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BENZOPYRANS 

-- ------- -- ----

The present invention relates to benzopyrans. More particularly 

it relates to 6-(tetrazol-S-yl)benzo[b]pyran derivatives and to· 

compositions containing, uses of, processes forthe preparation of and 

intermediates used in the preparation of, such derivatives. 

The present derivatives· display smooth· muscle relaxant a~ivity 

by a mechanism involving potassium channel opening. They are 

therefore useful in the curative or prophylactic treatrnent 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 include chrontc 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, myocardial and cerebral ischaemia, angina, 

male pattem baldness, cardiac arrhythmia, skeletal muscle 

fatigue/paralysis (myotonic muscular dystrophy), glaucoma, epilepsy, 

tinnitus, vertigo and dysmenorrhoea.·- · 

The present invention provides compounds of the formula:­

R4 
x"" 

(I) 

and the pharmaceutically.acceptable. salts thereof, 

wherein the dashed line represents an optional covalent bond; 
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X is 0, NH, S or a direct link; 

R and R1 are either each independently selected from H, 

fluoro(C1-CJalkyl and C1·C4 alkyl or taken together 

represent C2·C8 alkylene; 

R2 is ti o.r C1·C4 alkyl; 
.. · .. • 

R3 1,,~y~roxy when the dashect iine doeS nOt represe.nt a 

covalent bdnd and R' ·is absent when the dashed line 

represents a covalent bond; 

R4 ls 

(a) , when X is O, a group of the fonnula:-

w .. •' 1 w 

'I-• •• ;. ::· ,·,···· •. • •.• 

·.• ''! .:·•.- ,, . •' ... 
wherein W and W' taken together represent C1-C4 

·. ' . : .. ~ 
alkylene, said alkylene being optionally benzo-fused 

when W and W' taken together represent C2·C4 

alkylene, and optionally substituted, including in the 

benzo-fused portion, by c,-c, alkyl, hydroXy, -OR8
, 

halo, -N(R8
) 2, -SR8 or halo(C1-C4)alkyl, 

(b} , when Xis 0, NH or S, hydroxyphenyl optionally 

substituted by C1-C8 alkyl, -OR8
, halo, -N(R8

)2, -SR8 or 

halo(C1-C4)alkyl, 
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(c}' a 4- to 7-membered heterocyclic ring containing 

either from 1 to 3 N hetero-atoms or one N· hetero­

atom and one O or one S hetero-atom, said ring 

being optionally benzo- or C3·C., cycloalkyl-fused 

and optionally substituted,· including In the benzo- or 

C3·C., cycloalkyl-fused portion, by C1-C, alkyl, 

hydroxy, hydroxy(C,-CJalkyl, -OR8
, R80(C1-C4)alkyl, 

halo, halo(C,·C4)alkyl, ·S(O)mR', R8S(O)m(C1-C4)alkyl, 

oxo, N-cyanoimino, amino, amino(C1-C4}alkyl, -NHR8, 

R'NH(C,·C4)alkyl, -N(R')2, (R8
) 2N(C1-C4)alkyl, cyano, 

. 8 8 cyano(C,·C4)alkyl, ·C02R , R 0 2C(C1-C4)alkyl, -CONH2, 

H1NCO(C1-CJalkyl, ·CONHR8, R8NHCO(C1-CJalkyl, 

-CON(R')2 or (R')2NCO(C1-C4)alkyl, or,- as appropriate, 

a ring N- or S-OXlde derivative of said heterocyclic 

ring; with the· proviso that said heterocyclic ring is 

linked by a ring· carbon atom when Xis 0, NH or S, 

·or 
.. ·' ·, -

(d) ··.·,when Xis NH, a group of the formula:-

wherein R' is -OR8
, ·NHR', -SR', -NH(aryl) or 

-NH(pyrldinyl) and R7 is cyano, nitro or C2-C8 

alkanoyl; 
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R5 is aryl, c1-c12 alkyl, C2·C12 alkenyl or C2-C12 

alkynyl, said c1..c12 alkyl, c2-c12 alkenyl and C2-C12 

alkynyl being optionally substituted by C4-C, 

cycloalkyl, hydroxy, -OR8
, C2-C8 alkanoyloxy, halo, 

cyano, nitro, amino, -NHR8,-N(R8)2, -S(O)mR',,, 

-NHS02R',. -NHCOR',- -COR', -CONH2, -CONHR', 

·CON(R8
) 2, -OC02R', -CONH(C1-C8)alkylC02R8~ 

-CONR8(C1·C8)alkylC02R
8

, -C02R', aryl, aryloxy, 

arylcarbonyl, · arylcarbonyloxy, aryl(C1-C8)alkoxy;··· · 

aryl(C,-C,)alkoxycarbonyl, phthalimido, or a group of 

the formula:-

~ : ' · ... 

• 
' 

R' is lndanyl, aryl, C1-c12 alkyl, C2-c12 alkenyl or 

C2-C12 alkynyl, said c1-c12 alkyl, c2-c12 alkenyl and 

C2-C12 alkynyl being optionally substituted by C4-C7 

cycloalkyl, hydroxy, -OR8
, C2-C1 alkanoyloxy, halo, 

cyano, nitro, amino, -NHR8
, ·N(R8)2, -S(O)mR8

, 

-NHS02R
8, -NHCOR8

, ·COR8
, -CONH2, ~ONHR8, 

-CON(R8
) 2, ·OC02R

8
, -CONH(C1-C8)alkylC02R8, 

·CONR8(C1-C8)alkylC02R
8

, -C02(C1-C12 alkyl), aryl, 

aryloxy, arylcarbonyl, arylcarbonyloxy, aryl-

(C1-C.}alkoxy, aryl(C1-C8)alkoxycarbonyl, phthalimido, or a 

group of the formula:-
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11aryl11
, used in the defini~ions of R5

, R8 and R' and in 
. : - .. ::. . . - •· 

this definition, means phenyl opti~>nally substituted 
.. . . · .. - . ,_ . 

by C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, hydroxy, 

hydroxy(C1-Cjalkyl, ':'o~•, R1~(C1-CJalkyl, ~·o- _. .. 
(C1-Cjalkoxy, R80(C1-C8)alkoxy(C1-C,)a~kyl, halo, 

- . - . . . :•-

__ h_~lo(C,-Ce)alkyl, cya~o, ~yano((;1-C8)~11<yl, nitro, 

nitro(C1-C8}alkyl, amino, amino(C1-C1)alkyl, -NHR', 
. . . . . .. • . 

R1NH(C1-Ce)alkyl, -N(R8
)2, (R

8)2~(~1-C,)alkyl, -S(O)mR', 
• ·: . • • • . • • - • -i~ • . • 

R8S{O)m(~1~a) alkyl, -NHC".>R~, ff.8CON~(C1-CJalkyl, 
-COR', R8C!J(C1-C8)alkyl, -CONH2, H2NCO(C1-C,)al~I, - . ~ . . . . . . . . . . . 
-CONHR', R'NHCO(C1-C8)alkyl, ·CON{R8)2, {R')2NCO· 

(Cf·CJalkyl, -CONH(C1-C8)alkylC02R
8

, R80 2C(C1·C8)-
. ~ . . . . . . 

alkylNHCO(C1-C8)alkyl, -CONR8(C1·C8)alkylC02R
8

, 
. . . . . - - - . . ~ -

R'02C(~,-CJalkylNR8CO(C,-C.)alkyl, -C02R1A, 

R1A02C(C~,-Ce)alkyl, aryl, aryl(~,~~jalkyl, aryl(C,-C.>­

alkoxy or aryl(C,-CJalkoxy(C1-CJalkyl; 

R1A is indanyl, phenyl, c,-c,2 alkyl, c2-c12 alkenyl or C2·C12 

alkynyl, said c,-c12 alkyl, c2-t,2 alkenyl and c2-c12 alkynyl 

being optionally substituted as previously defined for 

those definitions for R1 and said phenyl being optionally 

substituted by from 1 to 3 substituents each independently 

selected from c,-c, alkyl, hydroxy, -OR', halo, halo(C1-C8)­

alkyl, nitro and cyano; 

m is o, 1 or 2; and 

n is 1, 2 or 3. 
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ln the above definitions, the term "halo" means fluoro, chloro, 

bromo or iodo and alkyl, alkenyl and alkoxy groups containing three or 

more carbon atoms together with alkynyl and alkanoyl groups 

containing four or more carbon atoms can be straight- or branched­

chain. 

Preferably the dashed line does not represent a covalent bond. 

Preferably X is 0, NH or a direct link. 

Most preferably X is o. 

Preferably R and R1 are each independently selected from H and 

c,-C4 alkyl. 

More preferably R and R1 are both C1-C4 alkyl. 

Most preferably Rand R1 are both methyl. 

Preferably Ra is H or methyl. 

Most preferably R2 is methyl. 

Preferably Ra ls methyl, R3 ·1s·hydroxy and the dashed line does 

not represent a covalent bond. 

Preferably R4 is a group of the formula:-

w w1 

AAo 
wherein W and W' taken together represent C1·C4 alkylene, 

a &-membered heterocyclic ring containing 1 or 2 nitrogen 

hetero-atoms and optionally substituted by C1-c1 alkyl, hydroxy, 
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halo, C1-C4 alkylthio or_ oxo, or is a group ot the fonnula;-

.: : 

wherein R' Is -OR', -NHR' or -SR' and R7 is cyano. 
More preferably R4 is 1-oxocyclopent-2-en-3-yl,. 
2-oxo-1,2-dihydropyridin~1-yl, 2-oxo-1 H-1,2-dihydropyridin-4-yl, 2-
oxopiperidin-1-yl, 3-hydroxypyridazin-6-yl, 2-methyl-3-
oxopyridazin-6-yl, 4-chloropyrimidin-2-yl, 2-chloropyrimidin-
4-yl, 2-rnethylthiopyrimidin-4-yl or is a group of the fonnula:-

NHCH3 

----< NCN.,-_ 
or 

Most preferably R4 is 3-hydroxypyridazin-&-yl. 

Preferably R1 is aryl or C1•C;2 alkyl, said C;-C12 alkyl being 

optionally substituted by hydroxy, -OR8, C2·Ca alkanoyloxy, 

amino, -CONHR1
; -CONH(C1-C8)alkylC02R

8
, --C02R

1
, aryl, 

aryloxy, arylcarbonyloxy, aryl(C1-C6)alkoxy, phthallmido, or a 

group of the fonnula:-

• 

• 
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More preferably Rs is phenyl or C1-C4 alkyl, said c,-C4 alkyl being 

optionally substituted. by hydroxy, methoxy, acetoxy, amino, 

methylaminocarbonyl, N"".(ethoxycarbonylmethyl)carbamoyl, 

-C02R
9

, ph•nyl, methylphenyl, methoxyphenyl, hydroxyphenyl, 

halophenyl, beozyloxyphenyl, phenoxy, benzoyloxy, benzyloxy, 

phthalimido, or a group of the formula:-

• 

Yet more preferably R5 is phenyl, methyl, ethyl, n-propyl, 

2-hydroxyethyl, 2-methoxyethyl, 2-acetoxyethyl, 2-aminoethyl, 

2-(methylaminocarbonyl)ethyl, N-(ethoxycarbonylmethyl)­

carbamoylmethyl, ethoxycarbonylmethyl, 3-methoxycarbonyl­

prop-1-yl, 3-ethoxycarbonylprop-1-yl, 4-ethoxycarbonylbut-1-yl, 3-

vinyloxycarbonylprop-1-yl, 3-(2,2,2-trifluoroethoxycarbonyl)prop-

1-yl, 3-(ethoxycarbonyloxymethoxycarbonyl)prop-1-yl, 3-(pivaloyl­

oxymethoxycarbonyl)prop-1-yl, 3-phenoxycarbonylprop-1-yl, 3- . 

benzyloxycarbonylprop-1-yl, 3-(5-indanyloxycarbonyl)-prop-1-yl, 

benzyl, 2-phenylethyl, 3-phenylprop-1-yl, 4-phenylbut-1-yl, 2-(2· 

methylphenyl)ethyl, 2·(3-methylphenyl)ethyl, 2-(4-methylphenyl)­

ethyl, 2-(2-methoxyphenyl)ethyl, 2-(3-metho:xyphenyl)-ethyl, 2-(4-

metho:xyphenyl)ethyl, 2-(4-hydro:xyphenyl)ethyl, 2-(4-fluoro­

phenyl)ethyl, 2-(4-benzylo:xyphenyl)ethyl, 2-phenoxyethyl, 2-

benzoyloxyethyl, 2-benzyloxyethyl, 2-phthalimidoethyl or 2-(1,3-

benzodioxolan-5-yl)ethyl. 

Most preferably Rs is methyl, ethyl, n-propyl, 

3-etho:xycarbonylprop-1-yl, 4-ethoxycarbonylbut-1-yl or 2-phenyl­

ethyl. 
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Preferably R8 is methyl or ethyl. 

Preferably R' is indanyl, aryl, C1-C12 alkyl or C2-c12 alkenyl, said 

C1-C12 alkyl being optionally.substit.,.ted by halo, .C2-c, 
alkanoyloxy, -OC02R

8 or aryl. 

More preferably _R' is indanyl, phenyl, C1-C4 alkyl or vinyl, said 

C1-C4 alkyl being optionally substituted .by fluoro, pivaloyloxy, 

ethoxycarbonyloxy or phenyl, as, preterably,,.is R'A. 

Most preferably R' is 5-indanyJ, phenyl, methyl, ethyl,, vinyl, 2,2,2-

trifluoroethyl, pivaloyloxymethyl, ethoxycarbonyloxymethyl or 

benzyl, as, ,most preferably, is R'A. 

Preferably "aryl" means phenyl optionally_sul)stltuted by c1-c, 
alkyl, hydroxy, ".'OR', halo.or aryl(C1-C.)alkoxy •. 

Mo~ preferably 11aryl11 means .phenyl optionally substituted by 

methyl, hydroxy, methoxy, fluoro or benzyloxy. 

Most preferably "aryl11 means phenyl, 2-methy_lph•nyl,. 

3-methylphenyl, 4-methylphenyl, 4-hydroxyphenyl, 2-

methoxyphenyl, .3-methoxyphenyli 4--methoxyphenyl, 4-

tluorophenyl or 4-benzyloxyphenyl. 

Preferably m is o. 

Preferably n is 1. 

The pharmaceutically acceptable salts of the compounds of the 

formula (I) include the acid addition and the base salts thereof. 

Suitable acid addition salts are formed from acids which form 

non-toxic salts and examples are the hydrochloride, hydrobromide, 
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hydroiodide, sulphate, bisulphate, phosphate, hydrogen phosphate, 

acetate, maleate, fumarate, lactate, tartrate, citrate, gluconate, 

benzoate, methanesulphonate, benzenesulphonate and g­

toluenesulphonate salts. 
-

Suitable base salts are formed from bases which· form non-toxic 

salts and examples are the aluminium, calcium, lithium, magnesium, 

potassium, sodium, zinc and diethanolamine salts. · , · 

For a review on suitable .salts see Berge· m..ai, J. Pharm. Sci., .§§., 

1-19 (1977). . . '·' ......... ,, 

A compound of the fonnula (I) may· contain one·or more 

asymmetric carbon atoms and/or one or more alkenyl groups and may 

therefore exist in two or more stereoisomeric forms~ The present 

invention includes the individual stereoisomers of the compounds of 

the formula (I) and mixtures thereof, together, where appropriate, with 

all the tautomeric forms of the·compounds·of the formula_ {I). 

