 6.72-6.98 (4H;m),
30  5.72(1H,s), 5.30(1H,s), 4.97(1H,m), 4.80(1H,m), 1.28(3H,s), 1.18(6H,m),
s 1.08(3H,s) ppm.
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(Rlerr]S)[err]C=NR[err] where Rerr] and Rlerr] are as previously defined
for this mephgds9Bn a typical procedure the reactants are heated together
in the presence of a base catalyst, e.g. pyridine, and in a suitable

solvent, e.g. ethanol. The conpounds. of the fornula (VIl1) can be prepared
by treatnent of a conpound of the fornué%%(lll) with a ethanolic solution
of aqueous ammonia, typically at a tenp&ature of from40 to 50[err]C 5)

The conpounds of the forrmula (I) WhEQAﬁE! MH, Rlerr] is a group of the
formul a: - ]
5 3-hydroxy-6-(3-hydrox lis onyl-2,2 . 3-trimethyi-2H-benz ran
j@
o | 0 O N”
o 1l
10 lsl ,I'l_":' \\OH
il - CH; o CH,
~CH, o ;13
TBDMS- - 0" ~a, HO 3
)
15 ' (3S,48)-6-(3-tert-Butyldimethylsilyloxyphenyl)sulphonyl-3,4-dihydro- -

3,4-epoxy-2,2,3-trimethyl-2H-benzo[b]pyran (2.0 g) (see Preparation 15) and
2,3-dihydro-2-methyl-3-oxo-6-hydroxypyridazine (1.5g) (see J.Org.Chem,
1971, 36, '3372), were suspended in ethgnol (30ml), pyridine (0.31g) was
added and the mixture was heated undeF reflux (a calcium chioride drying
- 20 tube waé attached to the flask) for 100 hours. After cooling the reaction was
filtered and the filtrate was'evaporated to yield a solid which was dissolved
in 0.5% methanol / dichloromethane-and filtered again. The. filtrate was
- again evaporated and the residue was -chromatographed on silica eluting
L) with a solvent gradient of 0.5:99.5 to 3.75:96.25 methanol : dichloromethane
25  toyield (3S,4R)-3,4-dihydro-4-(2,3-dihydro-2-methyl-3-oxo-pyridazin-6-
ylyoxy-3-hydroxy-6-(3-hydroxyphenyl)sulphonyl-2,2,3-trimethyl-2H- -
benzof[blpyran (1.0g) as a white solid. Found: C,53.20; H,4.79; N,5.22.
C,3H,4N,0,S, 0.75 CH,CI, requires C,53.00; H,4.79; N,5.10%.
'H-NMR (CDCl,): 8 = 8.04(1H,s), 7.75-7.85(2H,m), 7.30-7.45 (3H,m), 6.90-
30 7.10(4H,m), 5.91(1H,s), 3.72(3H,s), 3.32 (1H,s), 1.45(3H,s), 1.40(3H,s),
1.30(3H,s) ppm. |
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[err] Rerr] is -ORferr], -NHRerr], -N(Rerr])[err] or -NHR err] and R
Rlerr], R[e[,LE sgserr], Rlerr], Rerr] and Rerr] are as previously defined
for’ a conpoun the formla (I) can be prepared by reaction of a
compound of the fornula (1) where X, Rlerr], Rerr], Rerr], Rerr],

Rlerr], Rerr] and R err] are as defined for met hod (4) for the preparation
of conpounds of the forrrul a (l), with a-30+i tabl e base salt of a conpound of
the formula Rlerr]CH (i.e. an al koxiwwe) or with a conpound of
the formul a R[err]NH[err] (R[err])[ R[err]NH[err] or a suitable.
base salt thereof DAL hhdas-eaaeiefi ned
for this nmethod. ~Si ' ds y
Rlerr] OB, R ol
al kal i

] uQ 1]
S. NG \\OH
10 ) H, __ o i CH,
| o CH, . CH

15 ~ (3S,48)-6-(2-tert-Butyldimethylsilyloxyphenyl)sulphonyl-3,4-dihydro-
' 3,4-epoxy-2,2,3-trimethyl-2H-benzo[b]pyran (0.5 g) (see Preparatidn 16) and
2,3-dihydro-2-methyl-3-oxo0-6-hydroxypyridazine (0.41g) (see J.Org.Chem.,
1971, 36, 5372) were suspended in dry 1,4-dioxane (8ml), pyridine (0.0859)
was added and the mixture was heated u\under reflux (a calcium chloride
20 drying tube was attached to the flask) for 20 hours. The solvent was |
removed under reduced pressure, the residue was stirred with
~ dichloromethane (30mi) and filtered. The filtrate was ‘evaporated and the
residue was chromatographed on silica using 1:1 hexane : ethyl acetate as
) the eluent to yield a mixture of the required product and the epoxide staring
25 material. This mixture was redissolved in dry 1,4-dioxane (7ml), 2,3-dihydro-
2-methy!-3-oxo0-6-hydroxypyridazine (0.29)'and pyridine (0.08g) were added
and the reaction was heated under reflux for a further 18 hours. The
solvent was removed under reduced pressure and the residue was
dissolved in 5% methanol / dichloromethane and filtered. The filtrate was
30 evaporated and the residue was chromatographed on silica using 2.5:97.5
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metal salts, e.qg. the sodiumand potassiumsalts. The reaction is typically
carti ed -out PER 293ui t abl e sol vent, e.g. tetrahydrofuran, and at the reflux
tenperature thereof. 6) The conpounds of the fornmula (1) where X is NH,
Rlerr] is a 6-nmenbered heterocyclic ring containing 1 or 2 N heteroatons
which is optionally substituted as previ_é)p_sl y defined in definition (a) for
Rl err] for a conpound of the formula (1), and R, Rerr], Rerr] and R err]
are as pr evimethhgoldedfiichidofethane asioa riuait tohdeltlo{384R)-Bl4-dirsairo lae

db L f d . of the f I VI | R, :
Rierr] and earahydreS e baaeayyOasn slonse- Syl

5  hydroxyphenyl)-sulphonyl-2,2,3-trimethyl-2H-benzo[blpyran (0.17g) as a
yellow foam. Found: C,64.19; H,4.85; N,5.21. | C,3H,,N,0,8, 0.625 CHzclz-
requires C,54.06; H,4.73; N,5.34%. |
"H-NMR (CDCl,): 8 = 9.15(1H,s), 7.90(1H,d), 7.75(1H,dd), 7.62(1H,dd),
7.45(1H,m), 6.94-7.10(5H,m), 5.89(1H,s), 3.69(1H,s), 3.48(1H,s), 1.51(3H,s),

10 1.42(3H,s), 1.25(3H,s) ppm. -

15
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of the fornula (VIlI), with a 6-nmenbered ring heterocyclic conpound

cont ai ni ngp},cors9% N het eroat ons which is substituted on a ring carbon atom
by a | eaving group, e..g. halo (preferably chloro or bronmp) or a group of
the formula (Cferr]- C[err] al kyI)S(O)[err] where nis 0, or 2, and
optionally further substituted as previously defined for R[err] for this
met hod. In a typical procedure when a 380 |eaving group is used, the

oo L B RN o S I B TP 08 Bl Sy ARSI, > ©
about the mefldkhydre B epony2,2/3-friffeth9l-Z8Menzolblpyran (0.81g) (see
5 Preparation 14), phthalhydrazide (0.88g), pyridiné (0.5mi) and diethylene -
glycol (10mi) was heated at 120°C for 210 minutes. The reaction mixture
was poured into water and extracted with ethyl acetate. The organic extract
was dried (anhydrous magnesium sulphate), the solvent was evaporated
and the resultant gum was chromatographed on silica using 180:20:1

10 dichloromethane : methanol : 35% aqueous ammonia solution as the eluent
to yield (3S,4R)-3,4-dihydro-4-(1 ,2-dihydrof1 -oxo0-2H-phthalazin-4-yl)oxy-3-
hydroxy-ﬁ-(4-hydroxypheny|)sulphonyl-2,2,3-trimethyl-2H-benio[b]p'yran

N (0.091g) -as a solid..

" | H-NMR ('ds-DMSO): d = 8.28(1H,d), 7.80-7.95(4H,m), 7.556-7.70(3H,m),

15  6.95(1H,d), 6.90(1H,d), 6.80(1H,d), 5.41(1H,s), 1.50(3H,s), 1.38(3H,s),
1.28(3H,s) ppm.

XAMPLE 1 .
20
.) / o

0 0 N,

25 % e g JOH
. CH, CH,
SHES= L PeLCOs

TBDMS-O HO
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7) The conpounds of the fornula (1) -V\,here Xis NH Rerr] is a group of the
formula;- pre8sgokerr] and R Rlerr], Rerr], Rerr] and Rlerr] are as
previously defined for a compound of the for mul a (1), can be prepared by
reaction

-33-
A mixture of (38,4S)-6-(4-tert-butyldimethylsilyloXyphenyl)sulphonyl—
3,4-dihydro—3,4-epoxy-2,2,3-trimethyl-2H~benio[b]pyran (0.719) (see
5 Preparation 14), 1,2-dihydro-4-hydroxy-2-methyl-1-oxophthalazine (0.8469)
(see Preparation 21), pyridine (0.4ml) and 1,4-dioxane (10ml) was heated
under reflux for 4 days. The solvent was removed under reduced pressure,
the residue was dissolved in ethyl acetate and washed first with dilute
aqueous citric acid solution and then with brine. The organic phase was
10 dried (anhydrous magnesium sulphats), the solvent was removed and the
crude product was chromatographed on silica eluting with a solvent gradient
of 100:1:0.15 to 180:20:1 dichloromethane : methanol : 35% aqueous
) : ammonia solution to yield (3S,4R)-3,4-dihydro-4-(1,2-dihydro-2-methyl-1-
R oxophthala__;in_-4-yl)oxy-3-hydroxy—6-(4-hydroxyphenyl)sulphonyl-2,2,3-
1'5 trimethyl-2H-benzo[b]pyran (0.12g) as a solid.
'H-NMR (CDCl,): & = 8.40(1H,d), 8.26(1H,s), 7.78-7.95(6H,m), 7.68(2H,d),
6.95(1H,d), 6.90(2H,d), 6. 09(1 H,s), 3.73(3H,s), 1.60(3H,s), 1.50(3H,s),
1 32(3H s) ppm.

20 EXAMPLE 11

hydroxy-6-(3-hvdroxyphenyl)sulphonyi-2,2.3-trimethyl- -benz blpvran

I'-
st CH,

| 7
. ‘\OH
L, — 0 ca,
10) CH, _ o CH,
TBDMS-O HO CH,

=Q
[ls

o=t
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of a compound of the forrmula (VII) where R, Rerr], Rerr] and R err] are
as previousl prgefsgred for a conpound of the fornmula (VII), with a conpound
of .the fornmula:- [err] where Z is a suitable |eaving group, e.g. ethoxy,
and Rlerr] is as previously defined for this nmethod. In a atypical
procedure the conpounds are heated together in a suitable solvent, e.g.

nmet hanol , and at about the reflux tenperad¥re thereof. The conpounds of the

formila (VI11) ey 3 86 43 8R8EA- Bty RARY APy pREATISSLIB FnyI-3,4-dihydro-
3,4-epoxy-2,2,3-trimethyl-2H-benzo[b]pyran (0.70 g) (see Preparation 15)
5 and 2,4-dihydroxypyridine (0.44g) were sﬁspended in ethanol (15ml),
pyridine (0.15 g) was added and the mixture was heated under reflux (a
calcium chloride drying tube was attached to the flask) for § days. The
solvent was removed under reduced pressure, the residue was stirred with
5% methanol / dichloromethane and then filtered. The filtrate was |
10  evaporated and the residue was chromatographed oh silica using 19:1
dichloromethane: methanol as the eluent to yield first (38,4R)—3,4-dihydfo-4-
(1 ,2-dihydro—2;oxo-1 H-pyridin-4-yl)oxy-3-hydroxy-6-(3- o
N hydroxyphenyl)sulphonyl-2,2,3-trimethyl-2H-benzo[b]pyran (0.118g) as a
white foam. Found: C,60.58; H,5.04; N,2.67. C,,H,,NO,S, 0.30 diethyl ether
15 requires C,60.60; H,5.46; N,2.92%.
'H-NMR (dg-DMSO): 8 = 10.20(1H,broad), 7.71(1H,dd), 7.62 (1H,s), 7.30-
7.40(2H,m), 7.25(1H,dd), .7.15(1H,d), 6.95-7.05(2H,m), 6.20(1H,s),
6.06(1H,dd), 5.45(1H,s), 5.40 (1H,s), 1.32(3H,s), 1.34(3H,s), 1.10(3H,s)
ppm. | |
20 _ _
Further eluﬁon then provided.(38,4R)-3,4-dihydro-4-(1 ,2-dihydro-2-oxo_-'4-
hydroxypyridin-‘l-yl)-3-hydroxy-6-(3shydroxypheny!)sulphonyl-2,2,3-trimethyl-
2H-benzo[blpyran (0.142g) as a foam.
D, 'H-NMR (d,-DMSO): & = 10.50(1H,broad), 7.96(1H,d), 7.62-7.72(2H,m),
25  7.35(1H,m), 7.20(1H,d), 7.10(1H,s), 6.94-7.00 (2H,m), 6.65(1H,dd),
6.20(2H,m), 5.50(1H,s), 1.40(3H,s), 1:32(3H,s), 1.15(3H,s) ppm.
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Al'l of the above reactions and the preparations of novel starting materials
used in theppCeBBDi ng net hods are conventional and appropriate reagents and
reaction conditions for their performance or preparation as well as proce-
dures for isolating the desired products are well known to those skilled in
the art with reference to literature Pr ey gedents and t he Exanpl es and
Preparati ons hereto. A pharnmaceutically“dcceptable salt of a conpound of

the formula (1) may be readily prepggggmbuggjgi ng together solutions of a
compound of the fornula (I) and the desired aci d or base ?s approprl ate.

10

O==0

—3 TBDMS-O

15

(3S,45)-6- (3-ten‘-ButyldimethylsiIyloxyphenyl)sulphonyl—"S 4-dihydro-
3 4—epoxy-2 2 3-tr|methyl-2H—benzo[b]pyran (0.709) (see Preparation 15)
and 2,4-dihydroxy-5, 6-d|methylpyndme (0 42g) (see Preparation 23) were
20 - suspended in ethanol (15ml) and pyridine (0.12g) was added. - The mixture
was heated under reflux (a calcium chioride drying tube was attached to the
- flask) for 20 days. The solvent was removed under reduced pressure, the
residue was stirred in 20% methanol/ dichloromethane (50mi), filtered and
) the filirate was evaporated to yield a crude product which was
25 - chromatographed on silica eluting with a solvent gradient of 19:1 to 9:1
‘dichloromethane : methanol to yield (3S,4R)-3,4-dihydro-4-(1,2-dihydro-5,6-
dimethyl-2-oxo-1H-pyridin-4-yl)oxy-3-hydroxy-6-(3-hydroxyphenyl)sulphonyl-
2,2,3-trimethyl-2H-benzo[b]pyran (0.1439) as a solid.
'H-NMR (d,-DMSO): 8 = 10.30(1H,s), 6.96-7.85(8H,m), 6.18 (1H,s),
30  5.45(1H,s), 5.36(1H,s), 2.20(3H,s), 1.84(3H,s), 1.38(3H,s), 1.33(3H, s)
- - 1.12(3H,s) ppm.

R
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The conpounds of the formula (1) have snooth nuscle relaxant activity since
they are abPECt 898pen potassi um channels in such tissue. They can be tested
for snooth nuscle relaxant activity by a method involving neasuri ng the in
vitro relaxation of electrically sti nul @ed gui nea pig tracheal rings as
follows. Adult mal e guinea pigs (POE%!!!#QE %O 900g) were killed by a bl ow
‘to the head with subsequent exsangu ch trachea was exci sed and '
pl aced in Krebs 3% : i D) 208 ) 2
follows (mlLli-

KH[ er r ] PQ[ e€x{f.4-gil Mpbenyhsylr ' a cose (11) and
|ndomet§aC| el(w ]1|\/p was added to renove the |an uence of the
endogenous _ . the solution was gassed wi t h 95% oxygen

10

o) O . O o)
g OH : g \\OH
© CH,§
- CH,0” o CH, HO o’ ca,
N | CH, | HO
- 15 - (38,4R)-3,4-Dihydro-4-(2,3-dihydro-2-methyl-3-oxopyridazin-6-yl)oxy-

6-(3,4-dimethoxyphenyl)sulphonyl-3-hydroxy-2,2,3-trimethyl-2H-
benzolb]pyran (0.50g) (see Preparation 26) wae dissolved in
dichloromethane (12ml) (under a nitrogen atmosphere) and boron tribromide
(4ml of a 1M solution in dlchloromethane) was added. The mixture was
20 stirred at room temperature for one hour and a precipitate was formed.
~Water (20mt) and dichloromethane (15ml) were added, an insoluble gum
formed .and the solvents were decanted off. The gum was then
chromatographed on silica using 1:9 methanol : dichloromethane as the
| ) eluent to yield (3S,4R)-3,4-dihydro-4-(2,3-dihydro-2-methyl-3-oxopyridazin-6-
25 yl)oxy-6-(3,4-dihydroxyphenyl)sulphonyl-3-hydroxy-2,2,3-trimethyl-2H-
benzo[b]pyran (0.33g) as a white foam which was then triturated with diethyl
ether and dried to give a white solid.
'"H-NMR (ds-DMSO)S 0 = 10.10(1H,s), 9.76(1H,s), 7.75(1H,s), 7.65(1H,m),
7.30(1H,d), 7.15(2H,m), 7.05(1H,d), 6.95(1H,d), 6.85(1H,d), 5.80(1H,s),
30 5.72(1H,s), 3.60(3H,s), 1.40(3H,s), 1.31(3H,s), 1.15(3H,s) ppm.

——————
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/ 5% car bon di oxi de and the tenperature was kept constant at 37[err]C). The
adherent coppectbye tissue was di ssected away and the tracheal tube opened
by cutting through the cartilage on the side opposite to the snpboth muscle
band. A long cotton thread was attached to the cartilage at one end of the
tracheal strip for attachment to an isonetric transducer and another thread
was attached to the other end of the st@% for connection to a stinulation

Toni  organ bat h WP GRS, ETEhARIGHS SR 1Ty brelidiafon S e RBIT Swthd y gen
| 5% car bonnﬁt@wg@seﬁh@ thegsretetting Bramplésat 15 minute interval s and
al | ovvedsto equilibrate for 1 hour

PREPARATION 1
4- [ i ionate
4-Bromophenol (259g) and 4-dimethylaminopyridine (1.5g) were
dissolved in dichloromethane (1000ml), the solution was cooled in an ice
10 bath and triethylamine (219ml) was added portionwise such that the reaction
temperature was .'kept below 20°C. Propionyl chioride (137ml) was then |
added over 1 hour and the resulting mixture was stirred at rdom
™~ temperature for 2 hours. The mixture was washed with water followed by
o | brine, then dried (anhydrous magnesium sulphate) and the solvent removed
15 under reduced pressure to yield 4¥-bromophenyl propionate (344g) as a
green oil.
H-NMR (CDCIa) d=7. 43(2H d), 6.94(2H,d), 2. 52(2H q), 1.20(3H,t) ppm.
PREPARATION 2
20 : 1-(5-Bromo-2-hydr henyl)pr -1-
. 4-Bromopheny! propionate (115g) (see Preparation 1) and aluminium
chloride (150g) were heated together at approximately 90°C for.15 minutes.
The solution became dark and hydrogen chloride gas was evolved. After
\) cooling the black mass was carefully added to ice and a brown solid
25 . formed. The mixture was extracted with dichloromethane. .The organic
extract was separated, washed with brine, dried (anhydrous magnesium
. sulphate) and the solvent removed under reduced pressure to yield 1-(5-
bromo-2-hydroxyphenyl)propan-1-one (110g) as a yellow solid.
TH-NMR (CDCl;): 0 = 12.28(1H,s), 7.88(1H,d), 7.55(1H,dd), 6.89(1H,d),
30 3.02(2H,q), 1.27(3H,1) ppm. |
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At the end of the equilibration period the tissue was stinulated at a
frequency ofprgHsg5pul se duration of 0.1ns and at a supramaxi mal voltage of
25-30V for a period of 10 seconds at 100 second intervals. Wen the
contractil e responses had stabilised, a single concentration of a conpound
of the formula (1), or a pharnaceuticalgy acceptabl e salt thereof, was
added to the bath and stinulation of the3&issues was continued for 2 hours.

The m ni nrum dose of the conpound M(l) whi ch causes maxi nal
i nhi bition of the cholinergic con ve to control was then
det er m ned. 6-Bromo-3.4-di -4-0%0-2,2.3-trimethyl-2H-b '

5 1-(6-Bromo-2-hydroxyphenyl)propan-1-one (375g) (see Preparation 2)

was dissolved in a mixture of dry toluene (1700ml) and acetone (2040ml).
Piperidine (748ml) was added and the solution was heated under refiux for
7 days. The solvent was removed under reduced pressure, the résidue was
dissolved in diethyl ether and washed sucessively with aqueous citric acid
10 solution (x4), 0.5M aqueous sodium hydroxide solution (x4) and then brine
(x3). The organic phase was separated and the solvent was removed
under reduced pressu'ré to yield 6-bromo-3,4-dihydro-4-oxo-2,2,3-‘t'ri'methyl-
B 2H-benzo[b]pyran (408g) as an orange oil. Found: C,53.59; H,4.84.
- Cy5H44BrO, requires C,53.55; H,4.87%.
15  'H-NMR (CDCLy): 8 = 7.90(1H,d), 7.50(1H,dd), 6.79(1H,d), 2.70(1H,q),
1.50(3H,s), 1.28(3H,s), 1.17(3H,s) ppm.

PBEEARAJ‘!QN 4
-Bromo-2.2.3-trimethyl-2H-benzo[bjpyr
- 20 - 6-Bromo-3,4-dihydro-4-0x0-2,2,3-trimethyl-2H-benzo[b]pyran (407g)
(see Preparation 3)' was dissolved in ethanol (1500ml), cooled in an ice bath
and sodium borohydride (61.4g) was added portionwise over 20 minutes.
The mixture was stirred at room temperature for 3 hours, the solvent
_ ) removed under reduced pressure, the residue dissolved in diethyl ether and
25 the mixture washed first with water and then with brine. The organic layer
~was_dried (anhydrous magnesium sulphate) and the solvent removed to
yield the crude alcohol. This was dissolved in toluene (1000ml), para-
toluenesulphonic acid (40g) added and the mixture heated under reflux (with
removal of water) for 2 hours. The solvent volume was reduced to



For human use, the conpounds of the fornmula (1) and their salts can be

adm ni st er @LGI5Hte, but will generally be adm nistered in adm xture with a
pharmaceutical carrier selected with regard to the intended route of

adm ni stration and standard pharmaceutical practice. For exanple, they can
be administered orally in the formof tablets containing such excipients as
starch or lactose, or in capsules or ovéPes either -alone or in adm xture

Wi th exci piggiphximfitely500HI £7E T Sofiltol Wis wilindd WItA RfucddsRhRNS

carbonate solution and then brine. The organic phase was dried
5 (anhydrous magnesium sulphate) and the solvent removed under reduced
pressure to yield 6-bromo-2,2,3-trimethyl-2H-benzo[b]pyran (350g) as an
orange oil.
"H-NMR (CDCL,): § = 7. 10(1H dd), 6. 96(1H d), 6.59(1H,d), 5.96(1H,s),
1.78(3H,s), 1.35(6H,s) ppm.
10

PREPARATION 5

') , 6-Bromo-2,2,3-trimethyl-2H-b.enzo[b]pyran (9.637g) (see Preparation

- 4) was dissolved in absolute eth_anol (200mi), then’ sodium- tert -butoxide

15 (11.029g), 4-methoxybenzenethiol (4.9ml) and
tetrakis(triphenylphosphine)pailladium(0) (0.454q) were added and the
mixture was heated under reflux under a nitrogen atmosphere for 48 hours.
The solvent was removed under reduced pressuré and the residue was -
dissolved in dichloromethane and washed\vﬁth water. The organic layer

20 was dried (anhydrous sodium sulphate), the solvent was removed under
reduced pressure and the crude product was chromatographed on silica
using 1:1, hexane: dichloromethane as the eluent to yield 6-(4-

_ methoxyphényl)thio-2,2,3-trimethylrzH-benzo[b]pyfan (7.823g) as a yellow

D) oil. - |

25 - 'H-NMR (CDCl,): § ='7.28(2H,d), 7.05(1H,dd), 6.92(1H,d), 6.84(2H,d),
6.70(1H,d), 6.00(1H,s), 3.80(3H,s), 1.81(3H,s), 1.40(6H,s) ppm.
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containing flavouring or colouring agents. They can be injected

par ent er al Ipg,c f995 exanpl e, intravenously, intranmuscularly or

subcut aneously. For parenteral adm nistration, they are best used in the
formof a sterile aqueous solution which may contain other substances, for
exanpl e. enough salts or glucose to nmake the solution isotonic with bl ood.
For oral and parenteral administrati on-4@ hunan patients, the daily dosage
| evel of the conpounds of the forgHI%Aé)_\#h %be fromO0.01 to 20ng/ kg (in
single or divided doses) and pref from 0.1 to 5nmg/ kg. Thus
tabl ets or capsug-¢3-MdédthbRe 3 , bvign t 0 0 5g of

tive conpound for adm ni st rat
activ 5 P 6-Bromo-2,2 3-tr|methyl-2H benzo[b]pyran (6.5g) (see Preparatlon 4)

was dissolved in absolute ethanol (135ml), then sodium fert-butoxide (7.5g),
3-methoxybenzenethiol (3.6g) and tetrakis(triphenylphosphine)palladium(O)
(0.35g) were added and the mixture was heated under reflux undera
nitrogen atmosphere for 48 hours. Further
10 . tetrakis(triphenylpho'sphine)palladii.zm(O) (0.3g) was added and heating was
continued for a further 48 hours. The solvent was removed-under reduced
pressure and the residue was dissolved in dichloromethane arnd washed
'\ - . with water. The organic layer was dried (anhydrous sodiuh sulphate),-the
'. solvent removed under reduced pressure and the crude product
15 chromatographed on silica using 1:1 hexane : dichloromethane as-the
eluent to yield 6-(3-methoxyphenyl)thio-2,2,3-trimethyl-2H-benzo[b]pyran
(7.2g) as an oil. :
'H-NMR (CDCI:,) 0 = 7.05-7.20(3H,m), 6. 63-6 78(4H,m), 6. 05(1H s),
3.72(3H,s), 1.83(3H,s), 1.45(6H,s) ppm.
20 .
PHEEARATIQN 7
6-(2-Meth enyhthio-2,2 3-trimethyl-2H-benz
6-Bromo-2,2,3-trimethyl-2H-benzo[blpyran (9.6g) (see Preparation 4)
. ) was dissolved in absolute ethanol (200ml), then sodium tert-butoxide
25 (11.0g), 2-methoxybenzenethiol (5.3g) and
tetrakis(triphenylphosphine)palladium(0) (0.45g) were ‘added and the mixture
heated under reflux under a nitrogen atmosphere for 24 hours. The solvent
was removed under reduced pressure and the residue was dissolved in -
dichloromethane and washed with water. The organic layer was dried
30 {(anhydrous sodium sulphate), the solvent was removed under reduced
pressure and the crude product was chromatographed first on silica
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singly or two re at a tinme, as appropriate. The physician in any event
W | deterrﬁlr%%trgrgact ual dosage which will be nost suitable for an

i ndi vidual patient and it will vary with the age, weight and response of
the- particular patient. The above dosages are exenplary of the average
case;, there can, of course, be individug{-instances where higher or | ower
dosage ranges are nerited, and such are within the scope of this invention.
The conpounsingfl:¥ bexana : dighleramethaoetas teneluent enddhep amsidicatising and are

oressur i se@abiiexbRer ehiLAdkals pe uio aferiha il S5 Mo BRI B Racl anc,
e.g. digchl %9@-{rim@h?nzﬁt@émo[ﬁ]byﬁéﬂ m@égyaé@méﬂnane

di chl orot et rafl uor oef hane 8/dro uor oal kane, carbon di oxi de or
TH-NMR (CDCl,): 6 = 7.10-7.23(3H,m), 6.76-6. 85(4H m), 6.05(1H,s),

3.90(3H,s), 1.83(3H,s), 1.45(6H,s) ppm.

PREPARATION 8
10  6-{4-H henyl)thio-2.2.3-trimethyl-2H-benz r

6-(4-Methoxyphenyl)thio-2,2,3-trimethyl-2H-benzo[b]pyran (7.81 ng
(see Preparation 5) was dissolved in dry 2,4,6-collidine (30ml), anhydrous
) -7 lithiium jodide (10.04g) was added and the mixture was heated under reflux
- - under a nitrogen atmosphere for 48 hours. A further portion of lithium-iodide
- 15  {9.06g) was _ihen added and heating was continued for another 72 hours.
After cooling, the mixture was taken up in dichloromethane and washed with
2N aqueous hydrochloric acid solutidn-(xS). The organic layer was
separated; dried (anhydrous. sodium sulphate), the solvent removed under
reduced. pressure and the residue was Eﬁromatographed-on silica using
20  dichloromethane as the eluent to yield 6-(4-hydroxyphenyl)thio-2,2,3-"
trimethyl-2H-benzo[b]pyran (5.799g) as an oil.
"H-NMR (CDCl,): 8 =.7.25(2H,d), 7.05(1H,dd), 6.92(1H,d), 6.70-6.80(3H,m),
6.02(1H,s), 4.92(1H,s), 1.85(3H,s), 1.40(6H,s) ppm.

_\\
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other suitable gas. In the case of a pressurised aerosol, the dosage unit
may be  det e gk by providing a valve to deliver a netered anount. The
pressurised container or nebuliser may contain a solution or suspension of
the active conpound. Adm nistration by inhalation nay al so be carried out
using a dry powder inhaler. Capsules and cartridges (nade, for exanple,
fromgelatin) for use in an inhaler or-#2sufflator may be formulated to
contain a powder m x of a conpouggﬁﬁgyﬁgégﬁéﬁgél) and a suitabl e powder
base such as | actose or starch tions are preferably

%3 Nhatvia8e-208 3- -, p :'. nerar ai ns from
20[err]g to 1000 err of a conpound of f harnaceutlcally

accept &l e salt hoxypiery8ithioe. 2, Q'ﬁ‘m%@YbBHr@ﬂzo[Wfan (3.5g) (see
' Preparation 6) was dissolved in dry 2,4,6-collidine (15ml), anhydrous lithium

iodide (3g) was added and the mixture was heated under reflux under a
nitrogen atmosphere for 24 hours. After cooling, the mixture was taken up
in dichloromethane and washed with 2N aqueous hydrochloric acid solution

10 (x3). The 'organic layer was dried (anhydrous sodium sulphate), the solvent
removed under reduced pressure and the residue chromatographed on
silica eluting with a solvent gradient of 1:1 hexane ' dichloromethane

W : changing to dichloromethane to yield 6-(3-hydroxyphenyi)thio-2,2,3-trimethyl-

| - 2H-benzolb]pyran (2.25g) as an oil.

15  'H-NMR (CDCl,): 8 = 7.05-7.21(3H,m), 6.75(2H,m), 6.60(2H,m), 6.04(1H,s),
4.60(1H,broad), 1.86(3H,s), 1.45(6H;s) ppm.

.PREART\ 10

20 6-(2-Methoxyphenyi)thio-2,2,3-trimethyl-2H-benzo[b]pyran (3.5g) (see
- Preparation 7) was dissolved in dry 2,4,6-collidine (15ml), anhydrous lithium

iodide (9.0g) was added and the mixture was heated at 150°C for-40 hours.
After cooling, the mixture was taken up in dichloromethane and washed with

) . 2N-aqueous hydrochloric acid solution (x3). The organic layer was dried

25 (anhydrous sodium sulphate), the solvent removed under reduced pressure -
and the residue was chromatographed on silica using 1:1 hexane :
dichloromethane-as the eluent to yield 6-(2- hydroxyphenyl)thlo-z 2,3-
trimethyl-2H-benzo[b]pyran (1.2g) as an oil.
'H-NMR (CDCl,): 8 = 7.50(1H,d), 7.31(1H,t), 7.05(1H,d), 6.90(2H,m), -

30  6.75(1H.d), 6.65(1H.d), 6.55(1H,s), 5.99(1H,s), 1.80(3H,s), 1.37(6H,s) ppm.
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overall daily dose wth an aerosol will be within the range of from
20[err]g tg, 59 dg/\hlch may be adninistered in a single dose or, nore

usual Iy, individed doses throughout the day. Alternatively, the conpounds
of the fornmula (1) can be adm nistered in the formof a suppository or
pessary, or they may be applied topically in the formof a |otion,

sol ution, cream ointnment or dusting podBer. For exanple, they can be

i ncorporated into a cream consi st ng of 0US enul si on of pol yet hyl ene
glycols or liquid paraffin; or t@—@&ﬂﬁdﬁe&porat ed, at a concentration
of from1l to 10@%&5__@&*@&@ il EVinBiRb 2 or white soft
paraffin base tog er w such sta I Zers an preservatives as may be
requi red. benzo[blpyran
6-(4-Hydroxyphenyl)thio-2,2,3-trimethyl-2H-benzo[b]pyran (5.799g)

(sée Preparation 8) was dissolved in dry dimethylformamide (12ml) and

imidazole (2.768g) and tert-butyldimethyisilyl chioride (2.923g) were added.

The flask was fitted with a calcium chloride drying tube and the mixture was

10 stirred at 40°C for 18 hours. The solvent was then removed under reduced
pressure and the residue was partitioned between aqueous sodium
bicarbonate solution and dichloromethane. The organic layer was dried

) (anhydrous sodium sulphate), the solvent removed under reduced pressure . ....-
-and thé crude product chromatographed on silica using 1:1 heXane :

15 -dichloromethane as the eluent to yield 6-(4-tert-butyl-
dimethylsilyloxyphenyl)thio-2,2,3-trimethyl-2H-benzo[blpyran (6.681g) as an -
oil. LRMS m/z =413 (m+1)".

TH-NMR (C"DCIS): 8 =7.20(2H,d), 7.05(1H,dd), 6.95(1H,d), 6.70-6.80(3H,m),
6.02(1H,s), 1.85(3H,s), 1.41(6H,s), 0.97(9H,s), 0.21(6H,s) ppm.

20

PBEPARATION 12 _
-(3-tert-Butyldimethyisilyloxyphenylthio-2,2,3-trimethyl-2H-
benzofblpyran
) ' 6- (3-Hydroxyphenyl)th|o-2 2,3-trimethyl-2H-benzo[b]pyran (2.2g) (see

25 - Preparation 9) was dissolved in dry dimethylformamide (4ml) and imidazole
(1.19) and tert-butyldimethylsilyl chioride (1.2g) were added. The flask was
fitted with a calcium chloride drying tube and the mixture was stirred at 40°C
for one hour. Water was addéd and the mixture was extracted with diethyl
ether. The organic extract was washed with aqueous sodium hydrogen

30 carbonate solution (x2}, dried (anhydrous sodium sulphate), the
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Thus the inygntden further provides:- i) a pharmaceutical conposition
conprising a conpound of the fornmula (1), or a pharmaceutically acceptable
salt thereof, together with a pharmaceutically acceptable diluent or
carrier; ii) a conpound of the fornula (1), or a pharnaceutically
acceptable salt or corrposition t her eof ~-440r use as a ned- icanent; iii) the
use of a. corrgound of t r mul a or of E)harma eutically accept abl e

salt or comod@Ent 8ﬁ'°[Vﬁ er rPGPCé%@'MPaﬁﬁ% e gfude praducnent for the
curative orcHasMBRGrEBhEA o SRCATERING (4T HiERESCIRARRSIRHhe'RL hi e al tered

5  eluent to yield 6-(3-tert-butyldimethyisilyloxyphenyl)thio-2,2,3-trimethyl-2H-
benzo[b]pyran (2.84g) as an oil.
'H-NMR (CDCly): & = 7.00-7.18(3H,m), 6.74(2H,d), 6.58(2H,m), 6.00(1H,s),
1.80(3H,8), 1.40(6H,s), 0.88(9H,s), 0.10(6H,s) ppm.

10  PREPARATION 13
benzo[b]pyran : :
j : 6-(2-hydroxyphenyl)thio-2,2,3-trimethyl-2H-benzo[b]pyran (1.1g) (see

Preparation 10) was dissolved in dry dimethylformamide. (2ml) and imidazole

15 (0.55¢9) and tert-butyldimethylsilyl chioride (0.61g) were added. The flask
was fitted with a calcium chloride drying tube ‘and the mixture stirred at 40°C
for 90 minutes. Water was added and the mixture was extracted with
diethyl ether. The organic extract was washed with aqueous sodium
‘hydrogen carbonate solution (x2), dried (anhydrous sodium sulphate), the

20 solvent removed under reduced pressure and the crude product was
'chromatographed on silica using 4:1 hexane : dichloromethane as the
eluent to yield 6-(2-tert-butyldimethylsilyloxyphenyl)thio-2,2,3-trimethyl-2H--
benzo[b]pyran (1.43g) as an olil. .

S . 'H-NMR (CDCl,): 8 = 7.20(1H,dd), 7 00(2H,m), 6.78(4H,m), 6. 05(1H s),

25 1 -83(3H,s), 1.45(6H;s), 1 05(9H s), 0.28(6H,s) ppm. -
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tone and/or notility of smooth nuscle; iv) use as stated in (iii) where the
di sease.i s EUMEIS obstructive ai rways di sease, asthma, urinary

i ncontinence, irritable bowel syndrone, diverticular di sease, oesophageal
achal asia or hypertension; and v ) internediates of the fornulae (11),
(rer)y, (MA) and (VIil). The fol I owi ng Exilrrpl es illustrate the preparation
of the conpounds of the fornmula (1): 5

PREPARATION 14

5 34- -2,2 3-trimethyl-
| 6-(4-tert-Butyldimethylsilyloxyphenyl)thio-2,2,3-trimethyl-2H-
benzo[b]pyran (2.182g) (see Preparation 11) and [(S,S)-1,2-bis(3,5-di-tert-
butylsalicylideamino)]cyclohexane manganese(lil) chloride (see
J.Am.Chem.Soc., 1991, 113, 7063) (0.25¢g) were dissolved in
10 dichloromethane (10ml) and 3M aqueous sodium hypochlorite solution
- (50ml, prepared from 4M commercial bleach) was added. The two phase
system was stirred vigorously for 20 hours and then diluted with "™ |
ﬁ - dichloromethane (30ml) before separation of the two iayers. The organic
layer was dried (anhydrous sodium sulphate), the solvent removed under
15 reduced pressure and the residue was. chromatographe'd on silica using
dichloromethane as the eluent to give (3S,4S)-6-(4-fert-butyl-
dimethylsilyloxyphenyl)sulphonyl-3,4-dihydro-3,4-epoxy-2,2,3-trimethyl-2H-
benzo[b]pifran (1.907g). HPLC conﬂrmgd that this product consisted of a
single enantiomer. LRMS m/z = 478~(M\+-'NH4)*. o
20 'H-NMR (CDCl,): 8 = 7.90(1 H,d), 7.75(3H,m), 6.90(3H,m), 3.70(1H,d),
' 1.56(3H,s), 1.51(3H,s), 1.26(3H;s), 0.98(9H,s), 0.25(6H,s) ppm.

PREPARATION 1

25 4- -2.2.3-trimethyl-2H-benzo ran
6-(3-tert-Butyldimethyisilyloxyphenyl)thio-2,2,3-trimethyl-2H-
benzo[bjpyran (21.0g) (see Preparation 12), 4-phenylpyridine-N-oxide (2.2g)
and [(S,S8)-1,2-bis(3,5-di-tert-butylsalicylideamino)]cyclohexane manganese
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-10- EXAMPLE 1
(3S, 4R).- 4- E2.CCHG opyri m di n-4-yl)am no- 3, 4-di hydr o- 3- hydr oxy- 6- ( 3- hydr oxyp
henyl ) sul phonyl -2, 2, 3-tri nmet hyl -2H benzo[ b] pyran [err]

-46-
(1tf) chloride (see J.Am.Chem.Soc., 1991, 113, 7063) (2.25g) were dissolved
in dichloromethane (120ml) and 3M aqueous sodium hypochiorite solution
5 (500ml, prepared from 4M commercial bleach) was added. The two phase

system was stirred vigorously for 24 hours, diluted with dichloromethane
and filtered through a celiulose-based filter aid before separation of the two
layers. The organic layer was then washed with brine, dried (anhydrous
sodium sulphate), the solvent removed under reduced pressure and the

10 . residue chromatographed on silica using dichloromethane as the eluent to
give (3S,48)-6-(3-tert-butyldimethy!silyloxyphenyl)sulphonyl-3,4-dihydro-_3,4-

_ _ epoxy-2,2,3-trimethyl-2H-benzo[b]pyran (23.6g). HPLC confirmed that this

) | Ms.l.prb&uct consisted of a single enantiomer. LRMS m/z = 461 (m+1)*. |

" H-NMR (CDCl,): 8 = 7.90(1H,d), 7.78(1H,dd), 7.45(1H,d), 7.35(2H,m),

15  7.00(1H,dd), 6.88(1H,d), 3.70(1H,s), 1.55(3H,s), 1.50(3H,s), 1.30(3H,s), -
0.97(9H,s), 0.21(6H,s) ppm. ' -

PREPARATION 16

20 - 3.4-epoxy-2.2 3-trimethyl-2H-benzo[blpyran _ ,
6-(2-tert-Butyldimethylsilyloxyphenyijthio-2,2,3-trimethyl-2H-
-benzolblpyran (1.4g) (see Preparation 13) and [(S,S)-1,2-bis(3,5-di-tert-
butylsalicylideamino)]cyclohexane manganese(lll) chloride (see .-
) J.Am.Chem.Soc., 1991, 113, 7063) (0.15¢g) were dissolved in

25 dichioromethane (7ml) and 3M aqueous sodium hypochiorite soluti’on {32mi,
prepared from 4M commercial bieach) was added. The two phase system
was stirréd vigorously for 24 hours and then diluted with dichloromethane
before separation of the two layers. The organic layer was dried

-
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(3S, 4R) - 4- (2- Chl or opyri m di n-4-yl ) am nonet hoxyphenyl ) sul phonyl - 2, 2, 3-tri net
hyl - 2H benzgif g] ggsan (0.23g) (see Preparation 19) was dissolved in

di chl or omet hane ?ZSrﬂ) (the flask was fitted with a cal ciumchloride drying
tube) and boron tribromde (1 mM) was added. The m xture was stirred at
roomtenperature for 24 hours and a preC|7p|tate was fornmed. The

di chl or omet hane was decanted off, the sd4-d taken up in 1 N aqueous sodi um

hydr oxi de anpd hed wi.t h et hyl t ied to

grve a gur (o rVRRASE i B e 58 vl GaPRVEA i e80180 shebelf = 1
0 yield  gnd the residue chromatographed on smca using dnchloromethane as the

(3S 4R) - 4- (2-chl oropyri m di n- 4-yl )y am no- 3, 4- di hydr o- 3 dr oxy- 613&3 hydr oxyp

henyl ) s&l pheluemlto gnze 33 4Shb- fgrltemhubéwmqtbylswlawmm Ylpheaykdvti t e
solid, mp. dihy AN by TR -HrfethySR-deHzbiblpyran (1.2g). LAMS m/z =

461 (m+1) i
'H-NMR (CDCly): & = 8.10(1H,dd), 7.85(1H,d), 7.72(1H,dd), 7.45(1H,1),
| 7.10(1H,1), 6.82(2H,m), 3.68(1H,s), 1.57(3H,s), 1.50(3H,s), 1.28(3H,s),
10  0.95(9H,s), 0.30(6H,s) ppm.

- PREPARATION 17

- trimethyl-2H-benzo[bjpyran .

15 _ 6-(3-Methoxyphenyl)thio-2,2,3-trimethyl-2H-benzo[b]pyran (4.2g) (see
Preparation 6) and'[(S S)-1,2-bis(3, 5-di-.tert-butylsalicylideamino)]—
cyclohexane manganese(lll) chloride (see J.Am. Chem.Soc., 1991, 113,
7063) (0. 609) were dissolved in dlchloromethane {30ml) and 3M aqueous
sodium hypochlorite solution (130ml, prepared from 4M.commercial bleach)

20 was added. The two phase system was stirred vigorously for 24-hours and
then diluted with dichloromethane. The mixture was filtered through a -
cellulose-based filter aid before separation of the two layers. The organic

. layer was dried (anhydrous sodium sulphate), the solvent removed under -
) . reduced pressure and the residue chromatographed on silica using

25 . dichloromethane as the eluent to give (3S,4S)-3,4-dihydro-3, 4»epoxy—6-(3- .
methoxyphenyl)sulphonyl-2,2,3-trimethyl-2H-benzo[b]pyran (2.0g) as a light
yellow foam. LRMS m/z = 361 (m+1)".