Separation of diastereoisomers or cis and trans isomers may be 

achieved by conventional techniques, e.g. by fraetional crystaHisation, 

chromatography or H.P .. L.C. 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 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) is where the 

dashed line does not represent a covalent bond, X is O or NH, R and R1 

are both C1-C4 alkyl, R2 is H or C1-C4 alkyl, R3 is hydroxy and R4 and R5 

are as previously defined for a compound of the fonnula (I), and which 

has the (3S,4R)- stereochemistry in the benzopyran ring, that is a 

compound of th~ formula:-
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C;C4 alkyl 

cic4 alkyl 

• 

The compounds of the formula (I) provided by the invention can 

be prepared by the following methods:-

_., .... _. 
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1) The compounds of the formula (I) wherein the dashed line 

does not represent a covalent bond; X is 0, NH or S, R4 has the 

definition (a), (b) or (c) as previously defined for R~· for a 

compound of the formula (I) and R, R'~ R2, R1 and R5 are as 

previously defined for· a compound of the formula (I), can be 

prepared by reacting a compound of the formula:-
M ~ ' •• 0. 

• .. 

•.: 

(II) 

wherein R, R', R2 and R5 are as defined for this method, with a 

compound of the formula:· 

R4·XH 

or, where appropriate, a tautomer thereof, 

or, where Xis O or S, with a base salt thereof, wherein R4 and X 

are as defined for this method. Preferred base salts of the 

compounds of the formula R4·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 R4-XH using a suitable base, e.g. sodium hydride. 

The reaction is typically carried out in a suitable organic 

solvent, e.g. ethanol or tetrahydrofuran, at from room 

temperature to, and preferably at, the reflux temperature of the 

solvent. If a base salt of a compound of the formula R4-XH is not 

used, a suitable base catalyst, e.g. pyridine or triethylamine, may 

also be present. 
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lf a base salt of a compound of the formula R4-XH wherein 

X is O and R4 is as previously defined in definition (a) for R4 for a 

compound of the formula (I) is used, the reaction is preferably 

carried out in the presence of a suitable Lewis acid, e.g. boron 

trifluoride etherate. 

The intermediates of the formula (II) can be prepared by 

the following route:-

.. .., : 

(V) 

i 
A compound of the formula (Il) 
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wherein R, R1, R2 and R5 are as defined for this method. 

In a typical procedure a carboxylic acid of the.formula (Ill) 

is converted to an amide·of the-formula (IV) using a conventional 

procedure, e.g. by reacting the· carboxylic acid with t,-1 '· 
_ carbonyldiimidazole to first form an -imidazolide derivative, 

followed by reaction of· this derivative-with an· amine of the 

formula R5NH2; Wherein R5 -is as defined for this method. 

Alternatively the carboxylic acid can be converted to the 

corresponding acid chloride, e.g. using oxalyl chlo~ide in the 

presence of N,N-dimethylformamide, which can then be reacted 

with an amine of the formula R5NH2 to provide the required 

amide. 

The amide of the formula (IV) is reacted first with 

phosphorus pentachloride and then ·with trimethylsilyl azide to 

form a tetrazole of the formula (V) that can be converted to an 

epoxide of the formula (II) using sodium hypochlorite in the 

presence of [(S,S)-1,2-bis(3,S-dl-tert-butylsalicylideamlno)]­

cyclohexane manganese (Ill) chloride (see J. Amer. Chem. Soc., 

in, 7063-(1991)) or by using OXONE™· (potassium 

peroxymonosulphate). 

The intermediates of the formulae (Ill) and R4-XH, and the 

base salts there0f, are either kilown or may be ·prepared by 

conventional techniques. 

Alternatively, where R2 is H, a compound of the formula (V) 

can be converted to an epoxide of the formula (II) by a two-stage 

procedure, the first stage involving reacting· a compound of the 

formula M with N-bromosuccinimide in aqueous dimethyl 

sulfoxide to form a 3-bromo-4-hydroxy-2H-benzo[b]pyran 

derivative and the second stage involving further reacting this 

bromohydrin derivative with a strong bas~, e.g. sodium hydride, 

to form the epoxide. 
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2) The compounds of the formula (I) wherein the dashed line 

does not represent a covalent bond, X is a direct link, R4 is an N­

linked heterocyclic ring as previously defined in definition (c) for 

R4 for a compound of the formula (I), and R-, R1
,. R2, R3 and R5 are 

as previously defined for a compound of the formula {I), can be 

prepared by reacting a compound of the formula (II), wherein R, 

R1
, R2 and R5 are as previously defined for this- method, with a 4-

to 7-membered ring heterocyclic compound containing at least 

one N· hetero-atom bearing a hydrogen substituent and-which 

otherwise is as defined in this method for R', or with a base salt 

thereof. . . ·. , · 

· - In a typical· procedure, when a base. satt ·of Die heterocyclic 

compound is not used, the reaction is carried, out in -the 

presence .of a. suitable basic catalyst, e.g. - . · . 

benzyltrimethylammonium hydroxide (TRITONTMB) or pyridine, 

and. in a suitable solvent, e.g. dioxan or ethanol, at from room 

temperature to, and preferably at, the reflux temperature thereof. 

When a base salt of the heterocyclic compound is used 

the preferred base salts include the alkali metal salts;· e.g .. the 

sodium and potassium salts. The base salt may be generated in 

aim by first reacting the heterocyclic compound with a suitable 

strong base, e.g. sodium hydride, and then allowing the base salt 

formed to react with a compound of the formula (II). 
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3) All the compounds of the formula (I) can be prepared by 

reaction of a compound of the formula:-

or a base salt thereof, wherein the d&Shed line, x, R, R1, ·R2
, R3 

and R' are· as preViously defined for a compound of the formula 

(I), with a compound of the formula R5Z wherein R5 is as 

previously defined for a compound of the formula (I) and Z is a 

suitable leaving group, e.g. halo (preferably bromo or iodo), 

methanesulphonyloxy, p-toluenesulphonyloxy or 

trifluoromethanesulphonyloxy. 

Preferred base salts of the compounds of the formula (VI) 

include the alk81i metal safts, e.g. the sodium salt~ The base salt 

.may be generated in situ by reaction of a 1 H-tetrazole of the 

formula (VI) with a suitable base, e.g. sodium hydroxide or 

sodium t-butoxide. 

Where. a base salt of a compound of the formula (VI) is not 

used, the alkylation may be Cittried out in the presence of 

bis(tributyl)tin oxide and optionally in a suitable solvent, e.g. 

acetonitrile or N,N-dimethylformamide, at room temperature. 



PLC 585A {SPC 8396A) 

-17-

. Alternatively, where a base salt of a compound of the 

formula (VI) is not used, the alkylation may be carried out in. the 

presence of a suitable acid acceptor, e.g. potassium .carbonate, . 

and in a suitable solvent, e.g. acetonitrlle •.. 

The compounds of the formula (I) where R6 is aryl (e.g. 

phenyl) can be prepared by reacting -a base salt, e.g. a sodium 

salt, of a compound of the fonnula (VI) with a. diaryliodonium 

halide, e.g. diphenyliodonium chloride where R5 is phenyl is 

required. The reaction is typicaQy .carriecl .out in a suitable . 

solvent, e.g. t-butanQI, and m the reflux.temperature thereof. 

The intermediate tetrqe&es of .Die.formula (VI) can be 

prepared by reacting a compound of the fonnula:-

NC 

R4 
x"""'. 

R3 

~-R2 

~-Rl 

R"· 

(VIl) 

wherein the dashed line, X, R, R1
, R2

, R3 and R4 are as previously 

defined for this method, with sodium azide and triethylamine 

hydrochloride. The reaction is typically carried out in a suitable 

solvent, e.g. 1-methyl-2-pyrrolidinone, and at an elevated 

temperature, e.g. g. 150°C. 
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4) The compounds of the formula (I) wherein the dashed line 

represents a covalent bond and X, R, R1, R2
, R4 and Rs are as 

previously defined for a compound of the formula {I), can be 

prepared by dehydration of a compound of the formula {I) 

wherein the dashed line does not represent a covalent bond, R3 

is hydroxy, and X, R, R1
, R2

, R4 and Rs are as defined for this 

method. 

In a typical procedure the dehydration is carried out using 

a suitable- dehydrating·-agent, e.g. polymer-supported sodium 

hydroxide, and using a suitable solvent, e.g. anhydrous dioxan, 

at from room temperature to, and preferably at, the reflux 

temperature thereof. 

5) The compounds of the formula {I) wherein the dashed line 

. does not represent a covalent- bond, X is a direct link, R4 is 

2-oxopiperidin-1-yl optionally substituted as-previously defined 

in definition (c) for R4 for a compou~d of the formula {I), and R, 

R1, R2
, R3 and R5 are as previously defined for-a.compound of the 

formula (I), can be prepared by reduction of a compound of the 

formula (I) wherein R4 is 2-oxopyridin-1-yl, optionally substituted 

as defined for R4 for this method and the dashed line, x, R, R1, 

R2, R3 and R5 are as defined for this method. 

The reduction is typically carried out by catalytic 

hydrogenation of a compound of the formula {I), e.g. using 

palladium-on-carbon as a catalyst, in a suitable solvent, e.g. 

ethanol. 
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6) The compounds of the formula (I) wherein R5 is aryl, C1-C12 

alkyl, c2-C12 alkenyl or C2-C12 alkynyl, said alkyl, alkenyl and 

alkynyl being substituted by -C02R
9 or by aryl substituted by 

-C02R' or R'02C(C1-C8)alkyl, and. said aryl· being. substituted by 

-C02R' or R'02C(C1-CJalkyl, and the.dashed line, X, R, R1
, R2

, Ra, 

R4, R' and 11aryl 11 are as previously defined for a compound of the 

fonnula (I), can be prepared by reaction of a compound of the 

fonnula:- ··. , · ·· 

(VIII) 

wherein the dashed line, X, R, R1, R2
, Ra .and __ R4 are as defined for 

this meth_od and R10 is aryl, C1-C12 alkyl, C2-C12 alkenyl or C2-C12 

alkynyl, said alkyl, alkenyl and alkynyl being substituted by 

-C02H or by aryl substituted. by -CO~H or .l:iO~C(C1-CJalkyl, 

and said aryl being substituted by -C02H or H02C(C1-

CJalkyl, or an activated derivative of such a carboxylic 

acid, with a compound of the formula R90H wherein. R' is 

as defined for this method. 

The term "activated derivative" includes the corresponding 

acid halide, e.g. acid chloride, imidazolide and activated ester, 

e.g. benzotriazol-1-yl ester, derivatives of a carboxylic acid of the 

formula (VIII). 
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The reaction is typically carried out by reacting a 

carboxylic acid of the formula (VIII) with. oxalyl chloride to form 

the corresponding acid chloride that may then be reacted with an 

alcohol of the formula R90H, optionally in the presence of a 

suitable acid acceptor, e.g. pyridine, to provide the required 

ester. ~ -· ·. 

The reaction may also be carried out: using conventional 

esterification conditions, e.g. by reacting a carboxylic acid of the 

formula {VIII) with an· alcohol of the formula R90H in the 

presence of an acid catalyst. 

The reaction can further be carried out by reacting a 

carboxylic acid of the formula {VIII) with an alcohol-of the · 

formula R90H in- the presence of suitable condensing agent, e.g. 

1-(3-dimethylaminopropyl)-3-ethylcarbodiimide or- . 

dicyclohexytcarbodiimide. A variation on this reaction is to first 

react a carboxylic acid of the formula (VIII) with 1-

hydroxybenzotriazole in the presence of a suitable condensing 

agent to form an activated ester, that can then be reacted with 

an alcohol of the formula R90H to provide the required ester. 

The reaction can yet further be carried out under the 

conditions of the Mitsunobu reaction by reacting a carboxylic 

acid of the formula (VIII) with ari alcohol of the formula R90H in 

the presence of a suitable phosphine, e.g. triphenylphosphine, 

and a di(C1-C4)all<yl azodicarboxylate e.g. diethyl 

azodicarboxylate. 

The carboxylic acid intermediates of the formula (VIII) can 

be prepared by hydrolysis of a corresponding ester of the 

formula (I), e.g. a methyl or ethyl ester, using conventional 

conditions, e.g. using aqueous acid or base. 
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7) The compounds of the formula (I) wherein the dashed line, 

X, R, R1
, R2

, R3
, R4 and Rs are as defined for method {6) and R9 is 

vinyl, can be prepared by reaction of a compound of the formula 

(VIII) wherein the dashed line, X, R, R1
, R2, R3 .and R4 are as 

defined for this method and R10 is aiyl, C1-C12 alkyl, C2-C12 alkenyl 

or c2-c12 alkynyl, said alkyl, alkenyl and alkynyl_ being substituted 

by -C02H or by aryl substituted by -COOH or H02C{C1-CJalkyl, 

and said aryl being substituted bY. -COQH,or H01C{C1-C8)alkyl, 

with a vinyl C1-C4 alkanoate, e.g. vinyl acetateJc ,and iQ _the 

presence of a suitable catalyst, e.g. 1, 10-phenanthrolinyl­

palladlum (II) acetate • 

. In a typical procedure the reaction _is_ ~rried _out in a 

suitable solvent, e.g. dichloromethane or tetrahy~rofuran, and at 

an elevated temper.atqre, e.g. at the _reflux temperature of the 

solvent. 

8) The compounds of the formula (I) wherein the dashed line, 

X, R, R1
, R2

, R3
, R4 and Rs are as defined for method {6) and R9 is 

c1-c12 alkyl optionally substituted as previously defined for the 

definition of R' as c1-c12 alkyl for a compound .of the formula {I), 

can be pre~"ed by reaction of a compound of the formula {VIII), 

or a base salt thereof, wherein the dashed line, x, R, R1, R2
, R3

, 

R' and R10 are as defined for a compound of the formula (VIII) in 

method (7), with a compound of the formula:-

R9Z1 

wherein Z1 is a suitable leaving group, e.g. halo, and R' is as 

defined for this method. 
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ln a typical procedure a carboxylic acid of the formula 

(VIII) is reacted with a compound· of the formula R9Z1 wherein Z1 

is halo, preferably chloro, in the presence of an alkali metal (e.g. 

cesium) carbonate and in a suitable solvent, e.g. N,N­

dimethylacetamide. 

Suitable base salts of the compounds· of the formula (VIII) 

are the alkali metal salts, e.g. the caesium, sodium and 

potassium salts:· · · · · · - = · · · ... 

For certain compounds of the-formula R9Z1
; the- reaction 

may be conveniently carried out by reaction with a carbo:xylic 

acid of the formula (VIII) in the presence of a suitable acid 

acceptor. 

9) The compounds of the formula (I) wherein ·the dashed line 

does not represent a ·covalent bond; X is a direct link, R4 is a C­

linked heterocyclic ring. as previously defined in d_efinition {c) for 

R4 for a compound of the formula. {I), and R, R1, R2
, R3 and R5 are 

as previously defined for. a compound of the formula (I); can be 

prepared by reacting ·8 compound of the formula (II} wherein R, 

R1
, R2 and R5 are as ·previously defined for this method, with an 

organometallic compound of the formula:-

R4M 

wherein R4· is a C-linked heterocyclic ring as defined for R4 tor 

this method and M is a suitable metal, e.g. lithium, sodium or 

potassium, or metal halide, e.g. a magnesium halide (i.e. a 

Grignard reagent). 

The organometallic compounds of the formula:-

R4M 

wherein M is a suitable metal are preferably generated in situ by 

deprotonation of the corresponding heterocyclic compound of 

the formula:-
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wherein R4 is as previously defined for this method, with a 

suitable base, e.g. n- or t-butyl lithium or lithium 

diisopropylamide. 

The organometallic compounds of the formula:-

R4M 

wherein M is a suitable metal halide, e.g. a magnesium halide, 

can be prepared by treatment of the corresponding 

organometallic compound of the formula:~ · · · 

R4M 

wherein M is lithium, in situ with a metal halide, e.g. magnesium 

bromide. 

_ The reaction is typically carried out under an inert 

atmosphere of nitrogen or argon and in a suitable solvent, e.g. 

tetrahydrofuran. The reaction step 1!"ith the epoxide is typically 

carried out at from -80°C to the reflux temperature of the solvent, 

and preferably at from 0°c to room temperature. 

10) The compounds of the formula (I) wherein Rs is C1-C12 

alkyl, C2-c12 alkenyl or C2-C12 alkynyl, said alkyl, alkenyl and 

alkynyl being substituted by C2-C8 alkanoyloxy or 

arylcarbonyloxy, and 11aryl 11
, the dashed line, X, R, R1

, R2
, R1 and 

R4 are as previously defined for a compound of the formula (I), 

can be prepared by reaction of a compound of the formula (I) 

wherein the dashed line, X, R, R1
, R2

, R3 and R4 are as defined for 

this method and Rs is C1-C12 alkyl, c2-c12 alkenyl or C2-C12 

alkynyl, said alkyl, alkenyl and alkynyl being substituted by 

hydroxy, either with a C2-C8 alkanoic acid or arylcarboxylic acid, 

or wHh an activated derivative of either of these carboxylic acids, 



PLC 585A (SPC 8396A) 

-24-

wherein 11aryl" is as defined for this method. 

The term "activated derivative" includes the corresponding 

acid halide, e.g. acid chloride,.acid anhydride,. imidazolide and 

activated ester, e.g. a benzotriazol-1-yl ester, derivatives of the 

carboxylic acid. 

The reaction can be carried o~ by reacting a -~-C.. 

alkanoyl .halide or aroyl halide, e.g. a c2~c1 alkanoyl. chloride or 

aroyl chloride, with an alcohol of the fonnula (I}, optionally in the 

presence of a suitable acid acceptor, e.g. pyridine •. 

The reaction. can also -be carried out by reacting.an acid 

anhydride of the-formula (~-C8,alkanoyl)20 or (aroyl)iO with an 

alcohol of the formula (I), optionally in the presence of a suitable 

acid acceptor, e.g. pyridine. 

The reaction can further be carried out by reaction of an 

alcohol of the formula (I) and an above carboxylic acid under 

conventional esterification conditions such as in the presence of 

a suitable condensing agent or under the conditions of the 

Mitsunobu reaction, using similar procedures to those described 

in method (6). 

11) The compounds of the formula (I) wherein R1 is aryl; C1-C12 

alkyl, c2-c~2 alkenyl or c2-c12 alkynyl, said alkyl, alkenyl and 

alkynyl being substituted by -CONH2, ·CONHR8
, ·CON(R8

) 2, 

-CONH(C1·C8)alkylC02R
8 or -CONR8(C1-C1)alkylC02R8, or by aryl 

substituted by ·CONH2, H2NCO(C1-C8)alkyl, ·CONHR', R8NHCO{C1-

C,)alkyl, -CON(R8
) 2, (R8

) 2NCO(C1-C8)alkyl, ·CONH(C1-CJalkylC02R8
, 

R80 2C(C1-C,)alkylNHCO(C1·C8)alkyl, -CONR8(C1-CJalkylC02R8 or 

R10 2C(C1-C1)alkylNR1CO(C1-C1)alkyl, and said aryl being 

substituted by-CONH2, H2NCO(C1·C6)alkyl, -CONHR8
, R8NHCO(C1• 

C1)alkyl, 

-CON(R8
) 2, (R8

) 2NCO(C1-C,)alkyl, ·CONH(C1-C8)alkylC02R
8

, 
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R802C(C,-C,)alkylNHCO(C1-Ce)alkyl, -CONR8{C,­

C8)alkylC02R8 or R80 2C(C1-C8)alkylNR8CO(C1-C1)alkyl, and 

the dashed line, X, R, R1, R2
, R3

, R' and R8.are aS 
previously defined for a compound of. the formula (I}, can 

be prepared by reaction of a compound of the formula. 

{VIII), or an activated derivative thereof, wherein ,the 

dashed line, X, R, R1, R2, R3
, R', R10 and the term "activated 

derivative" are as defined in method (6) for a compound of 

the formula (VIII), with ammonia or with a compound of the 

formula R8N~, (R8}2NH, R80 2C{C,-C8 alkyl)NH2 or R80 2C{C,­

C8 alkyl)NHR', wherein R8 is as defined.for this method.-

. The reaction can· be carried out by· reacting a carboxylic 

acid of the formula (VIII) with an above amine in the presence of 

a suitable condensing agent,. e.g. 1-(~dimethylaminopropyl)-3-

ethylcarbodiimide. 

The reaction can also be carried out by first reacting a 

carboxylic acid.of the formula (VIII) with.,1-hydroxybenzotriazole 

in the presence of a suitable condensing agent, e.g. 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide, to form an activated 

ester, which can then be reacted with an above amine to provide 

the required amide. 

The reaction can further be carried out by first generating 

the corresponding acid chloride of a carboxylic acid of the 

formula (VIII), followed by reacting this acid chloride with an 

above .amine to provide the required amide. 

The reaction can further be carried out under the 

conditions of the Mitsunobu reaction (see Method (6)). 
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12) The compounds of the formula (I) wherein the dashed line, 

x, R, R1
, R2, R3

, R4
, R5 and R8 are as defined for method (11), can 

be prepared by reaction of certain compound$ of the formula {I) 

wherein the dashed line, X, R, R1
, R2

, R3 and R4 are as defined for 

this method and Rs is aryl, C1-C12 alkyl, c2-C12 alkenyl or C2-C12 

alkynyl, said alkyl, alkenyl and alkynyl being substituted by 

-C02R
8 or by aryl substituted by -C02R' or R10 2C(C1-

C8)alkyl, and said aryl being substituted by ·-C02R' or · 

R90 2C(C1-C6)alkyl, wherein R' is a suitable ester-forming · 

group selected from within the definition of R' as 

previously defined for a compound of t~e formula (I), with 

ammonia or with a compound of the formula R8NH2, 

(R8)2NH, R80 2C(C1-C6 alkyl)NH2 or R80 2C(C1-C1 alkyl)NHR', 

wherein R' is as defined for this· method. 

_ Examples of suitable ester-forming groups-for R' for this 

method are C1-C4 alkyl, e.g. methyl and ethyl, phenyl, 

pentafluorophenyl and p-nitrophenyl. 

13) The· compounds of the formula (I) wherein R5 is c1-c12 alkyl 

substituted by hydroxy, hydroxyphenyl or hydroxy(C1-

CJalkylphenyl, and the dashed line, x, R, R1, R2, Rs and R' are as 

previously defined for a compound of the formula (I), can be 

prepared by hydrogenation of a compound of the formula (I) 

wherein Rs is C1-C12 alkyl substituted by benzyloxy, 

benzyloxyphenyl or benzyloxy(C1-C6)alkylphenyl, and the dashed 

line, X, R, R1
, R2, Rs and R4 are as defined for this method. 

In a typical procedure the reaction is carried out in the 

presence of a palladium-on-carbon catalyst and in a suitable 

solvent, e.g. ethanol, under pressure and at from room 

temperature to the reflux temperature of the solvent. 
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14) The compounds of the formula (I) ·wherein Rs is C1-c12. alkyl 

substituted by amino, and the dashed line, X, R, R1
, R2

, Ra and R4 

are as previously defined for a compound of the formula (I), can . 

be prepared by reaction of a compound of the formula (I) 

wherein R5 is c1-c12 alkyl substituted by phthalimido, and the 

dashed Une, X, R, R1
, Fi, R~ and R4.are as defined for this 

method, wHh a C1-C4 alkylamine (e.g. methylamine) or hydrazine. 

The reaction is typically carried .. out. in a suitable solvent, 

e.g. ethanol, at from room temperature to the reflux temperature 

of the solvent.· 

! - ·.:. 

15) The compounds of the formula (I) wherein. R4 is 2-methyl-3-

oxopyridazin-&-yl and the dashed line, X, R, R1
, R2

, Ra and Rs are 

as previously .. defined for a compound of the formula (I), can be 

prepared by methylation of a compound of the formula (I) 

wherein R4 is 3-hydro:xypyridazin-6-yl and the dashed line, X, R, 

R1
, R2

, R3 and R5 are as defined.for this.method. 

The reaction is typically carried .. out using a suitable 

methylating agent, e.g. dimethyl sulphate, in the presence of a 

suitable base, e.g. potassium carbonate, and in a suitable 

solvent, e.g. acetone, at from room temperature to, and 

preferably at, the reflux temperature of the solvent. 

iliiii1iiif 
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16) The compounds of the formula (I) wherein the dashed line 

does not represent a covalent bond, X ·is NH, R4 is a group of the 

formula:-

~SR8 

-~ 
NR7 · 

and R, R1, R2
, R3

, R5
, R7 and R8 are as previou$.IY defined ~or a 

compound. of the formula (I), can. be prepared by reaction of a 

compound of the formula:-

(IX) 

wherein R, R1
, R2 and R5 are as previously defined for this 

method, with a compound of the formula (R8S)2C=NR7 wherein R7 

and R8 are as previously defined for this method. 

-------·-
--------- Replaced 

\iii\\\\\\ 
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In a typical procedure the compounds are heated together 

in pyridine or ethanol. 

The intermediates of the formula {IX) can be prepared by 

reaction: of a compound of the formula (II) wherein R; · R1
, R3 and 

R5 a~e as previously defined for this method with ammonia and 

in a suitable solvent, e.g. ethanol, at from room· temperature to 

the reflux. temperature of the·-solvent, and preferably at from 50 

to 70°C. , ·' 

17) The compounds of the formula (I) wherein the dashed line 

does not .. represent a covalent bond, X is. NH, R4 is a· group of the 

formula:-

. 6 

-(, 
wherein R8 _is -OR8

, -NHR8
, -NH(aryl) or -NH{Pyridinyl), 

and R, R1
, R2

,_ R3, R5
, R7

, R8 and 11aryl 11 are as previously defined 

for a compound of the formula (1), can be prepared by reaction of 

a compound of the formula (I) wherein the dashed line, X, R, R1
, 

R2
, R1

, R4
, R5, R7 and R' are as defined for method (16), with a 

suitable base salt of a compound of the formula R80H (i.e. an 

alkoxide derivative), or with a compound of the formula R'NH2, 

(aryl)NH2 or (pyridinyl)NH2, wherein 11aryl 11 and R8 are as defined 

for this method. 

Suitable base salts are the alkali metal salts, e.g. the 

sodium and potassium salts. 
··-----·· ·-·--·-------··· 

liiili~1r 
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18) The compounds of the formula (I} wherein the dashed line 

does not represent- a covalent bond, X is NH, R4 is a C-linked 4-

to 7-membered heterocyclic·ring containing from-1to3 nitrogen 

hetero-atoms which is optionally substituted. as previously· 

defined in- definition (c) for R4 for a compound of the formula {I), 

and R, R\ R2, · R3
· and R5 are as previously defined for a 

compound of the-formula (I},· can be-prepared by reaction of a 

compound of the formula (IX) wherein R, R1
, R2 and R5 are as 

previously defined for this method, with a. 4- to 7-membered ring 

heterocyclic compound· containing from 1 to 3 nitrogen hetero­

atoms which is substituted on a ring carbon atom by a leaving 

group, e.g. halo (preferably chloro or bromo) or a group of the 

formula C1-C4 alkyl S(O)p- where pis 0, 1 or 2, and optionally 

further substituted as previously defined for R4 for this method. 

In a typical procedure the reaction is ~rried out in the 

presence of a suitable acid acceptor, e.g. potassium carbonate 

or diisopropylethylamine, and in a suitable solvent, e.g. N,N­

dimethylacetamide or dioxan, at from room temperature to, and 

preferably at or about, the reflux temperature thereof. 

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 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 hereto. 

---- -----------
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A pharmaceutically acceptable salt 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 

ap~ropriate~. :The salt may precipHate 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 

a~ivity since they are able to open potassium channels in such tissue. 

They can be tested for smooth muscle relaxant actlvify by a method 

involving measuring the in vitro relaxation of guinea pig tracheal ring 

preparations as follows:-

Male guinea pigs (500-&00g) were killed by a blow to the head 

and exsanguinated. The trachea was removed, placed In Krebs 

solution and cleaned. The trachea was slit through the cartilage along 

it's longitudinal axis and strips consisting of four adjacent cartilage 

rings were prepared. The strips were each placed in a water-jacketed 

organ bath (37°C} containing Krebs solution and tied to a force­

displacement transducer for the measurement of isometric tension 

responses. The tissues were equilibrated for 60 minutes under a 

resting load of 1 g and washed every 15 minutes before the start of 

each experiment. 

The composition of the Krebs solution was as follows 

(milllmoles):- NaCl (119); KCI (4.7); NaHC03 (25); KH2P04 (1.2); MgS04 

(1.2); CaCl2 (2.5); glucose (11 ), and indomethacin (2.8pM) was added to 

remove the influence of the endogenous prostanoids. The solution 

was gassed with 95% 0 2 /5°/o C02 and the temperature was kept 

constant at 37°C. 

-------------- ----------
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After the equilibration period a priming dose of KCI (20mM) was 

added to each tissue bath and after a further 20 minutes the tissue was 

washed. After a further 30: minutes KCI (20mM) was added to contract 

each tissue. The relaxant action of a compound of the fonnula (I) was 

examined when the maintained contractile response had stabilized. 

The comp_o_unds can be added cumulatively (10 .. -10°"mol) at 5 minute 

intervals. . - . · · -· - · . 

The reversal to -pretreatment base line was taken as 100 per cent 

relaxation in these studies and concentration-relaxation curves were 

constructed in order to obtain IC50 values for potency. 

For human use, the compounds of the fonnula (I) 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. 

They can be injected parenterally, for example, intravenously, 

intramuscularly or subcutaneously. For parenteral administration, they 

are best used in the 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 20mg/kg (in single or divided doses) and preferably will be from 0.1 

to 5mg/kg. 
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Thus tablets or capsules of the compounds will co.ntain from 

1 mg to O.Sg of active compound for administration singly or two or 

more at a time, as appropriate. The physician i(l 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 above dosages 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 invention. 