'H-NMR (CDCl,): 8 = 7.90(1H,d), 7.78(1H,dd), 7.40-7.~50(3H,m),
7.08(1H,dd), 6.89(1H,d), 3.85(3H,s), 3.72(1H,s), 1.55(3H,s), 1.50(3H,s),

30  1.27(3H,s) ppm.
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[err]H-NVR (d[err]-DVBO): [err]= 10.20(1H,s), 8.15(1H,d), 8.05(1Hd),
7.65(1H m PLE 2‘—?[% glH, d), 7.15-7.40(3H, m, 7.00(2H m, 6.75(1H, d),
5.50(1H, d), (3H,s), 1.30(3H,s), 1.10(3H,s) ppm EXAMPLE 2

(3S,4R) - 3. 4- D| hvdr o- 4- ( 3, 4- di oxo- 2- et hoxycycl obut - 1- en- 1- yl ) am no- 3- hydr oxy
- 6- ( 3- hydr oxyphenyl ) sul phonyl - 2. 2. 3-trinmethyl - 2H benzo[ b] pyran [err]
(3S, 4R) - 4- Am no- 3, 4-di hydr o- 3- hydr oxy- e48-3- hydr oxyphenyl ) sul phonyl -2, 2, 3-tr

PREPARATION 18

inmethyl -2H benzo[ b] pyran (0. 629g)

5 meth henyl)sulphonyl-2,2,3-trimethyl-2H-benz ran
(3S,4S)-3,4—Dihydro-3,4-epoxy-6-(3-methoxyphenyl)Squhonyl-2,2,3-
trimethyl-2H-benzo[b]pyran (2.0g) (see Preparation 17) was dissolved in
ethanol (15ml) and 35% aqueous ammonia solution (10 mi) was added.
The mixture was heated at 50°C for 48 hours before adding further

10 ammonia solution (5ml) and heating for another 8 hours. The solvent was

removed under reduced pressure and thé residue was chromatographed on
.‘ silica using 5:95 methanol : dichloromethane as the eluent to.yield (3S,4R)-

N 4-amino-3,4-dihydro-3-hydroxy-6-(3-methoxyphenyl)sulphonyl-2,2,3-

) trimethyl-2H-benzolblpyran (1.2g) as a foam. Found: C,58.65; H,5.77;

15  N,3.29. C,H,NO.S, 0.22 CH,Cl, requires C,58.28; H,5.96; N,3.53%.
TH-NMR (CDCl,): & = 8.00(1 H,s), 7.70(1H,dd), 7.38-7.52(3H,m),
7.08(1H,dd), 6.85(1H,d), 3.90(1H,s), 3.85(3H,s), 2.60(1H,broad),
1.55(2H,broad), 1.49(3H,s), 1.30(3H,s), 1.01(3H,s) ppm.

20 : EPARATI 1

) methoxyphenylsulphonyl-2.2.3-trimethyl-2H-benz

25 (3S,4R)-4-Amino-3,4-dihydro-3-hydroxy-6-(3-methoxyphenyi)-
suiphonyl-2,2,3-trimethyl-2H-benzo[b]pyran (0.85g) (see Preparation 18) was
dissolved in dry 1,4-dioxane (10mli), 2,4-dichloropyrimidine (0.45g) and
diisopropylethylamine (0.39g) were added and the mixture was heated
under reflux for 25 hours. The solvent was removed under reduced

30 pressure and the residue was azeotroped with dichloromethane then

S e




(see Preparation 20) and 1, 2-di et hoxy- 3, 4-di oxocycl obut-1-ene (0.15g) were

di ssol ved ipy,etdgmol (10m ) (a calciumchloride drying tube was attached to

t he fl ask)

wi th di chl oronet hane and the crude product was chromatographed on silica

and the m xture was heated under reflux -for 90 m nutes. The
sol vent was renoved under reduced pressure, the residue was then azeotroped

with 5:95 nethanol: dichl oronethane as -#8e el uent to yield

(3S, 4R) - 3, 4-d

it Maloiaptiegion stica,using AL, dishioromeans ; ethyl aceiate e gmw ysu

| phonyl - 2, Zgigeht toRish ieIBP(BB%RMiQh dmmgyﬁﬁu&g)z-yaamnwtamwﬁﬂlrm@-

(3, 4-di oxo
[err] H-NI\/R
9. 25(0.%H, th
10
15
20
25
30

(yﬁ&err] (two rotanmers o
gw-ﬁg(aim%hmnﬂe@aajsulmms(lﬁ? ﬁytﬂmet

(0.25g) as a foam. LRMS m/z = 490(m)".

'H-NMR (CDCl,): 8 = 8.01(1H,d), 7.80(1H,dd), 7.38-7.50(4H, m)
7.05(1H,dd), 6.90(1H,dd), 6.80(1H,broad), 5.75(1H,broad), 5.47(1H,d),
4.95(1H,broad), 3.80(1H,s), 1.50(3H,s), 1.45(3H,s), 1.13(3H,s) ppm.
Further elution with 1:1 dichloromsthane : ethyl acetate: provided (3S,4R)-4-

-benzo[b]pyran

(2-chIoropyrimidin-zi-yl)amino-3,4-dihydro-3-hydroxy-6-(3-
rhethoxyphenyl)sulphonyl-2,2,3-trimethyl-2H-benzo[b]pyran (0.64gyas a
white solid, m.p. 228-230°C. LRMS m/z = 490(m)*.

'H-NMR (CDCL,): & = 8.07(1H,d), 7.85(1H,s), 7.70(1 H,dd), 7.35-7.45(3H,m),
7.08(1H,dd), 6.90(1H,dd), 6.61(1H,dd), 5.79(1H,d), 5.50(1H,broad),
4.65(1H,broad), 3.85(3H,s), 1.50(3H,s), 1.40(3H,s), 1.1 5(3H,s) -ppm.

PR EEARAT[“QN 20

-trim I-2H-benzo[b . :
(8S,48)-6-(3-tert-Butyldimethylsilyloxyphenyl)sulphonyl-3,4-dihydro-
3,4-epoxy-2,2,3-trimethyl-2H-benzo[b]pyran (2.2g) (see Preparation 15) was
dissolved in ethanol (25ml) and 35% aqu'eous ammonia solution (25ml) was
added. The mixture was heated at 40-50°C for 24 hours. The solvent was

removed under reduced pressure and the residue was chromatographed on -

silica using 7.5:92.5 methanol : dichloromethane as the eluent to yield
(3S,4R)-4-amino-3,4-dihydro-3-hydroxy-6-(3-hydroxyphenyl)sulphonyl-2,2,3-
trimethyl-2H-benzo[blpyran (1.42g) as a foam. Found: C,54.39; H,5.22;
N,3.19. C,gH,,NO;S, 0.50 CH,Cl, requires C,54.75; H,5.46; N,3.45%.

served Lyl 2l]-l = 10. 20(1H, broad),

Il
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7.38(2H,m, 7.25(1H,s), 7.00(2H,n). 5.45(0.5H d), 5.38(0.5Hs),
5.30( 0. 5Hs)pr.&- 956 1H, d), 4.75(1H, q), 4.60 (1H, broad), 1.45(1.5H.t),
1. 38(3H, 5) . 4-29(1. 5H, broad) . 1.22(3H, ), 0.99(3H, s) ppm .11 -
EXAMPLE 3 |

-50-
'H-NMR (CDCl,): 8 = 8.07(1H,s), 7.70(1H,dd), 7.50(1H,s), 7.41(1H,d),
7.30(1H,d), 6.99(1H,dd), 6.81(1H,d), 3.99(1H,s), 3.50(2H,broad), 1.48(3H,s),
5 1.28(3H,s), 1.00(3H,s) ppm.

. PREPARATION 21
1,2-Dihydro-4-hydroxy-2-m I-1-0x% lazi
Phthalic anhydride (7.4g) was dissolved in hot acetic acid (50ml) and
10 a solution of methylhydrazine (2.7ml) in water (60ml} was added. The
mixture was heated under reflux for 15 minutes and left to cool overnight.
The precipi'tate,that formed was filtered off, washed with water and dried
) under reduced pressure at 65°C to yield 1,2-dihydro-4-hydroxy-2-methyl-1-
. oxophthalazine (7.6g) as a white solid. m.p. 243-244°C.
15  'H-NMR (CD,0D): § =8.28(1H,m), 8.05(1H,m), 7.85(2H,m), 4.87(1H,s),
3.66(3H,s) ppm.

' PBEPARATIQN 22

20 _ 2,4-Dihydroxypyridine (3.0g) was dissolved in 2N aqueous sodium
hydroxlde solution (30ml) and dimethyl sulphate (3.7g) was added dropwise -
over 90 minutes. The mixture was stirred at room temperature overnight,
acidified with concentrated hydrochloric acid, the solvent.removed under -

) reduced pressure, the residue stirred in 5% methanol/dichioromethane and

25. filtered. The filtrate was evaporated and the crude product was
chromatographed on silica using 7:93 methanol : dichioromethane as the
eluent to yield 1,2-dihydro-4-hydroxy-1-methyl-2-oxopyridine (0.77g) as a
yellow solid. m.p. 165-169°C. Found: C,57.28; H,5.47; N,10.89. C.H,NO,
requires C,57.59; H,5.64; N,11.19%.

30 'H-NMR (d,-DMSO): 6 = 10.50(1H,d), 7.50(1H,d), 5.82(1H,dd), 5.55(1H,d),

~ 3.30(3H,s) ppm. |

— s
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(3S, 4R) - 4- (3- Cyano- 2- et hyl i sot hi our ei do) - 3, 4- di hydr o- 3- hydr oxy- 6- ( 3- hydr ox
yphenyl ) sul plpairy 595, 2, 3-tri met hyl - 2H benzo[b] pyran [err] (see Preparation
20) ‘and di met hyl N-cyanodit hi oi mi nocarbonate (0.24g) were dissolved in
pyridine (10m ) (a calciumchloride drying tube was attached to the flask)
and the mxture heated at 50-60[err]C for_24 hours. The solvent was renpved
under reduced pressure and the residue cHtbmat ographed on silica with 1:1

et hyl acet ate; dichl oronet hane as tm%géve a crude product which
was azeotroped with ethyl acetate hl or omet hane, and then
: 2.4-Dihydroxy-5,6-dimethylpyridine
5 5,6-Dimethyl-4-hydroxy-2-oxo-2H-pyran (11.92g) (see J.C.S.Perkin

Trans. 1, 1980, 2272) was dissolved in 1,4-dioxane (80ml), aqueous 35%
ammonia solution (40ml) was added and the mixture was heated under
reflux for 90 minutes. Thé solution was left to cool overnight, the precipitate
filtered off and dried under reduced pressure at 90°C for 24 hours to yield

10 2,4-dihydroxy-5,6-dimethylpyridine (3.47g) as a white solid.

" "H-NMR (d,-DMSO): § = 10.75(1H,broad), 5.42(1 H,s), 2.09(3H,s),
. _1.78(3H,s) ppm.

PREPARATION 24
15 6-(3.4-Dimethoxyphenyljthio-2.2 3-trimethyl-2H-benzo[blovr
6-Bromo-2,2,3-trimethyl-2H-benzo[blpyran (7.4g) (see Preparation 4)

was dissdlved in absolute ethanol (150ml), sodium tert-butoxide (8.5g), 3,4-
dimethoijenzenethiol (59) and tetrakisstrip'henylphosphine)palladium(O) :
(0.5g) were added and the mixture was ﬁeéted under reflux under a

20 nitrogen atmosphere for 24 hours.- A further portion of
tetrakis(triphenylphosphine)palladium(0) (0.5g) was then added and heating
was continued for another 24 hours. The solvent was removed under
‘reduced pressure and the residue was: taken up in dichloromethane and

) washed with water. The organic layer was dried (anhydrous sodium

25 suiphate), the solvent removed under reduced pressure and the crude
product chromatographed on silica using 1:4 hexane : dichloromethane as
the eluent to yield 6-(3,4-dimethoxyphenyl)thio-2,2,3-trimethyl-2H-
benzo[b]pyran (7.49) as a yellow oil. R
'H-NMR (CDCl,): § = 7.20(1H,dd), 6.85-7.00(3H,m), 6.80(1H,d), 6.72(1H,d),

30  6.03(1H,s), 3.85(3H,s), 3.80(3H,s), 1.85(3H,s), 1.41(6H,s) ppm.

—_—
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triturated with diethyl ether (to renove residual pyridine) to yield
(3S,4R) - 4- (3-%@%%9 - et hyl i sot hi our ei do) - 3, 4-di hy-

dr o- 3- hydr oxy- 6- ( 3- hydr oxyphenyl ) sul phonyl -2, 2, 3-tri net hyl - 2H benzo[ b] pyr an
(0.276g) as a solid. [err]HHNWR (d[err]- DI\/SO): [err] = 10.25(1 H,s),
8.50(1H,d), 7.70(1 Hd), 7.50(1 H,s), 7.3827.45(2H, m, 7.25(1 H d),
6.98-7.05(2H, m, 5.45(1Hd), 5.40(1 H,s), 2.72(3H,s), 1 .37(3H, s),
1.25(3H,s), 1.07(3H,s) ppm EXAVPLEPREPARARION 25

4- Di hvdr o- 3- hydr oxy-, hydr. h dror%
) oxy-2, 2, 3-tri-net h R

5 2,2,3-trimethvi-2H-benzolb n
- 6-(3,4-Dimethoxyphenyl)thio-2,2,3-trimethyl-2H-benzo[b]pyran (3.1g)
(see Preparation 24), 4-phenylpyridine-N-oxide (0.4g) and [(S,S)-1,2-bis(3,5-
di-tert-butylsalicylideamino)]cyclohexane manganese(lll} chioride (see
J.Am.Chem.Soc., 1991, 113, 7063). (0.4g) were dissolved in
10 dich[orométhane (35ml) and 3M aqueous sodium hypochlorite solution

yridazi n- 6-yl

=-8DOXV~-

(100ml, prepared from 4M commercial bleach) was added:. The two phase
system was stirred vigorously for 24 hours and then diluted-with _
) J dichloromethane before separation of the two layers. The organic layer was
| dried (anhydrous sodium sulphate), the solvent removed under reduced
15 pressure and the residue was chromatographed on silica using 19:1
dichloromethane : ethyl acetate as the eluent to give (3S,4S)-3,4-dihydro-6-
(3,4-dimethoxyphenyl)sulphonyl-3,4-epoxy-2,2,3-trimethyl-2H-benzo[bjpyran
(3.0g) as a yeliow foam. LRMS m/z = 408 (m + NH,)".
'"H-NMR (CDCl,): & = 7.89(1H,d), 7.75(1R,dq), 7.53(1.H,dd), 7.35(1H,d),
20  6.80-7.00(2H,m), 3.92(6H,s), 3.71(1H,s), 1.59(3H,s), 1.52(3H,s), 1.29(3H,s)
ppm.

; PREPARATION 26

25

(38,43)-3,4—Dihydro-6-(3,4-dimethoxyphenyl)sulphonyl-3,4-epoxy-
2,2,3-trimethyl-2H-benzo[b]pyran (3.0g) (see Preparation 25) and 2,3-
dihydro-2-methyl-3-oxo-6-hydroxypyridazine (2.0g) (see J.Org.Chem, 1971,

30 36, 3372) were suspehded in dry 1,4-dioxane (30mi), pyridine (0.61g) was
-added and the mixture heated under reflux (a calcium chloride drying tube

_—

—_—
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[err] (0.35g) (see Preparation 14) and 3, 6-di hydroxypyri dazi ne (0.2739)
were suspengeg isgsabsol ute ethanol (3m), dry pyridine (0.065m) was added
and the mixture was heated under reflux for 4 days. The solvent was then
renoved under reduced pressure and the residue chromatographed on silica
with 1:99 nmethanol: ethyl acetate as the el uent to

yi el d( 3S, 4R) - 3, 4- di hydr o- 3- hydr oxy- 6- ( 4=887dr oxyphenyl ) sul phonyl - 4- ( 3- hydr ox

Soli Iddafr: 0. W %2%@%%9%{ @ fﬁst{ﬁ#ﬁtf@é?dag)g bﬁ%%@@{f@%g;@rﬁoﬁr@@uﬁ&eﬁ whi te

Clerr] H[ err ko§wsed plewsuld; the réSidaelstirret aitAt 8%  matharst / Gichlofdiethated9;
N5 88 and filtered. The filtrate was evaporated and the crude product
chromatographed on silica eluting with 2.5:97.5 methanol : dichloromethane
as the eluent to yield (3S,4R)-3,4-dihydro-4-(2,3-dihydro-2-methyl-3-oxo-
pyridazin-6-yl)oxy-6-(3,4-dimethoxyphenyl)sulphonyl-3-hydroxy-2,2,3-
trimethyl-2H-benzo[b]pyran (1.7g) as'a yellbw foam.
10  'H-NMR (CDCL): 8 = 7.90(1H,d), 7.75(1H,dd), 7.52(1H,dd), 7.35(1H,s),
7.10(2H,m), 6.90(2H,m), 5.90(1H,s), 3.92(3H,s), 3.90(3H,s), 3.70(3H,s),

1.50(3H,s), 1.40(3H,s), 1.25(3H,s) ppm.

- P Tl
15 -Bromo-3,4-dihydro-4-ox0-2.2,3-trimethyl-2H- _
(Alternative route to the compound of Preparation 3)

a) 1-(5-Bromo-2-hydr 1enyl n1- |
To a stirred mixture of alummlum trichloride (2.5kg) in
20  dichloromethane (5000ml) at room temperature was added propanoyl
chloride (864g) over a 5 minute period. The mixture was stirred for 45
minutes at roorh temperature and then a solution of 4-bromoanisole (875g)
_in dichloromethane (1000ml) was added over 15 minutes. The reaction was
) heated under reflux for 6 hours then cooled and stirred at room temperature
. 25 overmght
The reaction was quenched by pouring slowly onto ice (11kg) over a
40 minute period. The mixture was stirred for 30 minutes and the layers
separated. The aqueous layer was further extracted with dichloromethane
_ (2 x 1000ml) and the corribined organic extracts washed with water
30 (2 x 2000ml). Two-thirds of the solvent was remoVed from the organic layer
by distillation at atmospheric pressure. Methanol (3750ml) was slowly
added whilst continuing with the distillation. The distillation was continued
until a pot temperature of 64°C and a head temperature of 62°C was
achieved. Water (270ml) was then added to the solution at this temperature
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[err] HNWR (plers$sDMSO): [err] = 12.38(1H,s), 7.16(4H m, 7.25(1H d),
6.80-7.00(4H, m, 5.80(1H,s), 5.38(1H,s), 1.38(3H,5s), 1.30 (3H s),

1.15(3H,s) ppm - 12 - EXAMPLE 5

10

15

20

30

-54-
and the reaction cooled tb precipitate an off-white solid. When the reaction
mixture had cooled to 20°C, further water (270ml) was slowly added and the
mixture granulated at about 10°C for 2 hours. |

The solid was fi_ltered off and sparingiy washed on the pad with
methanol:water (6:1, by volume), then dried under reduced pressuré at 50°C
to yield the title compound (960g).

b) -Br -3.4-dihydro-4-ox0-2.2. 3-tri I-2H-benz n
- To a stirred solution of the product of part (a) (1.48kg) in acetone
(73_00ml) and xylene (6570ml) was added piperidine (3.04kg) and the
reaction heated under reflux for 5 days. |
The reaction was cooled and washed successively with water
(2x3000ml) followed by 2N aqueous hydroéh!oric acid solution (2x5000ml)
(with ice-cooling) 2N aquedus sodium hydroxide solution (3000ml) and
water (2x3000ml).
The organic Iayer was concentrated under reduced pressure to
provide the title compound as a brown oil (1.46kg).

Phar ological dat

A representative selection of the compounds of the preceding
Examples was tested for smooth muscle relaxant activity by the method
involving measuring the in vitro relaxation of electrically stimulated guinea
pig tracheal ring preparations as described on pages 18 and 19 of the
description. | '

The results are shown in the Table below in which the minimum
dose' of compound which causes maximal inhibition of the cholinergic
contraction relative to control was determined.

—————

____\
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(3S,4R) - 3. 4- Di hydr o- 4- (2, 3-di hydr o- 2- et hyl - 3- oxopyri dazi n- 6-yl ) oxy- 3- hydr o
Xy- 6- (4- hyEb@x§é5|enyl ) sul phonyl - 2,2, 3-trinethyl-2H benzo[ b] pyran [err]
(3S,4S)-6-(4-tert-Butyldi nethylsilyl ox!\g henyl ) sul phonyl - 3, 4- di hydr o- 3, 4- epo
Xy-2.2,3-trimethyl - 2H benzo[ b] pyran (*®818 g) (see Preparation 14) and

2, 3-di hydr o- 2- net hyl - 3- oxo- 6- hydr oxypyri dazi ne (1.33g) (see J.Og. Chem
1971, 36, 3372) were suspended in dry 1,4-dioxane (15m ), pyridine
(0.275m ) was added and the m xture was heated under reflux (a cal cium
chloride drying tube was attached to_the flask) for 3 days. The sol vent was
removed under reduced TABLE

5
Example no. Minimum
dose'(uM) }
1 0.1 J
2 0.3 -l
3 0.1 j
j 10 4 | | 0.03 _ J
| 5 0.01 -_l
g - 0.3 _]
12 0.1 1
15
20

e ——— e ——
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pressure andP{"ﬁeSPési due was partitioned between ethyls acetate and water.
The organi ¢ phase was separated and dri e_qseéanhydrous sodi um sul phate), the
sol vent was renoved under reduced pressure and the crude product was
chromat ographed on silica using 1:99 nmethanol: ethyl _acetate—as—the eluent
to yield (3S, 4R) -3, 4-di hydro-4-(2, 3-di hy- -

dr o- 2- et hyl - 3- oxopyri dazi n- 6-yl ) oxy- 3£{|gAiM§gy 6- (4- mmﬂ“l“‘w?m! ‘ohonyl
-2,2,3-trinethyl-2H benzo[ b] pyran (0.352g) as a whit

C,58.13; H,5.00; N, 5.70. (err]Herr]Nerr]Jerr]S requi res C, 58. 46;

H, 5.12; §,5.93% [err]H—NIVR (d[err]-DVBO: [err] = 7.65-7.75(4H ),

7. 27(1H d), 6.82-7.05(4H, m, 5.78(1 H's), 5.36(1 H,s), 3.34(3H,s), 1.39(3H,
s), 1.30(3H 3), 1Acempogndmiihe formula:

R®
' OH
4

10 RSO, a

v o
o\ |
: R

15
or a pharmaceutically acceptable salt thereof,
wherein X is O, S or NH;
R and R’ are each independently selected from H and C,-C,
- alkyl or taken together represent C,-C, alkylene;
20 R?is H or C,-C, alkyl; |
| R®is
(a) a6-membered heterocyclic ring containing 1 or 2
N hetero-atoms, said ring being linked to X by a
o ring carbon atom, optionally benzo-fused and
hd 25 | optionally substituted, including in the benzo-
fused portion, by C,-C;, alkyl, hydroxy, -OR®, halo,
-8(0),,R%, oxo, amino, -NHR®, -N(R®),, cyano,
-CO,R®, -CONH,, -CONHR® or -CON(R®),, with the
proviso that R® is not an N-(C,-C, alkyl)pyridony! group;
30
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EXAMPLE 6

(3S 4R) - 3, 4- Iglhci/d?'o 4- (2. 3-di hydro- 2-et hyl - 3- oxopervdrox
y-6- (4- hydroxyphenyl)sul phonyl - 2.2.3-trimethyl - 2Htenzo|[ b] r]
(1.6649) (see Preparation 1 4) and ii@‘g

2, 3-di hydr o- 2- et hyl - 3- oxo- 6- hydr oxypyri dagyne (1 . 5 \““\

1971 36, 3372) were suspended in dry 1, 4-di oxane ( yr|d|ne
(0.282m ) was added and the m xture was heated under refI ux (a calcium

chloride drying tube was attached to the flask) for 3 days. The sol vent was
renmoved under reduced

5 (b) , when X is NH, a group of the formula:-
| K
| —-< s or
10 NR’
' -3 (c) , when X is NH, a group of the formula:-
15
- R . /o
I‘ ; '
20 N,
_ R is phenyl substituted by a hydroxy group and optionally
. ) further substituted by 1 or 2 substituents each independently

25 : selected from hydroxy, C,-C, alkyl, -OR®, halo, cyano and nitro;
R® is C,-C, alkyl;
R® is -OR®, -NHR?®, -N(R°),, -SR°® or -NHR’;

R’ is cyano; .
R® is -OR®, -NHR®, -N(R%), or -NHR’;,
30 : R?is phényl optionally substituted by C,-C, alkyl, hydroxy,

-OR®, halo, cyano or nitro; and
mis 0, 1o0r2.
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pressure and the residue was partitioned between ethyl acetate and water.
The organic PhEs89%as separated and dried (anhydrous sodiumsulphate), the
sol'vent renoved under reduced pressure and the crude product was chrona-
tographed on silica with 1:99 nethanol : ethyl acetate
yield (3S,4R) -3, 4-di hydro-4-(2, 3- -di hydro‘r%-et hyl - Hﬂlnnﬂl’mﬂﬁu",ﬁm
3- oxopyri dazi n- 6-yl ) oxy- 3- hydr oxy- 6- (4- hydr oxyphenyl ) - sul phonyl 2,253 %rime
t hyl - 2H benzo[ b] pyran (0.340g) as a white solid, mp. 186- 188[err]C Found:
C 59.16: H,5.27; N,5.10. Céerr]H[errlN[err]Qerr]S 0.10 ethyl acetate
requires C,58. 16: A£OmMPaund Rssciamed e claimt Nk e(@DCI [err]): [err] =
7.52-7.79(4H, m, 7.16( 42-6.98 (4H, m, 5.72(1H,s), 5.30(1H, s),
4.97(1H, % 4. 80( 1H, K150 or'NA |

R, R' and R? are each C,-C, alkyl;

R%is (a) a 6-membered heterocyclic ring containing 1 or 2 N
_hetero-atoms, said ring being optionally benzo-fused and
optionally substituted, including in the benzo-fused portion, by

10 S C,-C, alkyl, hydroxy, halo or oxo, (b) is a group of the formula:-
. R'6
| . : NR’
15

or (c) is a group of the formula:-

20 -
8 ' O
R /
3
) | No
25 . -
R* is phenyl substituted by 1 or 2 hydroxy groups;
- R®is -SR®% R®is -OR®, and R® and R’ are as defined in claim 1.
30
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, 1.28(3H,
(35 4R).- 3, 4

£18( 6H, 1. 08(3H, -13-EXAMQI=E——7————————‘—"
%)%53&( m, (3H, s) ppm

0-4- (2, 3-di hydro- 2- net hyl - 3- oxopyri daz

[ ]I

10

15

20

25

30

A compound as claimed in claim 2 wherein

X is O; '

R, R' and R? are éach methyl; |

R? is 1,2-dihydro-2-oxo-1H-pyridin-4-yl, 1,2-dihydro-5,6-dimethyl-2-
oxo-1H-pyridin-4-yl, 3-hydroxypyridazin-6-yl, 2,3-dihydro-2-methyl-3-
oxopyridazin-6-yl, 2,3-dihydro-2-ethyl-3-oxopyridazin-6-yl, 1,2-dihydro-
1-0x0-2H-phthalazin-4-yl, 1,2-dihydro-2-methyl-1-oxophthalazin-4-yl,
2-chloropyrimidin-4-yl, 3,4-dioxo-2-ethoxycyclobut-1-en-1-yl or 3-
cyano-2-methylisothioureido; |

and R* is 2-hydroxyphenyl, 3-hydroxyphenyl, 4-hydroxyphenyl or 3,4-
dihydroxyphenyl.

. A compound as claimed in claim 3 wherein R® is 1,2-dihydro-2-oxo- -

1H-pyridin-4-yl or 2,3-dihydro-2-methyl-3-oxopyridazin-6-yl; and R'is
3-hydroxyphenyl or 4-hydroxyphenyl.

A compound as claimed in any pfeceding claim of the formula:-

R3
- x7
) oH
R SOZ . g I’ 2 .
’ (s)'.‘R - --.o(IA)

1
O/T-R
R

where X, R, R', R% R® and R* are as defined in any preceding claim.

A compound as claimed in claim 1 which is selected from the group
consisting of:
3,4-dihydro44—(2,3-dihydro-2-methyl-3-oxobyridazin-6-yl)oxy-3-
hydroxy-S-(3-hydroxyphenyl)su'lphonyl-2,2,3-trimethyl-2H-
benzo[bjpyran and 3,4-dihydro-4-(2,3-dihydro-2-methyl-3-
oxopyridazin-6-yljoxy-3-hydroxy-6-(4-hydroxyphenyl)sulphonyl-2,2,3-
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2,2, 3- trirrethlg
(38 4S) - 6 (3-t
xXy-2,2,3-trinethyl -
2, 3- dihydro 2- met hyl - 3- oxo- 6- hydr oxypyri daZine (1.5g

nzo[ b] pyran O A [err]
eﬁ”é%?yl di met hyl si | yl oxyphenyl )sul phonﬁl - 3, 4-di hEdro 4- epo

2H benzo[ b] pyran (2.0 g_}za (see Prei

Bl

1971 36, 3372) were suspended in ethanol (30m), pyr|d| ne 0 1g was
added and .the m xture was heated under reflux (a calciumchloride dr
tube was attached timeiByk2Hsgnzofelpyom, osa phapnaseulicallyiasgeptable thon

was filtered and thgiher thereof, or a (35,4R)- sterecisomeric form of any thereof.

5

10

15

20

25

30

10. -

11.

A pharmaceutical composition comprising a compound of the formula
(1), or a pharmaceutically acceptable salt thereof, as claimed in any

preceding claim, together with a pharmaceutically acceptable diluent

or carrier.

A compound of the formula (I}, or a pharmaceutically acceptable salt
or-composition thereof, as claimed in any of claims 1 to 6 and 7
respectively, for use as a medicament.

The use of a compound of the formula (l), or of a pharmaceutically
acceptable salt or composition thereof, as claimed in any of claims 1
to 6 and 7 respectively, for the manufacture of a medicament for the
curative or prophylactic treatment of a disease associated with the
altered tone and/or motility of smooth muscle.

The use as claimed in claim 9 where the disease is chronic
obstructive airways disease, asthma, urinary incontinence, irritable
bowel syndrome, diverticular disease, cesophageal achalasia or-

hypertension.

A method of treatment of a human to cure or prevent a disease
associated with the altered tone and/or motility of smooth muscle

- which comprises treating said human with an effective amount of a

compound of the formula (I) or with a pharmaceutically acceptable
salt or composition thereof, as claimed in any of claims 1 to 6 and 7,
respectively. '
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filtrate was iﬂiﬁ;%e{j to yield a solid which was di SSW
met hanol. / di - thane and filtered again. The fifltrate was again
evaporated and the resi due was chromat ographed on sili ‘“L
sol vent gradient of 0.5:99.5 to 3.75:96. 25€?fet hanol : m\“\&mmﬂma
yield (3S, 4R) -3, 4-di hydr o- 4- (2, 3-di hydr o- 2- net hyl.- 3- oxo«-pytrlL

dazi n- 6-yl ) oxy- 3- hydr oxy- 6- ( 3- hydr oxyphenyl ) sul phonyl -2, 2, 3-tri nmet hyl - 2H be
nzo[ b] pyran (1209) &m%thmﬂiaSecla'mmédiin Etalmdﬂ @Hﬁ%eitﬁe disgas&is dronic2. .
Jerr]Herr]Nerr] 0,75 CH.e err uires C, 53.00; H479
N, 5.10% [err]H N 85@{%@#}"533'3[ ??? ez mn ary inceplineneg, imtaple
7307 455(30 ) e byhlidine ThiveRichid o 1k} ),
U ao g opt o L o oM byhidiie Thivertick rléﬂséése%g gohl aﬁhglasi(aa

hypertensnon

13. A compound of the formula:-

10 R3
% o =
. | R'%s0, /2 |
e T—R weee(ID) 3
) A—R!
o 0 \_ | -
R
. .15 . ' | :
; . . 4, o :
R*s0, e B :
I\\- ’ ....(Im ;
P eeeld
20 O T- .
R
. o
10 2
) R Soz‘@\/<_k wee(VIA) 5 or
. RrR!
25 - o \_
R
Y2 on
RSO, / 2
30 R v (VID) 5
. s R!
o \_
R
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EXAMPLE 8
(3S 4R) -.3. 4- ISI‘}%/C?IBC? 4- (2, 3-di hydr o- 2- net hyl - 3- OXOpW’Id&Z—I—ﬂ—@——)LI—}—eXAyL-—S-—h-yLdI’O

6- ( 2- hydr oxyphenyl ) sul phonyl - 2. 2. 3- tré t hyl - 2H bepzo ran
(38 4S) - 6- (2-tert-Butyl di nethylsilyl oxyphenyl ) sul phon Ell“bﬂilgﬂ Hﬂ HIH epox
y-2,2,3-trinethyl -2H benzo[ b] pyran (0.5 g) (see Prepa

2,3-di hydr o- 2- met hyl - 3- oxo- 6- hydr oxypyri dazi ne (0.419) (see J. Org Chem

1971, 36. 3372) were suspended in dry 1,4-dioxane (8m), pyridine (0.085g)
was added and the Jg XL giwRs, e e pupflfld b5'd Potected hydroxy group and

5 optionally further substituted by 1 or 2 substituents each
independently selected from a protected hydroxy group, hydroxy, C,-
C, alkyl, -OR®, halo, cyano and nitro;
R'" is phenyl substituted by a tri(C,-C, alkyl)silyloxy group and
optionally further éubstituted by 1 or 2 substituents each

10 independently selected from tri(C,-C, alkyl)silyloxy, hydroxy, C,-C,

alkyl, -OR®, halo, cyano and nitro; and X, R, R', R%, R?, R* and R® are
as defined in claim 1. |

14. A compound of the formula (VIA) as claimed in claim 13 wherein the
15 tri(C,-C, alkyl)silyloxy group in the definition of R'® is tert-
butyldimethylsilyloxy, or a compound of the formula (ll) as claimed in
claim 13 wherein the protected hydroxy group in the definition of R*®
is €,-C, alkoxy or tri(C,-C, alkyl)silyloxy and preferably is methoxy or
tert-butyldimethyisilyloxy. ~
20
) 25
30

hn e ——
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(a.cal ci um chl g‘drgﬁg'gryl ng tube was attached to the flask) for
The sol vent w&: ed under reduced pressure, the re mm“ ‘ﬁi}
wi th di chl or omet hane (30m) and filtered. %’\jgﬁe fi ItrateE\ sand

t he resi due was chromat ographed on silica ing 1:1 hexahe:* et hyl acetate
as the eluent to yield a mxture of the required product and the epoxide
starting material. This m xture was redissolved in dry 1,4-dioxane (7m),

2, 3-di hydr o- 2-1%et hyd PBoGsss-fog the preparglien i A ﬁ@m(p@uzg)ofatha faypul@ne (0. 08g)
wer e added and the reaction was heated under reflux for a further 18 hours.
The sol vent was renoved under reduced pressure and the residue was

di ssol vedsi n 5% net hanol / dichlo- ronmethage and filtered. The filtrate was
evapor ated and the resi due was chromat og}Bphed on silica using 2.5: 97 5

RSO, ,
R )

10
or a pharmaceutically acceptable salt thereof,
wherein X is O, S or NH;
~ - RandR'are each independently selected from H and
C,-C, alkyl or taken together represent C,-C; alkylene;
5 - R?is H or C,-C, alkyl; |
| R®is |
(ai) a 6-membered heterocyclic ring containing 1
or 2 N hetero-atoms, said ring being linked to X
by a ring carbon atom, optionally benzo-fused
20 anq optionally substituted, including in the benzo-
fused portion, by C,-C, alkyl, hydroxy, -OR®, halo,
-8(0),,R®, oxo, amino, -NHR®, -N(R®),, cyano,
' -CO,R®, -CONH,, -CONHR?® or -CON(R®),, with the
_. ) ' proviso that R? is not an N-(C),—CG alkyl)pyridony! group;
25 (b) , when X is NH, a group of the formula:-

R6

| o s OX
30 ‘—< i

NR
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nmet hanol :

(3S,-4R) - 3, 4-

s B

thane as the eluent to yield ——

oxy- 3- hydr oxy- 6- ( 2- hydr oxyphenyl ) - sul phon

4- (2, 3-di hydro- 2- nethyl 3- oxop ‘
é 2, 2 3 ‘ m as a
yell ow foam Found: C,54.19; H, 4.85; N, 5 r uerrS] q*err]

0. 625 CH err]C [err]

10

15

20

25

30

0

.' RS0, -

requires C, 54. 06: H 4. 73 N 5 34% -

(c) » when X is NH, a group of the formula:-
R8 /0
5
\0

R* is phenyl substituted by a hydroxy group and optionally

further substituted by 1 or 2 substituents each independently
. selected from hydroxy, C,-C, alkyl, -OR®, halo, cyano and nitro;

R® is C,-C; alkyl; |

R® is -OR®, -NHR?®, -N(R®),, -SR°® or -NHR®;

R is cyano;

R® is -OR®, -NHRS, -N(R®), or -NHR®;

R® is phenyl optionally substituted by C,-Cs élkyl, hydroxy,
-OR?®, halo, cyano or nitro; and

m is 0, 1 or 2, which comprises,

deprotection of a compound of the formula:-

R3
X/
OH
....(II) ;

1
O/TR
R

where R is phenyl substituted by a protected hydroxy group
and optionally further substituted by 1 or 2 substituents each
independently selected from a protected hydroxy group,

t Has Been Re‘Iaced ..

' “\i\\\\\\\\\\\\\\\\\\ !



H NVR : 9. 15(1H, 7.90(1H,d 7.75
77 6( 1H.00) . PPUSORH 1y, 6 04 7 10(5H ) 5. 89 1@/%(%#?’“’/

3.46(1H s), 1.51(3Hs), 1.42(3Hs), 1.25(gH s) ppm
(3S,4R) -3, 4-Di hydro-4-(1, 2-di hydro- 1 -oxo0-2H
honyl“

- pht hal azi n- 4-yl ) oxy- 3- hydr ozy- 6- ( 4- hydrozyphenyl)
2,2,3-trimethyl -2H benzo[ b] pyran [err] A m xture of
(38,48)-6-(4-tert-buty|dinethylsilyloxyphenyl)sulphonyl-3,4-dihydro-3,4-epo

Xy-2,2,3-trimethyly 2y, C,-Cq alkyl, -OR’, halo, cyano and nitro, and X, R, R', R? R®
5 and R® are as previously defined for a compound of the formula (1) in
this claim;

(i) , for the preparation of a compound of the formula (I) where R® has

the definition (a) as previously defined for R® for a compound of the
10 formula (I) in this claim, and X, R, R*, R? and R* are as previously
defined for a compound of the formuia (I) in this claim, reacting a

compound of the formula:-

15

....(HI)
20 where R, R', R? and R* are as previously defined for a compound of
the formula (1) in this claim, either with a compound of the formula:-
R°XH
25 or, where appropriate, a tautomer thereof, and in the presence of a
base, or with a base salt of a compound of the formula:-
R°XH
30 where X is as breviously defined for a compound of the formula (1) in
3 this claim and R? is as defined for this method (ii);
- . ' ' This Sheet Has Been Re
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benzo[ b] pyr an P(L)Q? (see Preparation 14), phthal hM(O C f\o
L gl

pyridine-(0.5 di et hyl ene gl ycol (10m) was heate
210 m nutes. The reactlon m xture was pourgd |ntovva d with
9

ethyl acetate. The organic extract was drié (anhydr ne§| um

sul phate), the solvent was evaporated and the resultant gum Wﬁ.S sy
chromat ographed, on silica using 180:20:1 dichl oronethane: nethano 0
aqueous arrm)n%é!)sol JPfHP?EéeRQTé“@'P&érﬁ cempoynd|aj the formula (1) where R® has

e i o A L
a solid. Pperr]H NI\/Flb(rdLller (I] iDMEOElaimhe and X: E %(Rﬂaﬁh R‘f'aBéJaE preliddsy .

7. 70( 3H, 69 1H,d 6. 90(1H, d 5.41 (1H,
7 55 ( . efihed fo)r a comp<(>und o)f the formula (d) in this c!alm reactmg a

compound of the formula:-

R]“’bso2 | o]
10

where R'® is pheny! substituted by a tri(C,-C, alkyl)silyloxy group and
15 .optionally further substituted by 1 or 2 substituents each '
independently selected from tri(C,-C, alkyl)silyloxy, hydroxy, C,-C;
alkyl, -OR?®, halo, cyano and nitro and R, R, R? and R® are as
previously defined for a compound.of the formula (I) in.this claim, -
either with a cdmpound of the fdrmula:-
20
R°XH

or, where appropriate, a tautomer thereof, and in the presence of a
) " base, or with a'base salt of a compound of the formula:-
25
R*XH

where X is as previously defined for a compound of the formula (1) in
this claim and R® is as defined for this method (iii);
30 |
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s), 1. 50(3Hs) 1.38(3H,s), 1.28(3H,s) ppm EXAMPLEI0

(3S,4R) - 3, 4- Ij’lla@cﬁ 4- (1, 2- di hydro- 2- net hyl - 1- oxo xy 3- hydr
. oxy-6-(4- hydroxyphenyl)sul phonyl - 2. 2. 3- tr17mat hyl ﬁMl“mmm rr] A
m xt ure of -67-

- (3S5,495)-6-(4-tert 'butyl di et hyl si | yl oxyphenyl ) sul phonyl 3, 4-di hydr o- 3, 4- epo.
- xy-2,2,3-trinethyl-2H benzo[b] pyran (0.71g) (see Preparation 14),
12 di hydr o- 4y dr oioy 1Re iprepaitatibnoofop ebhrdoamidnef the. fBasyla (s shepe dhls NH,

R? is a group of the formula:-

5
SR®
,_< ,
NR’
10
and R, R, R%, R% R°® and R’ are as previously defined for a
compound of the formula (l) in this claim, reacting a compound of the
formula:-
R
15 | NH,
4 OH
RSO, Z_ 2 .
R ....(VII)
AR
o \_
R
20 : _
where R, R', R? and R* are as previously defined for a compound of
the formula (1) in this claim, with a compound of the formula:-
)‘ : (R®S),C=NR’
25 '
where R® and R’ are as previously defined for a compound of the
formula (). in this claim;
30
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ration 21), %Lr’éd?\ e (0.4m) and 1, 4-di oxane (10m ) was heated under reflux
for. 4 days. e solvent was renoved under reduced pressure, LrLeJ%sa—due‘vxas
di ssolved in ethyl acetate and washed first with dil ute ac aqueous cit cid
solution and then with brine. The organi c phase was ' ‘.@ 1
magnesi um sul phate), the solvent was reneg8d and the“

chromat ographed on silica eluting wwth a sol vent gradisent of 1“00 1:0.15 to
180: 20: 1 di chl oronmet hane: net hanol : 35% aqueous amoni a sol uti on to yield

(3S,4R) -3, 4- dj ydr
1- oxopht hal ag\'ﬂ 43&% pg ﬁé%mgh%fé ?ﬁﬁﬁwgpgx?p} gnfgrmulﬁ %%g)vrt]lfre X NHt rime
t hyl - 2H &nzol b] pyﬂ%lis &Q@raap)of dbe dosnlla:-

| b4
10 | <

R® is -OR®, -NHR?®, -N(R®), or -NHR® and R, R', R%, R*, R, R"and R® ™~
15 are as previously defined for a compound of the formula (i) in this
claim, reacting a compound of the formula (I) where X, R, R', R?,

" B%R* R° and R’ are as defined for method (iv) for the preparation of
compounds of the formula (1) in this claim, with a base salt of a
compound of the formula R*OH, or with a compound of the formula -

20 R°NH,,(R%),NH or R°NH,, or a base salt thereof, as appropriate,
where R® and R® are as previously defined for a compound of the
formula (1) in this claim; |

(vi) , for the preparation of a compound of the formula (l) where X is NH,

25 R® is a 6-membered heterocyclic ring containing 1 or 2 N
heteroatoms which is optionally substituted as previously defined in
definition (a) for R® for a compound of the formula (l) in this claim and
R, R', R? and R’ are as previously defined for a compound of the
formula (1) in this claim, reacting a compound of the formula (VII)

30 where R, R', R? and R* are as previously defined for a compound of
the formula (VIi} in this clairh, with a 6-membered ring heterocyclic
compound containing 1 or 2 N heteroatoms which is substituted on a
ring carbon atom by a leaving group and optionally further substituted

- as previously defined for R? for this method (vi); or 4//
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- 15 - id.
7.78-17. 95( 5H,

rlHNVR (CDCl [err]): [err] 840(1H d),

SAEC)

(2Hd), 6.95(1H. d), 6.90(2H, d)- (1H s‘ m

(3H's), 1.60(3Hs), 1.50(3H s), 1.32(3H s) ppm EM“T\‘M\“\

10

15

20

25

30

(vii)

16.

, for the preparation of a compound of the formula () where X is NH,
R® is a group of the formula:-

Ré .. /O

AN

o

. and R, R, R? R*and R® are as previously defined for a compound of

the formula (1) in this claim, reacting a compound of the formula (Vi)
where R, R', R? and R* are as previously defined for a compound of
the formula (VII) in this claim, with a compound of the formula:-

RS | /0
YA - \\-0

where Z is a leaving group and R® is as previously defined fora
compound of the formuia (1) in this claim: any of said methods (i) to
(vii) being optionally followed by conversion of the compound of the
formula (1) to a pharmaceuticaily acceptable salt thereof.

A process as claimed in claim 15(i) wherein the protected hydroxy

group in the definition of R* is C,-C, alkoxy or tri(C,-C, alkyl)silyloxy
and preferably is methoxy or tert-butyldimethylsilyloxy.

e
MBS
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(3S,4R) - 3, 4- Py Has 4- (1, 2 di hydr o- 2- oxo- 1H pyri di n- 4-yl ) oxy- 3- hydrozy 6-(3
_-hydroxyphenyl ) sul phonyl 2,2,3-trimethyl -2H benze{Je]—ﬁyran*[‘eT”]’—

(3S,4S)-6-(3-tert- ButyldlnethyIS|Ionxyphﬁgyl)sulphon , 4- epo
Xy-2.2.3-trinmethyl -2H benzo[ b] pyran (0.70 g) (see “ ‘ an
2, 4-di hydroxypyridine (0.44g) were suspended in et pyridine

(0.15 g) was added and the m xture was heat ed under refI ux (a cal cium
chloride drying tube was attached to the flask) for 5 days. The sol vent was

aemm/ed ungﬁrwr edug glofsgeSas cRimelEan dintl Y8 (iMPWhekdin tRE tH{C,0Cp% Met hanol /
i chl or onet hane
5 alkyl)silyloxy group in the definition of R is- tert-butyldimethyisilyloxy.

18. A process as claimed in claim 15(ii) or 15(jii) that is carried out using

a compound of the formula:-
10 _ R3XH .
, or a tautomer thereof, and in the presence of a base.

19. A process as claimed in claim 18 wherein the base is pyridine or

15 triethylamine.

20. A process as claimed in claim 15 wherein
X is O or NH;
R, R' and R? are each C,-C, alkyl; . _

20 R® is (a) a 6-membered heterocyclic ring containing 1 or 2 N hetero-
atoms, said ring being optionally benzo-fused and optionally
substituted, including in the benzo-fused portion, by C,-C, alkyl,
hydroxy, halo or oxo, (b) is a group of the formula:-

- 25
RS

e

NR

30 or (c) is a group of the formula:-

Sheet Has Been Replaced
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and t hen fiI% eg The filtrate was evaporated and the residue was |
chr omat ogr ap gg R silica u3|ng 19: 1 di chl oronet h- ane: nethanol as the
eluent to yield first (3S,4R)-3, 4- dlhydro7 -(1, 2- dlhydro 2, 0XO- 1
H pyri di n-4-yl ) oxy- 3- hydr oxy- 6-
(3- hydr oxyphenyl ) sul phonyl -2, 2, 3-tri net hyl - 2H—benzo[b]pyran
white foam Found: C, 60.58;, H 5.04; N, 2.67. C[err]H[e
di ethyl ether requires C, 60.60; H 5.46; N, 2.92% [err]
[err] = 10.20(1H, broad), 7.71(1H,dd), 7.62 (1H,s), 7.30-+7: &O(QH
7.25(1H,dd), 7.15(1H,d),- 6.95-7 _§5(2HM, 6~0(1H s), 6.06(1H, dd)
5.45(1H,5), 5.40 (1H, s), 1.38(3FB , 1.34 ,S), 1.10(3H,s) ppm Further
el ution then provided *

0XO-

0)

(3S,4R) -3, 4-di hydro 4- (1, 2-di hydro-

f- hydr oxypygi din-1
-yl )-3-hydroxy-6-(3-hy- _

N\

o

10 .
R*is phenyl substituted by 1 or 2 hydroxy groups;
R® is -SR®; R® is. -OR® and R°® and R’ are as defined in claim 15,

15 21. A process as claimed in claim 20 wherein
X is O;
'R, R' and R? are each methy;
R? is 1,2-dihydro-2-0xo-1 H-pyridin-4-yl, 1,2-dihydro-5,6-dimethyl-2-
- oxo-1H-pyridin-4-yl, 3-hydroxypyritiazin-6-yl, 2,3-dihydro-2-methyl-3-
20 | oxopyridazin-6-yl, 2,3-dihydro-2-ethyl-3-oxopyridazin-6-yl, 1,2-dihydro-
1-0x0-2H-phthalazin-4-yl, 1,2-dihydro-2-methyi-1 -oxophthalazin-4-yl,
2-chloropyrimidin¥4-yl, 3,4-dioxo-2-ethoxycyclobut-1-en-1-yl or 3-
cyano-2-methylisothiouréidO'
) | - and R* is 2-hydroxyphenyl, 3-hydroxyphenyl, 4- hydroxyphenyl or 3,4-
25 dlhydroxypheny!

22. A process as claimed in claim 21 wherein R® is 1,2-dihydro-2-oxo-1H-
pyridin-4-yi or 2,3-dihydro-2-methyl-3-oxopyridazin-6-Yl;-and R*is 3-
hydroxyphenyl or 4-hydroxyphenyi.

30 '
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drooxyphenyl) | -2,2,3-trinmethyl -2H benzo[ b] pyran (0.1 42g) as a foam
[ern]l—l-Nl\/R(zl![)ﬂérr?%NS [err]= 10.50(1H, broad), 7.96(1H

7.62-7.72(2H, m), 7.35( 1H m, 7.20(1H d), 7\%10( 1Hr5§/’6/94 O‘(L\\‘ﬁ(m'l, 5

gp?nS( é)l_(lAﬁ/g?_E ?220(2H m, 5.50(1H s), 1.40(3H,s), “\A ‘\“m

(3S.4R) - 3. 4-Di hydr o-4- (1. 2-di hydro-5. 6-di net hyl - e 1M pyr| d| n- 4-yl ) oxy-3
- hydrozy- 6- ( 3- hydr oxyphenyl ) sul ohonyl -2, 2, 3-tri nmethyl - 2H - benzo[ b] pyran

[err] 23. A process as claimed in any of claims 15 to 22 that is used to
5 prepare a compound of the formula:-

10 ....(IA)

where X, R, R',R%R® and R* are as defined in any of claims 15 to 22.

15 |

24. A process as claimed in any of claims 15 to 19 which is used to
prepare a compound selected from the group consisting of:
3',4-dihydro-4-(2,3-dihydro-2—methyl-3-qxopyridazin-6-yl)oxy-3-
hydroxy-s-(s-hydroxyphenyl)sulphonyl-2,2,3-trimethyl-2H-

20 benzo[b]pyran and 3,4-dihydro-4-(2,3-dihydro-2-methyl-3-
oxopyridazin-6-yl)oxy-3-hydroxy-6-(4-hydroxyphenyl)sulphonyi-2,2,3-
trimethyl-2H-benzo[b]pyran, or a pharmaceutically acceptable sait of
either thereof, or a (38,4R)- sterecisomeric form of any thereof.

25 25. A process for the preparation of a pharmaceutical composition
comprising combining a compound of the formula (1), or a
phafmaceutically acceptable sait thereof, which has been prepared
by a process as claimed in any of claims 15 to 24, together with a

pharmaceutically acceptable diluent or carrier.
30 ' |
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(3S, 49) - 6- (3pt dg:But ! di met hyl si | yl oxyphenyl ) sul ppﬁ\I}EP@dAhldﬂo&&8630
Xy-2,2,3-tri rre % 2H benzo[ b] pyran (0.70g) (see Preparation 15) and
2, 4- i hydroxy 5, 6 di met hyl pyri dine (0.42g) (see Preparation 23) were
suspended In ethanol (15m ) and pyridine (0.12g) was added. The m xture was

heat ed under reflux (a calciumchloride drying tube - 16 -
5 ABSTRACT
Benzopyrans

The present invention relates to compounds of the formula:-

10
R3
x~
R*s0. LOH
2 2
Rl OOOQ(I)
- R
™ 07N,
and the pharmaceutically acceptable salts thereof, wherein
_ Xis O, S or NH; BN '
. 20 : R and R' are each independently selected from H and C,-C, alkyl or
taken together represent C,-C, alkylene;
R?is H or C,-C, alkyl;
R? is (a) a 6-membered heterocyclic ring containing 1 or 2 N
heteroatoms linked to X by a nng carbon atom and optionally benzo-
—~ 25 fused and optionally substituted, (b), when X is NH, a group of the
formula:-
R6
__< ,
30 NR’
or (c) when X is NH, a group of the formula:- | _—
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was attache%ﬁe,}g}{e flask) for 20 days. The solvent was renoved under
reduced pre he residue was stirred in 20% nmet hanol / di chl or onet hane
(50mM ),» filtered and the filtrate was evaporated to yield a crude product
whi ch was chromat ographed on silica eluting with a solvent gradient of 19:1
~to 9:1 dichloronethane: nethanol to yielg-(3S, 4R)-

3, 4-di hydro- 4- (1, 2-di hydr o- 5, 6-di met hyl - 2- oxo- '

1H pyridi n-4-yl) oxy- 3- hydr oxy- 6- (3, hydr oxyphenyl ) sul phonyl -2, 2, 3-tri -

met hyl - 2H benzo[ b] pyran (0.143g) as a solid. [err]HHNVR (d[err]-DVSO):

[err] = 10.30(1H,s), 6.96-7.85(8H m, 6.18 (1H,s), 5.45(1H,s), 5.36(1H s),
2.20(3Hy , 1.84(3H.s), 1.38(3Hs), 1.33(3H,s), 1.12(3Hs) ppm :

RE -/o

N\

10 | o

R* is phenyl substituted by a hydroxy group and optionally further

substituted by 1 or 2 substituents: together with eompositions containing,
i5 uses of, processes for the preparation of and intermediates used in the
preparation of, such compounds.
20
J
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EXAMPLE 13 - ianadaid
(3S,4R).- 3. 4- Di hydro-4-(2, 3-di hvdr o- 2- net hyl - 3- oxopyri dazi n-6-yl ) -oxy-6-(3,4
- di hydr oxyphenyl ) sul phonyl - 3- hydroxy- 2. 2. 3-tri nethyl -2H benzo[ b] pyran

[err] - '

(3S, 4R) - 3, 4- Di hydr o- 4- (2, 3-di hydr o- 2- met hyl - 3- oxopyri dazi n- 6-yl ) oxy-6- (3, 4-
di met hoxyphenyl ) sul phonyl - 3- hy- dr oxy- 2-P 3-trinet hyl - 2H benzo[ b] pyr an

(0.50g9) (see Preparation 26) was di :%Jd i i chl oronet hane (12m ) (under
a nitrogen atnosphere) and boron t¥rofom of a1l Msolution in

di chl or omet hane) The pradestinvéhforirethatdsttoBénzopyrans. More particularly it
relates to 6-(hydroxyphenyl)sulpﬁonylbenzo[b]pyran derivatives and to
compositions containing, uses of, processes for the preparation of and
intermediates used in the preparation of, such derivatives.

The present derivatives display smooth muscle relaxant activity by a
mechanism involving potassium channel 6pening. They are therefore useful
in the curative or prophylactic treatment of diseases associated with the
altered tone and/or motility of smooth muscie which can, for example, occur
in the lung, bladder, gut, uterus or cardiovascular system. Such diseases
include chronic obstructive airways disease, asthma, urinary incontinence,
irritable bowel syndrome, diverticular disease, oesophageal achalasia and
hypertension. In addition, the present derivatives may be useful-in the
treatment of peripheral vascular disease, congestive heart failure, pulmonary
'hypertension, myocardia! and cerebral ischaemia, angina, male pattern
baldness, cardiac arrhythmia, skeletal muscle fatigue/paralysis {myotonic
muscular dystrophy), glaucoma, epilepsy, tinnitus, vertigo and
dysmenorrhoea.

The present invention provides compounds of the formula:-

aged LA to paged WAZ.L
Ppeged B 1d%aged 7’-' .-
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stirred at roomtenperature for one hour and a precipitate was forned.
Water (20m ) and dichl oronet hane (15m ) were added, an insol uble gum forned
and the solvents were decanted off. The gum was then chromat ographed on
silica using 1:9 nethanol: dichloronethane as the eluent to yield '
(38,4R)-3,4-dihydro 4- (2, 3-di hydr o- 2- net hyl - 3- oxopyri -

dazi n-6-yl ) oxy-6-(3, 4- d|hydroxyphenyl)sukﬁhonyl-3-hydroxy-2,2,3-trinethyI-Z
H benzo[ b] pyran (0.33g) as a white foam which was then triturated with

di et hyl et heandattte nhamlaamxtgaﬂyeaacemable salts therpof,r ] H- NVR (d[ err] - DVBO):
[err] = 10.10(1H.s), 9, 75@ 7.75(1H,s), 7.65(1H m, 7.30(1H d),
7.15(2Hm, W 1 M, d) , XéS H‘% Ny, 6.85(1H d), 5.80(1H s), 5.72(1H,s),

3.60(3Hs), 1. 40( 3H, S)R st 3k Bhachlindepéibientiy’S¥lected from H and C,-C,

alkyl or taken together represent C,-C; alkylene;

R?is H or C,-C, alkyl;

R®is

(a) a 6-membered heterocyclic ring containing 1 or 2 N
hetero-atoms, said ring being linked to X by a ring
carbon atom, optionally benzo-fused and optionally
substituted, including in the benzo-fused portion, by C,-
C4 alkyl, hydroxy, <OR®, halo, -S(0),,R°, oxo, amino,
-NHR®, -N(R°),, cyano, -CO,R®, -CONH,, -CONHR?®,
or -CON(R®),, with the proviso that R® is not an N-(C,-C,
alkyl)pyridony! group;

(b) , when X is NH, a group of the formula:-

RS
— e
NR’
i.‘.—._" L]
LR [ AL
‘. : [ v . N o
19‘ » ' T ¥ i {"- ER
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The follow ng Preparations illustrate the preparation of certain starting
materials used in the precedi ng Exanpl es. PREPARATI ON 1 4- Br onophenyl

propi onat e 4-Bronophenol (259g) and 4-di net hyl am nopyridine (1.5g) were

di ssol ved in dichl oromet hane (1000m ), the so- lution was cooled in an ice
bath and triethylam ne (219m) was added porti onwi se such that the reaction

tenperature was kept below 20[err]C. Pro@onyl chloride (1 37nm) was then
“added over 1 hour and

the resul ti | Xture was, stijyr t roomtenperature .
for 2 hours. The m'xtL‘FE wasW %RQ% M@Wéﬂ“‘?ro?@ﬁ{%ﬁ@'%{/ brine, then

dried (anhydrous nagnesium

RS 0

——tt————
e

| \0
R* is phenyl substituted by a hydroxy group and optionally
further substituted by 1 or 2 substituents each independently
- selected from hydroxy, C,-C, alkyi, -OR®, halo, cyano and nitro;
R® is C,-C, alkyl;
R® is -ORS, -NHR®, -N(R®),, -SR° or -NHR?
R’ is cyano;
R® is -OR®, -NHR®, -N(RF), or -NHR’;
R? is pheny! optionally substituted by C,-C, alkyl, hydroxy,
-ORE, halo, cyano or nitro; and
mis 0,1 or2.

In the above definitions, the term *halo* means fluoro, chioro, bromo or

iodo. Alkyl groups containing three or more carbon atoms may be straight-
or branched-chain.

Preferably X is O or NH.
Most preferably X is O.

REPLACEMENT SHEET
Preferably R, R' and R? are each C,-C, alkyl.
1 2 _ 15 MAY 1996
Most preferably R, R" and R® are each methyl.
T




sul phate) and the sol vent renoved under reduced pressure to yield

4- br onophenyl propionate (344g) as a green oil. [err]HNWR (CDCl [err]):
[err] =7.43(2H,d), 6.94(2H,d), 2.52(2H,q), 1.20(3H,t) ppm PREPARATION 2 1
- (5- Bronp- 2- hydr ozyphenyl ) propan-1 -one 4-Bronophenyl propionate (1159)
(see Preparation 1) and alum nium chloride (150g) were heated together at

approximately 90[err]C for 15 m nutes. Thé-sol uti on becane dark and

hydr ogen chl
CZIr ef gl |y ad?gf&ag‘?ce an@\wg\r‘ﬁg\/\wbég @@e?%rﬁhg@ﬂ: E#iﬁc%f’%i méﬁg‘it racted
wi t h di chl or betarbeatoms, said ring being optionally benzo-fused and optionally

substituted by C,-C, alkyl, hydrbxy, halo or oxo, and more preferably said

ring is not fully saturated, (b) is a group of the formula:-

_ RS
:NR7
. or (c) is a group of the formula:- -
RS ' /O

More preferably R® is 1,2-dihydro-2-oxo-1 H-pyridin-4-yl, 1,2-dihydro-5,6-
dimethyl-2-oxo-1H-pyridin-4-yl, 3-hydroxypyridazin-6-yl, 2,3-dihydro-2-
methyl-3-oxopyridazin-6-yl, 2,3-dihydro-2-ethyl-3-oxopyridazin-6-yi, 1,2-
dihydro-1-oxo-2H-phthalazin-4-yl, 1,2-dihydro-2-methyi-1 -oxophthalazin-4-yl,
- 2-chloropyrimidin-4-yi, 3 4-d|oxo-2-ethoxycyclobut-1 -en-1-yl or 3-cyano-2- .
methyhsothloureudo
Most preferably R’ is 1 2-dahydro-2-oxo-1 H-pyndm-4»yl or 2,3-dihydro-2- -
methyi- 3-oxopyridazm-6-yl

Prefera_bly R‘ is phenyl substituted by one or two hydroxy group(s).
More preferably R* is 2-, 3- or 4-hydroxyphenyl, or is 3,4-dihydroxyphenyl.
Most preferably R* is 3-hydroxyphenyl or 4-hydroxyphenyl.

This Sheet Has Been
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The organic extract was separated, washed with brine, dried (anhydrous
magnesi um sul phate) and the sol vent renoved under reduced pressure to yield
1- (5- br ono- 2- hydr oxyphenyl ) pr opan- 1-one (110g) as a yel |l ow solid. - 17 -
[err]HHNMR (COCl [err]):[err] = 12.28(1H,s), 7.88(1H,d), 7.55(1H, dd),

6. 89( 1H, d),

3.02(2H,q), 1.27(3H, 1) ppm

. 86, 1-19.

Preferably R® is -SR°®.
Most preferably R® is methyithio.

Preferably R® is -OR®.
Most preferably R® is ethoxy.

The pharmaceutically acceptable salts of the compounds of the -
formula (1) include. the acid addition and the base salts thereof.
Suitable acid addition salts are formed from acids which form non-

toxic saits and examples are the hydrochloride, hydrobromide, hydroiodide, -

sulphate, bisulphate, phosphate, hydrogen phosphate, acetate, maleate,
fumarate, lactate, tartrate, citrate, gluconate, benzoate, methanesulphonate,
bénzenesulphonate. and p-toluenesulphonate salts.

Suitable base salts are formed from bases which form non-toxic salts
and examples are the aluminium, calcium, magnesium, zinc and
diethanolamine salits. '

For-a review on suitable salts see Berge e_t_al, J. Pharm. Sci., 1977,

A compound of the formula () may contain one or more asymmetric
carbon atoms and may therefore exist in two or more stereoisomeric forms.
The present invention includes the individual sterecisomers of the
compouhds of the formula (1) and mixtures thereof, together, where
appropriate, with all the tautomeric forms of the compounds of the formula
. '

Separation of diastereocisomers may be achieved by conventional
teéhniques, e.g. by fractional crystallisation, chromatography_ or HP.L.C. -

This Sheet Has Been Rep
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PREPARATI ON 3 6- Br ono- 3, 4- di hydr o- 4- oxo- 2, 2, 3-tri met hyl - 2H benzo[ b] pyr an

1- (5- Brono- 2- hydr oxyphenyl ) propan- 1- one (375g) (see Preparation 2) was

di ssolved in a mxture of dry toluene (1700m ) and acetone (2040m ).

Pi peridine (748m ) was added and the solution was heated under reflux for 7
days. The sol vent was renoved under reduced pressure, the residue was

di ssolved in diethyl ether and washed sucgssively with aqueous citric acid
solution (x4), 0.5M aqueous sodi um hydroxi de solution (x4) and then brine

(x3). The or gird stepeeisemasic mixureaticd compaung ebiheciormipas () &fs suitabieler
reduced pr ess".s'é'i'ceo_rt Gerstivd tRafddt A inditul4PERariSHSF of a compound of the

formula (I) may also be prepared from a corresponding optically pure
intermediate or by resolution, such as by H.P.L.C. of the corresponding
racemate using a suitable chiral support or by fractional crystallisation 'of the
diastereoisomeric salts formed by reaction of the corresponding racemate
with a suitable optically active acid or base. '
A preferred group of compounds of the formula (I) has the formula:-

weee(JA)

where X, R, R', R% R® and R* are as previously defined for. a compound of
the formula (l).

The compounds of the formula (I} provided by.the invention can be.
prepared by the following methods:-
1) All the compounds of the formula (I) can be prépared by deprotection
of a compound of the forn;ula:- '

IR iy
REPLACEMENT SHEET
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, 2, 3-trinmethyl -2H benzo[ b] pyran (408g) as an orange oil. Found: C, 53.59;
84. derr]JHerr]BrJerr] requires C 53.55; H 4.87% [err]H NWR
CDCl[err]): [err] = 7.90(1Hd), 7.50(1H,dd), 6.79(1H,d), 2.70(1H Qq),

(3H,s),- 1.28(3H,s), 1.17(3H,s) ppm PREPARATI ON 4
6- Brono- 2. 2. 3-trimet hvl - 2H benzol[ b] pyr an
6- Br ono- 3, 4- di hydr o- 4- oxo- 2, 2, 3-trinet hyl'7‘2H- benzo[ b] pyran (407g) (see

T or ) one g T K ey et A Wit By oo 5 oL

m xture optionally further substituted by 1 or 2 substituents each

r—\AIM

,4.
. 50

independently selected from a protected hydroxy group, hydroxy, C,-
C, alkyl, -OR®, halo, cyano and nitro, and X, R, R', R? R® and R® are
as previously defined for a compound of the formuia (1).

A variety bf suitable hydroxy protecting groups together with methods
for their removal are well known in the art to the skilled person, e.g.
see T.W. Greene and P.G.M. Wuts, "Protective Groups in Organic
Synthesis®, Second Edition, Wiley-Interscience, 1991.

Certain alkyi groups, e.g. methyl and t-butyl, can be regarded as
hy&roxy protecting groups. It should therefore be realised that when
the R phenyl group is substituted by C,-C, alkoxy, e.g. methoxy or
t-butoxy, it may also be converted to a hydroxyphenyl group using |
certain deprotection conditions.

In a typical procedure for the removal of a methyl hydroxy protec’ting

group, a methoxyphenylsulphone of the formuia (if) is treated with -

boron tribromide in a suitable organic solvent, e.g. dichioromethane,
- at room temperature.

A trialkyisilyl group can also be used as a -hydroxy protecting group.
The tert-butyldimethylsilyl group is preferred and it may be removed
by treatment with fluoride idn, e.g. using tetrabutylammonium fluoride
or hydrofluoric acid.

mmcmm SHEE
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was stirred at roomtenperature for 3 hours, the solvent renoved under
reduced pressure, the residue dissolved in diethyl ether and the mnixture
washed first with water and then with brine. The organic | ayer was dried
(anhydrous magnesi um sul phate) -and the solvent renoved to yield the crude
al cohol . This was di ssolved in toluene (1000m ), paratol uenesul phonic acid
(40g) added and the m xture heated under rgflux (with renoval of water) for

2 hours. The sol vent vol une was reduced to agq[:roxi mat el 50&01' a gr&he

S(r)ll ution was \é\ashedfvhﬁﬂﬁhatﬁom@o@ﬁ.m'f@ﬂﬂb' #i do b aqqyp&qe_ I'ﬁjatﬂ reigh i ne.
The organi c as ' |

T o et s 05 L6 B 4, FUSRRRIAY o Rt ) b B

6- bromo- 2, 2, 3- t r i neiydydxyPbrdupazareproyectad (8géher.ce.gamsa ketpd. oi | .

The compoundé of the formula (lf) where R® has the definition (a) as
previously defined for R® for a bompound of the formuta (I) can be
prepared from a compound of the formula (Vi) by a similar procedure
to that described in method (2) for the preparation of the compounds
of the formula (i).

The compounds of the formula (11) where R? has the definition (b) or
(c) as previously defined for R® for a compound of the formula (I} can
be prepared by first converting a compound of the formula (Vi) to the
corresponding 4-amino-3-hydroxybenzopyran derivative by a similar
procedure to that described fbr the preparation of a compound of the
formula-(VII) from a compound og;the formula (Iil) in method (4),

- followed by further reaction thereof to incorporate the desired 4-
substituent by a similar procedure to that described in any one or
more of methods (4), (5) and (7), as appropriate. '

‘2) The compounds of the formula (i) where R® has the definition (a) as
pn-'eviously defined for R® for a compound of the formula (I), and X, R,
R', R?and R* are as pre\;iously defined for a compound of the
formula (f),-can be prepared by reaction of a compound of the

formula:-
4 o
—R 'oo.o(m)
_A—R!
o\
R
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[err]H-NVR (CDCl [err]): [err]= 7.10(1H,dd), 6.96(1H,d), '6.59(1H,d),
5.96(1H,s), 1.78(3H,s), 1.35(6H,s) ppm PREPARATI ON 5 i

6- (4- Met hoxvphenyl )t hi o-2, 2, 3-tri nmet hyl - 2H benzo[ b] pyr an

- 6-Brono-2, 2, 3-trinmet hyl - 2Hbenzo[ b] pyran (9.637g) (see Preparation 4) was
- dissolved in absol ute.ethanol (200n), then sodiumtert-butoxide (11.029g),
. 4-met hoxybenzenethiol (4.9m) and tetraki<-triphenyl phosphi ne) pal | adi -

it rogen’ at moepherdnpi RaB nBaeed Hhare s aivioay feme i hBrdndicey °
pressure and the r&ﬁié?%tﬂ"ﬁsc&hﬁéﬂd’ﬁfithé‘f&hﬁhhpr onet hane and washed w th
R*XH
or, where appropriate, a tautomer thereof, and in the preseﬁce of a
base, or with a base salt of a compound of the formula:-
ROXH |
where X and R® are as previously definéd for this method.

Preferred base salts of the compounds of the formula R’XH include
the alkali metal salts, e.g. the sodium and potas_sium salts. If a base
salt is used, this may be generated in situ from the corresponding
compound of the formula R*XH using a suitable base, e.g. sodium
hydride. o

If a base salt of the compound of the formula R*XH is not used, a
suitabls base, e.g. pyridine or triethylamine, must also be present
although only a catalytic amount is usually necessary.

The reaction may be carried out in.a suitable orgahic solvent, e.g.
ethanol or 1,4-dioxane, at from room temperature to, and preferably
at, the reflux temperature of the solvent.

eet Has Been Reﬁaced
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water. The organic |ayer was dried (anhydrous sodi um sul phate), the sol vent
was renoved under reduced pressure and the crude product was

chromat ographed on silica using 1:1, hexane: dichloromethane as the el uent
to yield 6- (4-nethoxypheny|)thio-2,2,3-trinethyl-2k+benzo[b]pyran (7.8239)
as a yellow oil. [err]HHNVR (CDCl [err]): [err] = 7.28(2H,d), 7.05(1H, dd),
6.92(1Hd), 6.84(2H d), 6.70(1Hd), 6.00¢104 s), 3.80(3Hs), 1. 81(3H s),
1.40(6H,s) ppm P

6-.( 3- Met hoxypheny|Ei${aA‘r%§\IE°‘2"€S of theufarpuls #'Béiaiblpg]qsgpaﬁed by the following

- procedure:-
Br
Ny—R?
oo
_ R
' TR

\Q\/\—R’ V)
o R
1 |

—
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6- Bronp- 2, 2, 3-tri met hyl - 2H benzo[ b] pyran (6.5g) (see Preparation 4) was

di ssol ved in absolute ethanol (135m ), then sodiumtert-butoxide (7.5q),

3- met hoxybenzenet hiol (3.6g) and tetrakis(triphenyl phosphi ne)pal | adi un(O
(0.35g) were added and the m'xture was heated under reflux under a nitrogen
at nosphere for 48 hours. Further tetrakis ,@trl phe- nyl phosphi ne) pal | adi un( 0)
(0.3g) was added and heating was continued for a further 48 hours. The

solvent was re- niRsegdels ;St?éhiﬁ%ﬁb@f‘@ﬁéd“bg @Bebtbb@drmrdupgwép@hasol ved

i n di chl oronet hane and washed w'th wat er e organic |ayer was dried
(anhydr ous sodi umoptiopaliy B)rthe;rrsalbststutedtbwbmeewbﬁﬁwmﬁéﬂmw pressure and

t he crude product .chronaf ogra | ica, usi

di chl or onet hane aé"?%%e’@t ngxtspeilqu%?gqo&ﬁ@ ?@tﬁgﬁag@%@aﬁ%%ﬁ'?‘ f,"g-"t ri-
-OR%, halo, cyano and nitro, and R, R, R?, R® and R® are as
previously defined for a compound of the formula (I} for method (2).

In a typical procedure, a compound of the formula (IV) is reacted with
a thiol of the formula:-

R‘IOaSH
where R'™ is as previously defined for this method, in the presence
of sodium t-butoxide and tetrakis(triphenylphosphine)palladium(0) in a
suitable solvent, e.g. ethanol, and at the r_eﬂux temperature thereof.

The compound of the formula (V) produced can be converted to an
oxirane of the formula (V1) by oxidation using sodium hypochlorite in
the presence of [(R,R) or (S,8)-1,2-bis(3,5-di-tert-butylsalicylide- |
amino)jcyclohexane manganese(ill) chioride (see J.A.C.S., 1991,
118, 7063). | |

The hydroxy protecting group(s) can then be removed from a
compound of the formula (Vi) by a conventional procedure to provide
a compound of the formula (lil).

it is possible to prepare a compound of 'the'formula (V) from a
compound of the formula (1V) using methyl as the hydroxy protectmg
group in R'®, to dealkylate this compound to provide the
corresponding phenol and then to reprotect the phenol with a second
hydroxy protecting group, e.g. benzyl, prior to carrymg out the |
oxidation reaction.

REPLACEMENT SHEET
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met hyl - 2H benzo[ b] pyran (7.2g) as an oil. [err]HNVMR (CDCl[err]): [err] =
7.05-7.20(3H,m, 6.63-6.78(4H, m, 6.05(1H,s), 3.72(3Hs), 1.83(3Hs),
1.45(6H,s) ppm - 18 - PREPARATI ON 7

-12-
All the compounds of the formulae (IV) and R'SH can be prepared
by conventional procedures.

3) The compounds of the formula (l) where R® has the definition (a) as
previously defined for R® for a compound of the formula (), and X,
R, R', R?* and R* are as previously defined for a compound of the
formula (1), can be prepared by reaction of a compound of the -
formula:-

“ 10D 2
RSO, —R  we(VIA)
| o\ X
.

where R' is phenyl substituted by a tri(C,-C, alkyl)silyloxy group {i.e.
a tri(C,-C, alkyl)silyl protected- hyéFoXy group) and optionally further
substituted by 1 or 2 substituents each independently selected from
tri(C,-C, alkylsilyloxy, hydroxy, C,-C; alkyl, -OR®, halo, cyano, and
nitro and R, R!, R? and R°® are as previously defined-for a compound

of the formula (l), either with a compound of the formula:-

R3XH.
or, whers appropriate, a tautomer thereof, and in the presence of a
base, or with é base salt of a compound of the formu_l'a:- |

: R*XH .
where X and R?® are as defined for this method. MW &Em
13MAY 7%
S "™ i
:& LRasmIIISs I
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6- (2- Met hoxyphenyl )t hio-2, 2, 3-tri.met hyl - 2H benzo[ b] pyr an

6- Bronp- 2, 2, 3-tri net hyl - 2H benzo[ b] pyran (9. 6g) (see Preparation 4) was

di ssol ved in absol ute ethanol (200m ), then sodiumtert-butoxide (11.0g),

2- met hoxybenzenet hi ol (5.3g) and tetrakis(triphenyl phosphi ne)pal | adi un{0)
(0.45g) were added and the m xture heated under reflux under a nitrogen

at nosphere for 24 hours. The sol vent was (f¥8yoved under reduced pressure and
t he residue was di ssolved in dichloromethane and washed with water. The

organic |ayer was & PEieradAidrobs aliylslivioxy PEotecting oroip isvlertnt was

renoved under redu I t he crude product was chromat ographed
first on silica uspﬁ @@ﬁ%‘%@gﬂgdl chl oronet hane as the eluent and then on

silica using 24:1 hexane:
Preferred basé salts of the compounds of the formula R*XH include
the alkali metal salts, e.g. the sodium and potassium salts. If a base
salt is used, this may be generated in_situ from the corresponding
compound of the formuia R*XH using a suitable base, e.g. sodium
hydride.

If a base salt of a compound of the formula R®XH is not used, a
suitable base, e.g. pyridine or triethylamine, must be present
although only a catalytic amount is neceSsary.

In a typical. pi'ocedure where a base salt of a compound of the .
formula R®XH is not used, the reaction is carried out in a suitable
orgénic solvent, e.g. 1,4-dioxane, ethanol, isopropanocl or diethylene
glycol, and at an elevated temper;tu're, e.g. at or about the reflux
temperature of the solvent.

4) The compounds of the. formula (I) where X is NH, R® is a group of the ™
formula:-

., |
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ethyl acetate as the eluent to yield . -

6- (2- met hoxyphenyl )t hio-2, 2, 3-tri nmet hyl - 2H benzo[ b] pyran (8. 12g) as an oil.
[err]HHNVR (CDCl [err]): [err]=7.10-7.23(3H,m, 6.76-6.85(4H m, 6.05(1H, s),
3.90(3H,s), 1.83(3H,5), 1.45(6H,s) ppm PREPARATION 8

6- (4- Hvdr ozvohenyl )thio-2. 2. 3-tri met hyl - i_H- benzo[ b] pyran

6- (4- Met hoxyphenyl )t hio-2,2, 3-tri nmet hyl -~ fir benzo[ b] pyran (7.816g) (see
Preparation 5) [ d ganpdr, 2% o6 Gl A dadi nhydr ous

it hi um i odi de ﬁ%ﬁ%@@m@ HinR ShdRT abe 88 prelicily dBffed fandyCrous |
under a nitrogen edmpephédot the forr@uladl); ean/d prageredpay réanticofofla t hi um

i odi de (9. 06 th vdded and ti ti d
odide (9.060) Vg, 1el 4758, Fishligat N9 ves continue

4
50, L g e(VID)

where R, R', R? and R* are as previously defined for this method,
with a compound of the formula:-

(R°S),C=NR’ _
where R® and R’ are as previously defined for this method.

In a typical procedure the reactants are heated together in the
presence of a base catalyst, e.g. pyridine, and in a suitable solvent,
‘e.g. ethanol.

The compounds of the formula (VII) can.be prepared by treatment of
a compound of the formula (lit) with a ethanolic solution of aqueous
ammonia, typically at a temperature of from 40 to 50°C.

LACEMENT SHEE
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for another 72 hours. After cooling, the m xture was taken up in

di chl oronet hane and washed with 2N aqueous hydro- chloric acid solution
(x3). The organic |ayer was separated, dried (anhydrous sodi um sul phate),
t he sol vent renoved under reduced pressure and the residue was

chr omat ogr aphed on silica using dichloronethane as the eluent to yield
6- (4- hydroxyphenyl)thlo 2,2, 3- trlnethyl'iﬁFbenzo[b]pyran (5.799g) as an

oi b Lert] HapR (SR tiddnasl tibb rrfuP 7 et ﬁﬁﬁi%"f%)mgﬁa@m@

PREPARATI ON 9 formula:-

R® is -OR®, -NHR®, -N(R®), or -NHR’and R, R', R?, R%, R®, R” and
R® are as previously defined for a compound of the formula {I), can
be prepared by reaction of a compound of the formula (I) where X, R,

R, R? R® R, R® and R are as defined for method (4) for the
preparation of compounds of the formuia (), with a suitable base salt
of a compound of the formula R°OH (l.e. an alkoxide derivative), or’
with a compound of the formula R°NH, , (R®),NH or R’NH,, or a |

- suitable base salt thereof, as appropriate, where R® and R’ are as
defined for this method. '

Suitable base salts of the compounds of the formula R“OH,' R°NH,,
(R®),NH and'F!“NH2 include the alkali metal sélts, e.g. the sodium and
potassium salts.

The reaction is typically carried out in a suitable solvent, e.g.
tetrahydrofuran, and at the reflux temperature thereof.

T ———
..-M‘-’)Hl— vt ees st 52 T 7
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6- ( 3- Hvdr oxyphenvl )t hio-2, 2, 3-tri met hyl - 2H- benzo[ b] pyr an :

6- (3- Met hoxyphenyl )t hi o-2, 2, 3-tri net hyl - 2H- benzo[ b] pyr an (3.50) (see
Preparation 6) was dissolved in dry 2,4,6-collidine (15m ), anhydrous
lithiumiodide (3g) was added and the m xture was heated under reflux under
a ni- trogen atnosphere for 24 hours.” AfygL .cooling, the mxture was taken
up i n dichloronethane and washed wi th 2N aqueous hydrochl or| c acid solution
(x3). The orgpni c Theysompeundl bithe( fantmuta (iblsvlmrél)(lrisblﬂ dﬂalseg 6-t he sol vent

renoved under reduced pressure and the residye ro a d on S|I1ca
eluting with a som@'ﬂPg etergcystic 1ing ¢pniaining 4; hgﬁgﬁéetrﬁ @%Wﬁ\'ﬁf

g' ? g' ﬁ;gﬁ;ggﬂgn;ﬁ#gﬁéﬂ s&b%mfted as Rre[wousl é’ﬁi'gf% in dre;lrr]utlon.(a) for R® for
a compound of the formula (1), and R, R R and R* are as
previously defined for a compound of the formula {I), can be prepared
by reaction of a compound of the formula (ViI) where R, R', R? and
R* are as previously definéd_for a compound of the formula (VIl), with
a 6-membered ring heterocyclic cémpound containing 1 or 2 N
heteroatoms which is substituted on a ring carbon atom by a leaving
group, e.g. halo (preferably chioro or bromo) or a group of the
formula (C,-C, alky!)S(O),- where nis 0, 1 or 2, and optionally further

- substituted as previously defined for R® for this method.

in a typical procedure when a halo leaving group is used, the

- reaction is carried out in the presence of a-suitable acid-acceptor,
e.g. diisopropylethylamine,in a suitable solvent, é.g. 1,4-dioxane, and
at about the reflux temperature of the solvent.

7) The compounds of the formula (I) where X is NH, R® is a group of the
formula:-

RS | /0

.
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(2.25g) as an oil. [err]HHNWR (COCl[err]): [err] = 7.05-7.21 (3H m,

6. 75(2H, M, 6.60(2H, M, 6.04(1H,s), 4.60(1H broad), 1.86(3H,s), 1.45(6H,s)
ppm PREPARATI ON 10

6- ( 2- Hvdr oxyphenvl ) t hi o- 2,2,3-trimet hyl - 2H benzo[ b] pyr an '

6- ( 2- Met hoxyphenyl )t hi o- 2, 2, 3-tri met hyl - 2H benzo[ b] pyran (3.5g) (see
Preparation 7) was dissol ved in dry 2,4,97eollidine (15m ), anhydrous

|LEhi um i odi de (9,08 Y% @FI9RY (RRCRS e B HraliBu diFRIFIbrY obRfothid © O
of the formula (1), can be prepared by reaction of a compound of the
formula (VII) where R, R', R? and R* are as préviously defined for a
compound of the formula (VII), with a compound of the formula:-

g 0
R /

_\0

where Z is a suitable leaving group, e.g. ethoxy, and R? is as
previously defined for this method.

Ina typical procedure the compounds are heated together in a-

suitable solvent, e.g. ethanol, and at about the reflux temperature
thereof. '

The compounds of the formula (V1) may be prepared by
conventional procedures.

15 MAY 996
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After cooling, the m xture was taken up in-dichloromethane and washed with
2N aqueous hydrochloric acid solution (x3). The organic |ayer was dried
(anhydrous sodi um sul phate), the solvent renoved under reduced pressure and
t he residue was chronat ographed on sillgg using 1:1 hexane :

di chl oronet hane as the eluent to yield (2- hydr oxyphenyl)
thios2,2,3-trinethyI-ZFLbenzo[b]pyran (1.29) as an oil. [err] H NWR
(CDC[err]): [errﬁ :7.5%g1H d), 31 (1Ht), 7.05(1Hd), 6.90(2H m -
6.75(1H,d), 6.65A0Rfde osg(reaptgns sn@é'can%para!noa@p&noypl stfnm 6H s) ppm

materials.used in the preceding methods are conventional and appropriate
reagents and reaction conditions for their performance or preparation as
well as procedures for isolating the desired products are well known to
those skilled in the art with reference to literature precedents and the
Examples and Preparatlons hereto.

A pharmaceuticaily acceptable sait of a compound of the formula (l)
may be readily prepared by mixing together solutions of 2 compound of the
formula (I) and the desired acid or base, as appropriate. The salt may
precipitate from solution and be collected by filtration or is recovered by
evaporation of the solvent. '

The compounds of the formula (l) have smooth muscie relaxant
activity since they are able to open potassium channels in such tissue.
They can be tested for smooth muscle relaxant activity by-a method

- involving measuring the in_vitro relaxation of electrically stimulated guinea
pig tracheal rings as follows.

Adult male guinea pigs (Porcellus, 500-900g) were killed by a blow to

- the head with subsequent eicsangdihation. Each trachea was excised -and
placed in Krebs solution (the composition of the Krebs sdlution was-a_s'
foliows (millimoles):- NaCl (119); KCi (4.7); NaH(':OgI (25); KH,PO, (1.2);
MgSO, (1.2); CaCl, (2.5); glucose (11), and indomethacin (2.8uM) was
added to remove the influence of the endogenous prostanoids: the

This Sheet Has Been R
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-19- PREPARATION 11 _ ' .

6- (4-tert-Butyl di net hyl silyl oxyphenyl)thio-2,2,3-trinethyl-2H benzo[ b] pyran
6- (4- Hydr oxyphenyl )t hi o- 2, 2, 3-tri net hyl - 2H benzo[ b] pyran (5. 799g) (see
Preparation 8) was dissolved in dry dinethylfcrmam de (12m ) and i m dazol e

_(2.768g) and tert-butyldinethylsilyl chi oqigde (2.923g) were added. The
fl ask L

solution was gassed with 95% oxygen / 5% carbon dioxide and the
temperature was kept constant at 37°C). The adherent connective tissue
was dissected éway and the tracheal tube opened by cutting through the
cartilage on the side opposite to the smooth muscle band. A long cotton
thread was attached to the cartilage at one end of the tracheal strip for
attachment to an isometric transducer and another thread was attached to
the other end of the strip for connection to a stimulation electrode. The
preparation was mounted under a resting tension of 1g in'a 15mi organ bath
which was maintained at 37°C and g_aésed with 95% oxygen / 5% carbon
dioxide. The tissue was washed at 15 minute intervals and aliowed to
equilibrate for 1 hour.

At the end of the equilibration period the tissue was stimulated at a
‘frequency of 1Hz, pulse duration of 0.1ms and at a supramaximal voltage of

- 25-30V for a period of 10 seconds at 100 second intéwals. When the

contractile responses had stabilised, ‘a single concentration of a compound
of the formula (1), or a pharmaceutically acceptabla salt thereof, was added
to the bath and stimulation of the tissues was continued for 2 hours.

The minimum dose of the compound of the formula (I) which causes
maximal inhibition of the cholinergic contraction relative to control was then
determined. '

For human use, the compounds of the formula () and their salts can
be administered alone, but will generally be administered in admixture with
- a pharmaceutical carrier selected with regard to the intended route of
administration and standard pharmaceutical practice. |
For example, they can be administered orally in the form of tablets
containing such excipients as starch or lactose, or in capsules or ovules
either alone or in admixture with excipients, or in the form of elixirs,
solutions or suspensions containing flavouring or colouring agents;

REPLACEMENT This Sheet Has Been Replaced
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was fitted with a calciumchloride drying tube and the m xture was stirred
at 40[err]C for 18 hours. The solvent was then renoved under reduced
pressure and the residue was partitioned between aqueous sodi um:bi carbonate
solution and dichl orcnmet hane. The organic | ayer was dried (anhydrous sodi um
“sul phate), the solvent renoved under reduced pres- sure and the crude
product chronat ographed on silica usi m@0t: 1 hexane: di chl oronet hane as the
eluent to yield

(4-tert-butyl di }FE?K)‘/‘P& l??/frg?@}ﬁﬂe‘?%ﬁ? q{P{SV 2t°§ e§amp'?féphraye‘}wsr%'nzo[ b] pyr an

(6.6810) aﬁmt@?mﬁ%du!arlﬁbﬁsﬂbéutanéé@s! J%rbhterhﬁédiﬂrhx%lémﬁb &frg] ) :
[err] =" 7.20(2Hd), 7.05(1H, dd), 80(3H, m 1H, s),

1. 85( 3|—| s) best ua;_ec( m-gye ogmoof qg;enlg)aqt@ogg(spluggn p@mh may contain ot er
substances, for example, enough salts or glucose to make the solution
isotonic with blood.

For oral and parenteral administration to human patients, the daily
dosage level of the compounds of the formula (i) will be from 0.01 to |
20mg/kg (in single or divided doses) and preferably will be from 0.1 to
5mg/kg.

Thus tablets or capsules of the compounds will contain from img to
0.5g of active compound for administration singly or two or more at a time,
as appropriate. The physician in any event' will determine the actual dosage
which will bé most suitable for an individual patient and it will vary with the
age, weight and response of the particular patient. The above dosages are
exemplary of the average case; there 'cah, of course, be individual instances
where higher or fower dosage ranges are merited, and such are within the
scope of this invention.