The compounds of formula (I) can also be administered 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 propellant, e.g.- dichlorodifluoromethane, 

trichlorofluoromethane, dichlorotetrafluoroethane, a hydrofluoroalkane 

such as 1,1,1,2-tetrafluoroethane (HFA 134A [trade mark]) or 1,1,1,2,3,3,-

3-heptafluoropropane (HFA 227EA [trade mark]), carbon dioxide or 

other suitable gas. In the case of a pre~urised 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, e.g. using a mixture of 

ethanol and the propellant as the solvent, which may additionally 

contain a lubricant, e.g. sorbitan trloleate. 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 formula 

(I) and a suitable powder base such as lactose or starch. 

Aerosol formulations are preferably arranged so that each 

metered dose or "puff" of aerosol contains from 20pg to 1 OOOpg of a 

compound of formula (I), 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 20pg to 10mg which may be .administered 

in a single dose or, more usually, in divided doses throughout the day. 
------------- --- ------ --
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Alternatively, the compounds of the formula (I) 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, 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 preservath~es as may be 

required. 

Thus the invention further provides:-

i) a pharmaceutical composition comprising a compound of the 

formula (I), or a pharmaceutically acceptable 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 angina or 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 incontinence, irritable bowel 

syndrome, diverticular disease, oesophageal achalasia or 

hypertension; 

v) a method of treatment of a human to cure or prevent angina or 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; 



PLC 585A (SPC 8396A) 

-35-

vi) a method as stated in (v) where the disease is chronic 

obstructive airways disease, asthma, urinary incontinence, 

irritable bowel syndrome, diverticular disease, oesophageal 

achalasia or hypertension; and 

vii) intermediates of the formulae (II), (V), (VI) or a base salt thereof, 

(VIII) or an activated derivative thereof, and (IX). 

The following Examples illustrate the preparation of the 

compounds of the formula (I):-

-------·--------
This Sheet Has Been Re -----
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EXAMPLE 1 

-------------

(3S.4R)-3,4-Dihydro-6-( 1-[3-eth oxyca rbonylprop-1-yll-1H-tetrazo1-5-

yll·3-hyd ro xy-4-(3-hydroxypyridazin-6-yl)oxy-2.2.3-trlmethyl-2H­

benzolblpyran 

pyridine, ethanol ~O 
"~-r 

H H 

A mixture containing (3S,4S)-3,4-dihydro-3,4-epoxy-6-

( 1-[3-ethoxycarbonylprop-1-yl]-1 H-tetrazol-5-yl)-2,2,3-trim ethyl-2H­

benzo[b ]pyran (see Preparation 1) (0.5g), 3,6-dihydroxypyridazine 

(0.23g), pyridine (0.1g) and ethanol (10ml) was heated under reflux for 6 

days. On cooling to room temperature the mixture was concentrated in 

vacuo and the residue azeotroped with dichloromethane (6 x 10ml). 
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The resulting foam was purified by chromatography on silica eluting 

with dlchloromethane containing methanol (2.5% up to 5%). The 

product-containing fractions were combined and concentrated in vacuo 

to give an oil which was azeotroped with hexane to give the title 

compound as a colourless solid, 0.32g, m.p. 90-110°C. 
1H-NMR (CDCl3): a= 7.75(s,1H), 7.60-7.50(dd,1H), 7.15-7.10(d,1H), 7.05-

6.96(m,3H), 6.00(s, 1 H), 4.50-4.40(t,2H), 4.16-4.00(q,2H), 3.S&(s, 1 H), 2.50-

2.35(m,2H), 2.30-2.20(m,2H), 1.50{s,3H), 1.45(s,3H), 1.30(s,3H), 1.30-

1.20(t,3H) ppm. 

EXAMPLES !_TO 13 

The compounds of the following tabulated Examples of the 

general formula:-

N-N 
II I 
N, 

N 
is 

were prepared using similar methods to that used in Example 1 using 

the appropriate starting materials. 



Oxirane~ •. 
Ex. Stereo- x R' Rz R .. RI starting:·. 

chem. material~· 
ref. 

22 3S,4R 0 OH CH1 H -(CHJ1C02C2H1 see 
N Prep. 1 

I 
~ 

. 

31 3S,4R 0 OH CH3 0 CH1 see 
Prep. 9 

I 
NH 

.&A 
' 

.. -

m.p. Analysls/1H-NMR (CDCl1)
1 

(°C) 

100- Found: C,57.39; H,5.98; 
107 N,13.77; 

C24H21N,0 •. 0.25 CH2Cl2 
requires: C,57.71; H,5.89; 
N,13.88%. 
S=7.60-7.50(m,2H), 7.25-
7.20(d,1H), 7.05-
6.95(d, 1 H), 6.·35{s, 1 H), 
6.15-6.10(dd, 1H), 
6.55(s, 1 H), 4.50-4.40 
(t,2H), 4.10-4.00{q,2H), 
3.80-3.&0(brs, 1 H), 2.45-
2.35(m,2H), 2.30-2.10 
(m,2H), 1.55(s,3H), 1.50 
(s,3H), 1.36(s,3H), 1.25-
1.20(t,3H) ppm. 

249· · Found: C,55.84; H,5.28; 
251 N,21.67; 

C,8H20N50 4 requires: 
C,56.24; H,5.24; 
N,21.86%. 
l>=7.70-7.60(m,2H), 7 .25-
7 .20( d, 1 H), 7 .00-
6.90(m,2H), 5.90(s, 1 H), 
5.35(s, 1 H), 4.05(s,3H), 
1.40(s,3H), 1.35{s,3H), 
1.20(s,3H) ppm. 
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Oxirane 
Ex. Stereo- x Rs Rz R' Rs starting 

chem. material 
ref. 

4' 3S,4R 0 OH CH3 0 
-CH2C02C2H1 . see 

' 
Prep. 12 

NH 
I I 

.&N 

5' 3S,4R/ 0 OH CH3 0 see 
3R,4S 

c!~>2 
Prep. 15 

NH 
I I 

.&N 
~, 
~ . ...... 

0 

0 

m.p. Analysis/1H-NMR (CDCl3)
1 

(•C) 

102- Found: C,53.55; H,5.22; 
120°c N,17.42; 
(with C21H24N,o,.o.2CH2Cl2 
foam- requires: C,53.77; H,5.19; 
Ing) N,17.75%. 

l>=7.65(s,1H), 7.55-7.45 
(dd,1H), 7.15-7.10(d,1H), 
7.06-6.90(m,2H), 6.00 
(s, 1H), 5.15(s,2H), 4.25-
4.15(q,2H), 3.65(s, 1H)1 

1.50(s,3H), 1.45(s,3H), 
1.30(s,3H), 1.15-1.10 (t,3H) 
ppm. 

213- Found: C,66.22f H,5.73; 
218 N,14.16; . 

C32H32N,01 requires: 
C,66.19; H,5.56; N, 14.47%. 
(d5-DMSO) 5=7.45(s,1 H), 
7.40-7.25(m,6H), 7.25-
7.15(d,1H), 6.90-6.70 
(m,&H), 5.90(s, 1H), 5.35 
(s, 1 H), 5.00(s,2H), 4.60-
4.50(t,2H), 3.05(t,2H), 
1.40(s,3H), 1.30(s,3H), 
1.20(s,3H) ppm. 
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Oxlrane 
Ex. Stereo- x R' R2 R" Rs starting 

chem. material 
ref. 

s• 3S,4R 0 OH CH3 0 
see 

' Prep. 18 

NH 
I I 
~N 

--Oil (_~ 

' 

77 3S,4R 0 OH CH1 0 
see 
Prep. 21 

NB 
I I 

,.&N 

-(CH)-0 
22 

m.p. Analysis/1H-NMR 
(°C) (CDCIJ1 

- (d8-DMSO) 0=7.55-7.50 
(dd,1H), 7.50(s,1H), 7.30-
7.20(m,3H), 7.20-7.15 
(d,1H), 7.05-6.95 (m,2H), 
6.95-6.85 (m,2H), 6.90 
(s, 1 H), 5.65(s;2H); 5.35 
(s,1H), 1.35(s,3H), 1.30 
(s,3H), 1.15(s,3H) ppm. 

- Found: C,58.49; H,5.19; 
N,15.93; 
c.H.N.o ... o.6 CH2Cl2 
requires: C,58.52; 
H,5.22; N, 16.00%~ 

. (d8-DMSO) 0=7.35-7.30 
(m,2H), 7.25-7.20 
(dd,1H), 7.15-7.05 
(m,3H), 6.95-6.80 (m,4H), 
5.90(s, 1 H), 5.70(d, 1 H), 

· 5.35(s, 1 H), 4.65(m,2H), 
3.10-3.00 (m,2H},. 
1.40(s,3H), 1.35(s,3H), 
1.20(s,3H) ppm. 
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Oxirane 
Ex Stereo- ·x Ra R2 R4 RI starting 

chem. material 
ref. 

a• 3S,4R/ direct OH H 

Cl I , see 
3R,4S link Prep. 24 

(CH2)2 

N 0 

I ~, 

~ 

OCH
3 

9• 3S,4R/ direct OH H 

Cl 
-("CH2)3C02C2H1 see 

3R,4S link Prep. 36 

N 0 

I 

. 

m.p. Analysis/1H-NMR(CDCIJ1 

(°C) 

- B=7.40-7.36(m,1H), 7.20-
7.10(dd,1H), 6.95-6.85 
(m,2H), 6.80-6.65(m,5H), 
6.35-6.26(d, 1 H), 6.25-
6.15(t, 1 H ), 4.50-4.40 
(m,2H), 4.25(d, 1 H), 3.90-
3.86(m, 1 H), 3. 75(s,3H), 
3.20-3.00(m,2H), 1.55 
(s,3H), 1.40(s,3H) ppm. 

145- Found: C,60.56; H,5.92; 
147 N,15.33; 

C23H27N10 1 requires: 
C,60.92; H,6.00; N, 15.44%. 
B=7.65-7.60(d,1H), 7.40-
7.35(m,1 H); 7 .20 (s, 1 H), 
7.10-7.05(d,1H), 7.05· 
6.95(dd,1H), 6.70-6.65 
(d,1H), 6.45-6.35(d,1H), 
6.30-6.20(t, 1 H), 4.50-
4.30(m,2H), 4.30(d,1H), 
4.15-4.05(q,2H), 3.95-
3.90(m, 1 H), 2.40-2.30 
(m,2H), 2.20-2.1 O(m,2H), 
1.55(s,3H), 1.40(s,3H), 1.30-
1.20(t,3H) ppm. 
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Oxirane 
Ex. Stereo- x Ra R1 R' R' starting 

chem. material 
ref. 

108 3S,4R/ direct OH H 

Cl 
I see 

3R,4S link CH2 Prep. 72 
I I o C02C2H1 

. 

11 9 3S,4R 0 OH CH3 0 I see 
(CHJ4 Prep. 65 

I 
NH I 
I C02C2H1 

AN 

• •, 

r.~.p. AnalyslsrH-NMR (CDC1a)1 

['C) 

- S=7.55-7.50(dd,1H), 7.45-
7.35(m,1H), 7.10 (s,1H), 7.10-
7.05(d, 1 H), 7.00-6.95(dd, 1 H), 
6.70-6.65 (d,1H), 6.40· 
6.35{d, 1 H), 6.30-6.20(t, 1 H), 
5.05(s,2H), 4.30-4.10 (q,2H), 
4.15-4.10 (m, 1 H), 3.95-3.85 
(m, 1H), 1.55(s,3H), 
1.40(s,3H), 1.30-1.20(t,3H) 
ppm. 

. Found: C,57.44; H,6.10; 
N,16.40; 
C24HaoN80 8 requires: 
C,57.82; H,6.07; N, 16.86%. 
S=7.65(d, 1H), 7.50-7.40 
(dd,1H), 7.10-7.05(d,1H), 
7.00-6.90(m,3H), 6.00 {s, 1 H), 
4.40·4.25{t,2H), 4.10-
.4.00{q,2H), 3.00-2.40 
(brs, 1 H), 2.30-2.20(t,2H ), 
2.00-1.85(m,2H), 1.65-
1.50(m,2H), 1.50(s,3H), 
1.45(s,3H), 1.25(s,3H), 1.20-
1.15(t,3H) ppm. 
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Oxirane 
Ex. Stereo- x Ra . Rz R" R' starting 

chem. material 
ref. 

1210 3S,4R 0 OH CH3 H -(CH2),C02C2H, see 
N Prep. 65 

I 
h 

1311 3S,4R 0 OH CH3 -(CH2)1C02C2H, see 
0 Prep. 1 

I ~-c"3 ' 

.&N 

m.p. Analysis/1H-NMR (CDC13)
1 

(•C) 

- 5=7 .55-7 .45(m,2H), 7 .25-
7.20(d,1H), 7.05-6.95 
(d,1H), 6.35(s,1H), 6.10-
6.05(m, 1 H), 5.55(s, 1 H), 
4.50-4.00(brs, 1 H), 4.40-
4.30(t,2H), 4.10-4.05 (q,2H), 
2.30-2.20(t,2H), 2.15-
2.00(m, 1 H), 2.00· 
1.85(m,2H), 1.65-1.50 
(m,2H), 1.50(s,3H), 
1.45(s,3H), 1.35(s,3H), 1.25-
1.20(t,3H) ppm. 

. Found: C,57.86; H,6.47; 
N, 16.66; 
C:uH30N80 8. requires: 
C,57.82; H,6.07; N, 16.86%. 
5=7.75(d,1H), 7.60-7.60 
(dd, 1 H), 7.10-6.95(m,3H), 

. 5.95(s, 1 H), 4.50-4.40 (t,2H), 
4.15-4.05(q,2H), 3.75(s, 1 H), 

' 
3.70(s,3H), 2.45-2.35(m,2H), 
2.30-2.20(m,2H), 1.50(s,3H), 
1.45(s,3H), 1.30(s,3H), 1.30-
1.20(t,3H) ppm. 
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This Sheet Has Been Replaced 
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1. Except where stated. 

2. Eluant for column chromatography was dichloromethane 

containing methanol (2.5% up to 12%) + 1% concentrated 

aqueous ammonia. 

3. Eluant for column chromatography was dichloromethane 

containing methanol (5°k up to 10%) + c()ncentrated aqueous 

ammonia (0.26% up to 0.5%). The product obtained by 

chromatography was triturated with diethyl ether. 

4. The product obtained by chromatography was triturated with 

hexane. 

5. Eluant for column chromatography was dichloromethane 

containing methanol (0% up to 5%). The product obtained by 

chromatography was triturated with diethyl ether. 

6. Eluant for column chromatography was dichloromethane 

containing methanol (5%). The product obtained by 

chromatography was triturated with diethyl ether. 

7. Eluant for column chromatography was dichloromethane 

containing methanol (5%). The product obtained by 

chromatography was triturated with hexane. 

8. Eluant for column chromatography was ethyl acetate. 

9. Eluant for column chromatography was ethyl acetate. The 

product obtained by chromatography was triturated with diethyl 

ether. 