The compounds of formula (I) can aiso be administered by inhalation’
and are conveniently delivered in the form of an aerosol -spray presentation
from a pressurised coniainer or a nebuliser with the use of a suitable
propsllant, e.g. dichlorodifluoromethans, trichlorofluoromethane,
dichlorotetrafluorosthane, a hydrofiuoroalkane, carbon dioxide or other
suitable gas. In the case of a-pressurised aerosol, the dosage unit may be
determined by providing a valve to deliver a metered amount. The
pressdrised container or nebuliser may contain a solution or suspension of
the active compound. Administration by inhalation may also be carried out
using a dry powder inhaler. Capsules and cartridges (made, for example,
from gelatin) for use in an inhaler or insufflator may be formulated to contain
a powder mix of a compound of formuia (I) and a suitable powder base
such as lactose or starch.
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PREPARATI ON 12

6-(3-tert-Butyldi nethyl silyl oxyphenyl)thio-2.2.3-trinet hyI 2H benzo[ b] pyran
6- ( 3- Hydr oxyphenyl )t hi o- 2, 2, 3-tri nmet hyl - 2H benzo[ b] pyran (2.2g) (see
Preparation 9) was dissol ved in dry dimeth- ylformanm de (4nml) and im dazole
(1.19) and tert-butyldinmethylsilyl chl orlqe (1.2g) were added. The flask
was fitted with a calciumchloride dryi n& fube and the m xture was stlrred

at 40[err]C for oner&m fornViiibfiénd\afe %@'ét@?aap%ﬁd@ea éélﬂﬁ@t &édh ﬁi@té?“cf

with diethyl ether. The organic extract was washed w th aqueous so

hydr ogen car doseoe “puif'Lol aerospbrontains:troragaygdto UO0OHE oha compaund) of t he

sol vent remoyed, M5 of § BrarhaRbaicallPalibtidie it fierBbf HF befitn? 6 'tRa
patient. The overall daily dose with an aerosol will be within the range of
from 20ug to 10mg which may be administered in a single dose or, more
usually, in divided doses throughout the day. '

Alternatively, the compounds of the formula () can be administered in
the form of a suppository or pessary, or they may be applied topically in the
form of a lotion, solution, cream, cintment or dusting powder. For'example,
they can be incorporated into a cream consisting of an aqueous emulsion of
polyethylene glycols or liquid paraffin; or they can be incorporated, at a
cbncentration of from 1 to 10%, into an ointment consisting of a white wax
or whité soft paraffin base together with such stabilizers and preseivatives
as may be required.

~Thus the invention further provides:-
i) a pharmaceutical composition comprising a compound-of the formula

(1, or a pharmaceutically accept§5_|e salt thereof, together with a

pharmaceutically acceptable diluent or carrier;

ii) a compound of the formula (i), or a pharmaceutically acceptable salt
or composition thereof, for use as a medicament;
- i) the use of a compound of the formula (I}, or of a pharmaceutically

'acceptabte salt or composition thereof, for the manufacture of a

medicament for the curative or prophylactic treatment of a disease -

associated with the altered tone and/or motility of smooth muscle;
iv)  use as stated in (iii) where the disease Is-chronic obstructive airways
disease, asthma, urinary incontinencs, irritable bowel syndrome,

-diverticular disease, oesophageal achalasia or hypertension;
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graphed on silica using (4:1 hexane: dichloronethane as the eluent to yield
6- (3-tert-butyldi nethyl silyl oxyphenyl)thio-
2,2,3-trinethyl -2H benzo[ b] pyran (2.84g) as an oil. [err]HHNVR (CDCl [err]):
[err] = 7.00-7.18(3H, M, 6.74(2H,d), 6.58(2H n), 6.00(1H,s), 1.80(3H,s),
1.40(6H,s), 0.88(9Hs), 0.10 (6H,s) ppm PREPARATI ON 13

6-(2-tert-Butyl di net hyl silyl oxyphenyl)theg-2, 2, 3-trinet hyl - 2H benzo[ b] pyr an
e oG Asstment ey & hiuman 16 Gure oF frevent & difdade °°

associated with the altered tone and/or motility of smooth muscle
which comprises treating said human with an effective amount of a
compound of the forfnula (1) or with a pharmaceutically acceptabie
salt or composition thereof;

vi) a method as stated in (v) where the disease is chronic obstructive
airways disease, asthma, urinary incontinence, irritable bowel
syndrome, diverticular disease, cesophageal achalasia or -
hypertension; and _

viiy  intermediates of the 'formulae (10, (i1, (VIA) aﬁd (vii).

The following Examples illustrate the preparation of the compounds
of the formuia (I):- |
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di et hyl formam de (2m ) and im dazole (0.55g) and tert-butyl di methylsilyl
chloride (0.61g) were added. The flask was fitted with a cal ciumchloride
drying tube and the m xture stirred at 40C for 90 m nutes. Water was added
and the mixture was extracted with diethyl ether. The organic extract was
washed wi th aqueous sodi um hydrogen carbonate solution (x2), dried
(anhydrous sodi um sul phate), the sol vent-renoved under reduced pressure and
t he crude product was chromatographed on _silica using 4:1 hexane:
di.chl oronet hane as the eluent to yield 63 (2-tert-butyl di methylsily-
| oxyphenyl ) thio-2,2,3-trinethyl ran (1.43g) as an oi
[err]H—NI\/R(CDCI[err]) [err] :72%9—%@7 00(2Hrr) 678(4H,rr),
6. 05(1H, s), 4B)-4-(P-Chids idin GyiPdining V4o i

(3S,4R)—4-(2-Chloropyrimidin-4-yl)amino-3,4—dihydro-3-hydroxy-6-(3-
methoxyphenyl)sulphonyl-2,2,3-trimethyi-2H-benzo[b]pyran (0.23g) (see"

. Preparatioﬁ 18) was dissolved in dichlorgmethane (25ml) (the flask was '
fitted with a calcium chioride drying tube)-;rid boron tribromide (1ml) was
added. The mixture was stirred at room température fof 24 hours and a
precipitate was formed. The dichioromethane was decanted off; the solid
taken up in 1N aqueous sodium hydroxide and washed with ethyl acetate.

The aqueous phase was acidified to give a gum which was collected and

. dried.under reduced pressure at 70°C to yield (3S,4R)-4-(2-chloropyrimidin-
4-yl)amino-3.4-dihydro-3-hydroxy-é'-(s-hydroxyphenyl)suIphonyl-2,2,3- :
trimethyl-2H-benzo[blpyran (0.123g) as a white solid, m.p. > 280°C. LRMS
m/z = 475 (m)*.
'H-NMR (d;-DMSO): § = 10.20(1H,s), 8.15(1H,d), 8.05(1H,d}, 7.65(1H,m),
7.50(1H,d), 7.15-7.40(3H,m), 7.00(2H,m), 6.75(1H,d), 5.50(1H,d),
1.40(3H,s), 1.30(3H,s), 1.10(3H,s) ppm.

T ) T —
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S) ppm PREPARATI ON 14 '

(3S, 4S) - 6- (4-tert-Butyl di nethyl silyl oxyphenyl ) sul phonyl - 3, 4- di hydr 03, 4- epox
y-2,2,3-trinmethyl - 2H benzo[ b] pyran

6-(4-tert- But yl di et hyl si | yl oxyphenyl)thio-2,2,3-trinethyl-2H benzo[ b] pyran
(2.182g) (see Preparation 11) and [(S,
S)-1,2-bis(3,5-di-tert-butylsalicylideam2d)]cycl ohexane nmanganese(l11)
chloride (see J.Am Chem Soc., 1991, 113, 7063) (0.25g) were dissolved in

di chl or onet hane (10m) and 3M aqueous @SﬂMﬂiﬁﬁpochl orite solution (50n,

prepared from 4M C&@;ﬁ,@ﬁgms&m (432aRS zﬂaem&&cwnmgm&i
stirred vigorously

altad "t riern rut cu

henvylisuiph -2 Zo[blpvr.

CH,CH,0~___ O

l
HN

_ S cH,
_ 5 CH,
HO : s

(3S,4R)-4-Amino-3, 4-d|hydro-3-hydroxy-6-(3-hydroxyphenyl)-
suiphonyl-2,2 3—tr|methyl—2H-benzo[b]pyran (0.62g) (see Preparation 20) and
1,2-diethoxy-3,4-dioxocyclobut-1-ene (0.15g) were dissolved in ethanol

~ {10ml) (aﬂc'alcium chioride drying tube was attached to the flask) and the
mixture was heated under reflux for 90 minutes. The solvent was removed

o}

o=wn=
8"%
88
o=u=
g

A

o]

H,N

8
HO

- under reduced pressure, the residue was then azeotroped with
dichloromethane and the crude product was chromatographed-on silica with- -
5:95 methanol : dichloromethane as the eluent to yield (3S,4R)-3,4-dihydro-
4-(3,4-dioxo-2-ethoxycyclobut-1-en-1-yl)amino-3-hydroxy-6-(3- - '
hydroxyphenyl)sulphony!-z 2 3-tnmethyl-2H~benzo[b]pyran (0.3g) as a yellow
solid. :

'H-NMR (de-DMS0Q) (two_ rotamers observed): 8 = 10.20(1H, broad), -

9.25(0.5H,broad), 9.00(0.5H,broad), 7.75(2H,m), 7.38(2H,m), 7.25(1H,s),

7.00(2H,m), 5.45(0.5H,d), 5.38(0.5H,s), 5.30(0.5H,s), 4.95(1H,d), 4.75(1H,q),

4.60 (1H,broad), 1.45(1.5H,t), 1.38(3H,s), 1.29(1.5H,broad), 1.22(3H,s),

0.99(3H,s) ppm. |
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wi t h di chl oronet hane (30m ) before separation of the two | ayers. The
organic | ayer was dried (anhydrous sodi um sul phate), the sol vent renoved
under reduced pressure and the resi due was chromat ographed on silica using
di chl o- ronethane as the eluent to give

(3S, 4S)- 6- (4-tert.-butyl di net hyl sil yl oxyphenyl ) sul phonyl - 3, 4-di hydr o- 3, 4- epo -
Xy- 2,2,3-trimethyl-2H benzo[ b] pyran (1..8879), HPLC confirmed that this
product consisted of a single enantiomer. LRVMS mz = 478 (M+ NH err]) +.
[err]HHNMR (CDCl [err]): [err]= 7. QO(EEKAMﬂEJS(BH rr) 6. 90( 3H, m,
3.70(1H,d), 1.56( @ ﬁ 51(3H 49 Q

S) ppm

(3S,4R)-4-Amino-3,4-dihydro-3-hydroxy-6-(3-hydroxyphenyl)-
sulphonyl-2,2,3-trimethyl-2H-benzo[b]pyran (0.6g) (see Preparation 20) and
dimethyl N-cyanodithioiminocarbonate (0.24g) were dissolved in pyridine
(10ml) (a calcium chloride drying tube was attached to the flask) and the
mixture heated at 50-60°C for 24 hours The solvent was removed under
reduced pressure and the residue. chromatographed on silica with 1:1 ethyl
acetate : dichloromethane as the eluent to give a crude product which was
'azéotroped with ethyl acetate followed by dichloro-methané, and then -

- triturated with diethy! ether (to remove residual pyridine) to yield (3S,4R)-4-
(3-cyano-2-methylisothioureido)-3,4-dihydro-3-hydroxy-6-(3-
hydroxyphenyl)sulphonyi-2,2 3-tr|methyl-2H-benzo[b]pyran (0.276g) as a
solid. _ :

'H-NMR (d,-DMSO): § = 10.25(1H,s), 8.50(1H,d), 7.70(1H,d), 7.50(1 H,s),

7.30-7.45(2H,m), 7.25(1H,d), 6.98-7.05(2H,m), 5.45(1H,d), 5.40(1H,s),

2.72(3H,s), 1.37(3H,s), 1.25(3H,s), 1.07(3H,s) ppm.

.
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- 20 - PREPARATION 15 (3S, -
4S) - 6- (3-tert-Butyl di methyl silyl oxyphenyl)sul phonyl - 3. 4- di hydr o- 3, 4- epoxy- 2
, 2, 3-trimethyl -2H benzo[ b] pyr an |

6-(3-tert-Butyldinmethylsilyloxyphenyl)thio-2.2.3-trinethyl-2H benzo[ b] pyran
(21.0g) (see Preparation 12), 4-phe-

-26-

1 < 2 Y OH
(U Ke O =
TBD » o ms HO o ca,

(3S,4S)-6-(4-tert-ButyldimethylsilyloxyphenyI)Su!phonyl-3,4-dihydro-
3,4-epoxy-2,2,3-trimethyl-2H-benzo[b]pyran (0.35g) (sée- Preparation 14)
and 3,6-dinydroxypyridazine (0.273g) were suspended in absolute ethanol
{3mi), dry pyridine (0.065mi) was added and the mixture was heated under
reflux for 4 days. The solvent was then removed under reduced pressure
and the residue chromatographed on éilic;a with 1:99 methanol : ethyl
acetate as the eluent to yield (3S,4R)-3,4-dihydro-3-hydroxy-6-(4-hydroxy-
phenyl)sulphonyl-4-(3-hydroxypyridazin-6-yl)oxy-2,2,3-trimethyl-2H- -
benzo[blpyran (0.155g) as a white solid, m.p. > 200°C. Found: C,57.54;
H,5.35; N,5.57. Cy,H,,N,0,S, 0.20-ethyl acetate requires C;57.50; H,4:99;
N,5.88%. __

"H-NMR (d,-DMSO0): § = 12.38(1 H’,'s),-7.16(4H,m). 7.25(1H,d), 6.80- -
7.00(4H,m), 5.80(1H,s), 5.38(1H,s), 1.38(3H,s), 1.30 (3H,s), 1.15(3H,s) ppm.
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nyl pyri di ne- N-oxi de (2.2g) and

[(S,S)-1,2-bis(3,5-di-tert-butylsalicylideam no)]cycl ohexane manganese

(I'11) chloride (see J. Am Chem Scc., 1991. 113. 7063) (2.25g) were dissolved
i n dichl oronet hane (1 20m ) and 3M aqueous sodi um hypcchlorite sol ution
(500m , prepared from 4M comrerci al bl each) was added. The two phase system

was stirred vigorously for 24 hours, dilyted with dichl oronmethane and
filtered through a cellul ose-based filtef'aid before separation of the two
| ayers. The organic |ayer was then wEX®RMPMEB B brine, dried (anhydrous

sodi um sul phate), the _solvent re- noved under reduced pressure and the
resi due chr omat ogtapabid-ddrt) QoS GINY AT NS KA exopyaidazin-Giviioxy- ¢ o-
gi ve

(3S,4S)-6-(3F

Xy-2,2, 3-trimet hyI 2H benzo[b] pyran

0 .
|l-

i OH
@”CO; O”'«%(IS‘:“"
TBDMS-O HO o (;23

o—-

(3S,48)-6-(4-tert-Butyldimethylsilyloxyphenyl)sulphony!-3,4-dihydro-
-3,4-epoxy-2,2,3-trimethyl-2_H-benzo[b]pyran (1.618.g) (see Preparation 14)
and 2,3-dihydro-2-methyl-3-oxo-6-hydroxypyridazine (1.33g) (see
J.Org.Chem, 1971, 36, 3372) were suspended in dry 1,4-dioxane (15ml),
'pyridine (0.275ml) was added and the mixture was heated under-reflux (a
calcium chloride drying tube was attached to the flask) for 3 days. The
solvent was removed under reduced‘ pressure and the residue- was
partitioned between ethyl acetate and water. The organic phase was

- 'separated and dried (anhydrous sodium sulphate), the .selvent was removed
under reduced pressure and the crude product was chromatographed on |
silica using 1:99 methanol : ethyl ecetate as the eluent to yield (3S,4R)-3,4-
dihydro-4-(2,3-dihydro-2-methy!-3-oxopyridazin-6-yl)oxy-3-hydroxy-6-(4-
hydroxyphenyl)suiphonyl-2,2,3-trimethyl-2H-benzo[b]pyran (0.352g) as a
white solid. Found: C,58.13; H,5.00; N,5.70. C,H,,N,0,S requires C,58.46;
H,5.12; N,5.93%. .
'H-NMR (d,-DMSO): § = 7.65-7.75(4H,m), 7.27(1H,d), 6.82-7.05(4H,m),
5.78(1H,s), 5.36(1H,s), 3.34(3H,s)..1.39(3!-.|,s). 1.30(3H,s), 1.20(3H,s) ppm.
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(23.6g9). HPLC confirnmed that this product consisted of ‘a single enantioner.
LRME mz = 461 (mrl)[err]. [err]HNVR (CDC [err]): [err] = 7.90(1H d),
7.78(1H dd), 7.45(1Hd), 7.35(2H m, 7.00(1H dd), 6.88(1Hd), 3.70(1H s),
1.55(3H, s), 1.50(3H,s), 1.30(3Hs), 0.97(9Hs), 0.21(6H s) ppm PREPARATI ON
16

(3S,4S)-6-(2-tert-Butyl di nethylsilyl oxyBﬁEnyI ) sul phonyl - 3, 4- d| hydr o- 3, 4- epo

Xy-2,2,3-trinmethvl-2H benzo[ b] pyran .
6- (2 tert-Butyl d| rret hyl si | yI oxyphen%%%‘%‘ngZ 3-trimet hyI 2H- benzo[ b] pyran
4 RP3 4L i 2 ,

i deani_no ].cycl ohe ane. rra
pDhony!-2 rimethyi-

(3S,48)-6-(4-tert-Butyldimethylsilyloxyphenyl)suiphonyl-3,4-dihydro-

3,4-epoxy-2,2,3-trimethyl-2H-benzo[b]pyran (1.664g) (see Preparation 14)

and 2,3-dihydro-2-ethyl-3-oxo0-6-hydroxypyridazine (1 .52Q) (see -J.Org.Chem,
1971, 36, 3372) were suspended in dry 1,4-dioxane (15ml), pyridine
- (0.282ml) was added and the mixture was heated under refiux (a calcium
chloride drying tube was attached to the"ﬂask) for 3 days. The solvent was
removed under reduced pressure and the residue was partitioned between - -
ethyl acetate and water. The organic phase was separated and dried
(anhydrous sodium sulphate), the solvent removed undér reduced pressure
and the crude product was chromatographed on silica with 1:99 methanol :
ethyl acetate as the eluent to yield (3S,4R)-3,4-dihydro-4-(2,3-dihydro-2-
ethyl-3-oxopyridazin-e-yl)oxy-a-hydroxy-6-(4—hydroxyphenyl)-sulphonyl-2,2,3-
trimethyl-2H-benzo[b]pyran (0.340g) as a white solid, m.p.- 186-1 88°C.

Found: C,59.16; H,5.27; N,5.10. C,;H,N,0;S, 0.10 ethyl acetate requires
C.,59.16; H,5.45; N,5.65%.

" 'H-NMR (CDCl,): & = 7. 52-7. 70(4H m), 7.16(1H, d) 6.72-6.98 (4H m),

5.72(1H,s), 5.30(1H,s), 4. 97(1H m) 4, 80(1H m). 1 28(3H s), 1.18(6H,m),
1.08(3H,s) ppm.
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7063) (0.15g) were dissolved in dichloronmethane (7m) and 3M aqueous sodi um
hypochl orite solution (32m, prepared from 4M commerci al bl each) was added.
The two phase systemwas stirred vigorously for 24 hours and then diluted
wi t h di chl oronet hane before separation of the two | ayers. The organic |ayer
was dried (anhydrous sodi um sul phate), the solvent renoved under reduced
pressure and the residue chromatographed-2® silica using dlchloronethane as
the eluent to give
(3S, 4S) - 6- (2-tert-butyl di n‘et hyls.lyloﬁ#&%ﬁ%ﬁ)%ul phonyl 3, 4-di hydro 3, 4- epo
Xy-2,2,3-trinethyl zoftddd §
[err]H—NNR (Cod [

7.45(1H,t), B4

" TBDM 0" “ag, HO

(SS,4S)-6-(3-tert.-Butyldimethy!silyloxyphenyl)sulphonyl~3,4-dihydro- :

3,4-epoxy-2,2,3-trimethyl-2H-benzo[blpyran (2.0 g) (see Preparation 15) and

3-d|hydro-2-methyl-3-oxo-6-hydroxypyndazme (1.5g) (see J.0rg.Chem,
1971, 36, 3372) were suspended in ethanol (SOml pyridine (0.31g) was
added and the mixture was heated under refiux (a calcium chioride drying
tube was attached to the flask) for 100 hours. After cooling the reaction was
filtered and the filtrate was evaporated to yield a solid which was dissolved
in 0.5% methanol / dichloromethane and filtered again. The.filtrate was '
again evaporated and the residue was chromatographed on silica eluting
with a solvent gradient of 0.5:99.5 to 3.75:96.25 methanol : dichloromethane
to yield (3S,4R)-3,4-dihydro-4-(2,3-dihydro-2-methyl-3-oxo-pyridazin-6-
yl)oxy-3-hydroxy-6-(3-hydroxyphenyl)sulphonyl-2,2,3-trimethyl-2H- -
benzo[b]pyran (1.0g) as a white solid. Found: C,53.20; H,4.79; N,5.22.
C.3HN,0,S, 0.75 CH,CI, requires C,53.00; H,4.79; N,5.10%.
'H-NMR (CDCL,): 8 = 8.04(1H,s), 7.75-7.85(2H,m), 7.30-7.45 (3H,m), 6.90-
7.10(4H,m), 5.91(1H,s), 3.72(3H,s), 3.32 (1H,s), 1.45(3H,s), 1.40(3H,s),
1.30(3H,s) ppm. |
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s), 1.50(3H,s), 1.28(3H,s), 0.95(9H,s), 0.30(6H,s) ppm PREPARATI ON 17
(3S. 4S) - 3. 4- Di hydr o- 3, 4- epoxy- 6- ( 3- net hoxyphenyl ) sul phonyl -2. 2. 3-tri nmet hyl -
2H benzo[ b] pyran 6- ( 3- Met hoxyphenyl )thi o-2, 2, 3-tri met hyl - 2H benzo[ b] pyr an
(4.29) (see Preparation 6) and [(S,S)-1,2-bis(3,5-di-
tert-butylsalicylideam no)]cycl ohexane manganese(l11) chloride (see J. Am
Chem Soc., 1991, 113, 7063) (0.60g) wet3p-di ssolved in dichl oronethane ,
(30m ) and 3M aqueous sodi um hypochlorite solution (130m , prepared from 4M
com rnercial bleach) was added. ThEXAMBIES: systen1mas stirred vigorously
for 24 hours an ' :

.'llg

8 (8]
o} b

f\f
TBDMS-O L X OB

(3S,4S)-6-(2-tert-Butyldimethyisilyloxyphenyl)sulphonyi-3,4-dihydro-
3,4-epoxy-2,2,3-trimethyl-2H-benzo[bjpyran (0.5 g) (see Preparation 16) and
2,3- dlhydro-z-methyl-3-oxo-6 hydroxypyridazine (0.41g) (see J.Org.Chem.,
1971, 36, 3372) were suspended in dry 1 ,4-dioxane (8ml), pyridine (0.085g)
was added and the mixture was heated under reflux (a calcium chioride
drying tube was attached to the flask) for 20 hours. The solvent was
removed under reduced pressure, the residue was stirred with
dichloromethane (30ml) and filteared. The filtrate was evaporated and the
residue was chromatographed on silica using 1:1 hexane : ethyl acetate as
the eluent to yield a mixture of the required product and the epoxide starting
material. This mixture was redissolved in dry 1,4-dioxane (7ml), 2,3-dihydro-
2-methyl-3-0x0-6-hydroxypyridazine (0.2g) and pyridine (0.08g) were added
and the reaction was heated under reflux for a further 18 hours. The
solvent was removed under reduced pressure and the residue was
dissolved in 5% methanol / dichloromethane and filtered. The filtrate was
evaporated and the fesidUe was chromatographed on silica using 2.5:97.5
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ronmet hane. The m xture was filtered through a cellul ose- based filteraid
before separation of the two l.ayers. The organic |ayer was dried (anhydrous
sodi um sul phate), the solvent renoved under reduced pressure and the

resi due chroma- tographed on silica using dichloronethane as the eluent to
gi ve (3S,4S)-3, 4-di hydro- 3, 4- epoxy-6-(3- gﬁt hoxyphenyl )

sul phonyl -2, 2, 3-tri met-hyl - 2H benzo[ b] pyr (2.0g) as a light yell ow foam

TS 17 iy OB eyt A ek ot (15 g

3.72(1H, s), (2,398 o- memweg-ekppyndamBeﬁwmsw@romsqmm ON 18
hydroxyphenyl)-sulphonyl-2,2,3-trimethyl-2H-benzo[b]pyran (0.17g) as a
yellow foam. Found: C,54.19; H,4.85; N,5.21. CH, N, 0,8, 0.625 CH,CL,
requires C,54.06; H,4.73; N,5.34%.

'H-NMR (CDCly): & = 9.15(1H,s), 7.90(1H,d), 7.75(1H,dd), 7.62(1H,dd),

7.45(1H,m), 6.94-7.10(5H, m), 5.89(1 H s) 3.69(1H,s), 3. 48(1H.s). 1.51(3H,s),
1.42(3H,s), 1.25(3H,s) ppm.
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(3S. 4R) - 4- Am no- 3, 4- di hydr o- 3- hydr oxy- 6- ('3- met hoxyphenyl ) sul phonyl -2, 2, 3-tr
I met hyl - 2H benzo[ b] pyran (3S, 4S) - 3,

4- Di hydr o- 3, 4- epoxy- 6- ( 3- met hoxyphenyl ) sul phonyl -2, 2, 3-tri met hyl - 2H benzo[ b
]pyran (2.0g) (see Preparation 17) was dissolved in ethanol (15n) and
35% aqueous ammoni a solution (10 m) was added. The m xture was heated at
50[err] C for 48 hours before adding further ammnia solution (5m) and
heating for another 8 hours. The solvent was renoved under reduced pressure
and the residue was chromat ographed on si34-ca using 5: 95 net hanol :

(35, 47) -4 am no- 5 4 AR PPN B ertputyidimettysivayyshenylsulghony

2, 2, 3-tri met Byd-ditigdbe3z40epbRry-272), 3t ttintathyla@Hddrmzob]pram(0.8€gpfsdid: H, 5. 77;
N.3.29. Cler greHLgatti]c:quf ELtSHallgydzrgzigg[ (eoréég(i [p?(;iégner (ed.sml) and diethylene -

| glycol (10ml) was heated at 120°C for 210 minutes. The reaction mixture
was poured into water and extracted with ethyl acetate. The organic extract
was dried (anhydrous magnesium sulphate), the solvent was evaporated

and the resultant gum was chromatographed on silica using 180:20:1

dichloromethane : methanol : 35% aqueous ammonia solution as the eluent
to yield (3S,4R)-3,4-dihydro-4-(1,2-dihydro-1-oxo-2H-phthalazin-4-yl)oxy-3-
hydroxy-6-(4-hydroxyphenyl)sulphonyl-2,2,3-trimethyl-2H-benzo[b]pyran
(0.0919) .as a solid..

"'H-NMR (d,-DMSO): § = 8.28(1H,d), 7.80-7.95(4H,m), 7.55-7.70(3H,m),
6.95(1H,d), 6.90(1H,d), 6.80(1H,d), 5.41(1H,s), 1.50(3H,s), 1.38(3H,s),
1.28(3H,s) ppm.
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quires C,58.28; H 5.96, N, 3.53% [err]HNVR (CDCl[err]): [err]= 8.00(1

H s), 7.70(1H,dd), 7.38-7.52(3H n), 7.08(1H dd), 6.85(1Hd), 3.90(1 Hs),
3.85(3Hs), 2.60 -21- (1H,broad). 1 55(2H, broad), 1.49(3H,s), 1.30(3Hs),
1. 01(3H, s) ppm

-33-

A mixture of (3S,4S)-6-(4-ternt-butyldimethyisilyloxyphenyl)suiphony!-
3,4-dihydro-3,4-epoxy-2,2,3-trimethyl-2H-benzo[blpyran (0.71g) (see
Preparation 14), 1,2-dihydro-4-hydroxy-2-methyl-1-oxophthalazine (0.846g)
(see Preparation 21), pyridine (0.4ml) and 1,4-dioxane (10ml) was heated
under reflux for 4 days. The solvent was removed under reduced pressure,
the residue was dissolved in ethyl acetate and washed first with dilute
aqueous citric acid solution and then with brine. The organic phase was
dried (anhydrous magnesium sulphate), the solvent was removed and the
crude product was chromatographed on silica eluting with a solvent gradient
of 100:1:0.15 to 180:20:1 dichioromethane : methanol : 35% aqueous
ammonia solution to yield (38,4R)—3,4-dihydr6:4-(1 ,2-dihydro-2-methyi-1-
oxophthalazin-4-yl)oxy-3-hydroxy-B-(4-hydroxyphenyl)SUlphonyl-z,2,3-
trimethyl-2H-benzo[blpyran (0.12g) as a solid.
1H-N_MF! (CDCL): & = 8.40(1H,d), 8.26(1H,s), 7.78-7.95(5H,m), 7.68(2H,d),
8.95(1H,d), 6.90(2H,d), 6.09(1H,s), 3.73(3H,s), 1.60(3H,s), 1.50(3H,s),
1.32(3H,s) ppm.

i =t CH, g ~OH
0 m, — ) CH,
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PREPARATI ON 19

(3S,4R) - 4- (2- Chl oropyr.i m di n-4-yl)am no- 3, 4-di hydro 3- hydr oxy- 6- ( 3- met hoxyp
henyl ) sul phonyl -2, 2, 3-tri met hyl - 2H benzo[ b] pyran and

(3S,4R)-4-(4-chl oropyri m di n-2-yl ) am no- 3, 4- di hvdr o- 3- hydr oxy- 6- ( 3- rrethoxyp
henyl ) sul ohonyl - 2, 2, 3-tri net hyl - 2H benzo[ b] pyr an

(3S, 4R) - 4- Am no- 3, 4 di hydr o- 3- hydr oxy- 6- ( 3- met hoxyphenyl ) sul phonyl - 2. 2. 3-tr
i met hyl - 2H - benzo[ b] pyran (0.95g) (see Pr?%paratmn 18) was dissolved in dry
1, 4-di oxane (10m ), 2,4-dichloropyrimdi (0. 45g) and diisopropyl -

EE hKI am ne (0. 39913%@9 e(Elesh-mn ugylaih?etﬁyﬁlylbﬁyﬁﬁ&ﬁ)%@lﬂfbmei-dﬂﬁfdrﬁx for
ours. The solvent was renoved under
3,4-epoxy-2,2,3-trimethyl-2H-benzo[bjpyran (0.70 g) (see Preparation 15)
and 2,4-dihydroxypyridine (0.44g) were suspended in ethanol (15ml),
pyridine (0.15 g) was added and the mixture was heated under reflux (a
calcium chloride drying tube was attached to the flask) for 5 days. The
_ solvent was removed under reduced pressure, the residue was stirred with

5% methanol / dichloromethane and then filtered. The filtrate was
evaporated and the residue was chromatographed on silica using 19:1
dichioromethane: methanol as the eluent to yield first (38,4H)-3,4-dihydfo-4-
(1,2-dihydro-2-oxo-1H-pyridin-4-yl)oxy-3-hydroxy-6-(3- )
hydroxyphenyl)sulphonyl-2,2,3-trimethyl-2H-benzo[blpyran (0.118g) as a
white foam. Found: C,60.58; H,5.04; N,2.67. C,,H,,NO,S, 0.30 diethyl ether
requires C,60.60; H,5.46; N,2.92%. -
fH-NMR (de-DMSO): & = 10.20(1H,broad), 7.71(1H,dd), _7.62 (1H,s), 7.30-
'7.40(2H,m), 7.25(1H,dd), 7.15(1H,d), 6.95-7.05(2H.m), 6.20(1H,s),
6.06(1H,dd), 5.45(1H,s), 5.40 (1H,s), 1.38(3H,s), 1.34(3H,s), 1.10(3H,s)

ppm.

Further elﬁﬁon then provided (3S,4R)-3,4-dihydro-4-(1,2-dihydro-2-ox0-4-
hydroxypyridin-1-yl)-3-hydroxy-6-(3-hydroxyphenyl)sulphonyi-2,2,3-trimethyl-
2H-benzo[blpyran {0.142g) as a foam. |

'H-NMR (dg-DMSO): & = 10.50(1H,broad), 7.96(1 H,d), 7.62-7.7é(2H,m),
7.35(1H,m), 7.20(1H,d), 7.10(1H,s), '6.94-7.00 (2H,m), 6.65(1H,dd),
6.20(2H,m), 5.50(1H,s), 1.40(3H,s), 1.32(3H,s), 1.15(3H,s) ppm.
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reduced pressure and the residue was azeotroped with dichl oronmethane then
chromat ographed on sili.-ca using 4:1 dichloronethane: ethyl acetate as the
eluent to first yield

(38,4R)-4-(4-ch|oropyrinld
oxyphenyl ) - sul phcnyl -2, 2, 3-t

2-yl ) am nohydr oxy- 6- ( 3- et h-

trimethyl -2H benzo[b] pyran (0.25g) as a foam
LRMS mz = 490(mJ[err]. 1H-NI\/R(CDCI[err . [err] =8.01 (1H,d),
7.80(1H,dd), 7.38-7.50(4H m, 7.05(1H dd)as6.90(1H dd), 6.80(1H, broad),
5 75(1H broad), 5.47(1H,d). 4.95(1H, broath, 3.80(1H s), 1.50(3H,s),
1.45(3H,s), 1.13(3Hs) ppm Further elgXxAMPLE R 1:1 dichl orcnet hane: ethyl
acetate pI’OVI ded . ] . .

."7-0
e
QO

.
il
) @ > N
CH, 0
0" Nea,

TBDMS-O ' HO

: (33,4S)-6-(3-tert-Butyldimethylsilyloxyphenyl)su|phony!—3,4~dihydro-
3,4-epoxy-2,2,3-trimethyl-2H-benzo[b}pyran (0:-70g) {see Preparation 15)
and 2,4-dihydroxy-5,6-dimethylpyridine (0.420) (see Preparation 23) were

- suspended in ethanol (15mf) and pyridine (0.12g) was added. - The mixture
was heated under reflux (a calcium chioride drying tube was attached to the
flask) for 20 days. The solvent was removed under reduced pressure, the
residue was stirred in 20% methanol/ dichloromethane (50mi), filtered énd
the filtrate was evaporated to yield a crude product which was

" chromatographed on sllica eluting with a solvent gradient of 19:1 to 9:1
dichloromethane : methanol to yield (3S,4R)-3,4-dihydro-4-(1 ,2-dihydro-5,6-
dimethyl-2-oxo-1H-pyridin-4-yl)oxy-3-hydroxy-6-(3-hydroxyphenyl)sulphonyl-
2,2,3-trimethyl-2H-benzo[blpyran (0.143g) as a solid.-
TH-NMR (dg-DMSO): & = 10.30(1H,s), 6.96-7.85(8H,m), 6.18 (1H,s),
5.45(1H,s), 5.36(1H,s), 1.84(3H,s), 1.38(3H,s), 1.33(3H,s),

1.12(3H,s) ppm. ACEMENT SHEET
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[err]HHNWR (CDCl [err]): [err] = 8.07(1Hd), 7.85(1H,s), 7.70(1H dd),
7.35-7.45(3Hm), 7.08(1H,dd), 6.90(1H,dd), 6.61(1H dd), 5.79(1Hd),

5.50(1H, broad), 4.65(1H, broad), 3. 85( 3H,s), 1.50(3H,s), 1.40(3H,5s),
1.15(3H,s) ppm PREPARATI ON 20 _

(3S, 4R) - 4- Ami no- 3, 4- di hvdr o- 3- hydr oxy- 6- E;% hvdr oxyphenyl ) sul phonyl -2, 2, 3-tr
I met hvl - 2H benzo[ b] pyr an -

(3S,4S)-6-(3-tert-Butyldinethylsilyl A lgsul phonyl - 3, 4- di hydr o- 3, 4- epo
Xy-2,2,3-trinethyl - 2H—benzo[b]pyran g See Preparatlon 15) was _
di ssol ved in eth ‘ %692 Saibydro-2smethyh 3spropyiride ST
added. The .
removed unde Sere
benzo[blpyran
7 O f\go _
x X CH3
0 0 N o o7 N
i oH g oOH
il S CH, — > ir cH,
o
CH,0 By HO o
0" “cu, n CH,
OCH, _ : .

' (38',4R)-3,4—Dihydr6-4¥(2,3—dihydro-2-methyl-a-oxopyridaz_in—e-y!)oxy-
6-(3,4-dimethoxyphenyl)sulphonyl-3-hydroxy-2,2,3-trimethyl-2H-
benzo[bJpyran (0.50g) (see Preparation 26) was dissolved in
dichloromethane (12ml) (under a nitrogen atmosphers) and boron tribromide
(4ml of a 1M solution in dichioro_métha_ne) was added. The mixture -was
stirred at room temperature for one hour and a precipitate was formed.
Water (20mi) and dichioromethane (15ml) were added. an insoluble gum
formed .and the solvents were decanted off. The gum was then
chromatographed on silica using 1:9 methanol : dichloromethane as the
eluent to yield (3S,4R)-3,4-dihydro-4-(2,3-dihydro-2-methyi-3-oxopyridazin-6-
yl)oxy-6-(3,4-dihydroxyphenyl)sulphonyl-3-hydroxy-2,2,3-trimethyl-2H- .
benzo[blpyran (0.33g) as a white foam which was then triturated with diethyl
ether and dried to give a white solid. - :
'H-NMR (d,-DMSO): & = 10.10(1H ?),,,9 75(1H, s), 7.75(1H,s), 7.65(1H,m),
7.30(1H,d), 7. 15(2H,m), 7.05(1H dj 1H,d), 6.85(1H,d), 5.80(1H,s),

|5.72(1H,5), 3.60(3H,5), 1.40(3H,5), 3K (3H,5) ppm.
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was chromat ographed on silica using 7.5:92.5 nethanol : di chl oronet hane as
the eluent to yield (3S, 4R)-4-am no- -

3, 4-di hydr o- 3- hydr oxy- 6- ( 3- hydr oxyphenyl ) sul phonyl -2, 2, 3-tri net hyl - 2H benzo
[b] pyran (1.42g) as a foam Found: C, 54.39; H5.22; N, 3.19.
Cerr]Herr]NdJerr]S, 0.50 CHerr]dJ[err] requires C 54.75; H,5.46;

N,3.45% 1 HHNWR (CDCl [err]): [err] = 8.07(1H,s), 7.70(1H,dd), 7.50(1H,s),
7.41 (1 H d), 7.30(1Hd), 6.99(1H,dd), 6481 (1 H d), 3.99(1H s),

3.50(2H, broad), 1.48(3H,s), 1.28(3H,s), I.00(3H s) ppm PREPARATION 21

1. 2- Di hvdr o- 4- hvdTee followingBreparationshilinsirata thee preparation of certain starting

materials used in the preceding Examples.

PA ION-
-Br henyl propion
4-Bromophenol (259g) and 4-dimethylaminopyridine (1.5g) were
dissolved in dichloromethane (1000ml), the solution was cooled in an ice
bath and triethylamine (219ml) was added portionwise such that the reaction
temperature was'kept below 20°C. Propionyl chloride (137ml) was then
added over 1 hour and the resulting mixture was stirred at room
temperature for 2-hours. The mixture was washed with water followed by
brine, then dried (anhydrous magnesium sulphate) and the soivent removed
under reduced pressure to yield 4-bromophenyl propionate (344g) as a
green oil. | ,
H-NMR (CDCl,): § = 7.43(2H,d), 6.94(2H,d), 2.52(2H,q), 1.20(3H,t) ppm.

PREPARATION 2
-(5-Br -2- nyl =1-

. 4-Bromopheny!l prépionate (115g) (see Preparation 1) and aluminium
chioride (150g) were heated together at approximately 90°C for 15 minutes.
The solution became dark and hydrogen chloride gas was evolved. After
cooling the black mass was carefully added to ice and & brown solid

. formed. The mixture was extracted with dichloromethane. The organic
extract was separated, washed with brine, dried (anhydrous magnesium
sulphaté) and the solvent removed under reduced pressure to yield 1-(5-
bromo-2-hydroxyphenyl)propah-1 -one (110g) as a yellow solid.

TH-NMR (CDCl,): 5 = 12.28(1H,s), 7.88(1H,d), 7.55(1H,dd), 6.89(1H,d),
3.02(2H,q), 1.27(3H,t) ppm.
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Pht hal i ¢ anhydride (7.4g) was dissolved in hot acetic acid (50m) and a

sol ution of nethyl hydrazine (2.7m) in water (50m ) was added. The m xture
was heated under reflux for 15 mnutes and left to cool overnight. The '
precipitate that fornmed was filtered off, washed with water and dried under
reduced pressure at 65/ err]C to yield 1, 2-di hydro-4-hydroxy-

2- met hyl - 1- oxopht hal azine (7.69g) as a white solid. mp. 243-244[err]C.
[err]H-NMR (CD[err]OD): [err] = 8.28(1H, n% 8.05(1H, M, 7.85(2H m,
4.87(1H,s), 3.66(3Hs) ppm PREPARATION Z 81.2-D hvdr o- 4- hvdr oxv- 1

- met hvl - 2- oxopyri di ne PREPARATION 3

1-(5-Bromo-2-hydroxyphenyl)propan-1-one (375g) (see Preparation 2)
Was dissolved in a mixture of dry toluene (1700ml) and acetone (2040'ml).
Plpendlne (748ml) was added and the solution was heated under reflux for
7 days. The solvent was removed under reduced pressure, the residue was
dissolved in dtethyl ether and washed sucessively with aqueous citric acid
solution (x4), 0.5M aqueous sodium hydroxide solution (x4) and then brine
(x8). The organic phase was .separ'ated and the solvent was removed
under reduced pressure to yield 6-bromo-3,4-dihydro-4-oxo0-2,2,3-trimethyl-
2H-benzo[b]pyran (408g) as an orange oil. Found: C,53.59; H,4.84.
C,,H,,BrO, requires C,53.55; H,4.87%.
TH-NMR (CDC'IS):- 8 = 7.90(1H,d), 7.50(1H,dd), 6.79(1H,d), 2.70(1H,q),
1.50(3H,8), 1.28(3H,s), 1:17(3H,s) ppm. |

P N4
-B -2.2.3-trim -2H- [blpyr

- 6-Bromo-3 4-d|hydro—4-oxo-2 2,3-trimethyl-2H-benzo[blpyran (407g)
(see Preparation 3) was dissolved in ethanol (1 500ml) cooled in an ice bath
‘and sodium borohydride {61.4g) was added portionwise over 20 minutes.
The mixture was stirred at room temperature for 3 hours, the solvent
removed under reduced pressure, the residue dissolved in diethyl ether and
the mixture washed first with water and then with briiie. The organic layer
-was driéd (anhydrous magnesium sulphate) and the solvent removed to
yield the crude alcohol. This was dissolved in toluene (1000ml}, para-
toluenesulphonic acid (40g) added and the mixture heated under reﬂux (with

removal of water) for Cmgwmme was reduced to
T sg

R

T —

i g ' CTTTT——
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2, 4-Di hydroxypyridine (3.0g) was dissolved in 2N aqueous sodi um hydroxi de
solution (30n) and di methyl sul phate (3.7g) was added dropw se over 90

m nutes. The mixture was stirred at roomtenperature overnight, acidified
with concentrated hydrochloric acid, the solvent renoved under reduced
pressure, the residue stirred in 5% nethanol/ dichl oronethane and filtered.
The filtrate was evaporated and the crude product was chromatographed on
silica.using 7:93 nethanol : dlchloronethane as the eluent to yield _

1, 2-di hydr o- 4- hydr oxy-1 - net hyl - 2- oxopyrr “ne (0.77g) as a yel- low solid.

" 157 SRRl St g byl ol il BaplEepith
10. 50( 1H, d) , cartedateisajution. &Y tHerdbjine5. T dryahic phase (véas sliedpm
(anhydrous magnesium sulphate) and the solvent removed under reduced
pressure to yield 6-bromo-2,2,3-trimethyl-2H-benzo[blpyran (350g) as an
orange oil. | | | .
'H-NMR (CDCl,): 8 = 7.10(1H,dd), 6.96(1H,d), 6.59(1 H,d), 5.96(1H,s),
1.78(3H,s), 1.35(6H,s) ppm.

-(4- n - -tri _OH-
6-Brdmo—2,2,3-trimethyl-2H-benzo[b]pyran (9.637g) (see Preparation
4) was dissolved in absolute ethanol (200ml), then sodium. tert -butoxide
(11.029g), 4-methoxybenzenethiol (4.9mi) and
tetrakis(triphenylphosphine)pailadium(0) (0.454g) were added and the
mixture was heated under reflux under a nitrogen atmosphere for 48 hours.
The solveni was removed under reduced pressure and the residue was
dlssolved in dlchloromethane and washed with water. The organic layer
was dried (anhydrous sodium sulphate), the solvent was removed under
reduced pressure and the crude product was chromatographed on silica
using 1:1, hexane: dichloromethane as the eluent to yield 6-(4-
methoxyphenyl)thio-2,2,3-trimethyl-2H-benzo[bjpyran (7.823g) as a yellow
oil. :
- "H-NMR (CDCL): & ='7.28(2H,d), 7.05(1H,dd), 6.92(1H,d), 6.84(2H,d),
6.70(1H,d), 6.00(1H,s), 3.80(3H,s), 1.81 (3H,s), 1.40(6H,s) ppm.
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- 22- PREPARATI ON 23 2, 4- Di hvdr oxy-5, 6-di met hyl pyri di ne _
5, 6- D net hyl - 4- hydr oxy-2- oxo-2H pyran (11.92g) (see J.C. S.Perkin Trans. 1,
1960, 2272) was dissolved in 1, 4-di- _

-40-
PREPARAT
-(3- nyhthio- ~tri l-2H-benz ran

6-Bromo-2,2,3-trimethyl-2H-benzo[blpyran (6.5g) (see Preparation 4)
| was dissolved in absolute ethanol (135ml), then sodium tert-butoxide (7.5g),
3-methoxybenzenethiol (3.6g) and tetrakis(triphenylphosphine)palladium(0)

(0.35q) were added and the mixture was heated under reflux under a
nitrogen atmosphere for 48 hours. Further
tetrakis(triphenylphosphine)paliadium(0) (0.3g) was added and heating was
continued for a further 48 hours. The solvent was removed-under reduced
pressure and the residue was dissolved in dichloromethane ':arid washed
“with water. The organic layer was dried (anhydrods sodium sulphate),-the
solvent removed under reduced pressure and the crude product
chromatographed on silica using 1:1 hexane : dichloromethane as-the
eluent to yield 6-(é-methoxyphenyl)thio—2,2,3-trimethyt-2H-benzo[b]pyran |
(7.2g) as an oil.

H-NMR (éDC!s): O = 7.05-7.20(3H,m), 6;63-6:78(4H,m), 6.05(1H,s), |
8.72(3H,s), 1.83(3H,s), 1.45(6H,s) ppm.

PREP Tl
-(2-M nyhthio-2,2,3-trimethyl-2H-ben ran _
6.-Bromo-2,'2,3-trimethyl-2H.-benzo[b]pyran (9.6g) (see Preparation 4)
was dissolvéd in absolute ethanol (200ml), then sodium tert-butoxide
(11.0g), 2-methoxybenzenethiol (5.3g) and
tetrakis(triphenyiphosphine)palladium(0) (0.45g) were -added and the mixture
heated under reflux under a nitrogen atmosphere for 24 hours. The solvent
was removed under reduced pressure and the residue was dissolved in
dichloromethane and washed with water. The organic layer was dried
(anhydrous sodium sulphate), the solvent was rémoVed_ under reduced
pressure and the crude prod atographed first on silica
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oxane (80m ), aqueous 35% anmoni a solution (40m ) was added and the m xture
was heated under reflux. for 90 m nutes. The solution was left to cool
overnight, the precipitate filtered off and dried under reduced pressure at
90[err]C for 24 hours to yield 2,4-di hydroxy-5, 6-di net hyl pyri di ne (3.479)
as a white solid. [err]H,NVR (d[err]-DVMBO): [err] = 10.75(1H, broad),
5.42(1H,s), 2.09(3H,s), 1.78(3H,s) ppm PREPARATI ON 24

6- (3, 4- D net hoxyphenyl )thio-2, 2, 3-trimet hy4-2H benzo[ b] pyr an

6- Brono- 2, 2, 3-tri met hyl - 2H benzol[ b] pyr an { 4g) (see Preparation 4) was

di ssol ved i n usirgpiut herahandicHidrodméthane as the eluent and then on silica using

24:1 hexane : ethyl acetate as the eluent to yield 6-(2-methoxyphenyl)thio-
2,2,3-trimethyl-2H-benzo[b]pyran (8.12g) as an oil.

TH-NMR (CDCl,): 8 = 7.10-7.23(3H,m), 6.76-6.85(4H,m), 6. 05(1H s)
3.90(3H,s), 1.83(3H,s), 1.45(6H,s) ppm.

PREPARATI
-(4- i0-2.2 . 3-tri 1-2H-

6-(4-Methoxyphenyl)thio-2,2,3-trimethyl-2H-benzo[b]pyran (7.81 6g)
(see Preparation 5) was dissolved in dry 2,4,6-collidine (30ml), antydrous
lithium iodide (10.04g) was added and the mixture was heated under reflux
under a nitrogen atmosphere for 48 hours. A furthei‘ portion of lithium-iodide
(9.06g) was then added and heating was continued for another 72 hours.
After cooling, the mixture was taken ub in dichloromethane and washed with
2N aqueous hydrochloric acid solution (x3). The organic layer was
separated; dried (anhydrous. sodium sulphate), the solvent removed under
reduced. pressure and the fesidUe was chromatographed-on silica using
dichloromethane as the eluent to yield 6-(4-hydroxyphehyl)thio-2,2.3-
trimethyl-2H-benzo{b]pyran (5.799g) as an oil.- '
'H-NMR (CDCl,): § =.7.25(2H,d), 7.05(1H,dd), 6.92(1H,d), '6.70-6.80(3H,m),
6.02(1H,s), 4.92(1H,s), 1.85(3H,s), 1.40(6H,s) ppm.




sodiumtert-butoxide (8.5g), 3,4-dinethoxybenzenethiol (5g) and

tetraki s(tri phenyl phosphi ne) pal | adi un{0) (0.5g) were added and the m xture
was heated under reflux under a nitrogen atnosphere for 24 hours. A further
portion of tetrakis (triphenyl phosphine)palladium0) (0.5g) was then added
and heating was continued for another 24 hours. The solvent was renoved
under reduced pressure and the residue was taken up in dichloronethane and
washed with water. The organic |ayer was dried (anhydrous sodi um sul phate),
t he sol vent renoved under reduced pressuﬂ@'and t he crude product
chromat ogr aphed on silica. using 1:{hes 1 j @hl or onet hane as the el uent
to yield. 6-(3,4-di nmethoxyphenyl) - t hyl - 2H benzo[ b] pyr an

(7.4g) as a yellowmmumggmw% |
6-(3-Methoxyphenyl)thio-2,2,3-trimethyl-2H-benzo[b]pyran (3.5g) (see
Preparation 6) was dissolved in dry 2,4,6-collidine (15ml), anhydrous lithium
. iodide (3g) was added and the mixture was heated under reflux under a
nitrogen atmosphere for 24 hours. After cooling, the mixture was taken up
in dichloromethane and washed with 2N aqueous hydrochloric acid solution
(x3). The organic layer was dried (anhydrous sodium sulphate), the solvent
removed under reduced pressure and the residue chromatographed on
silica eluting with a solvent gradient of 1:1 hexane : dichloromethahe
changing to dichloromethane to yield 6-(3-hydroxyphenyl)thlo-2 2,3-trimethyl-
2H-benzo[b]pyran (2.25g) as an oil.
'H-NMR (CDCl,): 8 = 7.05-7.21(3H,m), 6.75(2H,m), 6.60(2H,m), 6.04(1H,s),
4.60(1H,broad), 1.86(3H,s), 1.45(6H;s) ppm. |
PREPARATION 10
-(2-Hydr f)thio-2.2.3-trimethyl-2H-
6-(2-Methoxyphenyl)thio-2.2,3—trir_nethyl-2H-benzo[b]pyran (3.59) (see
- Preparation 7) was dissolved in dry 2,4,6-collidine (15ml), anhydrous lithium
iodide (9.0g) was added and the mixture was heated at 150°C for-40 hours.
After cdoling, the mixture was taken up in dichloromethane and washed with
2N-aqueous hydro.chlori'd acid solution (x3). The organic layer was dried
(anhydrous sodium sulphate), the solvent removed under reduced pressure "
and the residue was chromatographed on silica using 1:1 hexane : |
dichloromethane:as the eluent to yield 6-(2-hydroxyphenyl)thio-2,2,3-
trimethyl-2H-benzo[b]pyran (1.2g) as an oil.
'H-NMR (CDCly): § = 7.50(1H,d), 7.31(1H,t), 7.05(1H,d), 6.90(2H,m),
6.75(1H,d), 6.65(1H,d), 6.65(1H,s), 5.99(1H,s), 1.80(3H,s), 1.37(6H,s) ppm.
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[err]HNWR (CDCl [err]): [err] = 7.20(1H,dd), 6.85-7.00(3H m, 6.80(1Hd),
6.72(1H,d), 6.03(1H,s), 3.85(3H,s), 3.80(3H,s), 1.85 (3H,s), 1.41 (6H,5s)
ppm PREPARATI ON 25

(3S.4S)-3, 4-Di hydro-6- (3, 4-di net hoxyphenyl ) sul phonyl - 3. 4- epoxy-2. 2: 3-tri net
hyl - 2H benzol[ b] pyran - :

6- (3, 4- D met hoxyphenyl ) thi o-2, 2, 3-tri net hyl - 2H benzo[ b] pyran (3. 1g) (see
Preparation 24), 4-phenyl pyridi ne-N- oxi (0.49g) and
[(S,9)-1,2-bis(3,5-di-tert-butylsalicyli"&am no)]cycl ohexane manganese(l11)

chloride (see J. Am Chem Soc., 19%5[1@@;\17&5@)”(0 4g) were dissolved in
di chl oronet hane (35m ) and 3M aquéous sodi um ﬁy'p"ochl orite
4 i Isil h 2

' 6-(4-Hydroxyphenyl)thio—2,2,3-trimethyl-2H-benzo[b]pyran (5.799¢)
(see Preparation 8) was dissolved in dry dimethylformamide (12mil) and
imidazole (2.768g) and tert-butyldimethylsilyl chloride (2.923g) were added.
" The flask was fitted with a calcium chloride drying tube and the mixture was
stirred at 40°C for 18 hours. The solvent was then removed under reduced
‘pressure and the residue was partitioned between aqueous sodium
bicarbonate solution and dichloromethane. The orga‘n_id layer was dried
(anhydrous sodium suiphate), the solvent removed under reduced pressure .
-and the crude product chromatographed on silica using 1:1 hexane :
~ dichioromethane as the eluent to yield 6-(4-fert-butyl- |

dimethylsilyloxyphenyl)thio-2,2,3-trimethYl-zH-benzo[b}pyran (6.681g) as an -
oil. LRMS m/z = 413 (m+1)". | |

'H-NMR (CDCL,): 8 = 7.20(2H,d), 7.05(1 I-i,\dd), 6.95(1H,d), 6.70-6.80(3H,m),
6.02(1 H,s.), 1.85(3H,s), 1.41(6H,s), 0.97(9H,s), 0.21(6H,s) ppin.

| 6-(3—Hydroxyphenyl)thio-2,2,3-tr'imethyl-2H-benzo[b]pyfan (2.2g) (see
. Preparation 9) was dissolved in dry dimethylformamide (4mi) and imidazole
(1.1g) and tert-butyldimethylsilyl chioride (1.2g) were added. The flask was
fitted with a calcium chloride drying tube and the mixture was stirred at 40°C
for one hour. Water was added and the mixture was extracted with diethyl
ether. The organic extract was washed with aqueous sodium hydrogen
carbonate solution (x2), dried (anhydrous sodium sulphate), the
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sol ution (100m, prepared from 4M commercial bl each) was added. The two
phase systemwas stirred vigorously for 24 hours and then diluted with

di chl or onmet hane before separation of the two |ayers. The organic |ayer was

dried (an- hydrous sodi um sul phate), the solvent renpoved under reduced
pressure and the residue was chromat ographed on silica using 19:1

di chl oronet hane: ethyl acetate as the el nt to give '
(3S, 49) - 3, 4-di hydr o- 6- (3, 4- di net hoxypheri

| phonyl - 3, g)ﬁp.é ayello
fSch)alron L)IQIVB r#lm?wm%?%d‘}' errpﬁdﬁ err’ﬂ-l—% le[J%Ircr@]s) )[/err]W:
7.89(1 H, d) chromafagriapgh®d on §Bo§stnl'@) (4:7 1eB@nhk, ddlphbrmeﬂ’la(m!( asithg

3. 92(6H s), e?uen]t(to yle?d 6 j(.'3 tert- utylé?n‘xet%ny?szl I%'ilysgén);l)tﬁ? 3 l&f tnr?:gmyl-ZH-
benzo[blpyran (2.84g) as an oil.
'H-NMR (CDCl,): § = 7.00-7.18(3H,m), 6.74(2H,d), 6.58(2H,m), 6.00(1H,s),

1.80(3H,s), 1.40(6H,s), 0.88(9H,s), 0.10(6H,s) ppm. .

6-(2-hydroxyphenyl)thio-2,2,3-trimethyl-2H-benzo[b]pyran (1.1g) (see
Preparation 10) was dissolved in dry dimethylformamide. (2ml) and imidazole
(0.55g) and tert-butyldimethyisilyl- chloride (0.61g) were added. The flask
was fitted with a calcium chloride dryihg tube ‘and the mixture stirred at 40°C
for 90 minutes. Water was added and the mixture was extracted with
diethyl ether. The organic extract was washed with aqueous sodium
hydrogen carbonate solution (x2), dried (anhydrous sodium sulphate), the
solvent removed under reduced pressure and the crude product was
chromatographed on silica using 4:1 hexane : dichioromethane as the
eluent to yield 6-(2-tert—butyldimethyléiIyloxyphényl)thio-2,2,3-trimethy!-2H-
benzofblpyran (1.43g) as an oil.
'H-NMR (CDCl,): 8 = 7.20(1H,dd), 7.00(2H,m), 6.78(4H,m), 6.05(1H,s),
1.83(3H,s), 1.45(6H,s), 1.05(9H,s), 0.28(6H,s) ppm. '
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PREPARATI ON 26 ' _

(3S,4R) - 3. 4-Di hydro-4-(2, 3-di hydro 2- met hyl - 3- oxopyri dazi n- 6-yl ) oxy-6- (3, 4-
di met hoxyphenyl ) sul phonvl - 3- hydroxy- 2. 2. 3-trimethyl - 2H benzo[ b] pyran
(3S,49) -3, 4- Di hydr o-6- (3, 4-di met hoxyphenyl ) sul phonyl - 3, 4- epoxy-2, 2, 3-tri net
hyl - 2H benzo[ b] pyran (3.0g) (see Preparation 25) and

2, 3-di hydr o- 2- net hyl - 3- oxo- 6- hydr oxypyri dazi ne (2.0g) (see J.Og.Chem

1971, 36, 3372) were suspended in dry 1,4-dioxane (30m ), pyridine (0.61Q9)
was added and the mixture heated under réftux (a cal cium chioride drying

tube was attached to the flask) folgaéﬁﬁmdn%&ol vent was renoved under

reduced pressure, the

4- - -tri 1-2H- ran
6-(4-tert-Butyldlmethylsuyloxyphenyl)thxo-z 2,3-trimethyl-2H-

benzo[b]pyran (2.182g) (see Preparation 11) and [(S,S)-1,2-bis(3, 5-d;—tert-
butyisalicylideamino)]jcyclohexane manganese(lll) chloride (see
J.Am.Chem.Soc., 1991, 113, 7063) (0.25g) were dissolved in
dichloromethane (1 Oml) and 3M aquedus sodium hyp,oéhlorite solution
(50mi, prepared from 4M commercial bleach) was added. The two phase
system was stirred vigorously for 20 hours and then diluted with
dichloromethane (30ml) before separaiion of the two layers. The organic
layer was dried {anhydrous sodium sulphate), the solvent removed under
reduced pressure and the residue was. chromatographed on silica using
dichloromethane as the eluent to give (3S,48)-6-(4-tert-butyl-
dimethylsilyloxyphenyl)suiphonyi-3,4-dihydro-3,4-epoxy-2,2,3-trimethyi-2H-
benzo[b]pyran (1:907g). HPLC confirmed that this producf consisted of a
single enantiomer. LRMS m/z = 478-(M + NH,)".
'H-NMR (CDCl,): 8 = 7.90(1H,d), 7.75(3H,m), 6.90(3H,m), 3.70(1H,d),
1.56(3H,s), 1.51(3H,s), 1.26(3H,s), 0.98(9H,s), 0.25(6H,s) ppm.

- - -trimethyi-2H-b ran
6-(3-tert-Butyldimethylsilyloxyphenyi)thio-2,2,3-trimethyl-2H-
benzo[b)pyran (21.0g) (see Preparation 12), 4-phenylpyridine-N-oxide (2.2g)
and [(S,S)-1 ,2-bis(3,5-di-tert-butylsalicylideamino)]cycldhexane manganese
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filtrate was evaporated and the crude product chronmat ographed on silica

eluting with 2.5:97.5 nethanol : dichloronmethane as the eluent to yield

rred with 5% net hanol / dichloronet hané ‘and filtered. The

(3S, 4R) - 3, 4- di hydr o-

4- (2, 3-di hydr o- 2- net hyl - 3- oxo- pyri dazi n- 6-yl ) oxy- 6- (3, 4- di met hoxyphenyl ) sul

phonyl - 3- hydr oxy- 2, 2, 3-tri net hyl - 2H benzo(b] pyran (1.7g) as a yell ow foam
[err]HHNMR (COCl[err]): [err] = 7.90(1H,d), 7.75(1H,dd), 7.52(1H dd),

7.10(2H,m, 6.90(2H m, 5.98f1H s), 3.92(3H s), 3.90(3H,s),

7.35(1H,s),
3.70(3H,s) .

(i) eRioAbleee 1. AR Bhem.S0d., 420381 3PPEB3) (2.25g) were dissolved
in dichloromethane (120ml) and 3M aqueous sodium hypochiorite solution
(500ml, prepared from 4M commercial bleach) was added. The two phase
system was stirred vigorously for 24 hours, diluted with_dichloromethane
and filtered through a celluloseQBased filter aid before separation of the two
layers. The organic layer was then washed with brine, dried {(anhydrous
sodium sulphate), the solvent removed under reduced pressure and the

. residue chromatographed on silica using dichloromethane as the eluent to

give (SS,4S)-6-(3-tert-buty|dimethylsilyloxyphenyl)sulphonyl—é.4-dihydro—3,4—
epoxy-2,2,3-trimethyl-2H—benzo[b]pyran (23.6g). HPLC confirmed that this
product consisted of a single enantiomer. LRMS miz = 461 (m+1)*,

TH-NMR (CDCl,): 6 = 7.90(1H,d), 7.78(1H,dd), 7.45(1H,d), 7.852Hm), -~

7.00(1H,dd), 6.88(1H,d), 3.70(1H,s), 1.55(3H,s), 1.50(3H,s), 1.30(3H,s), -
0.97(8H,s), 0.21(6H,s) ppm. ' '

6-(2-tert-Butyldimethyisilyloxyphenyl)thio-2,2,3-trimethyl-2H-

-benzo[bjpyran {1.4g) (see Preparation 13) and [(S,S)-1,2-bis(3,5-di-tert-

butylsalicylidgaminq)]cyclohex.ane manganese(lll) chloride (see
J.Am.Chem.Soc., 1991, _1_1_3_, 7063) (0.15g) were dissolved in
dichloromethane (7ml) and 3M aqueous sodium hypochiorite solution (32ml,
prepared from 4M commercial bleach) was added. The two phase system
was stirred vigorously for 24 hours and then diluted with dichloromethane
before separation of the two layers. The organic layer was. dried

T——
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REPLACEMENT SHEET - 23: PREPARATI ON 27

6- Brono- 3, 4- di hydr o- 4- oxo- 2, 2, 3-tri net hyl - 2H benzo[ b] pyran (Al ternative
route to the conpound of Preparation 3) a) .

1- ( 5- Br onp- 2- hydr oxyphenyl ) pr opan- 1- one

47-
(anhydrous sodium sulphate), the solvent removed under reduced pressure
and the residue chromatographed on silica using dichloromethane as the
eluent to give (3S,4S5)-6-(2-tert-butyldimethylsilyloxyphenyl)sulphony!-3,4-
dihydro—3.4-epoxy-2,2;3-trimethyl-ZH-benzo[b]py_ran (1.2g). LBMS m/z =
461 (m+1)*.
'H-NMR (CDCL): 8 = 8.10(1 H,dd), 7.85(1H,d), 7.72(1 'H,dd), 7.45(1H,1),
7.10(1H,1), 6.82(2H,m), 3.68(1H,s), 1.57(3H,s), 1.50(3H,s), 1.28(3H,s),
0.95(9H,s), 0.30(6H,s) ppm. o -

hyl-2H-
6-(3-Methoxyphenyl)thio-2.2,3-trimethyl-2H-benzo[b]pyran (4.2g) (see

Preparation 6) and [(S,S)-1,2-bis(3,5-di-tert-butyisalicylideamino)]-.
cyclohexane manganese(lll) chloride (see J.Am. Chem.Soc.; 1991, 113;
7063) (0.669) were dissolved in dichlororpyethane (30mi) and 3M aqueous
sodium hypochiorite solution (130mi, pre‘paréd from 4M.commercial bleach)
was added. The two phase system was stirred.vigorously for 24-hours and
then diluted with dichloromethane. The mixture was filtered through a -
celiulose-based filter aid before 'separation of the two layers. The organic
layer wés dried (anhydrdus sodium sulphate), the solvent removed under
reduced pressure and the residue chromatographed on silica using
dichloromethahe as the eluent to give (3S,4S)-3,4-dihydro-3,4-epoxy-6-(3-
methoxyphenyl)sulphonyl-2,2,3-trimethyl-2H-benzo[b]pyran (2.0g) as a light
yellow foam. LRMS m/z = 361 (m+1)".
TH-NMR (CDCl,): & = 7.90(1H,d), 7.78(1H,dd), 7.40-7.50(3H,m),
7.08(1H,dd), 6.89(1H,d), 3.85(3H,s), 3.72(1H,s), 1.55(3H,s), 1.50(3H,s),
1.27(3H,s) ppm. |
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To a stirred mxture of alumniumtrichloride (2.5kg) in dichloronethane
(500nm ) at roomtenperature was added propanoyl chloride (864g) over a 5

m nute period. The m xture was stirred for 45 mnutes at roomtenperature
and then a solution of 4-bronopani sole (875g) in dichloronethane (100m ) was
added over 15 mnutes. The reaction was heated under reflux for 6 hours
then cooled and stirred at roomtenperature overnight. The reaction was
qguenched by pouring slowy onto ice (11k over a 40 m nute period. The

m xture was stirred for 30 mnutes and t | ayers separated. The aqueous
| ayer was further extracted with %@&M(Z x 1000m ) and the .
conbi ned organi c extracts washed W 2000m ). Two-thirds of the
sol vent was reno ARBMAMN ihgdro-3-hydroxy-6-(3- '

meth henyl}sulphonyl- -trimethyl-2H- I

(38,48)-3,4-Dihydro-3,4-epoxy-6-(3-methoxyphenyl)sulphonyi-2,2,3-
trimethyl-2H-benzo[bjpyran (2.0g) (see Preparation 17) was dissolved in
ethanol (15ml) and 35% aqueous ammonia solution (10 ml) was added.
The mixture was heated at 50°C for 48 hours before adding further
ammonia solution (5mi) and heating for another 8 hours. The solvent was
removed under reduced pressure and the residue was chromatographed on
silica using 5:95 methanol : dichloromethane as the eluent to.yield (3S,4R)-
4-amino-3,4-dihydro-3-hydroxy-6-(3-methoxyphenyl)suiphonyl-2,2,3-
trimethyl-zH-benzo[b]pyra‘n'(1.99) as a foam. Found: C,58.65; H,5.77;
N,3.29. C, H,4NO,S, 0.22 CH,CI, requires C,58.28; H,5.96; N,3.53%.
'H-NMR (CDCl,): § = 8.00(1H,s), 7.70(1H,dd), 7.38-7.52(3H,m),
7.08(1H,dd), 6.85(1H,d), 3.90(1H,s), 3.85(3H,s), 2.60(1H,broad),
1.55(2H,br£)ad), 1.49(3H,s), 1.30(3H,s), 1.01(3H,s) ppm. '

m 1-2,2.3-trimethyl-2H-
(3S,4R)-4-Amino-3,4-dihydro-3-hydroxy-6-(3-methoxyphenyl)-
suIlphony|-2,2,3-trimethyl-2H-benzo[b]pyran (0.959) (see Preparation 18) was
dissolved in dry 1,4-dioxane (10ml), 2,4-dichloropyrimidine (0.45g) and
diisopropylethylamine (0.39g) were added and the mixture was heated
under reflux for 25 hours. The solvent was removed under reduced
pressure and the residue was azeotrbped with dichloromethane then
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layer by distillation at atnospheric pressure. Methanol (3750m) was slowy
added whilst continuing with the distillation. The distillation was
continued until a pot tenperature of 64[err]C and a head tenperature of
62[err] C was achi eved. Water (270m ) was then added to the solution at this
tenperature and the reaction cooled to precipitate an off-white solid. Wen
the reaction mxture had cooled to 20[err]C, further water (270m ) was
slowy added and the m xture granul ated at about 10[err]C for 2 hours. The
solid was filtered off and sparingly was¥® on the pad with nethanol : wat er

(Bet, by VOl BinarbBRbI 6 sHiedUsing U:F Efbrbretndthang': afijFacdiind 8s the' ¢
eluent to first yield (3S,4R)-4-(4-chloropyrimidin-2-yl)amino-3,4-dihydro-3-
hydroxy-6-(3-methoxyphenyi)-sulphonyl-2,2,3-trimethyl-2H-benzo[b]pyran
(0.250) as a foam. LRMS m/z = 490(m)*. |
'H-NMR (CDCl,): 3 = 8.01(1H,d), 7.80(1.H,dd), 7.38-7.50(4H,m),
7.05(1H,dd), 6.90(1H,dd), 6.80(1H,broad), 5.75(1H,broad), 5.47(1H,d),
4.95(1H,broad), 3.80(1H,s), 1.50(3H,s), 1.45(3H,s), 1.13(3H,s) ppm.
Further elution with 1:1 dichioromethane : ethyl acetate provided (3S,4R)-4-
(2-chIoropyrimidin-ti-yl)amin0-3,4-d_ihydro-3-hydroxy—6-(3-
methoxyphenyl)sulphonyl-2,2,3-trimethyl-2H-benzo[blpyran (0.64g) as a
white solid, m.p. 228-230°C. LRMS m/z = 490(m)"*.

'H-NMR (CDCl,): § = 8.07(1H.d). 7.85(1H,s), 7.70(1H,dd), 7.35-7.45(3H,m),
7.08(1H,dd), 6.90(1H,dd), 6.61(1H,dd), 5.79(1H,d), 5.50(1H,broad),
4.65(1H,broad), 3.85(3H,s), 1.50(3H,s), 1.40(3H,s), 1.15(3H,s)-ppm.

~trimethyl- z :
(38,4S)-6-(3—tert-ButyIdimethy‘lsiIyloxyphenyl)sulphonyl-3,4-dihydro-

3,4-epoxy-2,2,3-trimethyl-2H-benzo[b]pyran (2.2g) (see Preparation 15) was |
dissolved in-ethanol (256ml) and 35% aqueous ammonia solution -(25ml) was
added. The mixture was heated at 40-50°C for 24 hours. The solvent was
removed under reduced pressure and the residue was chromatographed on
silica using 7.5:92.5 methanol : dichloromethane as the eluent to yield
(38.4R)-4-amino—3,4-dihydro-3-hydroxy-6-(3-hydroxyphenyl)sulphonyl-2,2,3-
trimethyl-2H-benzo[blpyran (1.42g) as a foam. Found: C,54.39; H,5.22:
'N,3.19. C,4HyyNO;S, 0.50 CH,Cl, requires C,54.75; H,5.46; N,3.45%. -

—
T
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b) 6-Brono- 3, 4-di hydr o-4- oxo- 2, 2, 3-tri net’hyl - 2H benzo[ b] pyran To a stirred
sol ution of the product- of part (a) (1.46kg) in acetone (7300m ) and xylene
(6570 ) was added pipe- ridine (3.04kg) and the reaction heated under
reflux for 5 days. The reaction was cool ed and washed successively with

wat er (2x3000nt) followed by 2N aqueous hydrochloric acid solution
(2x500m ) (with ice-cooling), 2N aqueous sodi um hydroxi de sol ution (3000m)
and water (2x3000m ). The organic |ayer was concentrated under reduced
pressure to provide the title conpound a§0a brown oil (1.46kg).

Phar macol ogi GaNMRI@DCL): § = 8.07(1H,s), 7.70(1H,dd), 7.50(1H,s), 7.41(1H,d),
7.30(1H,d), 6.99(1H,dd), 6.81(1H,d), 3.99(1H,s), 3.50(2H,broad), 1.48(3H,s),
1.28(3H,s), 1.00(3H,s) ppm.

PREPARATION 21
1.2-Dihydro-4- -2-m' =1- zi

Phthalic anhydride (7.4q) wés dissolved in hot acetic acid (50ml) and
a solution of methy_lhydrazine (2.7ml) in water (50ml) was added. The
mixture was heated under reflux for 15 minutes and left to cool overnight.
The precipitate that formed was filtered off, washed with water and dried
under reduced pressure at 65°C to yield 1,2-dihydro-4-hydroxy-2-methyl-1-
oxobhthalazine (7.69) as a white solid. m.p. 243-244°C.
'H-NMR (CD,OD): § = 8.28(1H,m), 8.05(1H,m), 7. 85(2H, m), 4. 87(1 H,s),
3.66(3H,s) ppm

PREPARATION 22
-Di - -1-methyl-2-oxopyridi _

2,4-Dihydroxypyridine (3.0g) was dissolved in 2N aqueous sodium
hydroxide solution (30ml) and dimethyl sulphate (3.7g) was added dropwise
over 80 minutes. The mixture was stirred at room temperature overnight,
acidifigd.with concentrated hydrochloric acid, the solvent.removed under -
reduced pressure, the residue stirred in 5% methanol/dichloromethane and
filtered. The filtrate was evaporated and the crude product was |
chromatographed on silica using 7:93 methanol : dichioromethane as the
eluent to yield 1,2-dihydro-4-hydroxy-1-methyl-2-oxopyridine (0.77g) as a
yellow solid. m.p. 165-169°C. Found: C,57.28; H,5.47; N,10.89. CeH,NO,
requires C,57.59; H,5.64; N,11.19%.
'H-NMR (d,-DMSO): 8 = 10.50(1H,d), 7.50(1H,d), 5.82(1H,dd), 5.55(1H,d),
3.30(3H,s) ppm. |
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A representative selection of the conpounds of the precedi ng Exanpl es was
tested for snmooth nuscle relaxant activity by the nethod invol ving
nmeasuring the in vitro relaxation of electrically stinulated guinea pig
tracheal ring preparations as described on pages 18 and 19 of the
description. The results are shown in the Table below in which the m ni num
dose[err] of conmpound which causes maxi mal inhibition of the cholinergic
contraction relative to control was dete%ﬁined. TABLE Exanple no. M ni num
dose[err] ([err]M T -

PREPARATION 23
-Dihydroxy-5,6-di idi

5,6-Dimethyl-4-hydroxy-2-oxo-2H-pyran {11.92g) (see J.C.S.Perkin
Trans. 1, 19__80, 2272) was dissolved in 1,4-dioxane (80ml), aqueous 35%
ammonia soiution (40ml) was added and the mixture was heated under
reflux for 90 minutes. The soluti_on was left to cbol overnight, the precipitate
filtered off and dried under reduced pressure at 90°C for 24 hours to yield
2‘,4-dihydroxy-5,6-dimethylpyridine (3.47¢g) as a white solid.
'"H-NMR (d-DMSO): 8 = 10.75(1H,broad), 5.42(1H,s), 2.09(3H,s),
1.78(3H,s) ppm.

6-Bromo-2,2,3-trimethyl-2H-benzo[b]pyran (7:4g) ~(seé Preparation' 4)
was dissolved in absolute ethanol (150ml), sodium tert-butoxide (8.5g), 3.4~
dimethoxy'benzenethiol (59) and tetrakis'(triphenylphosphine)pa‘lladium(0) '
(0.5g) were added and the mixture was l;eé_tted under reflux under a
nitrogen atmosphere for 24 hours. A further portion of
tetrakis(triphenylphosphine)palladium(0) (0.5g) was then added and heating
was continued for another 24 hours. The solvent was removed under
reduced pressure ahd the residue was taken up in dichloromethane and
washed with water. The organic layer was dried (anhydrous sodium .
sulphate), the solvent removed under reduced pressure and the crude
product chromatographed on silica using 1:4 hexane : dichloromethane as
the eluent to yield 6-(3,4-dimethoxyphenyl)thio-2,2,3-trimethyl-2H-
benzo{blpyran (7.4g) as a yeliow oil. | :

'H-NMR (CDCL,): & = 7.20(1H,dd), 6.85-7.00(3H,m), 6.80(1H,d), 6.72(1H,d),
6.03(1H,s), 3.85(3H,s), 3.80(3H,s), 1.85(3H,s), 1.41(6H,s) ppm.
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0.1 2 0.3 3 ° - 0.1 4°

.03 5 0.01 9 0.3
-52- |
REPARATION 25

(35.4S)-3.4-Dihydro-6-(3.4-dimeth

2.3-tri hyl-2H-benz n '

6-(3,4-Dimethoxyphenyl)'thio-z.z,3-trimethyl-2H-benzo[b]pyran (8.19)

- (see Preparation 24), 4-phenylpyridine-N-oxide (0.4g) and [(S,S)-1,2-bis(3,5-
di-tert-butylsalicylideamino)]cyclohéxane mangénese(lll) chloride (see
J.Am.Chem.Soc., 1991, 113, 7063) (0.4g) were dissolved in
dichloromethane (35ml) and 3M aqueous sodium hypochlorite solution
(100ml, prepared f_rom' 4M commercial bleach) was added. The two phase
system was stirred vigorously for 24 hours and then diluted. with
dichloromethane before separation of the two layers. The organic layer was
dried (anhydrous sodium sulphate), the solvent removed under reduced
pressure and the residue was chromatographed on silica using 19:1
dichloromethane : ethyl acetate as the eluent to give (3S,4S)-3 ,4-dihydro-6-
(3,4-dimethoxyphenyl)sulphonyl-3, 4-epoxy-2,2,3-trimethyl-2H- benzo[b]pyran
(3.09) as a yellow foam. LRMS m/z = 408 (m + NH,)*.

'H-NMR (CDCl,): & = 7.89(1H, d), 7. 75(1R,dd), 7.53(1H, dd), 7. 35(1H d),

6.80-7.00(2H,m), 3.92(6H,s), 3.71(1H,s), 1.59(3H,s), 1.52(3H,s), 1.29(3H,s)
ppm. ' ' '

(3S,4S)-3,4-Dihydro-6é(3,4-d'imethoxyphenyl)suIphonyl-3,4-epoxy-
2,2,3-trimethyl-2H-benzo[b]pyran (3.0g) (see Preparation 25) and 2,3-
dihydro-2-methyl-3-oxo-6-hydroxypyridazine (2.0¢) (see J.Org.Chem, 1971,
35, 3372) were suspeﬁded in dry 1,4-dioxane (30ml), pyridine (0.61g) was
added and the mixture h?_zit‘ei under reflux (a calcium chloride drying tube
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was attached to the flask) for 2 days. The solvent was removed under

reduced pressure, the residue stirred with 5% methanol / dichloromethane
and filtered. The filtrate was evaporated and the crude product
chromatographed on silica eluting with 2.5:97.5 methanol : dichloromethane
as the eluent to yield (3S,4R)-3,4-dihydro-4-(2,3-dihydro-2-methyl-3-oxo-
pyridazin-6-yl)oxy-6-(3,4-dimethoxyphenyl)sulphonyl-3-hydroxy-2,2,3-
trimethyl-2H-benzo[b]pyran (1.7g) as a yellow foam.

'H-NMR (CDCL): 8 = 7.90(1H,d), 7.75(1H,dd), 7.52(1H,dd), 7.35(1H,s),
7.10(2H,m), 6.90(2H,m), 5.90(1H,s), 3.92(3H,s), 3.90(3H,s), 3.70(3H,s),
1.50(3H,s), 1.40(3H,s), 1.25(3H,s) ppm.

i

a) 1- .: r - I «.-1- : & - = e
To a stirred mixture of aluminium trichloride (2.5kg) in

dichloromethane (5000ml) at room temperature was added propanoyl

chioride (864g) over a 5 minute period. The mixture was stirred for 45

minutes at room temperature and then a solution of 4-bromoanisole (875g)

.in dichloromethane (1000ml) was added over 15 minutes. The reaction was
heated under reflux for 6 hours then cooled and stirred at room temperature
overnight. '

The reaction was quenched by pouring slowly onto ice (11kg) over a
40 minute period. The mixture was stirred for 30 minutes and the layers
separated. The agueous layer was further extracted with dichloromethane
(2 x 1000mtl) and the combined organic extracts washed with water
(2 x 2000ml); Two-thirds of the solvent was removed from the organic layer
by distillation at atmospheric pressure. Methanol (3750ml) was slowly
added whilst continuing with the distiliation. The: distillation was continued
until a pot temperature of 64°C and a head temperature of 62°C was
achieved. Water (270mi) was then added to the solution at this temperature



Xis O Sor NHH Rand Rerr] are each independently selected fromH and
Clerr]-(err] alkyl or taken together represent Cferr]-Clerr] alkyl ene;
Rlerr] is Hor (err]-Clerr] alkyl; Rerr] is (a) a 6-nmenbered heterocyclic
ring containing 1 or 2 N hetero-atons, said ring being linked to X by a
ring carbon atom optionally benzo-fused and optionally substituted,

I ncluding in the benzofused -portion, by _g4grr] -(err] alkyl, hydroxy,
-OR[err], halo, -S(Oferr]Rerr], oxo, amno, -NHRerr], -N(Rerr])[err],
cyano, -CJ eand RhereactiorCedbiedrib]precipitate an off-white solid. When the reaction

mixture had cooled to 20°C, further water (270ml) was slowly added and the
mixture granulated at about 10°C for 2 hours.

The solid was filtered off and sparingly washed on the pad with
methanol:water (6:1, by volume), then dried under reduced pressure at 50°C
to yield the title compound (960g). |

To a stirred solution of the prodf:ct of part (a) (1.46kg) in acetone
(7300ml) and xylene (6570ml) was added piperidine (3.04kg) and the
reaction heated under reflux for &5 days. _

The reaction was cooled and washed successively with water
(2x3000mi) followed by 2N aqueous hydrochloric acid solution '(2x5000ml)
(with ice-cooling), 2N aqueous sodium hydroxide solution (3000ml) and

- water (2x3000ml).

The organic layer was concentrated under reduced pressure to
provide the title compound as a brown oil (1.46kg). '

Pharmacological

A representative selection of the compounds of the preceding
Examples was tested for smooth muscle relaxant activity by the method
involving measuring the in vitro relaxation of electrically stimulated guinea
pig tracheal ring preparations as described on pages 18 and 19 of the
description. '

The results are shown in the Table below in which the minimum _
dose' of compound which causes maximal inhibition of the c¢holinergic |
contractioh. relative to control was determined.
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-CONHR[ err] or -CON(R[err])[err], with the proviso that R err] is not an
N(Cerr]-(err] alkyl)pyridonyl group; (b), when X is NH, a group of the
formula:- or (c), when X is NH, a group of the fornula:- [err] Rerr] is
phenyl substituted by a hydroxy group and optionally further substituted by
1 or 2 substituents each independently sel ected from hydroxy, Cerri-Clerr]
al kyl, -OR[err], halo, cyano and nitro; .

-55-

TABLE

Example no. ‘Minimum
dose'(uM)
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Rlerr] is (err]-Cerr] alkyl: Rerr] is -ORerr], -NHRerr], _
-N(R[err])[err], -SRerr] or -NHRerr]; Rerr] is cyano: R[err] S

-OR[err], -NHR[err], -N(R[err])[err] or -NHR err]; Rerri—is phenyt
optionally substituted by CJerr]-Cerr] alkyl, hydro ]
cyano or nitro; and ms 0, 1 or 2. A corrpound as clai mml I "m erel n
-56-
CLAIMS
1. A compound'of the formula:
3
s
' OH
R's0, )
LR .OOO(D
R!
0 \_
R

or a pharmaceutically acceptable salt thereof,
wherein X is O, S or NH; |
R and R’ are each independently selected from H and C,-C,
alky! or taken together represent C,-Cy alkylene
R?is H or C,-C, alkyl;
R®is
(a) a 6-membered heterocyclic ring containing 1or2
N hetero-atoms, said ring being linked to X by a
ring carbon atom, optionally benzo-fused and
optionally substituted, including in the benzo-
fused portion, by C,-C, alkyl, hydroxy, -OR®, halo,
-8(0),R°, oxo, amino, -NHR®, -N(R®),, cyano,
- -CO,R®, -CONH,, -CONHR® or -CON(R®),, with the
proviso that R* is not an N-(C,-C, alkyl)pyridony! group;
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Xis Oor NH R, Rlerr] and Rerr] are each (Jerr]-Cerr] alkyl; Rerr]
Is (a) a 6-nmenbered heterocyclic ring containing 1 or 2 N hetero-atons,
said ring being optionally benzo- fused and optionallv substituted,
including in the benzo-fused portion, by CJerr]-Clerr] alkyl, hy drox hal o

o oxe | IIIIIIII Il ||l|| I "

-57-

(b) ., when X is NH, a group of the formula:-

. RS
—< ~ sor
NR’

(c) » when X is NH, a group of ;he formula:-

$ o

RN . J
A H
o)

R* is phenyl substituted by a hydroxy group and optionally

further substituted by 1 or 2 substituents each independently

selected from hydroxy, C,-C; alkyl, -OR®, halo, cyano and nitro;
 R%is C,-C; alkyl;

R is -OR®, -NHR®, -N(R®),, -SR® or -NHR":

R’ is cyano; |

R® is -OR®, -NHR®, -N(R®%), or -NHR®; |

R? is phenyl optionally substituted by C -C, alkyl, hydroxy,

-OR®, halo, cyano or nitro; and
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(b) is a group of the fornmula:- [err] or (c) is a group of the forrrula -
[err] R4 is phenyl substituted by 1 or 2 hydroxy groW
-SR[err] Rlerr] is -OR[err]; and R err] -and R err] are‘ﬁ\s\‘\“ “\ \|
1. 3. A corrpou_nd as clainmed in claim2 wherein n“\‘ i \iﬁ ‘
| -58-
2. A compound as claimed in claim 1 wherein

X is O or NH;
R, R' and R? are each C,-C, alkyl

% is (a) a 6-membered heterocyclic ring containing 1 or 2 N
-hetero-atoms, said ring being optionally benzo-fused and
optionally substituted, including in the benzo-fused portion, by
C,-C, alkyl, hydroxy, halo or oxo, (b) is a group of the formula:-

RS
<._7

NR

or (c) is a group of the formuia:-

rS /

“es

\

o

R* is pheny! substituted by 1 or 2 hydroxy groups;
R® is -SR® R® is -OR®; and R® and R’ are as defined in claim 1.
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Xis O R Rerr] and R err] are each rrethyl Rlerr] is 1, 2-di-hydro-2-0x0-1
H pyridin-4-yl, 1,2-dihydro-5, 6-dinethyl - o-1 Hp ri di n- 4-

3- hydroxypyridazin- 6-yl, 2,3-dihydro-2- met hyI 3- oxo II m'"“inimuml
2,3-dihydro-2-ethy|-3-oxopyr|da2|n 6-yl ,.53. 2- di hydro
2H- pht hal azi n-4-yl, 1, 2-di hydr o- 2- net hyI 1- oxopht hal azi n- 4 yI

2-chl oropyrimdin-4-yl, 3, 4-dioxo-2- et hoxycy- dobut-1-en-1-yl or
3-cyano- 2- net hyl i sot hi our ei do; and err%ﬂi wﬁsféj/droxyphenyl

3- hydr oxyphehyl , A-0RRAADAS HaImed i cja Bhenyl
X is O;
R, R' and R? are each methyl;
R? is 1,2-dihydro-2-oxo-1H-pyridin-4-yl, 1,2-dihydro-5,6-dimethyl-2-

oxo-1H-pyridin-4-yl, 3-hydroxypyridazin-6-yl, 2,3-dihydro-2-methyl-3-
oxopyridazin—s-yl', 2,3-dihydro-2-ethyl-3-oxopyridazin-6-yl, 1,2-dihydro-
1 -oXo-ZH-phthalazin-4-yl,- 1,2-dihydro-2-methyl-1-oxophthalazin-4-yl,
2-chloropyrimidin-4-yl, 3,4-dioxo-2-ethoxycyclobut-1-en-1-yl or 3-
cyaho-2-methyli'sothioureido; :

and R*® is 2-hydroxyphenyl, 3-hydroxyphenyl, 4-hydroxyphenyl or 3,4-
dihydroxypheny!.

4. . A compound as claimed in claim 3 wherein R® is 1,2-dihydro-2-oxo-
1H-pyridin-4-y! or 2,3-dihydro-2-methyl-3-oxopyridazin-6-yl; and R'is

3-hydroxyphenyl or 4-hydroxyphenyl.

5. A compound as claimed in any preceding claim of the formula:-

where X, R, R', R?, R? and R* are as defined in any preceding claim.

6. A compound as claimed in claim 1 which is selected from the group
consisting of:
3,4- dxhydro-4—(2 3- dnhydro-2—methyl 3-oxopyndazm-6-yl)oxy-3-
hydroxy-6-(3-hydroxyphenyl)sulphonyl-2,2,3-trimethyl-2H-
benzo[b]pyran and 3,4-dihydro-4-(2,3-dihydro-2-methyl-3-
oxopyridazin-6-yl)oxy-3-hydroxy-6-(4-hydroxyphenyl)suiphonyl-2,2,3-
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4. A conpound as clained in claim3 wherein Rerr] is

1, 2-di hydr o- 2- oxo- 1H pyri di n-4-yl or 2, 3-di hydro-

opyridazin-6-yl; and Rerr] is 3- hydroxyphenyl or 4”“"”"&"”"””“' A
conpound as clained in any preceding claimof the forfnufa:t [®rr§ R where
X, R Rerr], Rerr], Rerr] and R err] a®®-as defined in any precedi ng

claim 6. A conpound as clainmed in claiml which is selected fromthe group
consi sting of:

trimethyl-2H-benzo[b]pyran, or a pharmaceutically acceptable salt of
either thereof, or a {3S,4R)- stereoisomeric form of any thereof.

7. A pharmaceutical composition comprising a compound of the formula
(1), or a pharmaceutically acceptabie salt thereof, as claimed in any
preceding claim, together with a pharmaceutically acceptable diluent
or carrier.

8. - A compound of the formula (I), or a pharmaceuticaily acceptable sait
or-composition thereof, as claimed in any of claims 1 to 6 and 7
respectively, for use as a medicament.

9.. The use of a compound of the formula (I), or of a pharmaceutically
acceptable salt or composition' thereof, as claimed in any of claims 1
to 6 and 7 respectively, for the manufacture of a medicament for the
curative or prophylactic treatment of a disease associated with the
altered ton.e and/or motility of smooth muscle.