10. Eluant for column chromatography was dichloromethane 

containing methanol (2%) +concentrated aqueous ammonia 

(0.3%). 

11. For the preparation of the 1-methylpyridazJn-3,6-dione starting 

material see J. Org. Chem., 36, 3372 (1971). Eluant for column 

chromatography was ethyl acetate. The product obtained by 

chromatography was crystallised from methanol/diethyl ether. 
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EXAM PLE~ 

(3S.4R/3R.4S)-3,4-Dihydro-2.2-dlmethyl-3-hydroxy-4-(2-oxo-1 .2-

dihydropyridin-1-yl).;.6-(1-[3-phenylprop-1-yll-1 H-tetrazol-5-yU-2H-

benzoCblpyran 

TRITON™B, 
dioxan Cl. 

N 0 
H 

·0 
llN~O 

(only one stereoisomer shown) 

A mixture containing (3S,4S/3R,4R)-3,4-dihydro-2,2-dimethyl-3,4-

epoxy-6-(1-[3·phenylprop-1-yl]-1 H-tetrazol-5-yl)-2H-benzo(b ]pyra n (see 

Preparation 28) (2.6g), 2-hydroxypyridlne (2g), 

benzyltrimethylammonlum hydroxide (TRITON111B) (0.5ml of a 40% 
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solution in methanol) and dioxan (20ml) was heated under reflux for 7 

hours then concentrated in vacuo. The residue. was purified by 

chromatography on silica eluting with 1:1 ethyl. 

acetate/dichloromethane. The product-containing fractions were 

combined and concentrated in vacuo to give the title compound as a 

foam, 1.Sg. Found: C,66.97; H,5.73; N, 14.78; CaH27N50 3.0.1 CH2Cl2 

requires: C,67.27; H,5.88; N, 15.03%. 

!H-NMR (CDCIJ: a= 7.50-7.45(d, 1H), 7.35-7.20(m,4H), .7.10-7.00(m,3H), 

6.90-6.85( d, 1 H), 6.85-6.80(d, 1 H), 6.40-6.35( d, 1 H), 6.20-6.1O(t,1 H), 4.30-

4.25(t,2H), 4.25-4.20(m, 1 H), 3.90-3.85(m, 1 H), 2.65-2.55(t,2H), 2.30-

2.15(m,2H), 1.55(s,3H), 1.40(s,3H) ppm. 

EXAMPLES !!. TO ll 
The compounds of the following tabulated Examples of the 

general formula:-

Clo 

were prepared using similar methods to that used in Example 14 using 

the appropriate starting materials. 



Oxirane 
Ex. Stereo- Rs starting . m.p. 

chem. material ref. (°C) 

15 3S,4R/ see Prep. 33 98-103 
3R.4S 

' 

---{CH)-0 .... 
24 - .. 

161 3S,4R/ see Prep. 39 I -
3R,4S 

<1~>2 
0 
I 

0 
.. 

=:. 

An~lysis/1H-NMR(CDCl3) 

Found: C,68.55; H,6.45; N, 14.50; C21H29N50 3 

requires: C,68.77; H,6.20; N, 14.85%. 

6=7.55-7.50(d, 1H), 7.35-7.10(m,4H), 7.15· 
7.05(m,4H), 6.95-6.BO(d, 1 H), 6.70-6.65(d, 1 H), 
6.45-6.35( d, 1 H), 6.20-6.15(t, 1 H ), 4.35-
'4.25(t,2H), 4.10(d, 1H), 3.90-3.85(m, 1 H), 2.65-
2.55(t,2H), 1.95-1.80(m,2H), 1.65-1.SO(m,SH), 
1.40(s,3H) ppm. 

.. 

6=7.75-7.70(dd, 1H), 7.40-7.20(m,5H), 7.10-
7.05(m,2H), 6.95-6.BO(d, 1 H), 6.70-6.60(d, 1 H), 

· 6.40(d, 1 H), 6.20-6.15(t, 1 H), 4.50-4.45(m,2H), 
. 4.40·4.25(ABq,2H), 4.30-4.20(m, 1 H), 3.95-
3.85(m,3H), 1.S5(s,3H), 1.40(s,3H) ppm. 
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Oxlrane 
Ex. Stereo- RI starting m.p. 

chem. material {°C) 
ref. 

172 3S,4R/ see Prep. 221-
3R,4S 43 '223 

0 

-(CH)-
22 

-? I 
~ 

0 

181 3S,4R/ see Prep. -
3R,4S 49 

~092 (_~ 
OCH

3 

Analysis/1H-NMR(CDCIJ 

Found: C,58.51; H,4.40; N,14.71; 
C27H24N10 1.0.87 CH2Cl2 requires: C,58.44; 
H,4.48; N, 14.78%. 

o=7.85-7.70(m,4H), 7.50-7.45(d, 1H), 7.40· 
7.35(m,1H), 7.10(s,1H), 7.05-6.95 (d,1H), 
6.95-6.90(d,1H), 6.70-8.65(d,1H), 6.35· 
6.25(m,2H), 4.70-4.60(m,2H), 4.25(d,1H), 
4.10-4.00(m,2H), 3.90-3.86 (m, 1 H), 
1.55(s,3H), 1.36(s,3H) ppm. 

Found: C,85.07; H,5.98; N,13.59; 
C21H27N10,.0.4 CH1C02C2H1 requires: 
C,65.18; H,5.98; N,13.77%. 

o=7.40-7.30(m, 1H), 7.20-7.10(m,2H), 7.05-
6.90(m,2H), 6.B0-6.75(m,3H), 6.50-
6.45( d, 1 H), 6.35-6.25(m,2H), 6.25-6.20 
(m,1H), 4.60-4.40(m,2H), 4.25(d,1H), 3.95-
3.85(m, 1 H), 3.75(s,3H), 3.25-3.05(m,2H), 
1.55(s,3H), 1.40(s,3H) ppm. 
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Oxirane 
Ex. Stereo- R' starting m.p. 

chem. material ref. (oC) 

193 3S,4R/ see Prep. 52 . 
3R,4S -{CH)'iJ ' 

22 -
CH

3
0 

204 . 35,4R/ ·(CH2) 20CH3 see Prep. 56 224-226 
3R,45 

21 1 3S,4R/ see Prep. 62 180-190 
3R,4S 

-{CH)-0 
22 -

Analysis/1H-NMR(CDC13) 

6=7.40-7.15(m,3H), 7.00·6.95(d,1H), 
6.90(d, 1 H), 6.80-6.65(m,5H), 6.30(d, 1 H), 
6.20-6.15(t, 1 H), 4.65-4.45(m,2H), 4.30(d, 1 H), 
3.90-3.BS(m, 1 H), 3.65(s,3H), 3.25· 
3.05(m,2H), 1.55(s,3H), 1.40(s,3H) ppm. 

Found: C,60.60; H,5.87; N,17.51; •. 

C20H21N10 4 requires: C,60.44; H,5.83; 
N,17.62%. 
8=7.75-7.70(dd,1H), 7.45-7.30(m,2H), 7.10· 
7.05(d,1H), 7.00(dd,1H), 6.70(d,1H), 6.45-
6.35(d, 1 H), 6.30·6.20(t, 1 H), 4.45-4.35(m,2H), 
4.1~-4.0S(m,1 H), 3.95-3. 75 (m,3H), 
3.15(s,3H), 1.55(s,3H), 1.40(s,3H) ppm. 

Found: C,67.81; H,5.68; N,15.80; 
C25H25N10 3 requires: C,67.70; H,$.68; 
N,15.79%. 
8=7.40-7.35(m,1H), 7.25-7.10(m,4H), 6.95-
6.90(d, 1H), 6.90-6.80(m,3H), 6.70'(d,1H), 
6.65(s, 1 H), 6.30-6.25(d, 1 H), 6.20-6.1S(t,1 H), 
4.55-4.40(m,2H), 4.20(d, 1 H), 3.90~ 
3.85(dd,1H), 3.25-3.10(m,2H), 1.55 (s,3H), 
1.35(s,3H) ppm. 
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1. Eluant for column chromatography was dichloromethane 

containing methanol (1%). 

-
2. Eluant for column chromatography was ethyl acetate and the 

product obtained was triturated with diethyl ether. 

3. Eluant for column chromatography was ethyl acetate •. 

4. Eluant for column chromatography was dichl~romethane 

containing methanol (2.5%) and the product obtained was 

triturated with di ethyl ether •.... 

5. , Coh.~.mn_ chr~matography was unnecessary~ Jl)e, r~~_ction mixture 

wa$ cooled to room temperature, diluted with dichloromethane 

and washed with water, then dried (MgSOJ and concentrated in 

vacuo. The resulting solid was crystallised from ethyl acetate to 

give the product. 
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EXAMPLE 22 

(3S.4R/3R.4S)-3.4-Dihydro-2.2-dimethyl-3-hydroxy-4-f2· 

oxopiperidin-1-yll-6-(1-C3-phenylprop-1-y11-1H-tetrazol-5-yll-2H-

benzo[bJpyran 

NaH,DMSO Cto· 
H 

(only one stereoisomershown) 
Sodium hydride (0.4g of an 80°~ dispersion in mineral oil) was 

added to a solution of o-valerolactam (1.3g) in dimethyl sulphoxide 

(DMSO) (10ml), and the mixture was stirred at room temperature for 1 

hour. A solution of (3S,4S/3R,4R)-3,4-dihydro-2,2-dimethyl-3,4-epoxy-6-

(1-[3-phenylprop-1-yl]-1 H-tetrazol-5-yl)-2H-benzo[b]pyran (see 

Preparation 28) (1.6g) in dimethyl sulphoxide (10ml) was added and the 

mixture was stirred at room temperature for 16 hours. Water (100ml) 

was added and the mixture was extracted with ethyl acetate (3 x 50ml). 

The combined extracts were concentrated In vacuo to give an oil which 



f 
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was purified by chromatography on silica eluting with dichloromethane 
I 

containing methanol (2%). The product-containing fractions were 

combined and concentrated in vacuo to give a foam which was 

triturated with diethyl ether then diluted with hexane to give the title 

compound as a solid foam, 0.4g. 
1H-NMR (CDCI,): a=7.40-7.20(m,5H), 7.15-7.10(d,2H), 7.00-6.95(d,1H), 

6.05-5.95(d, 1 H), 3.85-3.SO(m, 1 H), 3.80-3.65(m,2H), 3.45-3.40(m, 1 H), 3.15-

3.00(m, 1 H), 3.00-2.85(m, 1H), 2.75-2.65(m,2H), 2.65-2.55(m,2H), 2.35-. 
2.20(m,2H), 1.90-1.60(m,4H), 1.55(s,3H), 1.35(s,3H) ppm. 

·EXAMPLE ll 
(3S.4R/3R.4S)-6-f1-F2-Benzyloxyethyll-1H-tetrazol-&-yll-3.4-

dihydro-2.2-dimethyl-3-hydroxy-4-f2-oxopiperidin-1~yll-2H-benzoCblpyran 

J}-N 

~I 

5 
d 

NaH,DMSO 

N-N rP . 
'N I 

5 

0-a 
H 

,. 

only one ste~eoisomer shown) 
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Sodium hydride (0.28g of an 80% dispersion In mineral oil) was 

added, over 10 minutes, to a solution of 2-oxopiperldine (1.1g) and 

(3S,4S/3R,4R)-6-(1-[2-benzyloxyethyl]-1 H-tetrazol-5-yl)-3,4-dihydro-2,2-

dimethyl-3,4-epoxy-2H-benzo[b]pyran (see Preparation 39) (3.2g). When 

the addition was complete the mixture was stirred at room temperature 

for 6 hours then poured onto ice (100g). The mixture was extracted 

with ethyl acetate (2 x 50ml) and the combined extracts were washed 

with saturated sodium chloride solution (50ml) then concentrated in 

vacuo. The residue was purified by chromatography on silica eluting 

.with ethyl acetate. The product-containing fractions were combined 

and concentrated in vacuo to give the title compound as a foam, (3g. 

Found: C,64.42; H,6.55; N, 14.28; C28H31N10 4.0.07 CH2Cl2 requires: 

C,64.79; H,6.49; N, 14.49%. 
1H-NMR (CDCl3): <>=7.70-7.60(d,1H), 7.45(s,1H), 7.35-7.25(m,3H), 7.15-

7 .1 O(m,2H), 6.95-6.90( d, 1 H), 6.05-5.95( d, 1 H), 4.55-4.45(m,2H), 4.45{s,2H), 

4.05-3.95(m,2H), 3.90-3.75(m,1H), 3.40(d,1H), 3.1·0-2.90(m,2H), 2.60-

2.50(m,2H), 1.90-1.65(m,4H), 1.55(s,3H), 1.30(s,3H) ppm. 

---------:-

l1i\if\i~r 
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EXAMPLE 24 

(3S.4R)-3,4-Dihydro-6-f 1-(3-ethoxycarbonylprop-1-yll-1 H-tetrazol-5-

yl)-3-hydroxy-4-f 1-oxocyclopent-2-en-3-ylloxy-2.2.3-trimethyl-2H­

benzo[bJpyran 

Ji-N 
~I 

N 

----------
This Sheet Has B . 

co.su. 1111111111111u1nr 

N-N 
~I I 
\ 
N 

Sodium hydride (0.048g of an 80% dispersion in mineral oil) was 

added to a solution of cyclopentan-1,3-dione (0.16g) in anhydrous 

tetrahydrofuran (25ml) and the mixture was stirred at room temperature 

for 45 minutes. A solution of (3S,4S)-3,4-dihydro-3,4-epoxy-6-(1-[3-

ethoxycarbonylprop-1-yl]-1 H-tetrazol-5-yl)-2,2,3-trimethyl-2H­

benzo[b]pyran (see Preparation 1) (0.5g) In anhydrous tetrahydrofuran 

(25ml) was added followed by boron trifluoride etherate (0.2ml). The 

mixture was stirred at room temperature for 2 hours then 10% aqueous 

sodium bicarbo.nate (100ml) was added and the mixture 
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was extracted with ethyl acetate (2 x 50ml). The combined extracts 

were washed with 1N hydrochloric acid (50ml) and concentrated in 

vacuo. The residu~ was purified by chromatography on silica eluting 

with ethyl acetate containing hexane (50% down to 0%). The product­

containing fractions were combined and concentrated in vacuo to give 

the title compound as a foam, 0.096g. Found: C,59.14; H,&.33; N,11.78; 

CzeH30N40 1.H20 requires: C,59.01; H,&.60; N, 11.47%. 

'H-NMR (CDCIJ: S=7.60-7.50(m,2H), 7.05-7.00(d,1H), 5.70(s,1H), . 

5.36(s, 1 H}, 4.60-4.40(m,2H), 4.10-4.00(m,2H), 2.90(s, 1 H), 2.86-2.65(m,2H), 

2.55-2.30(m,4H), 2.30-2.15(m,2H), 1.50(s,3H), 1.45(s,3H), 1.35(s,3H), 1.30-

1.20(t,3H)· ppm. 