10. The use as claimed in claim © where the disease is chronic
obstructive airways disease, asthma, urinary incontinence, irritable
bowel syndrome, diverticular disease, oesophageal achalasia or

"hypertension. o

11. A method of treatment of a human to cure or prevent a disease:
associated with the altered tone and/or motility of smooth muscle
which comprises treating said human with an effective amount of a
compound of the formula () or with a pharmaceutically acceptable
sait or compoéition thereof, as claimed in any of claims 1 to 6 and 7,
respectively.

,/',/
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3, 4-di hydro- 4- (2, 3-di hydr o- 2- net hyl - 3- oxopyri dazi n- 6-yl ) oxy- 3- hydr oxy- 6- ( 3-
hydr oxyphenyl ) sul phonyl--2,2, 3-tri - - 26 - nethyl- ‘ZH—‘benz—e[_b]_ngr an and

3, 4-di hydr o- 4- (2. 3-di hydr o- 2- et hyl - 3- oxopyri dazi n- 3- droxy-%‘(4-
hy- droxyphenyl ) sul phonyl -2, 2, 3-tri met hyl - 2H benzo[ "}"ﬁfm” ””"I

phar maceuti cal |y acceptable sal t of eit her thereof

12. A method as claimed in claim 11 where the disease is chronic
obstructive airways disease, asthma, urinary incontinence, irritable

bowel syndrome, diverticular disease, oesophageal achalasia or
hypertension.

13. A compound of the formula:-

3
x~ R
10 L?H ’
RSO 2
2 R wee(ID) 3
_A—R!
o\
R
R*s0, ?
| —R? (D) 3
Rl
o\ |
R
b 0
. 1
NN W R
R
NH,
. OH
RS0, e
J
o\

—

———
—

This Sheet Has Been R

LT il



or a (3S,4R)- stereoi someric form of any thereof. 7. A conpound as clai ned
inclaiml which is —

(3S, 4R) - 3, 4- di hydr o- 4- (2, 3-di hydr o- 2- et hyl - 3- ox
3- hydr oxy- 6- ( 3- hydr oxyphenyl ) sul phonyl - 2, 2, 3- tr| m m H b] yran, or
a pharmaceutically acceptable salt theteegf as ai ned | n

claim1l which is .

(3S, 4R) - 3, 4- di hydr o- 4- (2. 3-di hydr o- 2- et hyl - 3- oxopyr i dazi n- 6- yl )oxy-

3- hydr oxy- 6- (4- hydr oxyphenyl) sul phonyl -2, 2, 3-tri rret hyl - 2H benzol[ b] pyr an,
or a pharmaceutically acceptable salt thereof

wherein R is pheny! substituted by a protected hydroxy group and
optionally further substituted by 1 or 2 substituents each
mdependently selected from a protected hydroxy group,. hydroxy, >y
C, alkyl, -OR®, halo, cyano and nitro;

R'™ is phenyl substituted by a tri(C,-C, alkyl)silyloxy group and
_optionally further substituted by 1 or 2 substituents each
independently selected 'from tri(C,:p, alkyl)silyloxy, hydroxy, C,-C,
alkyl, -OR®, halo, cyano and nitro; and X, R, R®, R?, R®, R* and R® are
as defined in claim 1. | |

14. A compound of the formula (VIA) as claimed in claim 13 wherein the
tri(C,-C, alkyl)silyloxy group in the definition of R** is tert-

| butyldimethyisilyloxy, or a compound of the formula (i) as clalmed in

claim 13 wherein the protected hydroxy group in the definition of R

is C,-C, alkoxy or tri(C,-C, alkyl)silyloxy and preferably is methoxy or
tert-butyldimethyisilyloxy.
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9. A pharmaceutical conposition conprising a conpound of the formia (1),
or a pharnmaceutically acceptable salt thereof, as claimed-in any preceding
claim together with a pharmaceutically acceptable dil % rri%r. 10.
A conmpound of the formula (1), or a phar rraceuti;;.m\“\m‘mgﬂ“\ alt or
conposition thereof, as clained in any gf clai rrg \ 9 r'espectively,
for use as a nedicanent. 11. The use of a conpound of the formula (1), or
of a pharmaceutically acceptable salt or conposition thereof, as clained in

any of clains 1 to 8 and 9 respectivel for the nufacjure of a
medi canent ¥r tAPOERSE frdher "SPBEﬂW’-"yf’faﬁt"PH‘R‘?‘ngﬂgme f?f’"&"%n sease

associated with the altered tone and/or notility of snooth nuscle.

R's0, .
R eeee(I)

or a pharmaceutically acceptable salt thereof,

wherein = X is O, S or NH; .
R and R’ are each independently selected from H and- |
C,-C, alkyl or taken together represent C,-C, alkylene;
R?is H or C,-C, alkyl;
R®is .
(@) a 6-membered heterocyclic ring containing 1
or 2 N hetero-atoms, said ring being linked to X
by a ring carbon atom, optionally benzo-fused
and optionally substituted, including in the benzo-
fused portion, by C,-C; alkyl, hydroxy, -OR°®, halo,
-8(0),.R®, oxo, amino, -NHRYS, -N(R®),, cyano,
-CO,R®, -CONH,, -CONHR® or -CON(R®),, with the
proviso that R® is not an N-(C,-C, alkyl)pyridony! group;
(b) , when X is.NH, a group of the formula:-




12. The use as clained in claim1l where the disease is chronic obstructive
ai rways di sease, asthma, urinary incon- tinence, irritable bowel syndrone,
di verticul ar di sease, oesophageal achal asia or hypeLLensLeH—~i3—‘The use of
a conmpound of the fornmula (1), or of a pharnaceutlcall aIt or
conposi tion thereof, as clainmed in anyggne of cl m r“‘l IB gﬁﬁm
respectively, for the manuf acture of a nedlcane « ve or
prophyl actic treatnent of peripheral vascul ar dlsease congestlve heart
failure, pulnmonary hypertension, nyocar- dial or cerebral ischaem a,

angi na, male pattern bal dness, cardiac arrhythm a, skeletal nuscle

fatigue/ paral ysis (rmgt onl\ﬁth%yg ﬂer dé'ﬁ%lﬂpgﬂhe QJrﬁ)‘ﬂﬁé"m ep| | epsy,

tinnitus, vertlgo or' dysnenorrhoea

RS //0

————
e

\O

R* is phenyl substituted by a hydroxy group and optionally
further substituted by 1 or 2 substituents each independently

. selected from hydroxy, C,-C, alkyl, -O_Fﬁs, halo, cyano and nitro;
R® is C,-Cy alkyl; |
R® is -OR?®, -NHR®, -N(R®),, -SR°® or -NHR?;
R’ is cyano;
R® is -OR®, -NHR?®, -N(R®), or -NHR®;
R® is phenyl optionally substituted by C,-C, alkyl, hydroxy.
-OR?®, halo, cyano or nitro; and-
m is 0, 1 or 2, which comprises,

() - deprotection of a compound of the formula:-
R3

- OH
RS0~ -

. 1
o\ }
R

wee(ID) 5

where R' is phenyl substituted by a protected hydroxy group
and optionally further substituted by 1 or 2 substituents each

independently selected from a protected hydroxy group,
' This Sheet Has Been Reﬂ.a‘




14. The use as clainmed in claim12 or- 13 where the disease is chronic
obstructive ai rways disease, asthma or nyo- cardial ischaema—35-_A

el of e Tornt £ T o H!lll!lllll{lmjlIII{HH!II

M

hydroxy, C,-C, alkyl, -OR®, halo, cyano and nitro, and X, R, R*, R% R®
and R® are as previously defined for a compound of the formula N in
this claim;

, for the preparation of a compound of the formula (I) where R® has

the definition (a) as previously defined for R® for a compound of the

formula (1) in this claim, and X, R, R', R* and R* are as previously
defined for a compound of the formula (l) in this claim, reacting a
compound of the formula:-

R*so,

where R, R', R? and R* are as previously defined for a compound of
the formula (1) in this claim, either with a compound of the formula:-

RXH

or, where app.ropriate,' a tautomer thereof, and in the presence of a
base, or with a base salt of a compound of the formula:-

R3XH

where X is as previously defined for a compound of the formula M in

this claim and R® is as defined for this method (ji);

\
This Sheet

i

—————



- 27 - [err] Ror Rwherein Rerr] is phenyl substit d by a protected
hydr oxy group and optionally further substituted by 1; or Stituents

each independently selected froma protected hydroxy /M

-66-

(i) , for the preparation of a compound of the formula (I) where R® has
the definition (a) as 'previously defined for R® for a compound of the
formula (1) in this claim, and X, R, R', R? and R* are as previously
defined for a compound of the formula (l) in this claim, reacting a
compound of the formula:-

ob
R'"’s0, o
- 2 ' .
Z R1 (VIA) ;
R
N o ) |

where R*® is pheny! substituted by a tri{C,-C, alkyl)silyloxy group and
.optionally further substituted by 1 or 2 substituents each
independently selected from tri(C,-C, alkyl)silyloxy, hydroxy, C,-C,
alkyl, -OR®, halo, cyano and nitro and R, R’, R? and R® are as
preQiously defined for a compound.of the formula () in this claim, -
either with a compound of the formula:-

R3XH

or,. where appropriate, a tautomer thereof, and in the presence of a
base, or with a base sait of a compound of the formuia:-

R*XH

where X is as previously defined for a cémpound of the formula (I) in
this claim and R® is as defined for this method (jii);

a7
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and nitro; Rerr].is phenyl substituted by a tri((err]-Cerr]
al kyl')silyloxy group and optionally further substituted by 1 or2——
substituents each independently sel ected fromtri(Clerr] (derr] err

al kyl')silyloxy, hydroxy, Cerr]-Clerr] alkyl, %ﬂﬁ“ﬂ“‘ ﬁm‘u ‘!ﬁno and
nitro; and X, R, Rerr], Rerr], R[err R[err] I ned
in claiml. 16. Acorrpound of theforrrua(VIA) as cf‘alhednln claim15
wherein the tri(Cerr]-Cerr] alkyl)silyloxy group i the deflnltlon of

tert-butyldi methyl silyl d of , .th I 1
Cl ai red | (1 ai.oL e pEeRaTAlon S5 S9EeouBdIRIAPBgTarGY PReTRE BN ¢ on
of Rlerr] is C[ ?(gfgvﬁ]oé%é(?&ymﬂé tri(Cerr]-Cerr] alkyl)silyloxy and
0

preferably is

and R, R’, R?, R?, R® and R’ are as previously defined for a
compound of the formula (1) in this claim, reacting a compound of the

formula:-

R“SO:; LRZ L (VH)

where R, R', R? and R* are as previously defined for a compound of
the formuia (1) in this claim, with a compound of the formula:-

(é55)2c=NR’

where R® and R are as previously defined for a compound of the

formula (1) in this claim;

1&. . . This Sheet Has Been R
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but yl di net hyl silyloxy. 17. A process for the preparation of a conpound of
the formula: [err] or a pharmaceutically accept abl m“ mh (Jel n X
is O, Sor N\H R and R err] are each independently Nll m l an
Cerr]-Clerr] alkyl or taken t oget her represent C[el*r cCerm™ &l kyl ene;

-68-

(v) , for the preparation of a compound of the formula (I) where X is NH,
R® is a group of the formula:-

R® is -OR®, -NHR®, -N(R®), or -NHR® and R, R", R?, R, R®, R’ and R®

- are as previously defined for a compound of the formula (i) in thns
claim, reacting a compound of the formula (I) where X, R, R', R?,
R®R* R°® and R are as defined for method (iv) for the preparation of
compounds of the formula (I) in this claim, with a base salt_ of a
compound of the formula R°OH, or with a compound of the formula -
R°NH,,(R%),NH or R°NH,, or a base salt thereof, as appropriate,
where R® and R® are as previously defined for a compound of the
formula (1) in this claim; | |

(vi) , forthe preparatioh of a compound of the formula (I) where X is NH,
R® is a 6-membered heterocyclic ring containing Tor2N
heteroatoms which is optionally substituted as previously defined in -

| definition (a) for R® for a compound of the formula (l) in this claim and
R, R', R* and R* are as previously defined for a compound of the
formula () in this claim, reacting a compound of the formula (Vi)
where R, R', R? and R* are as previously defined for a compound of
the formula (VII) in this claim, with a 6-membered ring heterocyclic
compound containing 1 or 2 N hetercatoms which is substituted on a

Fing carbon atom by a leaving group and optionally further subs’ntuted

as previously defined for R® for this method (vi); or
) This Sheet Has Been Repla
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Rlerr} is Hor Clerr]-Cerr] alkyl; Rerr] is (a) a 6-nenbered heterocyclic
ring containing 1 or 2.N hetero-atons, said ring being linked to X by a
ring carbon atom optionally benzo- fused and opti onal 'y—substitut ed,

including in the benzo-fused portion, by C[err] C[errM! , hydroxy*\

S B T g

cyano, -CJerr]Rerr], -CONH err], -CO\IHR[‘ or -CC
the proviso that Rierr] is not an N((err]-Clerr] al kyl)pyr|d ny$ gf oup;

(vi) , for the preparation of a compound of the formula (I) where X is NH,
- R%is a group of the formula:- |

RS /0

\O

. and R, R, R? R* and R® are as previously defined for a compound of
the formula (}) in this claim, reacting a compound of the formula (VII)
where R, R?, R? and R* are as previously defined for a compound of
the formula (VI1) in this claim, with a compound of the formula:-

where Z is a leaving group and R® is as previously defined for a
compound of the formula (l) in this claim: any of said methods (i) to
(vii) being optionally followed by conversion of the compound of the
formula (1) to a pharmaceutically acceptable salt thergof.

16. A process as claimed in claim 15(i) wherein the_ protected hydroxy
group in the definition of R" is C,-C, alkoxy or tri(C,-C, alkyl)silyloxy

.and’preferably is methoxy or terl-butyldimethylsilyloxy. .
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-28 - (b), whon X is NH, a group of the formula:- [err] or (c), when X is
NH, a group of the fornula: -

17.

18.

19.

20.

/’

o | NN DR

A process as claimed in claim 15(jii) wherein the tri(C,-C,

alkyl)silyloxy group in the definition of R is tert-butyldimethylsilyloxy;

A process as claimed in claim 15(ii) or 15(iii) that is carried out using
a compound of the formula:- |

R*XH
» Or & tautomer thereof, and in the presence of a base.

A process as claimed in claim 18 wherein the base is pyridine or
triethylamine. '

A process as claimed in. claim 15 wherein

Xis Oor NH;

R, R' and R? are each C,-C, alkyl; _

R® is (a) a 6-membered hsterocyclic ring containing 1 or 2 N hetero-
atoms, said ring being optionally benzo-fused and optionally
substituted, including in the benzo-fused portion, by C,-C, alkyl,
hydroxy, halo or oxo, (b) is a group of the formula:-

or (c) is a group of the formula:=-
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[err] R err] is phenyl substituted by a hydroxy group and optionally
further substituted-by-1 or 2 substituents each independently selected from
hydroxy, Cerr]-Cerr] alkyl, -ORerr], halo, cyano and nitro; Rerr] is
Cerr]-Cerr] alkyl: Rerr] is -ORerr], -NHR err], \N(“Rfefr—]‘)Jt\r]

EI(R[RF;H] ?{e; rNrRE)(rarr]l\lHR[REaﬂ]r] i s cyano: -7R1[—err] is- Wlﬂmm”’”NHR[ erj\

il |

.Rs.' /o

“e

No

R'is phehyl substituted by 1 or .2 hydroxy groups;
R® is -SR® R°® is -OR®; and R® and R’ are as defined in claim 15.

21. A process aé claimed in claim 20 wherein
. Xis O;

R, R' and R? are each methyl;
R® is 1,2-dihydro-2-oxo-1H-pyridin-4-yl, 1,2-dihydro-5,6-dimethyl-2-
oxo-1H-pyridin-4-yl, 3-hydroxypyriﬁazin-6-yl, 2,3-dihydro-2-methyl-3-
oxopyridazin-6-yl, 2,3-dihydro-2-ethyl-3-oxopyridazin-6-yl, 1,2-dihydro-
1-0x0-2H-phthalazin-4-yl, 1 .2¥dihydro-2-methyl-1 -oxophthalazin-4-yl,
2-chloropyrimidin-4-yl, 3,4-dioxo-2-ethoxycyciobut-1-en-1-yl or 3- N
cyano-2-methylisothioureido; -
and R* is 2-hydroxyphenyl, 3-hydroxyphenyl, 4-hydroxyphenyl or 3,4-
dihydroxyphenyl.

22. A process as claimed in claim 21 wherein R® is 1,2-dihydro-2-oxo-1H-
pyridin-4-yl or 2,3-dihydro-2-methyl-3-oxopyridazin-6-y}; and R*is 3-
hydroxyphenyl or 4-hydroxyphenyl.
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Rlerr] is phenyl optionally substituted by CJerr]-Cerr] alkyl, hydroxy,
-OR[err], halo, cyano or nitro; and mis O, 1 or 2, which conprises, (i)
deprotection of a conmpound of the forrmula:- [err] mhere—RPeFF}_Ls—ﬁhenyL
substituted by a protected hydroxy group and opti onal further substrtut ed
by 1 or 2 substituents each independently sel ected fr ydﬂoxy
group, hydroxy, Cerr]-Cerr] alkyl, -OR-@Br], halo, wm d
X, R Rerr], Rerr], Rerr] and R[err] are as previously deflned for a
conpound of the formula ' .

23. A process as claimed in any of claims 1'5 to 22 that is used to

prepare a compound of the formula:-

oere(JA)

where X, R, R\,R%R® and R* are as defined in any of claims 15 fo 22.

24. A process as claimed in any of claims 15 to 19 which is used to
prepére a compound selected from the group consisting of:
3,‘4-dihydro—4-(2,3-dihydro—2-methyl-é-bxopyridazin-6-yl)oxy-3-
hydroxy-6-(3-hydroxyphenyl)sulphonyl-2,2,3-trimethyl-2H-
benzo[b]pyran and 3,4-dihydro-4-(2,3-dihydro-2-methyl-3-
oxopyridazin-G-y!)oxy—a-hydroxy-6-(4-hydrbxyphenyl)sulprro_nyl-z,z,3-
trimethyl-2H-benzo[b]pyran, or a pharmaceutically acceptable salt of
either thereof, or a (38,4R)- stéreoisomeric form of any thereof.

25. A process for the pre'paration of a pharmaceutical composition
ccomprising combining a compound of the formula (1), or a
pharmaceutically acceptable sait thereof, which has been prepared
by a process as claimed in any of claims 15 to 24, together with a

- pharmaceutically acceptable diluent or carrier.

1 oMY 19986 —
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(1) inthis claim (ii) for the preparation of a conpound of the fornula
(1) where Rlerr] has the definition (a) as previously defined for Rerr]
for a conpound of the formula (1) in this claim and X, R Rerr], Rerr]
and R[err] are as previously defined for a conpound of the forrrula (1) in
this claim reacting a conpound of the formula:-

-1-

ABSTRACT

Benzopyrans

The present invention relates to compounds of the formuia:-

) . oH
‘RSO, O LRZ ““(D
_pl
o\ -
R .

B and the pharmaceutically acceptable salts thereof, wherein
' X is O, S or NH; | |

R-and R? are each independently selected from H and C,-C, alkyl or
taken together représent C,-C¢ alkylene;
R?is H or C,-C, alkyl; -
R® is (a) a 6-membered heterocyclic ring containing 1 or2 N
heteroatoms linked to X by a ring carbon atom and optionally benzo-
fused and optionally substituted, (b), when X is NH, a group of the
formula:-

REPLACEMENT SHEET

_< : 5 WAY 1%
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or (€) when X is NH, a group of the formula:- This Sheet Has Been Replaced




- 29 - [err] where R Rerr], Rerr] and R err] are as previously defined
for a conpound of the formula (1) in this claim either with a conpound of
the fornula:- Rlerr] XH or, where appropriate, a tautonmerthereof, and in the
presence of a base, orwith a base salt of a conpound of the fornula:-

R* is phenyl substituted by a hydroxy group and optionally further
substituted by 1 or 2 substituents: together with compositions containing,
uses of, processes for the preparation of and intermediates used in the
preparation of, such compounds. o

sﬂmmmw T
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R3XH where X is as previously defined for a conpound of the fornula (ﬁnﬁsnm
this claimand Rerr] is as defined for this nmethod (ii); (iii), for the
preparation of a conmpound of the fornmula (1) where Rl err] has the
definition (a) as previously defined for Rlerr] for a conpound of the
formula (1) in this claim and X, R-Hefr], Rerr] and Rerr] are as
previously defined for a conpound of the forrmula (1) in this claim

react i NgERZOPYRANSAARD PRAMMNIBYPECAL ¥ dMPOSITIONS CONTAINING THEM.

Description

The presenl invention relates to benzapyrans. Mcre particularly it relates to 8-(hycroxyphenyl)sulphanylbenzo[b}
" pyran derivalives and to compcsitions containing, uses of, prccesses for the preparaticn of and inlermediates used in
the preparalticn cf, such derivatives.

The present cerivalives cisplay smcoth muscle relaxant activity by a mechanism invalving potassium channel
cpening. They are therefore useful in tha curative or preghylactic treatment of diseases asscciated with the altered
tene ancler motility of smecth muscle which can, ler example, cecur in the lung, bladder, gut, uterus cr cardiovascular
system. Such cisaases include chrenic cbstructive airways disease, asthma, urinary incentinence, irritable bowel syn-
dreme, diverticular disease, oescphageal achalasia and hypertensicn. In addition, the present derivalives may be
useful in the ireatment of peripheral vascular disease, ccngestive heart failure, pulmenary hypertension, myccardial
and cerebral ischaemia, angina, male pattern balcness, cardiac arrhythmia, skeletal muscle fatiguelparalysis (myctonic
muscular cystrephy), glaucoma, epilepsy, tinnitus, vertigo and dysmencrrhoea.

EP-A-05473523, EP-A-0351720, EP-A-0450415 and EP-A-0400430 disclcse benzcpyrans with pharmacslogical
activity. £P-A-0532579 describes epoxication of chremenes.

The presant inventicn provides compounds of the formula:-

0
R*s0, '

and the shamaceutically acceptable salts theraof,
wherein

Xis O, S or NH; . -
R and A are each independently selected frem H and C4-C; alkyl cr taken i&gether represent C,-Cg alkylene;

R2is Hoar C;-C, alkyl;
RRis --

(a) a 6-membered heterocyclic ring containing 1 or 2 N heterc-atoms, said ring being linked to X by a ring
carbon atem, optionaily benzo-fused and optionally substituted, including in the*benzo-fused porticn, by C4-

Ce alkyl, hydroxy, -ORS, halo, -S(0),,R5, oxo, amino, -NHRS, -N(R6),, cyano, -CO,RS, -CONH,, -CONHRS, or
-CON(RS),, with the proviso that R? is not an N-(C,-Cg alkyl)pyridonyl group; .
(b} . when X is NH, a group of the formula:-

X ]
&
Lad
5 ]
o
2

T anti ey
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(¢). When X is NH, a group of the farmula:-
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4

where Rlerr] is phenyl substituted by a tri(Cerr]-Cerr] alkyl)silyloxy
group and optionally further substituted by 1 or 2 substituents each

i ndependent|ly selected fromtri(Cerr]-Cerr] alkyl)silyloxy, hydroxy,
Cerr]-Cerr] alkyl, -OR[err], halo, cyano and nitro and R, Rlerr], Rerr]
and Rlerr] are as previously defined for_a,conpound of the fornula (1) in
this claim either wwth a conpound of the ?orrml a:.- Rerr]XH or, where
appropriate, a tautomer thereof, and in the presence of a base, orwith a
basesalt of a compound of the forpgll a: - /O

o

R4 is phenyl substituted by a hydroxy group and optionally further substituted by 1 or 2 substituents each inde-
pendently selected frem hydroxy, C,-Cy alkyl, -ORS, halo, cyano and nitro;

RS is C,-Cg4 alkyl:

RS is -ORS, -NHRS, -N(RS),, -SAS or -NHRS,;

A7 is cyano;

R8 is -ORS, -NHRS, -N(RS), or -NHRS;

R? is pheny! optionally substituted by C, -C; alkyl, hydroxy, -ORS, halo, eyano or nitro; and

mis0, 1or2 :

In the above definitians, the term "halo® means fluoro, chiero, bromo or icdo. Alkyl groups containing three or more
carbon atoms may be straight- or branched-chain.

Preferably X is O or NH.

Most preferably X is O.

Preferably R, R' and R2 are each C,-C, alkyl.

Most preferably R, R' and R?2 are each methyl.

Preferably R3 is (a) a 8-membered heterocyclic ring E:ontaining 1 or 2 N heterc-atoms, said ring being optionally
benzo-fused and ogtionally substituted by C,-C, alkyi, hydroxy, halo or oxo, and more preferably said ring is not fully
saturated, (b) is a group of the formuia:-

R6
NR’ -
or (c) is a group of the formula:- REPLACEMENT SHEET
2 6 SEP 1997
3 O
R /

\0

More preferably R3 is 1,2-dihydro-2-oxo-1H-pyridin-4-yl, 1,2-dihydro-5,6-dimethyl-2-oxo-1 H-pyridin-4-yl, 3-hy-
droxypyridazin-6-yl, 2,3-dihydro-2-methyl-3-oxopyridazin-6-yl, 2,3-dihydro-2-ethyl-3-oxopyridazin-6-yi, 1,2-dihydro-
1-0xo-2H-phthalazin-4-yl, 1,2-gihydro-2-mathyl-1-oxophthalazin-4-yl, 2-chloropyrimidin-4-yl, 3,4-dioxo-2-ethoxycydo-
but-1-en-1-yl or 3-cyano-2-methylisothioureido,

Most preferably R3 is 1,2-dihydro-2-0xo-1 H-pyridin-4-yl or 2,3-dihydro-2-methyl-3-oxopyridazin-6-yl.
' Preferably R4 is phenyl substituted by one or two hydroxy group(s). More preferably R¥is 2-, 3- or 4-hydroxyphenyl,
or is 3,4-dihydroxyphenyl. Most preferably R4 is 3-hydroxypheny! or 4-hydroxyphenyl.

Preferably RS is -SRS.

Most preferably RS is methylthio.

. "\' .
i
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Rierr] XH where X is as previously defined for a conmpound of the forrmula (I)

in:this claimand R err] is as defined for this nethod (iii); (iv),
preparation of a conpound of the formula (1) where X is NH, R err]
group of the fornul a: -

for the
is a

Praferably A8 is -ORS, 3

Most prelarably A8 is ethoxy. .

The pharmaceutically acceplabie salts of the ccmpounds of the lormula (I) include the acid addition and the base
salts thereof.

Suitable acid acditicn salts are lormed Irom acids which torm non-toxic salls and examples are tha hydrachlorida,
hydrobrcmide, hydroiodide, sulphate, bisulphate, phosphate, hydrogen phosphate, acetate, malsate, fumarate, lactate,
lartrate, citrate, gluconate, benzoate, methanesulphcnate, benzenesulphcnate, and p-toluenasulpheonata salts.

Suitable base salts ara formed from bases which ferm non-{oxic salts and examples are the aluminium, calcium,
magnesium, zinc and diethanolamine salits.

Far a review on suitable saits see Berge st al. J. Pharm. Sci., 1977, 68, 1-19.

A ccmpound of the formula (1) may centain one or more asymmetric carbon atoms and may therefors exist in two
ar more sterecisemeric forms. The present invention includes the individual sterecisomers of the compounds of the
formula (1} and mixtures thereo!, together, where appropriate, with all the tautomeric forms of the compounds of the
formula (1).

Separation of diasterecisomers may be achieved by conventional techniques, e.g. by fractional crystallisation,
chromatcgraphy or H.P.L.C. of a stereciscmeric mixture of a compound of the farmula {I) or a suitable salt or derivative
thereof. An individual enantiomer of a compound of the formula (1) may also be prepared from a corresponding optically
pure intermediate or by resoluticn, such as by H.P.L.C. of the corresponding racemate using a suitable chiral support
or by fractional crystallisation of the diasterecisomeric salts forred by reaction of the corresponding racemate with a
suitable optically active acid or base.

A preferred group of compounds of the formula (I} has the formuia:-

{I4) 2 6 SEP w997

where X, R, R, A2, A% and R* are as previously defined for a compound of the formula ().
The compounds of the formula (1) provided by the invention can be prepared by the following methods:-

1) All the compounds of the formula (!) can be prepared by deprotection of a compound of the formula:-

r1%o0, -
L x? wene(TD)

where R0 is phenyl substituted by a protected hydroxy group and optionally further substituted by 1 or 2 substit-
uents each independently selected from a protected hydroxy group, hydroxy, C,-Cg alkyl, -ORS, hale, cyano and
nitro, and X, R, R!, R2, R3 and RS are as previously defined for a compound of the formula (1).

A variety of suitable hydroxy protecting groups together with methods for their removal are well known in the
art to the skilled person, a.g. see T.W. Graane and P.G.M. Wuts, “Protective Groups in Organic Synthesis®, Secand
Edition, Wiley-Interscience, 1991,

Centain alkyl groups, 8.g. methyl and t-butyl, can be regarded as hy.droxy pratecting groups. It should therefore



[err]-and R, Rerr], Rerr], Rerr] and Rerr] are as previously defined
for- a conpound of the formula (1) in this claim reacting a conpound of the
formula:- [err] where R, Rerr], Rerr] and Rlerr] are as previously
defined for a conpound of the formula (1) in this claim wth a conmpound of
the formula:- (Rerr]S)[err]C=NR[ err]

be realised that when the R0 phenyl group is substituted by C,-C, alkoxy, e.g. mathoxy or t-butoxy, it may also
be convarted to a hydroxyphenyl group using certain deprotection conditions.

In a typical pracedure for the remaval of a methyl hydroxy protecting group, a methaxyphenylisulphone of the
tormula (1) is treated with baron tribromide in a suitable organic solvent, e.g. dichloromethane, at room tamperalure.

A trialkylsilyl group can also be used as a hydroxy protecting group. The tert-butyldimethylsilyl group is pre-
terred and it may be remaved by treatment with fluoride icn, e.g. using tetrabutylammenium fluoride ar hydrofluoric
acid,

When the ccmpound of the fermula (1) to be prepared is a 1,2-dicl, this can be prepared from a compaound of
the formula (|1} where bath hydraxy groups are protected together, e.g. as a ketal.

The compounds of the formula (11} where R? has the definition (a) as previcusly defined for A3 for a compound
of the formula (1) can be prepared from a compound of the formula (V1) by a similar prccedure to that described
in methed (2) for the preparaticn cf the compounds of the formula (1).

The compounds of the formula (Il) where R3 has the definition (b) or (c) as previously defined for Rifora
compound of the tarmula (1) can be prepared by first converting a compound of the farmula (V1) to the corresponding
4-amino-3-hydroxybenzopyran derivative by a similar procedure to that described for the preparation of a com-
pound of the formula (Vi) from a compound of the formula (lit} in method (4), followed by further reaction thereof
to incorperate the desired 4-substituent by a similar precedure to that described in any cne or more of methads
(4), (8) and (7), as appropriate.

2) The compounds of the tormula () where R3 has the definition (a) as previously defined for R3 for a ccmpound
of the tormula (1), and X, R, R, R2 and R* are as previously defined for a compound of the formula (1), can be

prepared by reaction of a compound of the formula:-

R*s0, :
—R’ weee (D)

where R, R, A2 and R4 are as previously defined for this methed, either with a compound of the formula:-

RxH

or, where appropriate, a tautomer thereof, and in the presence of a base, or with a base salt of a compound of the
formula:-

R2XH

where X and R® are as previously defined for this method.
Preferred base salts of the compounds of the formula R3XH include the alkali metal salts, e.g. the sodium and

potassium salts. If a base salt is used, this may be generated in situ from the corresponding compound of the
formula R3XH using a suitable base, e.g. sodium hydride.

If a base salt of the compound of the formula R3XH is not used, a suitable base, e.g. pyridine or triethylamine,
must also be present although only a catalytic amount is usually necessary.

The reaction may be carried out in a suitable organic solvent, e.g. ethanol or 1,4-dioxane, at from rcom tem-
perature lo, and preferably at, the reflux temperature of the solvent.

The compounds of the formula (Ill) can be prepared by the following procedure:-

REPLACEMENT SHEET
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r] and Rlerr] are as previously defined for a conpound of the

) inthis claim (v), for the preparation of a conpound of the

) where X is NH, Rerr] is a group of the fornmula:- [err] R err]
], -NHR[err], -N(Rerr])[err] or -NHRerr] and R, Rerr], Rerr],
Rlerr], Rerr], Rerr] and Rerr] are-as previously defined for a conpound
of the formula (1) in thﬁs claim reacting a conpound of the fornmula (I)
where X, R, Rerr], R[errf, ' Tgferrg? Rerr] a err] are as
defined for nmethod (iv) for reparatiop of conmpd of the formula (1)
inthis claim with a base s&t o0 a und of the fornula Rlerr]OH, or
with a conpound of the formula R[erQ]N rr],

RS
N—RrP W
o~ TRI
R
R'%s0, (Z__Rz VD
o~ T_Rl
R
REPLACEMENT SHEET
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where R192 is phenyl substituted by a protected hydroxy group and optionally further substituted by 1 or 2 substit-
uents each independently selected from a protected hydroxy group, C,-Cg alkyl, -ORS, halo, cyano and nitro, and
R, R!, A2, R* and RS are as previously defined for a compound of the formula (1) for method (2).

In a typical procedurs, a compound of the formula (V) is reacted with a thiol of the formula:-

10a

R TSH

whera R1%2 i5 as praviously defined for this method, in the presence of sodium t-butoxide and tetrakis(triphenyl-
phosphine)palladium(Q) in a suitable solvent, e.g. ethanol, and at the reflux temperature thereof.



(Rierr])[err]NH or Rlerr]NH err], or a base salt thereof, as appropriate,
where Rlerr] and R err] are as previously defined for a conpound of the
formula (1) in this claim (vi), for the preparation of a conpound of the
formula (1) where X is NH, Rlerr] is a g-nmenbered heterocyclic ring

. containing 1 or 2 N heteroatons whi ch™ i optionally substituted as

previ ously déf Fameduridre! thefdrmild iVbprequadd dao pe RINEared (of aproxigane ofmipdionmdia @¥!) Yyteaidaticn

. formul a (F*)'“9i°ﬁd“f"l‘1h‘/§°€d§‘|°a'r=mtwswcﬂﬂ[l@ﬁ ‘(5 éFPF(:’ér‘ﬂh“"*R[be‘rv'FE]"Cva‘ﬁeemag)lcvclchexa"e
previ ous| FAYERRGSAUY chigside ﬁ"‘tb‘Mséur\%P‘ol‘—t r mila ( this cla

reacting a ﬁﬁé’ffﬁ{f"ﬂf"“ﬂ%@“ﬁiﬁ?ﬂl‘rﬁ’}]@ "e %’F%c‘ﬂ‘p Pﬁ{"é’f‘m '°’”N[aéY'}‘]‘/aéﬂ’a’e'F{°%§‘r]

C
iifiei ?)sfjn[lllﬁia frcrrhaeccm%ourrH lcﬂhé !}:/rlmlu?a (lklpus;[nrg’I Irnethyl as

are as prBUTGHE] "YEP P

i ble rapara accr ound c
claim wi B-\Q h\ r tqﬁé § up [k B A, to dealkylate this ccmpound to provide the carrespending phenol and then
to reprctect the phanci with a secend hycroxy protecting group, e.g. benzyl, prior ta carrying cut tha oxidaticn
reacticn.

All the cecmpcunds of the formulae (1Y) and R19SH can be prepared by cenventicnal precedures,
3) The compaunds of the formula (1) where R3 has the definiticn (a) as previcusly defined for R3 for a compound
of the formula (1), and X, R, R!, FR2 and R* are as previcusly defined for a ccmpaund cf the fermula (1), can be

prepared by reacticn of a campgcund cf the formula:-

b 0
Rso ___R? .
2 R1 w(VIA)
O/vR
R

where R108 is phenyl substituted by a tri(C,-C4 alkyl)silyloxy group (i.e. a tri(C,-C, alkyl)silyl protected hydroxy
group) and cptionally further substituted by 1 or 2 substituents each independently selected from tri(C;-C, alkyl)
silyloxy, hydroxy, C,-Cg alkyl, -ORS, halo, cyano, and nitto and R, R?, R2 and RS are as previously defined for a
compeund of the fermula (1), either with a compound of the formula:-

ARIXH

or, where appropriate, a tautemer therect, and in the presence of a base, or with a base salt of a compound of the
formula:-

RXH

where X and RS are as defined for this method.

A preferred tri(C,-C, alkyl)silyloxy protecting group is tert-butyidimethylisilyloxy.

Preferred base salts of the compounds of the formula R¥XH include the alkali metal salts, e.g. the sodium and
potassium salts. If a base salt is used, this may be generated in situ from the corresponding ccmpound of the
formula R3XH using a suitable base, e.g. sedium hydride.

If a base salt of a compound of the formula ASXH is not used, a suftable base, e.g. pyridine or triethylamine,
must be present aithough only a catalytic amount is necessary.

1n atypical procedure where a base sait of a compound of the formula FPXH is not used, the reaction is carried
out in a suitable organic solvent, e,g. 1,4-dioxane, ethanal, isopropanol or diethylene glycol, and at an elevated
temperature, e.g. at or about the reflux temperature of the solvent.

4) The compounds of the formula (1) where X is NH, A3 is a group of the formula:-

SR’

’ REPLACEMENT SHEET
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het erocycl i c conmpound containing 1 or 2 N heteroatons which is substituted
on a ring carbon atomby a |l eaving group and optionally further substituted
as previously defined for Rlerr] for this nethod (vi); or (vii), for the
preparation of a conmpound of the forrrulf_(l) where X is NH, Rerr] is a
group of the formul a: - - 31 - °

and R, R!, R, RY, AS and A7 ara as previously dafined lor a compaund of tha larmula (1), can be praparad by
raacticn ol a campaund of the formula;-

NH
4
R‘so, e

1
o /TR
R

where R, RY, A2 and R* are as previously defined for this methed, with a compound of the formula:-
(R°S),C=NR’

where RS and R7 are as previously defined for this methed.

In a typical precedure the reactants are heated tcgether in the presence of a base catalyst, e.g. pyridine, and
in a suitable solvent, e.g. ethancl.

The compounds of the formula (Vil) can be prepared by treatment of a compound of the formula (I} with a
ethanolic salution of aqueous ammonia, typically at a temperature of from 40 ta SQ°C.
5) The compounds of the formula (1) whera X is NH, R3 is a group of the formula:-

R6

NR’

R8 is -ORS, -NHRS, -N(RS), or -NHR? and R, R, R2, R4, RS, R7 and R? are as previously defined for a compound
of the formula (1), can be prepared by reaction of a compound of the formula (1) where X, B, R?, R2, RS, A4, AS
and A7 are as defined for method (4) for the preparation of compounds of the formula (1), with a suitable base salt
of a compound of the formula RSOH (i.e. an alkoxide derivative), or with a compound of the formula RSNH,, (RS),NH
or RINH,, or a suitable base salt thereof, as appropriate, where RS and R? are as defined for this method.

Suitable base salts of the compounds of the formula RSOH, RSNH,, (RS),NH and RNH, includa the alkali
metal salts, e.g. the scdium and potassium salts, ’

The reaction is typically carried out in a suitable solvent, e.g. tetrahydrofuran, and at the reflux temperature

thereof. )
6) Tha compounds of the formula (l) where X is NH, R3 is a 6-membered heteracyclic ring cantaining 1 or 2 N
hetercatoms which is optionally substituted as previously defined in definition (a) for R? for a compound of the
formula (1), and R, R!, A2 and R* are as previously defined for a compound of the formula (I), can be prepared
by reaction of a compound of the formula (VIl) where B, R, R2 and R* are as previously defined for a compound
of the formula {VIl), with a 6-membered ring heterocyclic compound containing 1 or 2 N heteroatoms which is
substituted on a ring carbon atom by a leaving group, e..g. halo (preferably chioro or bromo) or a group of the
formula (C,-C, alkyl)S(0),- whers n is 0, or 2, and optionally further substituted as previously defined for R3 for
this method. ' -

In a typical procedure when a halo leaving group is used, the reaction is carried out in the presence of a
suitable. acid acceptor, e.g. diisopropylethylamine, in a suitable solvent, e.g. 1,4-dioxane, and at about the reflux
temperature of the solvent,

7) The compounds of the formula (1) where X is NH, R3 is a group of the formula:- - ooy
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and R, Rerr], Rerr], Rerr] and R err] are as previously defined for a
corpound of the formula (1) in this claim reacting a conpound of the
formula (M) where R, Rerr], Rerr] and R err] are as previously defined
for a conpound of the formula (M) in this claim with a conpound of the
formula:- [err] where Z is a |eavi ng"grsou'p and R[err] is as previously
defined for a conpound of the fgrmula (I)dn this claim any of said

met hods (i) to (vii) being optFOQaIIy owed by conversion of the
conpound of the formula (1) to a eutically acceptable salt thereof.

AN

o

and R, A', A2, R4 and RS are as previously defined for a compound of the formula (1), can be prepared by reaction
of a compound of the formula (Vi) where R, R?, R2and R4 are as prewously defined for a compound of the formula
(Vll) with a compound of the formula:-

R /0

AN

O

where Z is a suitable leaving group, e.g. ethoxy, and R is as prev:ously defined for this method.

In a atypical procedure the compounds are heated together in a suitable solvent, e.g. methanol and at about
the reflux temperature thereof.

The compounds of the formula (VIII) may be prepared by conventional procedures.

All of the above reactions and the preparations of novel starting materials used in the preceding methods are
conventional and appropriate reagents and reaction conditions for their performance or preparation as well as proce-
dures for isolating the desired products are well known to thosa skilled in the art with referance to literature precedents
and the Examples and Preparations hereto.

A pharmaceutically acceptable salt of a compound of the formula () may be readily prépared by mixing together
solutions of a compound of the formuia (1) and the desired acid or base, as appropriate. The salt may precipitate from
solution and be collected by filtration or is recovered by evaporation of the solvent.

The compounds of the formula (I) have smooth muscle relaxant activity since they are able to open potassium
channels in such tissue. They can be tested for smooth muscle relaxant activity by a method involving measuring the
in vitro relaxation of electrically stimulated guinea pig tracheal rings as follows.

Adult male guinea pigs (Porcellus, 500-900g) were killed by a blow to the head with subsequent exsanguination.
Each trachea was excised and placed in Krebs solution (the composition of the Krebs solution was as follows (milfi-
moles):- NaCl (119); KCI (4.7); NaHCOj (25); KHaPO, (1.2); MgSO, (1.2); CaCl, (2.5); glucose (11), and indomethacin
(2.8uM) was added to remove the influence of the endogenous prostanoids: the solution was gassed with 85% oxygen
1 5% carbon dioxide and the temperature was kept constant at 37°C). The adherent connective tissue was dissected
away and the tracheal tube opened by cutting through the cartilage on the side opposite to the smooth muscle band.
A long cotton thread was attached to the cartilage at one end of the tracheal strip for attachment to an isometric
transducer and another thread was attached to the other end of the strip for connection to a stimulation electrode. The
preparation was mounted under a resting tension of 1gin a 15ml organ bath which was maintained at 37°C and gassed
with 95% oxygen / 5% carbon dioxide. The tissue was washed at 15 minute intervals and allowed to equilibrate for1
hour.

At the end of the equilibration period the tissue was stimulated at a frequency of 1Hz, pulse duration of 0.Ims and
at a supramaximal voltage of 25-30V for a period of 10 saconds at 100 second intervals. When the contractile responses
had stabilised, a single concentration of a compound of the formula (1), or a pharmaceutically acceptable salt thereof,
was added to the bath and stimuiation of the tissues was continued for 2 hours.

The minimum dose of the compound of the formula (1) which causes maximal inhibition of th

relative to control was then determined. REPLACEMENT SHEET

2 6 SEP 1997




18. A process as clainmed in claim17 (i) wherein the protected hydroxy
group in the definition of Rlerr] is (err]-Cerr] alkoxy or tri((err]
-Cerr] alkyl)silyloxy and preferably is nmethoxy or
‘tert-butyldinmethylsilyloxy. 19. A process as clained in claim17 (iii)
~wherein the tri(C[err]-Clerr] alkyl)silwl exy group in the definition of
‘Rlerr] is tert- butyldimethylsilyloxy. 20. A process as clainmed in claim17
(ii) or 17 (iii) that is carried out using a conpound of the formula:-

"Rl err] XH drr @mpasteoiticmeeHefedihe lamnde ) ang her i‘*é’énEPc’é'mﬁWS“‘ét‘dH (8% but will generally be

administared in admixture with a pharmaceunca! carrier Jeleczed with regard to the inlandad rcute of adminustration
and standard pharmaceutical practica.

For axample, they can be adminislered oraily in the lorm of tablets containing such excipients as starch or lactosa,
ar in capsules cr cvulas either alene ar in admixture with excipients, or in the larm ¢l elixirs, solutions ar suspensions
containing flavouring or colcuring agents.

They can ba injecled parenterally, for example, intravenously, intramuscularly or subcutanecusly. Fer parenteral
acdministraticn, they are best used in the form of a sterile aguecus sclution which may centain cther substancas, for
example, encugh salts or glucose to make the solulicn isctenic with blecd.

For aral and parenteral administraticn to human patients, the daily dasage level of the compounds of the formula
(1) will be trem 0.01 to 20mg/kg (in single or divided doses) and preferably will be frem 0.1 to Smg/kg.

Thus tablets cr capsules of the compcunds will ccntain from 1mg to 0.5g of active ccmpound for administration
singly or two or more at a time, as apprepriate. The physician in any event will determine the actual dosage which will
be most suitable for an individual patient and it will vary with the age, weight and response of the- particular patient.
The abcve desages are exemplary of the average case; there can, of course, be individual instances where higher or
lower dosage ranges are merited, and such are within the scope of this inventicn.

The compounds of formula (I) can also be administered by inhalaticn and are conveniently delivered in the form
of an aercsol spray presentation from a pressurised container or a nebuliser with the use of a suitable prepellant, e.g.
dichlorcdifluorcmethane, trichloroflucromethane, dichlorotetraflucroethane, a hydrofluoroalkane, carben dioxide or
other suitable gas. In the case of a pressurised aerosol, the dosage unit may be determined by providing a valve to
deliver a metered amount. The pressurised container or nebuliser may contain a solution or suspensicn of the active
compound. Administration by inhalation may also be carried out using a dry powder inhaler. Capsules and cartridges
(made, for example, frem gelatin) for use in an inhaler or insufflater may be formulated to contain a powder mix of a
compound of fcrmula (1) and a suitable powder base such as lactose or starch.

Aerosol formulations are preferably arranged so that each metered dose or "pufi® of aerosol contains frem 20ug
to 1000ug of a compound of formula (1), or a pharmaceutically acceptable sait thereo!, for delivery to the patient. The
overall daily dose with an aerosot will be within the range of from 20ug to 10mg which may be administered in a single
dose ar, more usually, in divided doses throughout the day.

Altematively, the compounds of the formula (1) can be acministered in the form of a suppository or pessary, or they
may be applied tcpically in the form of a Ioticn, soluticn, cream, ointment or dusting powder. For example, they can be
incorparated into a cream consisting of an aqueous emulsicn of polyethylene glycols or liquid paraffin; or they can be
incorporated, at a cencentration of from 1 to 10%, into an cintment consisting of a white wax or white soft paraffin base
together with such stabilizers and preservatives as may be required.

Thus the invention further provides:-

i) a phamacsautical composition comprising a compound of the formula (1}, or a pharmaceuticaily acceptable salt
therecf, together with a pharmaceutically acceptable diluent or carrier;

ii} a compound of the formula (l), or a pharmaceuucally acceptable salt or composition thereof, for use as a med-
icament;

iii} the use of a compound of the formula (1), or of a pharmaceutically acceptable salt or composition therecof, for
the manufacture of a medicament for the curative or prophylactic treatment of a disease associated with the altered  *
tone and/or motility of smooth muscle;

iv) use as stated in (iii) where the disease is chronic obstructive airways disease, asthma, urinary incontinencs,
irritable bowel syndrome, diverticular disease, oesophageal achalasia or hypertension;

and

V) intermediates of the formulae (ll), {111), (VIA) and (VI1).

The following Examples illustrate the preparation of the compounds of the formula (1):-




21. A process as clainmed in claim20 wherein the base is
tri-ethyl ami ne. 22. A process as clainmed in claim17 wherejjn{X i$§
R, Rlerr] and Rlerr] are each (Jerr]-Cerr] alkyl; Rerr]ji
6- menbered heterocyclic ring containing 1 or 2 N hetero-
bei ng optionally benzo- fused and oeptignral |y substituted,
benzo-fused portion, by (err]-Cerr] alkyl, hydroxy, hal
group oExanmefior mul a: - -

(3S. 4R)-4-(2-Chloropyrimidin-4~yl)amin0-3.4-dihydro-3-hvdroxv-6-(S-hydroxvphenvl)sulphonvl-z.2.3-trimelhy|-2H-

benzofblpyran

CH,0

(3S,4R)-4-(2-Chloropyrimidin-4-yl)Jaminomethoxyphenyl)sulphonyl-2,2,3-trimethyl-2H-benzo[b]pyran (0.23qg)
(see Preparation 19) was dissolved in dichioromethane (25ml) (the flask was fitted with a calcium chloride drying tube)
and boron tribromide (1mi) was added. The mixture was stirred at room temperature for 24 hours and a precipitate
was formed. The dichloromethane was decanted off, the solid taken up in 1N aqueous sodium hydroxide and washed
with ethyl acetate. The aqueous phase was acidified to give a gum which was collected and dried under reduced
pressure at 70°C to yield (3S.4R)-4-(2-chloropyrimidin-4-yljamine-3,4-dihydro-3-hydroxy-6-(3-hydroxyphenyl)sulpho-
nyl-2,2,3-trimethyl-2H-benzo[b]pyran (0.123g) as a white solid, m.p. > 280°C. LRMS m/z = 475 (m)*.
1H-NMR (ds-DMSO): § = 10.20(1H,s), 8.15(1H,d), 8.05(1H,d), 7.85(1H,m), 7.50(1H,d), 7.15-7.40(3H,m), 7.00(2H,m),
6.75(1H,d), 5.50(1H,d), 1.40(3H,s), 1.30(3H.s), 1.10(3H,s) ppm.

EXAMPLE 2

{38.4R)-3.4-Dihvdro-4-(3. 4-dioxo-2-ethoxycyciobut-1-en-1-yllaming-3-hvdroxy-6-{3-hydroxyphenylisulphonyi-
2.2.3-trimethyl-2H-benzo[blpvran :

cH,CH, _O

BO

(3S,4R)-4-Amino-3,4-dihydro-3-hydroxy-6-(3-hydroxyphenyl)sulphonyl-2,2, 3-trimethyl-2H-benzo[b]pyran (0.62g)
{see Preparation 20) and 1,2-diethoxy-3,4-dioxocyclobut-1-ene (0.15g) were dissolved in ethanol (10ml) (a calcium
chloride drying tube was attached to the flask) and the mixture was heated under reflux -for 80 minutes. The solvent
was removed under reduced pressure, the residue was then azeotroped with dichioromethane and the crude product
was chromatographed on silica with 5:95 methanol : dichloromethane as the eluent to yield (3S,4R)-3,4-dihydro-4-
{3,4-dioxo-2-ethoxycyclobut-1-en-1-yl)amino-3-hydroxy-6-(3-hydroxyphenyl)sulphonyl-2,2, 3-trimethyl-2H-benzo[b]
pyran (0.3g) as a yellow solid.

TH-NMR (ds-DMSO) (two ratamers observed): § = 10.20(1H, broad), 9.25(0.5H,broad), 9.00(0.5H,broad), 7.75(2H.m),
7.38(2H,m), 7.25(1H,s), 7.00(2H,m), 5.45(0.5H.d), 5.38(0.5H.s), 5.30(0.5H.s), 4.95(1H,d), 4. 75(1H q). 4.60 (1H,
broad), 1.45(1.5H,t), 1.38(3H,s), 1.29(1.5H,broad), 1.22(3H,s), 0.99(3H.s) ppm.



- 32 - [err] or (c) is a group of the fornula:- Rerr] is phenyl
substituted by 1 or 2 hydroxy groups;

EXAMPLE 3

2S.4R 3-Cyano-2-methylisothiouraido)-3, 4-dihydro-3-hydrox -hydroxyphenyl)sulphenyi-2, 2, 3-trimethyi-2H-

benzo[blpyran

HO 5O

(38, 4R)-4-Amine-3,4-dihydro-3-hydroxy-6-(3-hydroxyphenyl)sulphenyi-2,2, 3-trimethyl-2H-benzo[blpyran (0.6g)
{see Preparation 20) and dimethyl N-cyanodithioiminocarbenate (0.24g) were dissolved in pyridine (10ml} (a calcium
chloride drying tube was attached to the flask) and the mixture heated at S0-60°C for 24 hours. The solvent was
removed under reduced pressure and the residue chromatographed on silica with 1.1 ethylacetate ; dichloromethane
as the eluent to give a crude product which was azeotroped with ethyl acetate followed by dichloromethane, and then
triturated with diethyl ether (to remove residual pyridine) to yield (3S,4R)-4-(3-cyano-2-methylisothioureido)-3,4-dihy-
dro-3-hydroxy-6-(3-hydroxyphenyl)sulphonyl-2,2, 3-trimethyl-2H-benzo[bjpyran (0.2764) as a solid.

TH-NMRA (dg-DMSOY): 5 = 10.25(1H,s), 8.50(1H,d), 7.70(1H,d), 7.50(1H,s), 7.30-7.45(2H,m), 7.25(1H,d), 6.98-7.05(2H,
m), 5.45(1H.d), 5.40(1 H,s), 2.72(3H,s), 1.37(3H,s), 1.25(3H,s), 1.07(3H,s) ppm.

EXAMPLE 4

{88.4R)-3.4-Dihydro-3-hydroxy-6-(4-hydroxyphenylisulohonyi-4-{3-hydroxypyridazin-8-yhoxy-2,2. 3-trimethyi-2H-
benzolblpyran

(3S,48)-6-(4-tert-Butyldimethyisilyloxyphenyl)sulphonyl-3,4-dihydro-3,4-epoxy-2,2, 3-trimethyi-2H-benzo[b]pyran
(0.35g) (see Preparation 14) and 3,6-dihydroxypyridazine (0.273g) were suspended in absoiute ethanol (3ml), dry
pyridine (0.065ml) was added and the mixture was heated under reflux for 4 days. The solvent was then removed
under reduced pressure and the residue chromatographed on silica with 1:99 methanol : ethy| acetate as the eluent
to yield (3S,4R)-3,4-dihydro-3-hydroxy-6-(4-hydraxyphenyl)sulphonyl-4-(3-hydroxypyridazin-6-yl)oxy-2,2,3-trimethyl-
2H-benzolblpyran (0.155g) as a white solid, m.p. > 200°C. Found: C,57.54; H,5.35; N,5.57. C5H5,N,07S, 0.20 ethyl
acetate requires C,57.50; H,4.99; N,5.88%. '

TH-NMR (dg-DMSOY): § = 12.38(1H,s), 7.16(4H,m), 7.25(1H,d), 6.80-7.00(4H,m), 5.80(1H,s), 5.38(1H,s), 1.38(3H,s),
1.30 (3H,s), 1.15(3H,s) ppm.




Rlerr] is -SRlerr]; Rerr] is -ORerr]; and Rerr] and R err] are as
defined in claim17. 23. A process as clainmed in claim22 wherein Xis QO
R, Rlerr] and Rerr] are each nmethyl: Rlerr] is

, 2-di hydr o- 2- oxo- 1H- pyri di n- 4-yl, .
I hydr o- 5, 6-di net hyl - 2- oxo- 1H pyridi n-4-yl, 3-hydroxypyridazin- 6-yl,

1
1,2-d
2, 3-di hydr o- 2- net hyl - 3- oxopyri dazi - 15
2, 3- di hXiiMRLBSet hyl - 3- oxopyri dazi n-6-yl, 1, 2-di hydro-1-oxo-
2H- pht hal azi n- 4- yI 1, 2-di hydro 2- met hyI 1- oxopht hal azi n- 4-yl ,
2-chl o W%&_@Wﬂﬁﬁﬁow -3-hydroxy-6-(4-hydroxyphenyl)sulphonyl-
2.2 3-trimethyl-2H-benZo[blpyran
NGO

(3S.4S)-6-(4-tert-Butyldimethylsilyloxyphenyl)sulphenyl-3,4-dihydro-3, 4-epoxy-2.2,3-trimethyl-2H-benzao{b]pyran
(1.618 g) (see Preparaticn 14) and 2,3-dihydro-2-methyl-3-oxo-6-hydroxypyridazine {1.33g) (see J.Org.Chem, 1971,
386, 3372) were suspended in dry 1,4-dioxane (15ml}, pyridine (0.275ml) was added and the mixture was heated under
refiux (a calcium chioride drying tube was attached to the flask) for 3 days. The solvent was removed under reduced
pressure and the residue was partitioned between ethyls acetats and water. The organic phase was separated and
dried {anhydrous sodium sulphate), the solvent was removed under reduced pressure and the crude prcduct was
chromatographed on silica using 1:99 methanol : ethyl acetate as the eluent to yield (3S,4R)-3,4-dihydro-4-(2,3-dihy-
dro-2-methyl-3-oxopyridazin-8-yljoxy-3-hydroxy-6-(4-hydroxyphenyl)sulphonyl-2,2,3-trimethyl-2H-benzo{blpyran
(0.352g) as a white solid. Found: C,58.13; H,5.00; N,5.70. Cp3H4N,OS requires C,58.46; H,5.12; N,5.93%.
TH-NMR (dg-DMSOY): § = 7.65-7.75(4H,m), 7.27(1H,d), 6.82-7.05(4H,m), 5.78(1H,s), 5.36(1H,s), 3.34(3H,s), 1.39(3H,
s}, 1.30(3H,s), 1.20(3H,s) ppm.

EXAMPLE 6

(38.4R)-3.4-Dihvdro-4-(2. 3-dihydro-2-ethyl-3-oxcovridazin-8-yl)oxyv-3-hydroxy-6-{4-hydroxyphenyiisulohcnvl-

2.2.3-trimethvi-2H-henzolbloyran
p
g
N,Ndizai,

\0!-!
SOOI s — OO
TBDMS o g::

(38,48)-6-(4-tert-Butyldimethylsilyloxyphenyl)sulphonyl-3,4-dihydro-3,4-epoxy-2,2,3-trimethyl-2H-benzo{b]pyran
(1.6649) (see Preparation 14) and 2,3-dihydro-2-ethyl-3-oxo-8-hydroxypyridazine (1.529) (see J.Org.Chem, 1971, 36,
3372) were suspended in dry 1,4-dioxane (15ml), pyridine (0.282ml) was added and the mixture was heated under
reflux {(a calcium chloride drying tube was attached to the flask) for 3 days. The solvent was removed under reduced
pressure and the residue was partitioned between ethyl acetate and water. The organic phase was separated and
dried (anhydrous sodium sulphate), the soivent removed under reduced pressure and the crude product was chroma-
tographed on silica with 1:99 methanol : ethyl acetate as tha eluent to yield {3S,4R)-3,4-dihydro-4-(2, 3-dihydro-2-ethyl-
3-oxopyridazin-6-yl)oxy-3-hydroxy-6-(4-hydroxyphenyi)-sulphonyl-2,2, 3-trimethyl-2H-benzo[b]pyran (0.340g) as a
white solid, m.p. 186-188°C. Found: C,59.16: H,5.27; N,5.10. C4H6N,07S, 0.10 ethyl acetate requires C,59.16: H,
5.45; N,5.65%.

TH-NMR (CDCly): § = 7.52-7.70(4H,m), 7.16(1H,d), 6.72-6.98 (4H,m), 5.72(1H,s), 5.30(1H,s), 4.97(1H,m), 4.80(1H,
m), 1.28(3H,s), 1.18(6H,m), 1.08(3H,s) ppm.
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dobut-1 -en-1-yl or 3-cyano-2-nethylisothioureido;, and R
2- hydr oxyphenyl , 3-hydroxyphenyl, 4-hydroxyphenyl or 3, 4-
24. A process as clainmed in claim?23 mherein Rlerr] is 1
, 2-di hydr o- 2- oxo- 1H- pyri di n-4-yl or Ehh ydr o- 2- net hyl
opyrlda2|n 6-yl; and Rerr] is 3- hydroxy enyl or 4-hydrpxyphen
process as clained in any of clains 17 to 24 that is use
conmpound of the formula:- [err] where X, R Rerr], Rerr], Rerr
Rlerr] eaxamesedefined in any of clainms 17 to 24.

(3S.4R)-3.4-Oihydra-4-(2, 3-dihydro-2-methyl-3-oxopyridazin-6-yloxy-3-hydroxy-6-{3-hydroxyphenyl)sulphenyl-
2.2.3-trimethyl-2H-benzofblpyran

(3S,48)-6-(3-tert-Butyldimethylsilyloxyphenyl)sulphonyl-3,4-dihydro-3,4-epoxy-2,2, 3-trimethyl-2H-benzo[b]pyran
(2.0 g) (see Preparation 15) and 2,3-dihydra-2-methyl-3-axc-6-hydroxypyridazine (1.5g) (see J.Org.Chem, 1971, 36,
3372) were suspended in ethanol (30mi), pyridine (0.31g) was added and the mixture was heated under reflux (a
calcium chloride drying tube was attached to the flask) for 100 hours. After cooling the reaction was filtered and the
filtrate was evaporated to yield a solid which was dissolved in 0.8% methanol / dichloromethane and filtered again.
The filtrate was again evaporated and the residus was chromatographed on silica eluting with a solvent gradient of
0.5:99.5 to 3.75:86.25 methanol : dichloromethane to yield (3S,4R)-3,4-dihydro-4-(2,3-dihydro-2-methyi-3-oxo-pyri-
dazin-8-yl)oxy-3-hydroxy-6-(3-hydroxyphenyl)sulphonyl-2,2,3-trimethyl-2H-benzo[blpyran (1.0g) as a white solid.
Found: C,53.20; H,4.79; N,5.22. C23H34N;078, 0.75 CH,Cl, requires C,53.00; H,4.79; N,5.10%.

TH-NMR (COCly): § = 8.04(1H,s), 7.75-7.85(2H,m), 7.30-7.45 (3H,m), 6.90-7.10(4H,m), 5.91(1H,s), 3.72(3H,s), 3.32
(1H,s), 1.45(3H,s), 1.40(3H,s), 1.30(3H,s) ppm.

EXAMPLE 8

38.4H)-3.4-Dihvdro-4-(2. 3-dihydro-2-methyl-3-oxopyridazin-6-ylloxv-3-hvdroxv-6-(2-hvdroxvphenyiisulphonvi-
2.2.3-trimethy1-2H-benzo[blpyran

TBDMS-O

=0

o=0
éizié o

{3S,4S)-6-(2-tert-Butyldimethylsilyloxyphenyl)sulphony!-3,4-dihydro3,4-epoxy-2,2,3-trimethyl-2H-benzofb]pyran
(0.5 g) (see Preparation 16) and 2,3-dihydro-2-methyl-3-oxo-6-hydroxypyridazine (0.419) (see J.Org.Chem., 1971, 36,
3372) were suspended in dry 1,4-dioxane (Bmi), pyridine (0.085g) was added and the mixture was heated under reflux
{a calcium chloride drying tube was attached to the flask) for 20 hours. The solvent was removed under reduced
pressure, the residue was stirred with dichloromethane (30ml) and filtered. The filtrate was evaporated and the residue
was chromatographed on silica using 1:1 hexana : ethyl acetate as the eluent to yield a mixture of the required product
and the epoxide starting material, This mixture was redissclved in dry 1,4-dioxana (7ml), 2,3-dihydro-2-methyl-3-oxo-
6-hydroxypyridazine (0.2g) and pyridine (0.08g) were added and the reaction was heated under reflux for a further 18
hours. The solvent was removed under reduced pressure and the residue was dissolved in 5% msthanol / dichlo-
romethane and filtered. The filtrate was evaporated and the residue was chromatographed on silica using 2.5:97.5
methanol : dichloromethane as the eluent to yield (38,4R)-3,4-dihydro-4-(2,3-dihydro-2-methyl-3-oxopyridazin -6-yl)
oxy-3-hydroxy-6-(2-hydroxyphenyl)-sulphonyi-2,2,3-trimethyl (0.179) as a yellow foam. Found: C,54.19; H,4.85; N,
5.21. Cy3Hy4N,0;5, 0.625 CH4Cl, requires C,54.06: H,4.73; N,5.34%.



26. A process as clainmed in any of clains 17 to 21 which is used to prepare
a conpound selected fromthe group consisting of :

3, 4-di hydr o- 4- (2, 3-di hydr o- 2- met hyl - 3- oxopyri dazi n- 6-yl ) oxy- 3- hydr oxy- 6- ( 3-
hydr oxyphenyl ) sul phonyl -2, 2, 3-tri nmet hyl - 2H benzo[ b] pyran and

3, 4-di hydr o- 4- (2, 3-di hydr o- 2- nethyl 3- oxbﬂyridazin 6- yI)oxy-

3- hyd | h 3- th b
a p%a; OXYin |As§c£%f?rofyp g—g% 254 c{)o'inﬁ(s bén'sz%@?)ngaf‘%w) ggt? O( rp%n?saguh s), o’
stereO|so e ed

EXAMPLE §

(3S.4R)-3.4-Dihydro-4-(1.2-dihydro-1-ax0-2H-phthalazin-4-ylloxy-3-hydrozy-6-(4-hydrozyphenyl)sulohenyi-

2.2.3-trimethyl-2H-benzofblpvran
|REPLACEMENT SH_EET

2 6 SEP BYJ

A mixture of (3S,48)-6-(4-tert-butyidimethylsilyloxyphenyl)suiphonyi-3,4-dihydro-3,4-epoxy-2,2, 3-trimethyl-2H-
benzo[b]pyran (0.819) (see Preparation 14), phthalhydrazide (0.88g), pyridine (0.5ml) and diethylene glycol (10mi)
was heated at 120°C for 210 minutes. The reaction mixture was poured into water and extracted with ethyl acetate.
The organic extract was dried (anhydrous magnesium sulphate), the solvent was evaporated and the resultant gum
was chromatographed on silica using 180:20:1 dichloromethane : methanol : 35% aqueous ammonia solution as the
eluent to yield (3S,4R)-3,4-dihydro-4-(1,2-dihydro-1 -oxo-2H-phthalazin-4-yfjoxy-3-hydroxy-6-(4-hydroxyphenyl)
sulphonyl-2,2, 3-trimethyl-2H-benzo[b]pyran (0.091g) as a solid.

TH-NMR (dg-DMSOQ): 5= 8.28(1H,d), 7.80-7.95(4H,m), 7.55-7.70(3H,m), 6.95(1H,d), 6.90(1 H,d), 6.80(1H,d), 5.41 (1H,
s}, 1.50(3H,s), 1.38(3H,s), 1.28(3H,s) ppm.

EXAMPLE 10

38,4R)-3.4-Dihydro-4-(1.2-dihydro-2-methyl-1-oxophthalazin-4-yl)oxy-3-hydroxy-6-{4-hydroxyphenyl)sulohonyl-

2.2.3-trimethyl-2H-benzolblpyran

Z O

g g o

OO0 — OO

TBDMS &, o a4
CH,

A mixture of (3S,4S)-6- (4-tert-butyldlmethylsuyloxyphenyl)suIphonyl -3,4-dihydro-3,4-epoxy-2,2,3-trimethyl-2H-
benzofb]pyran (0.71g) (see Preparation 14), 1,2-dihydro-4-hydroxy-2 -methyl-1-oxophthalazine (0.846g) (see Prepa-
ration 21), pyridine (0.4ml) and 1,4-dioxane (10ml) was heated under reflux for 4 days. The solvent was removed under
reduced pressure, the residue was dissolved in sthyl acetate and washed first with dilute aqueous citric acid solution
and then with brine. The organic phase was dried (anhydrous magnesium sulphate), the solvent was removed and the
crude product was chromatographed on silica eluting with a solvent gradient of 100:1:0.15 to 180:20:1
dichioromethane : methanol : 35% aqueous ammonia solution to yield (3S,4R)-3,4- ~dihydro-4-(1,2-dihydro-2-methyl-

1-oxophthalazin-4-yl)oxy-3-hydroxy-6-(4-hydroxyphenyl)sulphonyl-2,2,3-trimethy|-2H- -benzo[b]pyran (0.12g) as a sol-



- 33 - 27. A process as clainmed in any one of clains 17 to —MLAC'EMENT-W

to-prepare (3S,4R) -3, 4-di hydro-4-(2, 3-di hydro-
2- met hyl - 3- oxopyri dazi n- 6- yl ) oxy- 3- hydr oxy- 6- ( 3- hydr oxypheny! ) sl 6 3&R1992,
, 3-trinmethyl-2H benzo[ b] pyran, or a pharmaceutically acceptjabll e sal t

t hereof. 28. A process as clained in any ne of clainms 17 tjo 21 which 1s
used to prepare (3S,4R)-3, 4-di hydro-4- (2, dl'hydro-

23mta'; P?lri;t S OX r I daz| ngT 8‘55%‘{ gb)rpH 7 7sh7y gg{sOHXm) 7. aaszAf-l dr)lydgrsgmo %egr&é d) 6. 08(1192)y3 79"’ 2
(3H,s), 1. GO(SH s) 1 50( 2(3H,s) ppm.

EXAMPLE 11

{3S.4R)-3.4-Dihydra-4-(1.2-dihydro-2-0xo0-1H-ovridin-4-y)oxy-3-hydrozy-6-(3-hydroxyphenyl)sulphonyl-
2.2.3-trimathyl-2H-benzo[blpyran

O
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] > CHJ
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{3S,48)-6-(3-tert-Butyldimethylsilyloxyphenyl)sulphonyl-3,4-dihydro-3,4-epoxy-2,2,3-trimethyl-2H-benzo[b]pyran
{0.70 g) (see Preparation 15) and 2,4-dihydroxypyridine (0.44g) were suspended in ethanot (15ml), pyridine (0.15 g)
was added and the mixture was heated under reflux (a calcium chloride drying tube was attached to the flask) for §
days. The solvent was removed under reduced pressure, the residue was stirred with 5% methanol / dichloromethane
and then filtered. The filtrate was evaporated and the residue was chromatographed on silica using 19:1 dichlorometh-
ane: methanol as the eluent to yield first (3S,4R)-3,4-dihydro-4-(1,2-dihydro-2,0x0-1H-pyridin-4-yl)oxy-3-hydroxy-6-
(3-hydroxyphenyl)sulphonyl-2,2,3-trimethyl-2H-benzofb]pyran (0.1189) as a white foam. Found: C,60.58; H,5.04; N,
2.67. Cp3HpaNO4S, 0.30 diethyl ether requires C,60.60; H,5.46; N,2.92%.
1H-NMR (dg-DMSOQ): 8 = 10.20(1H,broad), 7.71(1H,dd), 7.62 (1H.s), 7.30-7:40(2H,m), 7.25(1H,dd), 7.15(1H,d),-
6.95-7.05(2H,m), 6.20(1H,s), 6.06(1H,dd), 5.45(1H,s), 5.40 (1H,s), 1.38(3H,s), 1.34(3H,s), 1.10(3H,s) ppm.

Further elution then provided {3S,4R)-3,4-dihydro-4-(1,2-dihydro-2-oxo-4-hydroxypyridin-1-yl)-3-hydroxy-6-(3-hy-
droxyphenyl)sulphonyi-2,2, 3-trimethyl-2H-benzofb]pyran (0.142g) as a foam.

TH-NMR (dg-DMSO): 8= 10.50(1H,broad), 7.96(1H.d), 7.62-7.72(2H,m), 7.35(1H,m), 7.20(1H,d), 7.10(1H,s}, 6.94-7.00
(2H,m), 6.65(1H,dd), 6.20(2H,m), 5.50(1H,s), 1.40(3H,s), 1.32(3H,s), 1.15(3H,s) ppm.

EXAMPLE 12

{3S.4R)}-3.4-Dihydro-4-(1.2-dihydro-5.6-dimethyl-2-oxo-1 H-pyndln-4-vl)oxv-3-hvdr0216 {3-hydroxyphenyl)
sulphonyl-2.2, 3-trimethyi-2H -benzolblpyran ..

TBDMS-O

(3S,485)-6-(3-tant-Butyldimathylsilyloxypheny!)sulphonyl-3,4-dihydro-3,4-epoxy-2,2,3-trimethyl-2H-benzo[bjpyran
(0.70g) (see Preparation 15) and 2,4-dihydroxy-5,6-dimethylpyridine (0.42g) (see Preparation 23) were suspended in
ethanol (15ml) and pyridine (0.12g) was added. Tha mixture was heated under reflux (a calcium chloride drying tube




a pharmaceutically acceptable salt thereof. 29. A proceqg
preparation of a pharmaceutical conposition conprising
of the formula (1), or a pharnmaceutically acceptabl e salft |
has been prepared by a process as clainmed in any of cl aifny

together with a pharmaceutically ac_cei)é abl e diluent or

was altached o the flask) faor 20 days. The solvent was removed under reducad prassura, i stirred-in
20% methanol/ dichloramethane (50ml), filtered and the filtrate was evaporated to yield a crude product which was
chromatagraphed cn silica eluting with a sclvent gradient of 19:1 to 9:1 dichloromethane : methanol lo yield (3S,4R)-
3,4-dihydra-4-(1,2-dihydro-5,6-dimethyl-2-oxo- 1 H-pyridin-4-yl)oxy-3-hydroxy-6-(3,hydroxyphenyl)sulphonyl-2,2,3-tri-
mathyl-2H-benzofb|pyran (0.143g) as a solid.

1H-NMR (dg-OMSO): 5 = 10.30(1H,s), 6.96-7.65(H,m), 6.18 (1H,s), 5.45(1H.s), 5.36(1H.s), 2.20(3H,s), 1.84(3H.s),

1.38(3H,s), 1.33(3H,s), 1.12(3H.s) ppm.
EXAMPLE 13

(3S.4R)-3,4-Dihvdro-4-(2. 3-dihydro-2-methvi-3-oxopyridazin-8-yl)-oxy-6-(3.4-dihydroxvoh enylisulohenyl-3-hydroxy-

2.2, 3-trimethyl-2H -benzo[blpvran
F 40 A0
. RN, ~ -CH,
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g c, —> I L
o cH, e,
cH, 0" ez, HO o e
oy, (HO

(3S,4R)-3,4-Dihydro-4-(2,3-dihydro-2-methyl-3-oxopyridazin-6-yljoxy-6-(3,4-dimethoxyphenyl)sulphonyl-3-hy-
droxy-2,2,3-trimethyl-2H-benze[bjpyran (0.50g) (see Preparation 26) was dissolved in dichloromethane (12mi) (under
a nitrogen atmosphere) and boron tribromide (4mi of 2 1M solution in dichloromethane) was added. The mixture was
stirred at room temperature for one hour and a precipitate was formed. Water (20ml) and dichloromethane (15ml) were
added, an insoluble gum formed and the solvents were decanted off. The gum was then chromatographed on silica
using 1:9 methanol ; dichloromethane as the eluent to yield (3S,4R)-3,4-dihydro-4-(2,3-dihydro-2-methyl-3-oxopyri-
dazin-6-yl)oxy-6-(3,4-dihydroxyphenyl)sulphonyl-3-hydroxy-2,2, 3-trimethyl-2H-benzo[b]pyran (0.33g) as a white foam
which was then triturated with diethyl ether and dried to give a white solid.

TH-NMR (dg-DMSOY): § = 10.10(1H,s), 9.75(1H.s), 7.75(1H,s), 7.65(1 H,m), 7.30(1H,d), 7.15(2H,m), 7.05(1H,d), 6.95
(1H,d), 6.85(1H,d), 5.80(1H,s), 5.72(1H,s), 3.60(3H,s), 1.40(3H,s), 1.31(3H,s), 1.15(3H,s) ppm.
The following Preparations illustrate the preparation of certain starting materials used in the preceding Examples.

PREPARATION 1

4-Bromcphenyl propionate

4-Bromophenol (259g) and 4-dimethylaminopyridine (1.5g) were dissolved in dichloromethane (1000ml), the so-
lution was cooled in an ice bath and triethylamine (219ml) was added portionwise such that the reaction temperature
was kept below 20°C. Propionyl! chloride (137ml) was then added over 1 hour and the resulting mixture was stirred at
room temperature for 2 hours. The mixture was washed with water followed by brine, then dried (anhydrous magnesium
sulphate) and the sclvent removed under reduced pressure to yield 4-bromophenyl propionate (344q) as a green oil.
TH-NMR (CDCl,): 8 =7.43(2H,d), 6.94(2H,d), 2.52(2H,q), 1.20(3H.t) ppm.

PREPARATION 2

1 -(5-Bromo-2-hydrozyghenyl)Qrooan-1 -one

4-Bromopheny! propionate (115q) (see Preparation 1) and aluminium chloride (150g) were heated together at
approximately 90°C for 15 minutas. The solution became dark and hydrogen chloride gas was avolved. After cooling
the black mass was carelully added to ice and a brown solid formed. The mixture was extracted with dichloromethane.
The organic extract was separated, washed with brine, dried (anhydrous magnesium sulphats) and the solvent removed
under reduced pressurs to yield 1-(5-bromo-2-hydroxyphenyl)propan-1-one (110g) as a yellow solid.
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TH-NMR (COCly): 8 = 12.28(1H,s), 7.88(1H,d), 7.55(1H,dd), 6.89(1H.d), 3.02({2H.g). 1.27(3H.1)

PREPARATION 3

6-8rcma-J, 4-dihydro-4-0x0-2.2. 3-trimethyl-2M-benzofblpyran

1-(5-Bromo-2-hydroxyphenyl)prcpan-1-ona (375g) (see Preparation 2) was dissolved in a mixtura of dry toluenas
{170Cml) and acetcne (2040ml). Piperidine (748ml) was added and the solution was heated under reflux for 7 days.
The solvent was removed under reduced pressure, the residue was dissolved in diethy! ether and washed sucsassively
with agueous citric acid solution {x4), 0.5M aqueous scdium hydroxide soluticn (x4) and then brine (x3). The organic
phase was separated and the solvent was removed under reduced pressure to yield 6-bromo-3,4-dihydro-4-oxo-
2,2,3-trimethyl-2H-benzofb]pyran (408g) as an orange ail. Found: C,53.59; H,4.84. C,,H,,BrO, requires C,53.55; H,
4.87%.
TH-NMR (CDCly): 8 = 7.90(1H,d), 7.50(1H,dd), 6.79(1H,d), 2.70(1H,q), 1.50(3H,s), 1.28(3H,s), 1.17(3H,s) ppm.

PREPARATION 4

§-Bremo-2.2. 3-trimethvi-2H-benzo[blpvran

§-Bromo-3,4-dihydro-4-0x0-2,2, 3-trimethyl-2H-benzo[b]pyran (407g) (see Preparation 3) was dissolved in ethanol
(1500mi}, cooled in an ice bath and sodium borohydride (61.4g) was added portionwise over 20 minutes. The mixture
was stirred at rcom temperature for 3 hours, the solvent removed under reduced pressure, the residue dissolved in
diethyl ether and the mixture washed first with water and then with brine. The organic layer was dried (anhydrous
magnesium sulphate) and the solvent removed to vield the crude alcohol. This was dissolved in toluene (1000mi),
paratoluenesulphonic acid (40g) added and the mixture heated under reflux {with removal of water) for 2 hours. The
solvent volume was reduced to approximately S00mi and the solution was washed with aqueous sodium carbonate
salution and then brine. The organic phase was dried (anhydrous magnesium sulphate) and the solvent removed under
reduced pressure to yield 6-bromo-2,2,3-trimethyl-2H-benzofblpyran (350g) as an orange oil.

TH-NMR (CDCl,): 8 = 7.10(1H,dd), 6.96(1H,d), 6.59(1H,d), 5.96(1H,s), 1.78(3H,s), 1.35(6H,s) ppm.

PREPARATION 5

6-(4-Methoxyphenylithio-2.2. 3-trimethyl-2H-benzolblpyran

§-Bromo-2,2,3-trimethyl-2H-benzofb]pyran (9.637g) (see Preparation 4) was dissolved in absolute ethanol
(200mi), then scdium tert-butoxide (11.029g), 4-methoxybanzenethiol (4.9mi) and tetrakis(triphenylphosphine)palladi-
um(0) (0.454g) were added and the mixture was heated under reflux under a nitrogen atmosphere for 48 hours. The
solvent was removed under reduced pressure and the residue was dissolved in dichloromethane and washed with
water. The organic layer was dried (anhydrous sodium sulphate), the solvent was removed under reduced pressure
and the crude product was chromatographed.on silica using 1:1, hexane: dichioromethane as the eluent to yield &-
(4-methoxypheny|)thio-2.2.3~trimethyl-2H-benzd[b]pyran (7.823g) as a yellow ail.

TH-NMR (CDCly): § = 7.28(2H,d), 7.05(1H,dd), 6.92(1H,d), 6.84(2H,d), 6.70(1H,d), 6.00(1H,s), 3.80(3H,s), 1.81(3H,
s), 1.40(6H,s) ppm.

PHEPARATION 6

6-{3-Methoxyphanyithio-2.2, 3-trim ethvl-ZH-benzo[b]pyran

6-Bromo-2,2,3-trimethyl-2H-benzofbjpyran (6.5g) (see Preparation 4) was dissclved in absolute ethanal (135ml),
then sadium tert-butoxide (7.5g), 3-methoxybenzenethiol (3.6g) and tetrakis(triphenylphosphine)palladium(0) (0.35g)
were added and the mixture was heated under reflux under a nitrogen atmaosphere for 48 hours. Further tetrakis(triphe-
nylphosphine)pailadium(0) (0.3g) was added and heating was continued for a further 48 hours. The solvent was re-
moved under reduced pressure and the residue was dissolved in dichloromethane and washed with water. The organic
layer was dried (anhydrous sodium sulphata), the solvent removed under reduced pressure and the crude product
chromatographed on silica using 1:1 hexane : dichloromethane as the eluent to yield 6-(3-methoxyphenyl)thio-2,2,3-tri-
methyl-2H-benzo[b]pyran (7.2g) as an oil,
TH-NMR (CDCly): § = 7.05-7.20(3H,m), 6.63-6.78(4H,m), 6.05(1H,s), 3.72(3H,s), 1.83(3H,s), 1.45(6H,s) ppm.
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PREPABATICN 7

6-(2-Methoxvehenvilthio-2. 2, 3-trimethyi-2H-benzc{blpvran

8-8remo-2.2,3-irmethyl-2H-benzc{blpyran (9.8g) (see Preparation 4) was dissolved in absolute ethanal (200mi),
lhen sccium tert-butoxide (11.0g), 2-methaxybenzenethiol (5.3g) and tetrakis(triphenylphosphine)palladium(0) (0.45g)
were acdded and the mixture heated under reflux under a nitrcgen atmosphere for 24 hours. The scivent was removed
under reduced pressure and the residue was dissolved in dichloromethane and washed with water. The organic layer
was cried (anhydrcus sodium sulphate), the solvent was removed uncer reduced pressure and the crude preduct was
chremategraphed first on silica using 1:1 hexane : dichlorcmethane as the eluent and then on silica using 24:1 hexane :
ethyl acetate as the eluent to yield 6-(2-methoxyphenyl)thio-2,2, 3-trimethyl-2H-benzo([bjpyran (8.1 2g) as an cil.
TH-NMR (CDCl,): 8=7.10-7.23(3H,m), 6.76-6.85(4H,m), 6.05(1H,s), 3.90(3H,s), 1.83(3H,s), 1.45(6H,s) ppm.

PREPARATION 8

6-(4-Hvcdrozvohenviithio-2. 2. 3-trimethvl-2H-ben zolblovran

8-(4-Methoxyphenyl)thic-2,2,3-trimethyl-2H-benzo[blpyran (7.616g) (see Preparation 5) was dissclved in, dry
2,4,6=collicine (30ml), anhydrous lithium icdide (10.04g) was added and the mixture was heated under reflux under a
nitrogen atmesphere for 48 hours. A further portion of lithium icdide (9.06g) was then added and heating was continued
for another 72 hours. After cooling, the mixture was taken up in dichloromethane and washed with 2N aqueous hydro-
chioric acid solution (x3). The organic layer was separated, dried (anhydrous scdium sulphate), the solvent removed
under reduced pressure and the residue was chromatcgraphed on silica using dichioromethane as the eluent to yield
6-(4-hydroxyphenyljthio-2,2, 3-trimethyi-2H-benzo[b]pyran (5.799g) as an ail.
TH-NMR (CDCl,): 5 =7.25(2H,d), 7.05(1H,cd), 6.92(1H,d), 8.70-6.80(3H,m), 6.02(1 H,s), 4.92(1 H,s), 1.85(3H,s), 1.40
(6H,s) ppm. .

PREPARATICN @

8-(3-Hydrexvohenviithio-2.2.3-trimethyi-2H-benzolblpyran

8-(3-Methoxyphenyl)thio-2,2,3-trimethyi-2H-benzolb]pyran (3.5g) (see Preparation 6) was dissolved in dry
2,4,6-collidine (15ml), anhydrous lithium iodide (3g) was added and the mixture was heated under reflux under a ni-
trogen atmosghere for 24 hours. After cooling, the mixture was taken up in dichloromethane and washed with 2N
aqueous hydrechloric acid solution (x3). The organic layer was dried (anhydrous sodium sulphate), the solvent removed
under reduced pressure and the residue chromatographed on silica eluting with a solvent gradient of 1:1 hexane :
dichloromethane changing to dichloromethane to vield 6-(3-hydroxyphenyljthio-2,2,3-trimethyl-2H-benzo[blpyran
(2.25g) as an ail.
TH-NMR (CDCl,): & = 7.05-7.21 (38H,m), 6.75(2H,m), 6.60(2H,m), 6.04(1H,s), 4.60(1H,broad), 1.86(3H,s), 1.45(6H,s)
ppm.

PREPARATION 10

§-(2-Hvdroxyphenviithio-2.2. 3-trimethvi-2H-benzofblpyran

6-(2-Methoxyphenyl)thio-2,2,3-trimethyl-2H-benzo[b]pyran (3.5g) (see Preparation 7) was dissolved in dry
2.4,6-cailidine (15ml), anhydrous lithium iodide (9.0g) was added and the mixture was heated at 150°C far 40 hours.
After coaling, the mixture was taken up in dichloromethane and washed with 2N aqueous hydrochloric acid solution
(x3). The organic layer was dried (anhydrous sodium sulphate), the solvent removed under reduced pressure and the
residue was chromatographed on silica using 1:1 hexane : dichloromethane as the eluent to yield 6-(2-hydroxyphenyl)
thio-2,2, 3-trimethyl-2H-benzo[b]pyran (1.29) as an oil.
"H-NMR (CDCl,): § = 7.50(1H,d), 7.31(1H,t), 7.05(1H,d), 6.90(2H.m), 6.75(1H,d), 6.65(1H,d), 6.55(1H,s), 5.99(1H,s),
1.80(3H,s), 1.37(6H,s) ppm. . '




PREPARATION 11

§-{4-rtert-Butyldimeathvlsilyloxvohenylthio-2.2. 3-trimethyl-2H-benzofblpyran

6-(4-Hyarexyphenyljthio-2,2,3-trimathyl-2H-benzofb|pyran (5.799g) (see Preparation 8) was dissolved in dry
dimethylicrmamida (12ml) and imidazale (2.768g) and tert-butyldimethylsily! chloride (2.923g) were added. The flask
was fittad with a calcium chioride drying tube and the mixture was stirred at 40°C for 18 hours. The solvent was then
removed under reduced pressure and the residue was partitioned between aqueous scdium bicarbonate solution and
dichlcrcmethane. Thae organic layer was dried (anhydrous sedium sulphate), the sclvent removed under reduced pres-
sure and the crude product chromatographed on silica using 1:1 hexane : dichloromethane as the eluent to yield &-
(4-tert-outyldimethyisilyloxyphenyljthio-2,2, 3-trimethyl-2H-benzc(b]pyran (6.681g) as an oil. LAMS m/z = 413 (m+1)*,
TH-NMR (CDCly): & = 7.20(2H,d), 7.05(1H,dd), 6.95(1H,d), 6.70-6.80(3H,m), 6.02(1 H.s), 1.85(3H,s), 1.41(6H,s), 0.97
(SH.,s), 0.21(6H,s) ppm.

PREPARATION 12

6-{3-tert-Butvidimethyisilyloxypheny/ithio-2.2, 3-trimethyl-2H-benzofblpyran

6-(3-Hydroxyphenyljthio-2,2,3-trimethyl-2H-benzc{b]pyran (2.29) (see Preparaticn 9) was dissolved in dry dimeth-
ylformamide (4ml) and imidazole (1.1g) and tert-butyldimethyisilyl chioride (1 .2g) were added. The flask was fitted with
a calcium chloride drying tube and the mixture was stirred at 40°C for one hour. Water was added and the mixture was
extracted with diethyl ether. The organic extract was washed with aqueous sodium hydrogen carbonate solution (x2),
dried (anhydrous scdium sulphate), the solvent removed under reduced pressure and the crude product chromato-
graphed on silica using (4:1 hexane: dichloromethane as the eluent to yield 6-(3-tert-butyldimethylsilyloxyphenyi)thio-
2,2,3-trimethyl-2H-benzo(blpyran (2.84g) as an oil.
TH-NMR (CDOCly): & = 7.00-7.18(3H,m), 6.74(2H.d), 6.58(2H,m), 6.00(1H,s), 1.80(3H,s), 1.40(6H,s), 0.88(9H.s), 0.10
(6H.s) ppm.