EXAMPLE 25 

(3S,4R/3R.4Sl-3.4-Dihydro-2.2-dlmethyl-3-hydroxy-6-(1-methyl-1 H­

tetrazol-5-yl>-4-(2-oxo-1 .2-dihydropyrldln-1-yll-2H-benzo[b Jpyran 

J}-N 
N' I 

(\ 
N 0 

:r 
bis(tributyltin) oxide, 

CH
3
I 

(\ 
N 0 

(only one stereoisomersho'WR) 
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A mixture containing (3S,4R/3R,4S)-3,4-dihydro-2,2-dimethyl-3· 

hydroxy-4-(2-oxo-1,2-dihydropyridin-1-yl)-6-(1 H-tetrazol-5-yl}-2H-

benzo [b ]pyran (see Preparation 59) (0.5g), iodomethane (5ml) and bis­

tributyltin oxide (0.9g} was stirred at room temperature for 4 days then 

partitioned between dlchloromethane (50ml) and 10% aqueous sodium 

hydroxide (50ml). The layers were separated and the dichloromethane 

solution was washed with water (50ml) then dried (MgS04) and 

concentrated in vacuo to give an oll which was triturated with a mixture 

of hexane (20ml) and ethyl acetate (10ml) to give a solid. The solid was 

purified by chromatography on slllca eluting with dichloromethane 

containing methanol (1% up to 3%) and acetic acid (1% up to 3%). 

The fractions containing the higher Rf product were combined 

and concentrated in vacuo to give (3S,4R/3R,4S)-3,4-dihydro-2,2-

dimethyl-3-hydroxy-6-(2-methyl-1 H-tetrazol-5-yl)-4-(2-oxo-1,2-

dihydropyridin-1-yl)-2H-benzo[b )pyran, 0.07g. 

The fractions containing the lower Rf product were combined 

and concentrated in vacuo to give a solid which. was recrystallised 

from ethanol to give the title compound, 0.2g, m.p. 235-237°C. Found: 

C,61.36; H,5.21; N, 19.62; C"H11N50 3 requires: C,61.17; N,5.42; N, 19.82%. 
1H-NMR !!f5-DMSOl [mixture of rotomers]: o=7.85-7.80(d,0.25H), 7.65-

7.60(d,0.5H), 7.60-7.55(d,0.25H), 7.50-7.35(m,2H), 7.15(s,0.25H), 7.10-

6.95(m, 1.75H), 6.50-6.45(d,0.5H), 6.30-6.15(m,2H), 5.80-5.75(d, 1H), 4.95-

4.90(d,0.25H), 4.55-4.50(m,0.25H), 4.05-3.95(m,3H), 1.45(s,2H), 1.40(s, 1 H), 

1.25(s,2H), 1.20(s, 1 H) ppm. 

-·--- ·---------
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EXAMPLES 26 TO 36 

The compounds of the following tabulated Examples of the 

general formula:-

N-N 
II I 
N, 

N 
is 

were prepared by similar methods to that used in Example 25 using the 
appropriate starting materials. 
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Tetrazole 
Ex. Stereo- R' RI Alkylatlng starting m.p. 

chem. agent material (°C) 
ref. 

262 3S,4R/ 

Clo 
-C2H1 Ethyl Iodide see Prep. 226 

3R,4S 59 

I 

273 3S,4R/ 

Oo 
·(CHJ2CH1 n-Propyl see Prep. 184-

3R,4S Iodide · 60 and 185 
61 

7 

Analysist1H-NMR (CDCl3)
1 

. Found: C,62,19; H,6.79; N,18.79; 
C11H21N10 1 requires: C,62.11; 
H,5.76; N, 19.06%. 

(d8-DMSO) [mixture of rotomers]: 
8=7.85-7.SO(d,O.&H), 7.60-7.30 
(m,2.5H), 7.10-6.85(m,2H), 6.55-
6.45(d,0.5H), 6.30-6.20(m,2H), 5.85-
5.75(d, 1 H), 4.95-4.90(m,0.25H), 
4.55-4.45(m,0.25H), 4.35-
4.20(m,2H), 4.10-3.95(m, 1 H), 
1.45(s,2H), 1.40(s, 1 H), 1.30-
1.10(m,6H) ppm. 

' 
8=7.50-7.45(d,1H), 7.35(s,1H), 
7.00(d, 1H), 6.05-5.95(d, 1H), 4.40-
4.30(t,2H), 3.90-3.SO(d, 1H), 3.15-
2.95(m,3H), 2.65-2.55 (m,2H), 2.00-
1.'.70(m,5H), 1.55 (s,3H), 1.30(s,3H), 
1.00-0.90 (t,3H) ppm. 
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Tetrazole 
Ex. Stereo- R't R' Alkylating starting m.p. 

chem. agent material (°C) 
ref. 

284 3S,4R/ 2-Phenoxy- see Prep. 115-
3R,4S 

~ 
ethyl ' 60 and 120 
bromide 61 

; 

--(CH)0-0 
22 -

291 : 
3S,4R/ 

~ 
2-(4-Methyl- see Prep. 140-

3R,4S phenyl)ethyl 60 and 61 146 
bromide 

--<Cl\>2--0-CHl 

Analysis/1H-NMR (CDCl3)
1 

Found: C,64.34; H,6.24; 
N,15.00; 
CaH29N10 4 requires: C,64.77; 
H,6.31; N,16.110/o. 

8=7.75-7.60(dd,1H), 7.55 
(s,1H), 7.35-7.25(m,2H), 7.10-
7.00(m,2H), 6.80-6.75 (d,2H), 
6.10-6.00( d, 1 H)1 4.85-
4.75(m,2H), 4.65-4.45 (m,2H), 
3.95-3.86(d, 1 H), 3.30-
3.20(brs, 1 H), 3.15-
. 3.00(brs,2H ), 2.65-2.40 
(m,2H), 1.90-1.70(m,4H), 
1.60(s,3H), 1.35(s,3H) ppm . 

.. 
8=7.20(s,1 H), 7 .05-6.95 
(m,3H), 6.95-6.85(m,3H), 5.95· 
5.90(d, 1 H), 4.60-4.50 (t,2H), 
1.85-1.75(m,1H), 1.35-
1.30(d, 1H), 3.30-3.10 (m,2H), 
3.10-2.90(m,2H), 2.60-
2.50(m,2H), 2.30 (s,3H), 1.90-
1.65(m,4H), 1.55(s,3H) 
1.30(s,3H) ppm. 
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Tetrazole 
Ex. Stereo- R" RI Alkylating starting m.p. 

chem. agent material (°C) 
ref. 

301 3S,4R/ 

~ 
2-(2-Methyl- see Prep. 169-

3R,4S phenyl)ethyl 60 and 172 
bromide 61 

. -<OIJ, $-} 
CH

3 

' 

317 3S,4R/ 

~ 
Benzyl .see Prep. 169-

3R,4S bromide 60 and 171 
61 

-cu; <-~ 
.. 

Analysis/1H-NMR (CDCl3)
1 

Found: C,68.01; H,6.67; 
N,15.54; 
C21H11N10 1 requires: C,67 .67; 
H,6.77; N, 15.18%. 
B=7.15-6.90(m,6H), 6.90-
6.85(d,1H), 6.80·6.;75(d,1H), 
5.96-5.90(d, 1 H), 4.66-4.46 
(m,2H), 3.85-3.75(m, 1H), 3.60-
3.55(d, 1 H), 3.30·3.10 (m,2H), 
3.10-2.85(m,2H), 2.60-
2.45(m,2H), 2.10 (s,3H), 1.90-
1.65(m,4H), 1.50(s,3H), 
1.30(s,3H) ppm. 

Found: C,66.~0; H,6.36; 
N,16.08; 
C24H27N10 3 requires: C,66.49; 
H,6.28; N, 16.16%. 
B=7.50-7.40(dd,1H), 7.40-
7.30(m,3H), 7.26-7.10 (m,3H), 
7~00-6.90(d,1H), 6.00-
5.90(d, 1 H), 5.70-5.55 
(ABq,2H), 3.85-3.75(d, 1H), 
3.75-3.60(brs,1H), 3.10-
2.95(m, 1 H), 2.85-2.75 (m, 1 H), 
2.60-2.30(m,2H), 1.80-
1.60(m,3H), 1.55 (s,3H), 
1.30(s,3H) ppm. 
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Tetrazole 
Ex. Stereo- R" R' Alkylatlng starting m.p. 

chem. agent material (•C) 
ref. 

327 3S,4R/ 

~ 
2-(3-Methyl- see Prep. 173-

3R,4S phenyl)ethyl 60 and 61 176 
bromide 

-<av, <-~ 
.. 

Cl1:i 

338 3S,4R/ 

~ 
2-(4-Fluoro- se~ Prep. 140-

3R,4S phenyl)ethyl 60 and 61 144 
Iodide• 

. -(CU,)j { __ ) F 

. 

Analysis/'1H-NMR (CDCl1)1 

8=7.10-6.95(m,4H), 6.90-
6.85(d,1H), 6.75-6.70 (m,2H), 
5.95-5.90( d, 1 H), 4.60-
4.50(m,2H), 3.85-3.75 (m, 1 H), 
3.60(d, 1H), 3.25-3.10(m,2H), 
3.10-2.90 (m,2H), 2.60-
2.50(m,2H), ·2.25(s,3H), 1.90· 
1.65 (m,4H), 1.55 (s,3H), 
1.30(s,3H) ppm. 

Found: C,64.85; H,6.10; 
N,15.18; 
C25H28N101F requires: 
C,64.50; H,6.06; N,15.05%. 

8=7.15(d,1H), 7.10-7.05 
(dd, 1H), 6.95-6.85(m,5H), 
6.00-5.90(d, 1 H), 4.65-4.55 
(t,2H), 3.85-3.75(m, 1H), 
3.35(d,1H), 3.30-3.10 (m,2H), 
3.10-3.00(m, 1 H), 2.95-
2.85(m, 1 H), 2.60-2.55 (m,2H), 
1.90-1.65(m,4H), 1.55(s,3H), 
1.30(s,3H) ppm. 
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Tetrazole 
Ex. Stereo- R" Rs Alkylating starting· 

chem. agent material 
ref. 

3410 3S,4R/ 

~ 
2-Methane- see Prep. 

3R,4S sulphonyloxy 60 and 
-1-(3,4- 61 

-((ll,1,---o:> methylene-
dloxyphenyl)· 
ethanett 

35t2 3S,4R/ 

~ 
2-Phenylethyl see Prep. 

3R,4S iodide 60 and 
61 

-<cu,>1 <-~ 

•. 

'· 

m.p. Analysis/1H-NMR (CDCl1)
1 

('C) 

204- 5=7.15(s, 1H), 7.15-7.10 
205 (d,1H), 6.90(d,1H), 6.65-

6.60(d, 1 H), 6.40-6.35 (m,2H), 
6.00-5.90(m,3H), 4.60· 
4.50(t,2H), 3.85-3.80( d, 1 H), 
3.30-3.20 (brs, 1 H), 3.15-2.90 
(m,4H), 2.60-2.55(m,2H), 1.90-
1.70(m,4H), 1.55 (s,3H), 
1.30(s,3H) ppm. 

105- Found: C,67.52; H,6.7~; 
115 N, 15.71; 

CaH29N10 3 require~: C,67.09; 
H,6.53; N, 15.65%. 

5=7.30-7.15(m',3H), 7.10-
6.85(m,SH), 5.95-5.90 (d, 1 H), 
4.65-4.50(m,2H), 3.85- . 
3.75(d, 1 H), 3.35-3.15 (m,3H), 
3.10-2.85(m,2H), 2.60- .· 
2.50(m,2H), 1.90-1.65 (m,4H), 
1.50(s,3H), 1.30 (s,3H) ppm. 
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Ex. Stereo- R4 R' Alkylating 
chem. agent 

36ta 3S,4R/ 

Clo 
CH, Methyl Iodide 

3R,4S 

I 

. , 

Tetrazole 
starting 
material 
ref. 

see Prep. 
·60 and 
61 

i 
~"' 
'iii"""aa 'C-sa ~ ~ ..... 
e=ew 
~w 
~g 

m.p. 
(°C) 

253-
254 

~~ 
~;;'' 
::e-!!! a. \ 

AnalysisrH-NMR (CDCl,)t 

(d1·DMSO) S=7.60(d,1H), 
7.30(s,1H), 7.00-6.95(d,1H), 5.80-
5.70(m,2H), 5.65-5.60 (hrs, 1 H), 
3.75-3.70(d, 1 H), 3.30(s, 1 H), 3.20-
3.10(m,1H), 2.80-2.70(m,1H), 2.50-
2.30 (m,3H), 1.80-1.60(m,4H), 
1.45(s,3H), 1.20(s,3H) ppm. 
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1. Except where stated. 

· 2. Acetonitrile was used as a solvent for the reaction. Eluant for 
.. 

column chromatography was dichloromethane containing 

methanol (0% up to 2%) and acetic acid (0% up to 2%). The: 

required compound was the lower Rf. product and It was . 

crystallised from ethyl acetate. 

3. Acetonitrlle was used as a solvent for the reaction· and the 

mixture was initially sonicated for 30 minutes. Eluant for column···· 

chr-omatography was dlchloromethane·containlng methanol (0% 

up to 2%) and acetic acid (0% up to 2%). 

The corresponding tetrazole 2-alkylated product was obtained as 

the .. hlgher Rf. product from the column. The required compound 

was obtained as the lower Rf. product and was crystallised from 

diethyl ether. 

4. N,N-Dimethylformamlde was used as a solvent for the reaction 

and ethyl acetate as the extraction solvent In the work-up. 

Eluant for column chromatography was toluene containing acetic 

acid (20% up to 40%). The corresponding tetrazole 2-alkylated 

product was obtained as the higher Rf. product from the column. · 

The required compound was obtained as the lower Rf. product 

and was crystallised from ethyl acetate. 

5. As footnote (4) except the lower Rf. product from the column 

was triturated with diethyl ether to provide the required 

compound. 

• 
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6. As footnote (4) except the lower Rf. product from the column 

was rechromatographed on silica eluting with dichloromethane 

containing methanol (6%) to provide the required product after 

trlturation with diethyl ether. 

7. As footnote (4) except the required compound, obtained as the 

lower Rf. product, was crystallised from ethyl acetate/hexane. 

a. N,N-Dimethyl. formamlde was used as a solvent for the reaction. 

In the work-up reaction the mixture was partitioned between 

ethyl acetate and 5% aqueous sodium hydroxide, the layers 

separated and the aqueous layer extracted with ethyl acetate.· 

The combined ethyl acetate extracts were dried (MgSOJ and· 

concentrated In vacuo to give an oil which was purified by 

chromatography on silica eluting with dichloromethane . 

containing methanol (1% up to 2%) and acetic acid (1% up to 

2%). The product-containing fractions were combined and 

concentrated in vacuo to give an oil which was crystallised from 

ethyl acetate to give the corresponding tetrazole 2-alkylated 

product, m.p. 210-212°C~ -The mother liquors from the 

crystallisation were concentrated in vacuo to give a gum which 

was further purified by chromatography on silica eluting with 

dichloromethane containing methanol (1% up to 2%) and acetic 

acid (1% up to 2%). The fractions containing the lower Rf 

product were combined and concentrated In vacuo to give a gum 

which was crystallised from ethyl acetate/ether to give the 

required product. 
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9. See Preparation 75. 

10. The reaction mixture was sonicated for 24 hours. The 

corresponding tetrazole 2-alkylated product was obtained as the 

higher Rf. product from the column. The required product was 

obtained as the lower Rf. product from the colump after 

trituration with diethyl ether. 

11. See Preparation 70. 

12. . As footnote (4) except the lower Rf. product from the column 

was rechromatographed on silica eluting with dichloromethane 

containing methanol (1.5% up to 5%) and acetic acid (1.5% up to 

5%) to provide the required product. 

13. The eluant used for column chromatography was toluene 

containing acetic acid (33% up to 50%). The corresponding 

tetrazole 2-alkylated product was obtained as the higher Rf. 

product from the column. 

The required product was obtained as the lower Rf. product as a 

solid. 



PLC 585.A (SPC 8396.A) 

-67-

EXAMPLE ll 
C3S.4R/3R.4Sl-3.4-Dihydro-2.2-dimethyl-3-hydroxy-4-(2· 

oxopiperidin-1-yll-6-(1-phenyl-1 H-tetrazol-5-yll-2H-benzo[blpyran 

1) Sodiwnt-butoxide 

---·-~--------This Sheet If: -

1u1111iiil8Hced 
2) Ph

2
:tcr 

(only one stereoisomer shown) 

Sodium metal (0.035g) was added to tert-butanol (30ml) and the 

mixture was heated under reflux for 30 minutes. On cooling to room 

temperature (3S,4R/3R,4S)-3,4-dihydro-2,2-dimethyl-3-hydroxy-4-(2· 

oxopiperldin-1-yl)-6·( 1 H-tetrazol-5-yl)-2H-benzo[b]pyran (see 

Preparations 60 and 61) (0.5g) was added followed by 

diphenyliodonlum chloride (O.Sg) and the mixture was heated under 

reflux for 1 o hours. Sodium hydroxide (0.22g) was added followed by 

further diphenyliodonium chloride (O.Sg) and the mixture was heated 

under reflux for a further 7 hours. The solution was concentrated In 

vacuo and the residue was partitioned between dichloromethane (50ml) 

and So/o aqueous sodium hydroxide (50ml). The layers were separated 
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-------------­Has Been Replaced 

\\i \\\~I\\\\\ 
and the aqueous layer was extracted with dichloromethane (2 x 50ml). 

The combined extracts were dried (MgS04) then concentrated in vacuo 

to give an oil which was purified by chromatography on sllica eluting 

with dichloromethane containing methanol (1% up to 8%). The 

product-containing fractions were combined and concentrated in vacuo 

to give a gum which was trlturated with ethyl acetate to give the title 

compound, 0.005g. 

'H-NMR (CDCl1): l>=7.65-7.55(m,3H), 7.50-7.40(m,2H), 7.45-7.25 (m,2H), 

6.90-6.SO(d, 1 H), ·5.95-5.85(d, 1 H), 3.85-3.70{m, 1 H), 3.10-2.90(m,2H), 2.90· 

2.BO(m, 1H), 2.60-2.50(m,2H), 1.90-1.60(m,4H), 1.55(s,3H), 1.30(s,3H) ppm. 

EXAMPLE ,H 

2.2-Dlmethyl-6-f1-C2-f 4-methoxyphenyllethyll-1 H-tetrazol-5-yll-4-f2-

oxo-1.2-dlhydropyridln-1-yll-2H-benzofblpyran 

Jf-N 
~I 

~ 
.ll~~,, 

Dloxan ! NAOH 

(\ 
N 0 
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. A mixture containing (3S,4R/3R,4S)-3,4-dihydro-2,2-dimethyl-3-

hyd roxy-6-( 1-[2-( 4-m eth oxyphenyi)ethyl]-1 H-tetrazol-5-yl)-4-(2-oxo-1,2-

dihydro pyridin-1-yl)-2H-benzo [b]pyran (see Example 8) (0.65g), polymer­

supported sodium hydroxide (Merck 1567, 1g) and anhydrous dioxan 

(30ml) was heated under reflux for 15 minutes. On cooling to room 

temperature, the mixture was filtered, the dioxan was evaporated In 

vacuo, the residue was partitioned between water and 

dichloromethane, the organic layer was separated, concentrated in 

vacuo and the residue was purified by chromatography on silica 

eluting with dichloromethane containing methanol. (2.5%). The product­

containing fractions were combined and concentrated In vacuo to give ... 

an oil which was triturated with 2:1 hexane/ethyl acetate to give the title 

compound as a solid, 0.277g, m.p. 156-158°C. Found: C,68.21; H,5.58; 

N, 15.27; C28HaN50 3 requires: C,68.56; H,5.53; N, 15.37%. · -
1H-NMR (CDCl3): S=7.45-7.35(m, 1 H), 7.25-7.15(dd,1 H), 7 .00-6.85{m,5H), 

6.75-6.70(d,2H), 6.60-6.50(d, 1 H), 6.30-6.20(t, 1 H), 5.80(s, 1 H), 4.60-

4.40(m,2H), 3.75(s,3H), 3.20-3.05(m,2H), 1.65(s,3H), 1.55(s,3H) ppm. 

EXAMPLES 39 !2_46 

The compounds of the following tabulated Examples of the 

general formula:-

~o 

were prepared by similar methods to that of Example 38 using the 

appropriate starting materials. 



Reference for the 
preparation of the 

Ex. R' 3,4-dlhydro-2H- m.p. 
benzo[b)pyran (°C) 
starting material 

391 see Example 14 130-
132 

-<C19, (_) 

402 see Exa~ple 15 129-
131 

-<09, (_) 

AnalyslsrH-NMR(CDCla) 

Found: C,70.66; H,6.77; N, 16.08; 
C21H25N10r0.026 CH2Cl2 requires: C,70.78; H,6.72; 
N,16.86%. 

8=7.4&-7.10(m,8H), 7.00-6.90(m,2H), 6.60-
6.60(d, 1 H), 6.30-6.20(t, 1 H), 6.80(s, 1 H), 4.35-
4.25(t,2H), 2.7&-2.60(m,2H), 2.30-2.1&(m,2H), 
1.65(s,3H), 1.60(s,3H) ppm. 

Found: C,71.37; H,6.00; N, 15.20; 
C21H11N10 2 requires: C,71.&0; H,6.00; N,15.44%. 

8=7.60-7.35(m,2H), 7.3&-7.10(m,6H), 7.05-
6.90(m,2H), 6.60-6.S&(d, 1 H), 6.30-6.20(t, 1 H), 
5.SO(s, 1 H), 4.35-4.25(t,2H), 2.65-2~55(t,2H), 1.95-

I ...... 
0 
I 

1.85(m,aH), 1.70-1.60(m,2H), 1.65(s,3H), 1.60(s,3H) 
ppm. 
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Reference for the 
preparation of the 

Ex. . R• 3,4-dlhydro-2H-
benzo(b]pyran 
starting material 

411 see Example 16 

-(Cl\)20C8i (_} 

424 see Example 18 

-<ru,>, <-~ 
o~ 

.. 

m.p. Analysls/1H-NMR(CDCI,) 
(•C) 

. 

-

' 8=7.70-7.65(d, 1 H), 7 .40-6.90(m,9H), 6.60-
6.55(d,1H), 6.15-6.10(t,1H), 5.75(s,1H), 4.60-
4.30(m,2H), 4.40(s,2H), 4.00-3.90(m,2H), 1.65(s,3H), 

1.55(s,3H) ppm. 

Found: C,67.45; H,5.46; N,14.99; 
c.H.N50 1.0.1 CH2c12 requires: C,67.56; H,6.47; 
N,15.09%. 

8=7 ·"5-7.35(m,1 H), 7 .20-7 .1 O(m,2H), 6.95-
6.90(m, 1 H), 6.90-6.85(m,2H), 6. 75-.6. 70( dd, 1 H), 
6.60-6.50(m,3H), 6.30-6.20(t, 1 H), 5.BO(s, 1 H), 4.60· 
4.45(m,2H), 3.70(s,3H), 3.25-3.10(m,2H), 1.65(s,3H), 

1.65(s,3H) ppm. 
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Reference for the 
preparation of the 

Ex. RI 3,4-dlhydro-2H· m.p. 
benzo[b]pyran (•C) 
starting material 

434 see Example 19 . 

-(OI)~ 22 -
~o 

441 -CH2CH20CH3 see Example 20 141-
144 

<. 

Analysls/'H·NMR(CDCIJ 

8=7.45-7.35(m, 1H), 7.35-7.15(m,2H), 7.10· 
7.0&(dd, 1H), 6.95-6.85(m,3H), 6.85-6.75(m,2H), 
6.65-6.SS(d, 1 H), 6.30-6.20(m, 1 H), 5.SO(s, 1 H), 4.60· 
4.60(m,2H), 3.70(s,3H), 3.25-3.10(t,2H), 1.65(s,3H), 
1.60(s,3H) ppm. 

Found: C,63.57; H,5.72; N, 18.35; 
C20HatN10 3 requires: C,63.31; N,5.72; H, 18.46%. 

8=7.70-7.65(dd,1H), 7.50-7.40(m,1H), 7.30· 
7.20(m,2H), 7.05-6.95(d,1H), 6.65-6.55(d,1H), 6.30· 
6.20(t,1H), 5.75(s,1H), 4.55-4.35(m,2H), 3.90-
3.80(m,2H), 3.15(s,3H), 1.65(s,3H), 1.60(s,3H) ppm. 
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Reference for the 
preparation of the · 

Ex. R' 3,4-dihydro-2H· m.p. 
benzo(b]pyran (°C) 
starting material 

45• CH, see Example 25 205-
210 

464 see Example 21 . 

-cay, (_~ 

' 

Analysls/1H·NMR(CDCIJ 

Found: C,64.48; H,5.09; N,20.57; 
C1,H17N50 2 requires: C,64.46; H,5.11; N,20.88%. 

8=7.55-7.40(m,2H), 7.25-7.20(d, 1H), 7.06· 
7.00(m,2H), 6.65-6.60(d, 1 H), 6.30-6.25(t, 1 H), 
5.80(s,1H), 4.05(s,3H), 1.65(s,3H), 1.60(s,3H) ppm. 

8=7.45-7.35(m,1H), 7.30-7.20(m,5H), 7.10-
6.96(m,3H), 6.90(d,1H), 6.55-6.50(d,1H), 6.25-
6.20(t, 1 H), 5.80(s, 1 H), 4.60-4.40(m,2H), 3.30· 
3.10(m,2H), 1.65(s,3H), 1.55(s,3H) ppm. 
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1. The required product was obtained after trituration with diethyl 

ether. 

2. The reaction mixture was cooled to l"oom temperature and the 

dioxan removed in vacuo to give the required compound as an 

on which crystallised on standing. 

3. The required product was obtained after trlturatlon with hexane. 

4. The required product was obtained as a foam after the column 

frac;tlons had been concentrated In vacuo.· 

5. · The reaction mixture was cooled to room temperature, the 

solvent removed in vacuo and the residue partitioned between 

dichloromethane and water. The organic layer was separated 

and concentrated in vacuo to give an oil which afforded the 

required product after trituration with diethyl etller. 

6. The hot reaction mixture was filtered, cooled and concentrated in 

vacuo. The residue was crystallised from ethyl acetate to 

provide the required product. 

-----·---
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EXAMPLE !I 
(3S.4R/3R.4S)-3.4-Dlhydro-2.2-dimethyl-3-hydroxy-4-(2-

oxopiperidin-1-yl).6-(1-C3-phenylprop-1-yl).1 H-tetrazol-5-yll-2H­

benzo[bJpyran 

~· 
'lN~O 

~,PdlC 

(only one stereoisomershown) 

1ili[i00fl 

A mixture containing (3S,4R/3R,4S)-3,4-dihydro-2,2-dlmethyl-3-

hydroxy-4-(2-oxo-1,2-dihydropyridin-1-yl)-6-(1-[3-phenylprop-1-yl]-1 H­

tetrazol-5-yl)-2H-benzo[b]pyran (see Example 14) (O.Bg), 10% palladlum­

on-carbon (0.1g) and ethanol (40ml) was hydrogenated at 

50 psi (345kPa) for 24 hours. A further batch of 10% palladlum-on­

carbon. (0.1g) was added and the hydrogenation continued for a further 

24 hours. The mixture was filtered through a cellulose-based filter aid 
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and the filtrate concentrated in vacuo to give a solid which was 

triturated with diethyl ether to give the title compound as a colourless 

solid, 0.66g, m.p. 115,;,122°c. Found: C,66.19; H,7.25; N,13.96; 

C28HMN50 8.C2H50H requires: C,66.25; H,7.35; N,13.80%. 
1H-NMR (CDCIJ: B=7.40-7 .20(m,5H), 7.15-7:1 O(d,2H), 7.00-6.95(d,1 H), 

6.05-5.95(d, 1H), 3.85-3.SO(m, 1H), 3.80-3.65(m,2H), 3.45-3.40(m, 1H), 3.15-

3.00(m, 1H), 3.00-2.SS(m, 1 H), 2.75-2.65(m,2H), 2.65-2.55(m,2H), 2.35-

2.20(m,2H), 1.90-1.60(m,4H), 1.55(s,3H), 1.35(s,3H) ppm. 

EXAMPLES g_to iZ 
The compounds of the following tabulated Examples of the 

general formula:-

N-N 
II I 
N, 

N 
Is 

R 

Clo ------- -----

were prepared by similar methods to that of Example 47 using the 

appropriate starting materials. 

-------



Reference for 
Ex. Stereo- . the preparation m.p. 

chem. R' of the pyridone (°C) 
starting 
material 

482 3S,4R/ see Example 72 217-
3R,4S 220 

-<CHz>2-Q-oa 

491 3S,4R/ see Exampl~ 15 167-
3R,4S 169 

-<cu.>. <-} 

' '· 

Analysis/tH-NMR(CDCl1) 

Found: C,64.28; H,6.45; N,14.84; 
c.H21N10 4 requires: C,64. 78; H,6.31; 
N,15.11%. 

(d8-DMSO): 8=9.20(s,1H), 7.35-7.30 
(d~1H), 7.15(s,1H), 6.95-6.90(d,1H), 6.75-

· 6.70(d,2H), 6~55-6.50(d,2H), 6.75-
5.70(d,1H), 6.60-5.55(d,1H), 4.65-

· 4.45(m,2H), 3.70-3.65(m,1H), 3.15-
3.1O(m,1 H), 3.00-2.86(m,2H), 2. 70-
2.&0(m, 1H), 2.40-2.30(m,2H), 1.75-
1.60(m,3H), 1.45(s,3H), 1.15(s,3H) ppm. 

Fqund: C,68.18; H,6.98; N, 14.69; 
C21H11N10 1 requires:: C,~8.19; H,6.99; 
N,14.73%. 