PREPARATION 13

6-(2-tert-ButvldimethvlsiIvloxvohenvmhio-2.2.3-trir_nethyl-gH-benzof blpvran

6-(2-hydroxyphenyljthio-2,2,3-trimethyl-2H-benzc[blpyran (1.1g) (see Preparation 10) was dissolved in dry
dimethylformamide (2ml) and imidazole (0.55g) and tert-butyldimethylsilyl chloride (0.61g) were added. The flask was
fitted with a calcium chloride drying tube and the mixture stirred at 40°C for 90 minutes. Water was added and the
mixture was extracted with diethyl ether. The organic extract was washed with aqueous scdium hydrogen carbonate
solution (x2), dried (anhydrous sodium sulphate), the solvent-removed under reduced pressure and the crude product
was chrematographed on silica using 4:1 hexane : dichloromethane as the eluent to yield 8-(2-tert-butyidimethylsily-
loxyphenyl)thio-2,2,3-trimethyl-2H-benzo[bjpyran (1.43q) as an oil.
1H-NMR (CDCl,): § = 7.20(1H,dd), 7.00(2H,m), 6.78(4H,m), 6.05(1H.s), 1.83(3H,s), 1.45(6H,s), 1.05(%H,s), 0.28(6H,

s) ppm. -

PREPARATION 14

{3S,4S)-8-{4-tert-Butyldimethylsilyloxyohenylisulohonyi-3. 4-dihydro3. 4-epoxy-2 2. 3-trimethyl-2H-benzo[b]pyran

6-(4-tert-Butyldimethylsilyloxyphenyl)thic-2,2, 3-trimethyl-2H-benzo[b]pyran (2.182g) (see Preparation 11) and [(S.
S)-1,2-bis(3,5-di-tert-butylsalicylideamino)jeyclohexane manganese(lll) chloride (see J.Am.Chem.Soc., 1991, 113,
7063) (0.25g) were dissolved in dichloromethane (10ml) and 3M aqueous sodium hypachlarite solution (50ml, prepared
from 4M commercial bleach) was added. The two phase system was stirred vigorously for 20 hours and then diluted
with dichloromethane (30ml) before separation of the two layers. The organic layer was dried (anhydrous sodium
sulphate), the solvent removed under reduced pressure and the residue was chromatographed on silica using dichlo-
romethane as the eluent to give (35,48)-6-(4-tert-butyldimethylsilyloxyphenyl)sulphonyl-3,4-dihydro-3,4-epoxy-
2,2,3-trimethyl-2H-benzo[bjpyran (1.907g). HPLC confirmed that this product consisted of a single enantiomer. LAMS
m/z = 478 (M + NH,)*.
'H-NMR (CDCl,): § = 7.90{1H.d), 7.75(3H,m), 6.90(3H,m), 3.70(1H.d), 1.56(3H,s), 1.51(3H,s), 1.26(3H,s), 0.98(9H,
s), 0.25(6H,s) ppm.



PREPARATION 15

(35, 45)-5-{3-tert-Butyidimathylsiivioxvshenylisulohonyi-3. 4-dihydra-3.4-epoxy-2. 2. 3-trimethyl-2H-benzolb|pyran

6-(3-tart-Butyldimethytsilyloxyphenyl)thio-2,2,3-trimethyl-2H-benzo[b|pyran (21.09) (see Preparation 12), 4-phe-
nylpyridine-N-oxide (2.2g) and [(S.S)-1,2-bis(3.5-ci-tert-butylsalicylideamino)]cyclchexane manganesa (lit) chloride
(see J.Am.Chem.Scc., 1991. 113, 7063) {2.25g) wera dissolved in dichlorcmethane (120ml) and 3M aqueous scdium
hygcchlerite scluticn (S00ml, prepared frcm 4M commercial bleach) was acded. The two ghase system was stirred
vigercusly for 24 hours, diluted with dichloromethane and filtered through a cellulose-based filter aid before separaticn
of the two layers. The organic layer was then washed with brine, dried (anhydrous scdium sulphate), the salvent re-
mcved under reduced pressure and the residue chromatographed cn silica using dichlcromethane as the eluent to
give (3S,48)-6-(3-tert-butyldimethyisilyloxyphenyl)sulphonyl-3,4-dihydro-3,4-epoxy-2,2, 3-rimethyl-2H-benzo(b]pyran
{23.8g). HPLC cenfirmed that this product consisted of a single enantiomer. LRMS nvz = 461 (m+1)*,
TH-NMR (CDCly): § =7.90(1H,d), 7.78(1H,dd), 7.45(1H,d), 7.35(2H,m), 7.00(1H,cd), 6.88(1H,d), 3.70(1H,s), 1.55(3H,
s), 1.50(3H,s), 1.30(3H,s), 0.97(9H,s), 0.21(6H,s) ppm.

PREPARATION 18

{3S.48)-8-(2-tert-Butvidimethvlsilvioxvohenylisulohonvi-3.4-dihvdro-3.4-eooxv-2. 2. 3-trimethyl-2H-benzolblpvran

§-(2-tert-Butyldimethylsilyloxyphenylithio-2,2, 3-trimethyl-2H-benzc[b]pyran (1.4g) (see Preparation 13) and [(S,
S)-1,2-bis(3,5-di-tert-butylsalicylideamino)]cyciohexane manganese(lll) chicoride (see J.Am.Chem.Soc., 1991, 113,
7063) (0.15qg) were dissolved in dichloromethane (7ml) and 3M aqueous scdium hypcchilorite solution (32m, prepared
from 4M commaercial bleach) was added. The two phase system was stirred vigorously for 24 hours and then diluted
with dichloromethane belore separaticn of the two layers. The organic layer was dried (anhydrous scdium sulphate),
the solvent removed under reduced pressure and the residue cliromatographed en silica using dichloromethane as
the eluent to give (3S,48)-6-(2-tert-butyldimethylsilyloxyphenyl)sulpheonyl-3,4-dihydro-3,4-epoxy-2,2,3-trimethyt-2H-
benzo(b]pyran (1.2g). LAMS mvz = 481 (m+1)*.

TH-NMR (CDCl,): § = 8.10(1H,dd), 7.85(1H,d), 7.72(1H,dd), 7.45(1H.1), 7.10(1H,1), 6.82(2H,m), 3.68(1H,s), 1.57(3H,
s), 1.50(3H,s), 1.28(3H,s), 0.95(9H,s), 0.30(6H,s) ppm. '

PREPARATION 17

{3S.45)-3.4-Dihvdro-3.4-epoxv-6-{3-methoxvohenvl)sulphonvi-2.2. 3-trimethvi-2H-benzo{blpvran

8-(3-Methoxyphenyl)thio-2,2,3-trimethyl-2H-benzo[b]pyran (4.2g) (see Preparation 8) and [(S,S)-1,2-bis(3,5-di-
tert-butylsalicylideamino)]eyclohexane manganese(lll) chloride (see J. Am. Chem.Scc., 1991, 113, 7063) (0.60g) were
dissolved in dichioromethane (30mil) and 3M aqueous sodium hypochiorite solutien (130mil, prepared from 4M com-
mercial bleach) was added. The two phase system was stirred vigorously for 24 hours and then diluted with dichlo-
romethane. The mixture was filtered through a celiulose-based filteraid before separation of the two layers. The organic
layer was dried (anhydrous sodium sulphate), the solvent removed under reduced pressure and the residue chroma-
tographed on silica using dichloromethane as the eluent to give (3S,4S)-3,4-dihydro-3,4-epoxy-8-(3-methoxyphenyl)
sulphonyl-2,2, 3-trimethyl-2H-benza[b]pyran (2.0g) as a light yellow foam. LRMS m/z = 361 (m+1)*,
TH-NMR (CDCly): 8 = 7.90(1H,d), 7.78(1H,dd), 7.40-7.50(3H,m), 7.08(1H,dd), 6.89(1H,d), 3.85(3H,s), 3.72(1H,s), 1.55
(3H,s), 1.50(3H,s), 1.27(3H,s) ppm.

PREPARATION 18

(3S.4R)-4-Amingo-3.4-dihydro-3-hydroxy-6-(3-methoxvohenvlisulohonyl-2.2. 3-trimethvl-2H-benzo[blpyran

(3S,4S)-3,4-Dihydro-3,4-epoxy-6-(3-methoxyphenyl)sulphonyl-2,2, 3-trimethyl-2H-benzo[b]pyran  (2.0g) (see
Preparation 17) was dissolved in ethanol (15mi) and 35% aquecus ammonia solution (10 mi) was added. The mixture
was heated at 50°C for 48 hours before adding further ammonia solution (Sml) and heating for another 8 hours. The
solvent was removed under reduced pressure and the residue was chromatographed on silica using 5:95 methanol :
dichloromethane as the eluent to yield (3S,4R)-4-amino-3,4-dihydro-3-hydroxy-6-(3-methaxyphenyl)sulphonyl-
2,2,3-trimethyl-2H-benzo[bjpyran (1.9g) as a foam. Found: C,58.65: H,5.77; N,3.29. C,gH,3NOgS, 0.22 CHyCl, re-
quires C,58.28; H,5.96; N,3.53%.

TH-NMR (CDCl,): 8 =8.00(1H,s), 7.70(1H,dd), 7.38-7.52(3H,m), 7.08(1H,dd), 6.85(1H,d), 3.90(1H,s), 3.85(3H,s), 2.60
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(1H.broad), 1 55(2H.braad), 1.49(3H,s). 1.30(3H,5). 1.01(3H.3) ppm.

PREPARATION 19

{3S.4R)-4-(2-Chlarcayrimidin-4-yllamina-3J. 4-dihydro-3-hydroxy-6-(3-mathoxyphenylisulphenyi-2.2 3-trimeihyt-2H-
benzo[blpyran and {3S, 48)-4-(4-chlorooyrimidin-2-yl)amine-3.4-dihydra-3-hydroxy-6-{3-methoxvohenylisulphonyi-
2.2 3-trimethvi-2H-benzolblpvran

(3S, 4A)-4-Amino-3,4-dihydro-3-hydroxy-8-(3-methoxyphenyl)sulphonyl-2,.2, 3-trimethyl-2H-benzo{bjpyran

(0.95g) (see Preparaticn 18) was dissolved in dry 1,4-dioxane (10mi), 2,4-dichiorcpyrimidine (0.45g) and diiscpropyl-
ethylamine {0.39g) were added and the mixture was heated under reflux for 25 hours. The solvent was remaved under
reduced pressure and the residue was azeotroped with dichlorcmethane then chromatographed on silica using 4:1
dichlcremethane : ethyl acetate as the eluent to first yield (3S,4R)-4-(4-chlorcpyrimidin-2-yhaminchydroxy-6-{3-meth-
oxyphenyl)-sulphcnyl-2,2, 3-trimethyl-2H-benzo{blpyran {0.25q) as a foam. LAMS mv/z = 430(m)*.
TH-NMR (COCly): 5 = 8.01(1H,d), 7.80(1H,dd), 7.38-7.50(4H,m), 7.05(1H,dd), 6.90(1H,dd), 6§.80(1H,broad), 5.75(1H,
broad), 5.47(1H,d), 4.95(1H,broad), 3.80(1H,s), 1.50(3H,s), 1.45(3H,s), 1.13(3H,s) ppm. Further elution with 1:1
dichlorcmethane : ethyl acetate provided (3S,4R)-4-(2-chlcropyrimidin-4-ylJamina-3,4-dihydro-3-hydroxy-6-(3-meth-
oxyphenyl)sulphony!-2,2, 3-trimethyl-2H-benzeo{b]pyran (0.644g) as a white solid, m.p. 228-230°C. LRMS m/z = 480(m)*.
1H-NMR (COCl,): & = 8.07(1H.d), 7.85(1H,s), 7.70(1H,cd), 7.35-7.45(3H,m), 7.08(1H,dd), 6.90(1H,cd), 6.61(1H,cd),
5.79(1H,d), 5.50(1H,broad), 4.65(1H,broad), 3.85(3H,s), 1.50(3H,s), 1.40(3H,s), 1.15(3H,s) ppm.

PREPARATION 20

{3S. 48)-4-Amino-3.4-dihvdro-3-hvcroxy-8-(3-hvdroxyphenylisulohonyl-2.2.3-trimethvl-2H-benzofbjpyran

(3S,48)-8-(3-tert-Butyldimethylsilyloxyphenyl)sulphonyl-3,4-dihydro-3,4-epoxy-2,2, 3-trimethyl-2H-benzofb]pyran
(2.2g) (see Preparation 15) was dissolved in ethanol (25ml) and 35% aqueous ammonia solution (25ml) was added.
The mixture was heated at 40-50°C for 24 hours. The solvent was removed under reduced pressure and the residue
was chromatcgraphed on silica using 7.5:92.5 methanol ; dichloromethane as the eluent to yield (3S,4R)-4-aminc-
8,4-dihydro-3-hydroxy-8-(3-hydroxyphenyl)sulphonyl-2,2, 3-trimethyl-2H-benzofblpyran (1.42g) as a foam. Found: C,
£4.39; H,5.22; N,3.18. C,3H5;NQOgS, 0.50 CH,Cl, requires C,54.75; H,5.46; N,3.45%

TH-NMR (CDClg): 8 = 8.07(1H,s), 7.70(1H,dd), 7.50(1H,s), 7.41(1H,d), 7.30(1H,d), 6. 99(1H dd), 6.81(1H.,d), 3. 99(1H
s), 3.50(2H,broad), 1.45(3H,s), 1.28(3H,s), 1.00(3H.s) ppm.

PREPARATION 21

1.2-Dihvdro-4-hvdroxy-2-methyl-1-oxophthalazine

Phthalic anhydride (7.4g) was dissolved in hot acetic acid (50ml) and a solution of methylhydrazine (2.7ml) in water
(50ml) was added. The mixture was heated under reflux for 15 minutes and left to cool overnight. The precipitate that
formed was filtered off, washed with water and dried under reduced pressure at 65°C to yield 1,2-dihydro-4-hydroxy-
2-methyl-1-oxophthalazine (7.6g) as a white solid. m.p. 243-244°C.

TH-NMR (CD,0D): § = 8.28(1H,m), 8.05(1H,m), 7.85(2H,m), 4.87(1H,s), 3.66(3H,s) ppm.

PREPARATION 22

1,2-Dihvdro-4-hydroxy-1-methyl-2-oxopyridine

2,4-Dihydroxypyridine (3.0g) was dissoived in 2N aqueous sodium hydroxide solution (30ml) and dimethyl sulphate
(3.7g) was added dropwise over 90 minutes. The mixture was stirred at room temperature ovemight, acidified with
concentrated hydrochloric acid, the solvent removed under reduced pressure, the residue stirred in 5% methanol/
dichloromethane and filtered. The filtrate was evaporated and the crude product was chromatographed on silica using
7:93 methanol : dichloromethane as the eluent to yield 1,2-dihydra-4-hydroxy-1-methyl-2-oxopyridine (0.77g) as a yel-
low solid. m.p. 165-169°C. Found: C,57.28; H,5.47; N,10.89. CgH;NO, requires C,57.59; H,5.64; N,11.19%.
TH-NMR (dg-DMSOY): § = 10.50(1H,d), 7.50(1H,d), 5.82(1H,dd), 5.55(1H.d), 3.30(3H,s) ppm.



PRECARATION 23

2.4-Cihvdroxy-5.3-dimathyigyridine

§.8-Dimethyt-4-hydroxy-2-axe-2H-pyran {11.92g) (see J.C.S.Perkin Trans. 1, 1980, 2272) was dissolved in 1,4-di-
oxane (ECmi), aquecus 35% ammcnia scluticn (40mi) was added and the mixture was heated under reflux for 50
minulas. The scluticn was lelt to ccel overnight, tha precipitate filtered cff and dried under reduced pressure at 50°C
fer 24 hours to yield 2,4-dihydroxy-5.6-dimethylpyridine (3.47g) as a white sclid.

TH-MMA (dg-DMSOY): § = 10.75(1H,troad), 5.42(1H,s), 2.09(3H.s), 1.78(JH.s) ppm.

FERESARATICN 24

8-(3.4-Dimethcxvohenvilthio-2.2, 3-trimethvil-2H-benzclblovran

8-8reme-2,2,3-trimethyl-2H-benzc(bjoyran (7.4g) (see Preparaticn 4) was dissoived in absolute ethanol (150ml);
scdium tert-butexide (8.5g), 3.4-dimethoxybenzenethiol (5g) and tetrakis(triphenylphosphine)paltadium(0} (0.5g) were
adced and the mixture was heated under reflux under a nitregen atmosphere for 24 hours. A fucther porticn of tetrakis
(triphenylgchcsphinepalladium(Q) (0.5g) was then added and heating was centinued for another 24 hours, The solvent
was removed under reduced pressure and the residue was laken up in dichloromethane and washed with water. The
organic layer was dried (anhydrous scdium sulphate), the solvent removed under reduced pressure and the crude
preduct chromategraphed on silica using 1:4 hexane : dichlorcmethane as the eluent to yield. 6-{3,4-dimethexyphenyl)
thic-2,2, 3-trimathyl-2H-benze{b]pyran (7.4g) as a yellow il.
TH-NMR (COCl,): § = 7.20(1H,dd), 86.85-7.C0(3H,m), §.80(1H,d), 6.72(1H,d), 6.03(1H,s), 3.85(3H,s), 3.80(3H,s), 1.85
(3H,s), 1.41(8H,s) ppm.

PREPARATION 25

(88.48)-3.4-Dihvdro-5-(3. 4-dimethoxvphenvlisulchenyl-3.4-ecoxy-2.2.3-trimethvl-2H-benzolblpvran

6-(3,4-Dimethoxyphenylithio-2,2,3-trimethyl-24-benzc[b]pyran (3.1g) (see Preparation 24), 4-phenyipyridine-N-
oxide (0.4g) and [(S,S)-1,2-bis(3,5-di-lert-butylsalicylideamino)jcyclchexane manganese(lll) chloride (see J.Am.
Chem.Scc., 1891, 113, 7063) (0.4g) were dissolved in dichlcromethane (35ml) and 3M aqueous sodium hypochlorite
solution (100m, prepared frem 4M commercial bleach) was added. The twa phase system was stirred vigorously for
24 hours and then diluted with dichloremethane before separation of the two layers. The organic layer was dried (an-
hydrous sodium sulphate), the solvent removed under reduced pressure and the residue was chromatographed on
silica using 19:1 dichioromethane : ethyl acetate as the eluent to give (3S,4S)-3,4-dihydro-6-{3,4-dimethoxyphenyl)
sulphenyl-3,4-spoxy-2,2,3-trimethyl-2H-benzo{bjpyran (3.0g) as a yellow foam. LAMS m/z = 408 (m + NH,)*.
YH-NMR (CDCly): § = 7.89(1H,d), 7.75(1H,dd), 7.53(1H,dd), 7.35(1H.d), 6.80-7.00(2H,m), 3.92(6H,s), 3.71(1H.s), 1.59
(3H,s), 1.52(3H,s), 1.29(3H,s) ppm.

PHEPARATION 26

{3S.4R)-3.4-Dihvdro-4-(2. 3-dihvdro-2-methyl-3-oxcovridazin-6-viloxv-6-(3.4-dimethoxyohenvilsulphonyl-3-hvdroxv-
2.2.3-trimethvl-2H -benzolblpvran

(38,48)-3,4-Dihydro-6-(3, 4-dimethoxyphenyl)sulphonyl-3,4-epoxy-2,2, 3-trimethyl-2H-benzo[b]pyran (3.0g) (see
Preparation 25) and 2,3-dihydro-2-methyl-3-oxo-8-hydroxypyridazine (2.0g) (see J.Org.Chem, 1971, 36, 3372) were
suspended in dry 1,4-dioxane (30ml), pyridine (0.61g) was added and the mixture heated under reflux (a calcium
chloride drying tube was attached to the flask) for 2 days. The solvent was removed under reduced pressure, the
residue stirred with 5% methanol / dichloromethane and filtered. The filtrate was evaporated and the crude product
chromatagraphed on silica eluting with 2.5:97.5 methanol : dichloromethane as the eluent to yield (3S,4R)-3,4-dihydro-
4-(2,3-dihydra-2-methyl-3-oxo-pyridazin-6-yl)axy-6-(3,4-dimethoxyphenyl)sulphonyl-3-hydroxy-2,2, 3-trimethyl-2H-
benzo{bjpyran (1.7g) as a yellow foam. .

YH-NMR (COCl,): § = 7.90(1H,d), 7.75(1H,dd), 7.52(1H,dd), 7.35(1H,s), 7.10(2H.m), 6.90(2H,m), 5.90(1H,s), 3.92(3H,
s), 3.90(3H,s), 3.70(3H,s), 1.50(3H,s), 1.40(3H,s), 1.25(3H,s) ppm.
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PREPARATION 27

6-Broma-3, 4-dihydra-4-0x0-2.2. 3-trimethyl-2H-benzciblpvran (Alternalive route to the compound of Preparation 3)

a) 1-(5-Bremo-2-hydrexyphenyllpropan-1-one

To a stirred mixture of aluminium trichloride (2.5kg) in dichloremethane {S000m) at rcom temperature was added
prepanoyl chioride (864g) over a 5 minute period. The mixture was stirred for 45 minutes at room temperature and
then a sclution cf 4-bremoanisale (875g) in dichloromethane (1000mi) was acded over 15 minutes. The reaction was
heated under reflux for § hours then cooled and stirred at room temperature overnight.

The reacticn was quenched by pouring slowly cnto ice (11kg) over a 40 minute period. The mixture was stirred for
30 minutes and the layers separated. The aqueous layer was further extracted with dichloromethane (2 x 1000ml) and
the cembined organic extracts washed with water (2 x 2000mi). Two-thirds of the salvent was removed from the organic
layer by distillation at atmospheric pressure. Methanal (3750ml) was slowly added whilst continuing with the distiflation.
The distillation was continued until a pot temperature of 64°C and a head temperature of 62°C was achieved. Water
(270ml) was then added to the solution at this temperature and the reaction cooled to precipitate an off-white solid.
When the reacticn mixture had coocled to 20°C, further water (270ml) was slowly added and the mixture granulated at
about 10°C for 2 hours.

The solid was filtered off and sparingly washed on the pad with methanol:water (6.1, by voiume), then dried under
reduced pressure at 50°C to yield the title compound (S60g).

b) 8-Bromo-2.4-dihydro-4-oxo-2.2. 3-trimethvi-2H-benzolbipyran

To a stirred solution of the product of part (a) (1.46kg) in acetone (7300ml) and xylene (6570ml) was added pipe-
ridine (3.04kg) and the reaction heated under reflux for S days.

The reaction was cooled and washed successively with water (2x3000m!) followed by 2N aqueous hydrochloric
acid soluticn (2x5000mi) (with ice~cooling), 2N aqueous scdium hydroxide solution (3000ml) and water (2x3000ml).

The organic layer was concentrated under reduced pressure to pravide the title compound as a brown oi (1 .46Kkg).

Pharmacological data

A representative selection of the compounds of the preceding Examples was tested for smooth muscle relaxant
activity by the methed involving measuring the in vitro relaxation of electrically stimulated guinea pig tracheal ring

preparations as described on pages 18 and 19 of the description.
The results are shown in the Table below in which the minimum dose? of compound which causes maximal inhibition

of the cholinérgic contraction relative to control was determined.

TABLE
Example no. | Minimum dose’ (M)
1 o IO
2 0.3 e [\C’E’NEM RV
3 0.1
4 0.03
5 0.01
9 0.3
12 0.1
Claims — Re 1aced
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Riso, ~ee o U

ar a pharmaceutically acceptable salt thereaf,
wherein

Xis O, S or NH;
Rand R! are each independently selected from H and C,-C, alkyl or taken together represent C,-Cg alkylene;

R2 is H or C,-Cy4 alkyl;
R3is

. (@) a 6-membered heterocyclic ring containing 1 or 2 N heterc-atoms, said ring being linked to X by a ring
carbon atom, opticnally benzo-fused and optionally substituted, including in the benzofused partion, by
C,-Cg alkyl, hydroxy, -ORS, halo, -S(0),R5, oxo, amino, -NHRS, -N(RS),, cyano, -CO,RS, -CONH,,
-CONHRS or -CON(RS),, with the proviso that &3 is not an N-(C,-Cq alkyl)pyridanyt group;

(b) , when X is NH, a group of the formula:-

R6

_<

NR’

“we

or
(c) . when X is NH, a group of the formula:-

RS /

-e

o

R4 is phenyl substituted by a hydroxy group and optionally further substituted by 1 or 2 substituents each
independently selected from hydroxy, C,-Cg alkyl, -ORS, halo, cyano and nitro;

RS is C,-Cg alkyl;

R8 is -ORS, -NHRS, -N(RS),, -SRS or -NHR%;

A7 is cyano;

R8 is -ORS, -NHRS, -N(RS), or -NHR?;

R9 is phenyl optianally substituted by C,-Cg alkyl, hydraxy, -ORS, halo, cyano or nitro; and

mis0, 1or2

A compound as claimed in claim 1 wherein . This Sheet Has Been Replace

T
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A, R! and A2 are each C,-C, alkyl:
A3 is (a) a 6-membered hetarocyclic ring containing 1 or 2 N hetero atoms, said ring being optionally benzo-
fused and opticnally substituted, including in the benza-fused portion, by C,-C, alkyl, hydroxy, halo or oxo,

{b) is a group of the formula:-

or {c} is a group of the formula:-

P —————
“we

N\

0

R4 is phenyl substituted by 1 or 2 hydroxy groups; ‘
RS is -SRS; RS is -ORS; and RS and A7 are as defined in claim 1.

3. A compound as claimed in claim 2 wherein

Xis O;

R, R and R2 are each methyt;

R3 is 1,2-dihydro-2-0x0-1H-pyridin-4-yl, 1,2-dihydro-5,6-dimethyl-2-oxe-1 H-pyridin-4-yl, 3-hydroxypyridazin-
6-yl, 2,3-dihydro-2-methyi-3-oxopyridazin-6-yl, 2,3-dihydro-2-ethyl-3-oxopyridazin-6-yi, 1,2-dihydro-1-oxo-
2H-phthalazin-4-yl, 1,2-dihydro-2-methyl-1-oxophthalazin-4-yl, 2-chloropyrimidin-4-yl, 3,4-dioxo-2-ethoxycy-
dobut-1-en-1-yl or 3-cyano-2-methylisothioureido;

and R4 is 2-hydroxyphenyl, 3-hydroxyphenyl, 4-hydroxyphenyl or 3,4-dihydroxyphenyl.

4 A compound as claimed in claim 3 wherein R3 is 1,2-dihydro-2-oxa-1H-pyridin-4-yl or 2,3-dihydro-2-rhethyl-3-0x-
opyridazin-6-yl; and R4 is 3-hydroxyphenyt or 4-hydroxyphenyi:

§. A compound as claimed in any precading claim of the formula:-

R's s =
e oY—=R? veee(

1
0"\
R

where X, R, R?, A2, R and R4 are as defined in any preceding claim.

6. A compound as claimed in claim 1 which is selacted (rom the group consisting of:
3,4-dihydro-4-(2, 3-dihydro-2-methyl-3-oxopyridazin-6-yl)oxy-3-hydroxy-6-(3-hydroxyphenyljsulphonyl-2,2,3-tri-



e
I

T

methyl-2H-benzo(bjpyran and 3,4-dihydro-4-(2.3-dihydro-2-mathyl-3-oxopyridazin-&-yljoxy-3-hydroxy-6-(4-hy-
droxyphenyl)sulphonyi-2,2, 3-irimathyl-2H-benzo(b]pyran, or a pharmaceutically acceptable salt of etther thereot,
or a (3S.4A)- stereocisomeric form of any thereol.

7. Acompound as claimed in claim 1 which is (3S,4R)-3,4-dihydro-4-(2,3-dihydro-2-methy!-3-oxopyridazin-5-yljoxy-
3-hydroxy-6-(3-hydraxyphenyl)sulphenyl-2,2, 3-Irimethyl-2H-benzo(b]pyran, or a pharmaceutically acceptable salt
therect.

8. Accmgound as claimed in claim 1 which is (3S,4R)-3,4-dihydro-4-(2.3-dihydro-2-methyl-3-oxopyridazin-6-yljoxy-
3-hydroxy-6-(4-hydroxyphenyl)sulphonyl-2,2, 3-trimethyl-2H-benzo(bjpyran, or a pharmaceutically acceptable salt
thereof. :

9. A pharmaceutical cemposition comprising a cempound of the formula (1), or 2 pharmaceutically acceptable salit
therecf, as claimed in any preceding claim, together with a pharmaceuticaily acceptable diluent or carrier,

10. A compound of the formula (1), or 2 pharmaceutically acceptable sait or composition thereof, as claimed in any of
claims 1 to 8 and 9 respectively, for use as a medicament.

11. The use of a ccmpound of the formula (1), or of a pharmaceutically acceptable salt or composition therect, as
claimed in any of claims 1 to 8 and 9 respectively, for the manufacture of a medicament for the curative or prophy-
lactic treatment of a disease associated with the altered tone and/or motility of smooth muscie.

12. The use as claimed in claim 11 where the disease is chronic obstructive airways disease, asthma, urinary incon-
tinence, irritable bowel syndrome, diverticular disease, cesophageal achalasia or hypertension.

13. The use of a compound of the formula (1), or of a pharmacéutically acceptable salt or compositicn therecf, as
claimed in any one of claims 1 to 8 and 9 respectively, for the manufacture of a medicament for the curative or
prophylactic treatment of peripheral vascular disease, congestive heart failure, pulmonary hypertension, myccar-
.dial or cerebral ischaemia, angina, male pattem baldness, cardiac arthythmia, skeletal muscle tatigue/paralysis
{myotcnic muscular dystrophy), glaucoma, epilepsy, tinnitus, vertigo or dysmenorrhoea.

14. The use as claimed in claim 12 or 13 where the disease is chronic cbstructive airways disease, asthma ar myo-
cardial ischaemia,

15. A compound of the formuia:-

RYs0, ' -

R's0;,

-

L R? : ()




186.

or

R'SO,

AR

e (V14A) ;

wherein R19 is phenyl substituted by a protected hydroxy group and optionally further substituted by 1 or 2 sub-
stituents each independently selected from a protected hydroxy group, hydroxy, C,-Cg alkyl, -ORS, halo, cyano

and nitro;

A8 js phenyl substituted by a tri(C,-C 4 alkyl)silyloxy group and optionally further substituted by 1 or 2 substituents
each independently selected from tri(C,-Cy4 alkyl)silyloxy, hydroxy, C,;-Cg alkyl, -ORS, halo, cyano and nitro; and
X, R, R, R, A3, R* and RS are as defined in claim 1.

A compound of the formula (VIA) as claimed in claim 15 wherein the tri(C,-C, alkyl)silyloxy group in the definition
of R19% js tert-butyldimethyisilyloxy, or a compound of the formula (ll) as claimed in claim 15 wherein the protected

hydroxy group in the definition of R19 is C,-C, alkoxy or tri(C,-C, alkyl)silyloxy and preferably is methoxy or tert-

butyidimethylsilyloxy.

17. A process for the preparation of a compound of the formula:

R'so,

or a pharmaceutically acceptable salt thereof,
wherein

Xis O, S or NH;

RJ

OH
A

~

T ———I W ANy £ OeA Ay o s@mama o

.. P3P
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Rand R are each independently selected from H and C,-C, alkyl or taken together represent C,-Cg alkylene;

R2is H or C4-C, alkyl;
R3is

(a) a 6-membered heterocyclic ring containing 1 or 2 N heterc-atoms, said ring being linked to X by a ring
carbon atom, optionally benzo-fused and optionally substituted, including in the benzo-fused portion, by
C,-Cg alkyl, hydroxy, -ORS, halo, -S(0),RS, oxo, amino, -NHFS, -N(RS),, cyano, -CO,RS, -CONH,,
-CONHRS or -CON(RS),, with the proviso that R3 is not an N-(C,-Cg alkyl)pyridonyl group;
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{b) , when Xis NH, a graup of the formula:-

R6

~

NR

or
(¢), when X is NH, a group of the formula:-

RS /O

-

N\

o

R4 is phanyl substituted by a hydroxy group and optionally further substituted by 1 or 2 substituents each
indepandently selected from hydroxy, C,-Cg alkyl, -ORS, halo, cyano and nitro;

RSis C‘-Cs alkyt: -
56 is -ORS, -NHRS, -N(RS),, -SRS or -NHR?:

R7 is cyano:
R8 is -ORS, -NHRS, -N(R8), or -NHRAS;
RS9 is phanyl cptionally substituted by C,-Cg alkyl, hydroxy, -ORS, halo, cyano or nitro; and
mis 0, 1 or 2, which comprises,

(i) depretection of a compound of the formula:-

3
R

CH
10 :
R .SOZ : Rz

1
o\ *}
R

(D)

-

whara R*Jis phenyl substituted by a protected hydroxy group and opticnally further substituted bytlor2
substtuants each independently selected from a protected hydroxy group, hydroxy, C,-C; alkyl, -ORS,
hale, cyarc and nitro, and X, R, RY, R2, A3 and RS are as previously defined for a compound of the formula
(1) in thus Siaim;

(ii} . tor ina preparation of @ compound of the formula (1) where R2 has the definition (a) as previously
definad ior R3 for a compound of the formula (1) in this claim, and X, R, R!, R2 and R4 are as previously
defined for a compound of the formula (1) in this claim, reacting a compound of the formula:-



R‘S 02 ___Rz 3
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where R, A', A2 and R* are as praviously defined for a compound of the formula {1} in this claim, either
with a ccmpound of the formula:-

A°xH

or, where appropriate, a tautomer thereof, and in the presence of a base, or with abase saltof a compound
of the formula:-

RXH

where X is as previously defined for a compound of the formula (1) in this claim and /&9 is as defined for
this method (ii);

(iii) , for the preparation of a compound of the formula () where B3 has the definition (a) as j:revicusly
defined for R3 for a compound of the formula (1) in this claim, and X, R, R?, A2 and R* are as previously
defined for a compound of the formula (1) in this claim, reacting a compound of the formula:-

° [REPLACEMENT SHERT|

R'"s0 o) ;

1

—R? - (VI4) ; u 2 6 Sep Wy ]

o\ "
R

where R1% is phenyl substituted by a tri(C,-C, alkyl)silyloxy group and optionally further éubstituted by
1 or 2 substituents each independently selected from tri(C,-C, alkyl)silyloxy, hydroxy, C,-Cg alkyl, -ORS,
halo, cyano and nitro and R, R?, R2-and RS are as previously defined for a compound of the formula (1)

in this claim, either with a compound of the formula:-

RXH

or, where appropriate, a tautomer thereof, and in the presence of abase, or with abase saltof a compound
of the formula;-

A%XH

where X is as praviously defined for a compound of the farmula (1) in this claim and R3 is as defined for
this method (jii);

(iv), for the preparation of a compound of the formula (1} where X is NH, R3is a group of the formula:-



I

-

and R, R!, R2, RY, RS and R are as praviously defined for a compound of the formula (1) in this claim,
reacting a compound of the formula:-

R'so, a
R ----(VID)

where R, R!, R2 and R* are as previously defined for a compound of the formula (1) in this claim, with a
compound of the formuia:-

(R®S),C=NR’
2

where RS and R7 are as previously defined for a compound of the formuta (1) in this claim;

(v) , for the preparation of a compound of the formula (I) where X is NH, A% is a group of the fomula:-

A T
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NR’

RS is -ORS, -NHRS, -N(RS), or -NHRS and R, R, R2, A4, RS, R7 and RS are as pré sty defined for a
compound of the formula (1) in this claim, reacting a compound of the formula (1) where X, R, R, A2, R3S,
R4, RS and R7 are as defined for method (iv) for the preparation of compounds of the formula (1) in this
claim, with a base salt of a compound of the formula RSOH, or with a compound of the farmula RSNH,,
(RS),NH or R3NH,, or a base salt thereof, as appropriate, where RS and R? are as previously defined for

a compound of the formula (1) in this claim;

(vi) . for the preparation of a compound of the formula (1) where X is NH, R? is a 6-membered heterocyclic
ring containing 1 or 2 N hetercatoms which is optionally substituted as previously defined in definition (a)
for R3 for a compound of the formula (1) in this ctaim and R, R?, R2 and R* are as previously defined for
a compound of the formula (1) in this claim, reacting a compound of the formula (Vil) where R, A1, A2and
R4 are as previously defined for a compound of the formula (Vi) in this claim, with a 6-membered ring
heterocyclic compound containing 1 or 2 N heteroatoms which is substituted on a ring carbon atom bya
leaving group and optionally further substituted as previously defined for A3 for this method (vi); or

(vii) , for the preparation of a compound of the formula (l) where X is NH, R3 is a group of tha formula:-
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and R, R1, A2, R* and R? are as previously defined for a compound of the farmula (1) in this claim, reacting
a compound of the formula (Vi) where R, RY, A2 and R* are as previously defined for a compound of the
formula (VI) in this claim, with a compound of the farmula:-

O

Rl8 /

N\

o

where Zis a leaving group and R8 is as previously defined for a compound of the formula {1} in this claim:
any of said methods (i) to (vii) being optionally followed by conversion of the compound of the formula (1)
to a pharmacsutically acceptable salt thergof.

18. A process as claimed in claim 17 (i) wherein the protected hydroxy group in the definition of R10 is C,-C, alkoxy
or tri(C4-C, alkyl)silyloxy and preferably is methoxy or tert-butyldnmethylsalyloxy

19. A process as claimed in claim 17 (jii) wherein the tn(C,-C,, alkyl)snlyloxy group in the definition of R10® js tert-
butyldimethyisilyloxy.

20. A process as claimed in claim 17 (ii) or 17 {iii) that is carried out using a compound of the formula:-

R3XH

, Or a tautomer thereof, and in the presen}:e of abase.
| 21. A process as claimed in claim 20 wherein the base is pyridine or triethylamine.
22. A process as claimed in claim 17 wherein

Xis O or NH;

R, R and R2 are each C;-C, alkyl;

R is (a) a 6-membered heterocyclic ring containing 1 or 2 N hetero-atoms, said ring being optionally benzo-
fused and optionally substituted, including in the benzo-fused portion, by C,-C, alkyl, hydroxy, halo or oxo,
{b) is a group of the formula:-
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or (c) is a group of the formuia:-

-e

N\

o

A4 is pheny! substituted by 1 or 2 hydroxy groups;
R8 is -SRS; R is -ORS; and RS and A7 are as defined in claim 17.

23. A process as claimed in claim 22 wherein

XisO; .
R, A and R2 are each methyl:

R3 is 1,2-dihydro-2-ox0-1H-pyridin-4-y, 1,2-dihydro-5,6-dimethyl-2-oxo-1H-pyridin-4-yl, 3-hydroxypyridazin-
6-yl, 2,3-dihydro-2-methyl-3-oxopyridazin-6-yl, 2,3-dihydro-2-ethyl-3-oxopyridazin-6-yl, 1,2-dihydro-1-oxo-
2H-phthalazin-4-yl, 1,2-dihydro-2-methyl-1-oxophthalazin-4-yl, 2-chloropyrimidin-4-yl, 3,4-dioxo-2-ethoxycy-
dabut-1-en-1-yt or 3-cyano-2-methyliscthioureido;

and R* is 2-hydroxyphenyl, 3-hydroxyphenyl, 4-hydroxyphenyl or 3,4-dihydroxyphenyl.

24. A process as claimed in claim 23 wherein R? is 1,2-dihydro-2-oxo-1H-pyridin-4-yi or 2 3-dihydro-2-methyl-3-ox-
opyridazin-6-yl; and R4 is 3-hydroxyphenyl or 4-hydroxyphenyl.

25. A process as claimed in any of claims 17 to 24 that is used to prepare a compound of the formula:-

REPLACENEN SBEE’ET]
L2@$EPMW #

26. A process as claimed in any of claims 17 to 21 which is used to prepare a compound selacted from the group
consisting  of: 3,4-dihydro-4-(2,3-dihydro-2-methyl-3-oxopyridazin-6-yl)oxy-3-hydroxy-6-(3-hydroxyphenyl)
sulphonyl-2,2, 3-trimethyl-2H-benzofbjpyran and 3,4-dihydro-4-(2,3-dihydro-2-methyl-3-oxopyridazin-6-yljoxy-
3-hydroxy-6-(4-hydroxyphenyl)sulphonyl-2,2,3-trimethyl-2H-benzo[b]pyran, or a pharmacsutically acceptable salt
of either thereaf, or a (3S,4R)- sterecisomeric form of any thereof, -

where X, R, R",R2,R3 and R* are as defined in any of claims 17 to 24.
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27. A procass as claimed in any one of claims 17 to 21 which is used to prepare (3S,4R)-3,4-dihydro-4-(2,3-dihydro-
2-methyi-3-oxopyridazin-6-yljoxy-3-hydroxy-6-(3-hydroxyphenyl)sulphaonyl-2,2,3-trimethyl-2H-benza(blpyran, or
a pharmaceutically acceptable sait thereof.

28. A process as claimed in any one of claims 17 to 21 which is used to prepare (3S,4R)-3,4-dihydro-4-(2,3-dihydro-
2-methyl-3-oxopyridazin-6-yt)oxy-3-hydroxy-6-(4-hydroxyphenyl)sulphonyl-2,2,3-trimethyl-2H-benzo[b]pyran, or
a pharmaceutically acceptable salt thereol. '

29. A pracess for the preparation of a pharmaceutical compasition comprising combining a compound of the formula
(1), or a pharmacsutically acceptable salt thereof, which has been prepared by a process as claimed in any of
claims 17 to 28, together with a pharmaceutically acceptable diluent or carrier. '
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PREPARATION 27

8-Broma-3.4-dihydro-4.0xg-2. 2. 3-tnmathyl-2H-banzolblpvran (Alternative route to the ccmpound_ol Preparation 3)

a) 1-{5-Broma-2-hydroxvohenylipropan-1-ane

To a stirred mixture of afuminium trichloride (2.5kg) in dichlorcmethane (SOQ0mi) at rcom temperature was added
prapanoyl chioride (E64g) over a S minute period. The mixture was stirred for 45 minutes at room temperaturs and
then a sclution of 4-bromoanisole (875g) in dichioromethane (1000mi} was acded over 15 minutes. The reaction was

- heated under reflux for 6 hours then cooled and stirred at room temperature ovarnight,

The reaction was quenched by pauring slowly onto ics (11kg) over a 40 minute period. The mixture was stirred for
30 minutes and the layers separated. Tha aquacus layer was further extracted with dichloromethane (2 x 1000ml) and
the combined organic extracts washed with water (2 x 2000ml). Two-thirds of the solvent was removed lrom the arganic
layer by distillation at atmaspheric pressure. Methanol (3750ml) was slowly added whilst continuing with the distillation.

- Tha distillation was continued until a pot temparature of 84°C and a head temperature of 62°C was achieved. Water

{270mi) was then added lo the solution at this temperature and the reacticn cooled to precipitate an off-white sclid,

- When the reaction mixture had cooled to 20°C, further water (270ml) was slowly added and the mixture granulated at

about 10°C for 2 hours.
The soiid was filtered off and sparingly washed cn the pad with melhanol water (6:1, by volume), then dried under

reduced pressure at 50°C to yield the title compound {S60g).

b) 6-Bromo-3.4-dihvdro-4-0x0-2.2. 3-trimethvl-2H-benzolblpyran

To a stirred solution of the product of part (a) (1.46kg) in acetone (7300ml) and xyiene (6570ml) was added pipe-
ridine (3.04kg) and the reaction heated under reflux for 5 days.

The reaction was cooled and washed successively with water*(2x3000ml) tollowed by 2N aqueous hydrochloric
acid solution (2x5000ml) (with ice-cooling), 2N aquecus sedium hydroxide soiution (3000ml) and water (2x3000mil).

The organic layer was concentrated under reduced pressure to provide the title compound as a brown oil {1.46kg).

Phamacological data

A representative selection-of the compounds of the preceding Examples was tested far smooth muscle relaxant
activity by the method involving measuring the in vitro relaxation of electrically stimulated guinea pig tracheal ring

preparations as described on pages 18 and 19 of the description.
The results are shown in the Tabie below in which the minimum dose? of compound which causes maximal inhibition

of the cholinérgic contraction relative to control was deterrined.

TABLE
Example no. | Minimum dose? (uM)
1 0.1
2 0.3 o} .
3 X REPLACEMENT SHEET
4 0.03
5 001 08 DEC 1998
9 0.3
12 0.1
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1. A compound of the formula:

‘ .
RSO, LRZ - M

or a pharmaceutically acceptable salt thareo!,
wherein '

Xis O, S or NH; .

Rand R! are each independently selected from H and C4-C, alkyl or taken together represent C,-Cg alkylene;
R2is H or C,-C, alkyl; _ _ :

Ris

(2) a 6-membered heterocyclic ring containing 1 or 2 N hetero-atoms, said ring being linked to X by a ring
carben atom, optionally benzo-fused and optionally substituted, including in the benzofused portion, by
C1-Cg alkyl, hydraxy, -OFS, halo, -S(0)uf, oxo, amino, -NHFS, -N(RS),, cyano, -CO,RS, -CONH,,
-CONHRS or -CON(RS),, with the proviso that A3 is not an N-{C,-Cq alkyl)pyridany! group;

(b) . when X is NH, a group of the formula:-

RG
< ;
NR’
or
_ (c) . when X is NH, a group of the formula:-
RS o

o

R¢ is phenyl substituted by a hydroxy group and optionally further substituted by 1 or 2 substituents each
independently selected from hydroxy, C,-Cg alkyl, -ORS, halo, cyano and nitro;

RS is C,-Cg alkyl: '

RS is -ORS, -NHRS, -N(RS),, -SAS or -NHR?;

R? is cyano; ~

R8 is -ORS, -NHRS, -N(RS), or -NHRS;

R9 is pheny! optionally substituted by C,-Cg alkyl, hydroxy, -ORS, halo, cyano or nitro; and

mis0, 10r2

A compound as claimed in claim 1 wherein

Xis O or NH:
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BENZOPYRANS AND PHARMACEUTICAL "COMPOSITIONS CONTAINING THEM

The present invention relates to compounds of the formula:-

wee(D)

and the pharmaceutically acceptabie salts thereof, wherein
Xis O, S or NH; _
'R and R' are each independently selected from H and C,-C, alkyl or
taken together represent C,-C, alkyiene;
R?is H or C,-C, alky}; |
R® is (a) a 6-membered heterocyclic ring containing 1 or 2 N
heteroatoms linked to X b); a ring carbon atom and opfionaﬂy benzo-

fused and optionally substituted, (b); when X is NH, a group of the
formula:- '

RS " [REPLACEMENT SHEET
;Nn’ | 08 DEC 1998

X

or (¢c) when X is NH, a group of the formulaz-
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R! is phenyl substituted by a hydroxy group and optionally further
substituted by 1 or 2 substituents: together with compositions containing,
uses of, processes for the preparation of and intermediatéé used in the
preparatio'n of, .such compounds. |

O®eDBE%998
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