8=7.45-7.10(m,6H), 7.10-7.05(d,2H), 
1.oo-&.95(d, 1H), s.oo·-s.ss(d,1H), 4.40-
4.30(t,2H), 3.90-3.75(d,1H), 3.50· 
3.40(brs, 1 H), 3~ 10-2.90(m,2H), 2.65-
2.50(m,4H), 2.00-1.50(in,8H), 1.55(s,3H), 
1.30(s,3H) ppm. 
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Reference for 
Ex. Stereo- the preparation m.p. 

chem. RI of the pyridone (°C) 
starting 
material 

502 3S,4R/ -(CH2) 3C02C2H1 see Example 9 -
3R,4S 

51 2 3S,4R/ -CH2C02C2H1 see Example 10 -
3R,4S 

' 

Analysis/1H-NMR(CDCl3) 

Found: C.,60.06; H,6.37; N, 15.02; 
C21H11N10 1 requires: C,60.38; H,6.83; 
N,15.31%. 

S=7.55-7.45(d,1H), 7.40(s,1H), 7.05-
6.95(d,1H), 6.05-5.95((d,1H), 4.50-
4.40(t,2H), 4.15~.05(q,2H), 3.90-
3.80(m,1H), 3.40(s,1H), 3.10-2.90(m,2H), 
2.65-2.50(m,2H), 2.45-2.35(m,2H), i.30-
2.20(m,2H), 1.95':'1.70(m,4H), 1.50(s,3H), 
1.30(s,3H), 1.30-1.20(t,3H) ppm. 

S=7.50-7.45(d, 1H), 7.30(s, 1H), 7.00· 
6.95(d, 1 H), 5.95-5.90(d, 1 H), 5.20-. 
5.05(ABq,2H), 4.35-4.25(q,2H), 3.85-
3.80(d, 1 H), 3.50-.3.40(brs, 1 H), 3.15-
3.05(m, 1 H), 2.95~2.90(m, 1 H), 2.60-
2.50(m,2H), 1.9&;.1.60(m,4H), 1.60(s,3H), 
1.30-1.20(m,~H) ppm. 

' 

I ...... 
00 
I 

-~ -fl> 
-C'/.l 
!!!!!!!!!!!! go 
~a 
iiiiiiiim ::c: -; 

<l 
-<l -= 
-~ -'t:I --!!!!!!!!!!!! ~ 

a. 

"ti 
t"" 
(") 

\.11 
00 
\.11 

> 
,...... 
en 
"ti 
(") 

00 w 
l.O 

°' 
> ..._,. 



Reference for 
Ex. Stereo- the preparation m.p. 

chem. RI of the pyridone (°C) 
starting 
material 

522,3 3S,4R/ see Example 17 ' -
3R,4S 

0 

~CH~~ 
: 

0 

532 3S,4R/ see Example 18 195-
3R,4S 197 

-<at,), e ~ 
<>Cl\ 

Analysis/1H-NM R(CDCl3) 

(d.-DMSO): o=7.85-7.70(m,4H), 7.30-
7.25(d,1H), ?.20(s,1H), 6.70-6.65 (d,1H), 
5. 70-5.60( d, 1 H ), 5.55( d.1 H ), 4. 7 5-
4.55(m,2H), 3.90-3.75(m,2H), 3.70-
3.60(m, 1H), 3.20-3.10(ri1, 1H), 2.75-
2.65(m, 1 H), 2.50-2.30(m,2H), 1.80-
1.50(m,4H),· 1.40(s,3H), 1.10(s,3H) ppm. 

Found: C,65.31; H,6.53; N, 14.56; 
C21H31N10,.o.1 (C2H1) 20 requires: 
C,65.38; H,6.65; N, 14.44%. 

~=7, 15-7.1O(m,1 H), 7.05-6.96(m,2H), 
6.90-6.85(d~1H), 6.75-6~70(dd,1H), 6.&o .. 
6.45(d, 1 H), 6.40(s, 1 H), 5.95-5.90(d, 1 H), 
4.85-4.50(m,2H), 3.85-3.75(m, 1 H), 
3. 70(s,3H), 3.35-3.30(rn, 1 H), 3.30-
3.10(m,2H), 3.06-2.85(m,2H), 2.60-
2.SO(m,2H), 1.90-1.70(m,4H), 1.55{s,3H), 
1.30(s,3H) ppm. 
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Reference for 
Ex. Stereo- the preparation m.p. 

chem. R' of the pyrldone (°C) 
starting 
material 

542.4 3S,4R/ see Example 19 -.190 •. 
3R,4S 192 

-cm,>, 5-~ 
CH

3
0 

' 

552 3S,4R/ -CH2CH20CH3 see Example 20 200-
3R,4S 202 

Analysls/1H-NMR(CDCIJ 

Found: C,65.26; H,6.66; N, 14.63; 
C21H81N10 ,.0.125 (C2H1) 20 requires: 
C,65.37; H,6.67; N, 14.38%. 

8=7.25-7.15(m,1H), 7.15-7.10(m,2H); 
6.90-6.70(m,4H), 5.95-5.90(d, 1H), 4.70-
4.45(m,2H), 3.85-3.75(m, 1H), 3.70(s,3H), 
3.50-3.40(m, 1 H), 3.25-3.1 O(m,2H), 3.05-
2.90(m,2H), 2.60-2.50(m,2H), 1.90-
1.70(m,4H), 1.55(s,3H), 1.30(s,3H) ppm. 

Found: C,59.69; H,6.76; N, 17.29; 
C20H21N10 4 requires: C,59.83; H,6.78; 
N,17.44%. 

' 
8=7.65-7.60(d,1 H), 7.50(s, 1 H), 7 .00-
6.95( d, 1 H), 6.05-5.95( d,1 H), 4.55-
4.40(m,2H), 3.95-3.90(t,2H), 3.90-
3.80( d, 1 H), 3.45-3.35(brs, 1 H), 
3.30(s,3H), 3.10-2.90(m,2H), 2.65-
2.50(m,2H), 1.90-1.65(m,4H), 1.55(s,3H), 
1.30(s,3H) ppm. 
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Reference for 
Ex. Stereo- the preparation m.p. 

chem. R' of the pyridone (°C) 
starting 
material 

562.1 3S,4R/ see Example 21 '168-
3R,4S 170 

-<CH,>, ( } 

572.1 3S,4R/ see Example 8 178-
3R,4S 180 

-(CH)~OCH u - J 

. 

Analysis/1H-NMR(CDCl3) 

Found: C,66.98; H,6.52; N,15.56; 
C21H21N10 3 requires: C,67.09; H,6.53; 
N, 15.65o/o. 

6=7.30-7.15(m,3H), 7~ 10-6.B5(m,5H), 
. 5.95-5.90(d, 1 H), 4.65-4.50(m,2H), 3.85-
3. 75(m, 1 H), 3.65( d, 1 H),, 3.30-3.15(m,2H), 
3.10-2.95(m,1H), 2.95-2 .. 85(m,1H), 2.60-
2.50(t,2H), 1.90-1.60(m,4H), 1.50(s,3H), 
1.30(s,3H) ppm. 

Found: C,63.92; H,6.54; N, 14.41; 
CnH11N10 4.0.5 H20 requires: C,64.18; 
H,6.63; N, 14.39%. 

~=7.15(s,1H), 7.10-7.00(dd,1H), 6.90-
6.80(m,3H), 6.80-6.70(d,2H), 6.00-
5.90(d, 1 H), 4.60-4.50(t,2H), 3.90-
3.75(m, 1 H), 3.80(s,3H), 3.50-3.45(d, 1 H), 
3.25-3.1 O(m,2H), 3.10-2.90(m,2H), 2.60-
2.50(t,2H), 1.90-1.65(m,4H), 1.50(s,3H), 
1.30(s,3H) ppm. 
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PLC 585.A (SPC 8396.A) 

------------- -- - -

-SZ- 111mm1nr 
1. Except where stated. 

2. Hydrogenation carried out at 50°C. 

3. The reaction mixture was filtered, the filtrate concentrated in 

vacuo and the solid obtained triturated with hot methanol, 

filtered and dried to provide the required product. 

. . . 4. The filtrate obtained after passage through the cellulose-based 

filter aid was concentrated in vacuo to give an oil which was 

purified by chromatography on silica eluting with 

dichloromethane containing methanol (2.5%). The product­

containing fractions were combined and concentrated In vacuo 

to give a foam which was trlturated with diethyl ether to give the 

required product as a solid. 

5. The required product was obtained after recrystallisation of the 

crude product from ethyl acetate. 

6. After the hydrogenation the reaction mixture was filtered through 

a cellulose-based filter aid and the filtrate concentrated in vacuo 

to give a gum which was azeotroped with dichloromethane to 

give a foam. The foam was taken up in ethyl acetate whereupon 

a solid precipitated which was purified further by 

chromatography on silica eluting with dichloromethane 

containing methanol (6%). The product-containing fractions were 

combined and concentrated in vacuo to give a gum which was 

azeotroped with dichloromethane to give a foam. The foam was 

crystallised from ethyl acetate to give a solid which was further 
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purified by chromatography on silica eluting with ethyl acetate 

containing dlchloromethane (20-% down to 0%). The product. 

containing fractions were combined and concentrated In vacuo 

to give a gum which was azeotroped with dichloromethane. The 

resulting solid was triturated with diethyl ether and dried to give 

the required product as a. solid. 

EXAMPLE §l 

f3S.4Rl-3.4-Dlhydro-3-hydroxy-4-f3-hydroxypyrid~zin-6-ylloxy-6-(1· 

C3-methoxycarbonylprop-1-yl1-1H-tetrazol-5-yll-2.2.3-trimethyl-2H· 

benzoCblpyran 

)}-N 
N' I 
~ . 

(COCl)
2 
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0xalyl chloride (10 drops) was added to a solution of (3S,4R)-6-

(1-[3-carboxyprop-1-yl)-1 H-tetrazol-5-yl)-3,4-dihyd ro-3"'hydroxy-4-(3-

hydroxypyridazin-6-yl)oxy-2,2,3-tri~ethyl-2H~benzo(b ]pyran (see 

Preparation 48) (0.15g) in anhydrous tetrahydrofuran (5ml). After 10 
.. 

minutes the mixture was concentrated In vacuo and the residue 

azeotroped with anhydrous dichloromethane (3 x 5ml). 

Dichloromethane (4ml) was added followed by methanol (0.5ml). After 

15 minutes the solution was concentrated In vacuo and the residue 

purified by chromatography on silica eluting with dlchloromethane 

containing methanol (2.5% up to 5%). The product-containing fractions 

were concentrated In vacuo to give an oll which was triturated with 

hexane to give the title compound as a foam, 0.13g. 

tH-NMR fCDCl8): S=7.75(s,1H), 7.60-7.55(dd,1H), 7.15-7.10(d,1H), 7.05-

6.95(m,2H), 6.00(s, 1H). 4.50-4.40(m,2H), 3.65(s,3H), 3.55-3.30(brs, 1H), 

2.50-2.40(m,2H), 2.30-2.20(m,2H), 1.50(s,3H), 1.45(s,3H), 1.30(s,3H) ppm. 

EXAMPLES 59 to §! 

The compounds of the following tabulated Examples of the 

general formula:-

N-N 
II I 
N, 

N 
!s 

~o 
A .. )~H 

0 N 
QH ---

were prepared by similar methods to that of Example 58 using the 

appropriate starting materials. 



m.p. 
Ex. R' (°C) 

591 -(CHJ3-C02CH2CF a .. 

602 .. 

-0 -(CH2)JC02CH2 ' 

613 .. 

-<Cf\>3 2 ~, 
~ 

Analysls/1H-NMR(CDCl3) 

Found: C,50.08; H,4.66; N, 14.94; 
C21H.F 3N80 8.0.2 CH2Cl2 requires: C,60.16; H,4.61; N, 15.13%. 

8=7.70(s,1H), 7.65-7.55(dd,1H), 7.15-7.10(d,1H), 7.10-6.95(m,2H), 
6.05(s, 1 H), 4.50-4.35(m,4H), 3.45(s, 1 H), 2.60-2.60(m,2H), 2.35-
2.20(m,2H), 1.60(s,3H), 1.45(s,3H~, 1.30(~13H) ppm. 

8=10.95-10.85(brs,1H), 7.80-7.76(d,1H), 7.66-7.55(dd,1H), 7.45-
7.30(m,5H), 7.20-7.16(d, 1H), 7.10-7.00(m,2H), 6.05(s, 1H), 
5.10(s,2H), 4.55-4.45(m,2H), 3.40(s, 1H), 2.ss.;.2.60(m,2H), 2.40-
2.25(m,2H), 1.55(s,3H), 1.50(s,3H), 1.35(s,3H) ppm. 

' 
Found: C,63.04; H,5.62; N, 14.43; 
CaoH32N80 8 requlre'5: C,62.92; H,5.63; N, 14.68%. 

" 

6=11.00-10.90(brs, 1H), 7.70(d,1H), 7.55-7.SO(dd, 1H), 7.15-
7.10(d, 1H), 7.10·7.0S(d, 1H), 7.00-6.90(m,2H), 6.85(s, 1H),' 6.75· 
6.70(dd, 1 H), 5.95(s, 1 H), 4.55-4.45(t,2H), 3.45·3~40(s, 1 H), 2.90· 
2.80(m,4H), 2.70-2.60(t,2H), 2.40-2.25(m,2H), 2.10-2.00(m,2H), .• 
1.45(s,3H), 1.40(s,3H),.1.30(s,3H) ppm. 
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1. Pyridine was added together with 2,2,2-trifluoroethanol. No .. 

trituration with hexane .was, carried out. 

2. Pyridine was added together with benzyl alcohol. The product 

obtained from the column was triturated with diethyl ether to 

provide the required product. 

3. Pyridine was added together with 5-indanol. No trituration with 

hexane was carried out. 
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EXAMPLE §! 

(3S.4R)-3,4-Dihydro-3-hydroxy-4-f3-hydroxypyridazin-8-yl>oxy-8-f1· 

C3-phenoxycarbonylprop-1-yll-1H-tetrazol-5-yll-2.2.3-trlmethyl-2H-

benzo[bJpyran 

Jl-N· 
N' I 
N 
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1-(3-Dimethylaminopropyl)-3-ethylcarbodilmide hydrochloride 

(0.092g) was added to a solution of (3S,4R)-6.;(f-[3-carboxyprop-1-yl)· 

1 H-tetrazol-5-yl)-3,4-dihydro-3-hydtoxy4~(3-hydroxypyrldazln-6-yl)oxy-

2,2,3-trlmethyl-2H-benzo[b]pyran (see Preparation 48) (0.2g) and 

trlethylamlne (0.05g) in anhydrous dichloromethane (5ml) and the 

mixture was stirred at room temperature for 1.75 hours. Phenol (0.06g) 

was added and the mixture was stirred at room temperature for 18 

hours then concentrated In vacuo. The residue was.purified by 

chromatography on silica eluting with dichloromethane _containing 

methanol (2.5% up to 5%). The product-conta~ning fractions were 

combined and concentrated in vacuo to give the title compound as a 

foam, 0.042g. 
1H-NMR (CDCl3): 5=7.75(d,1H), 7.80-7.75(dd,1H), 7.40-7.30(m,2H), 7~30-

7.20(m,1 H), 7 .10-6.90(m,5H), 5.95(s, 1 H), 4.554.50(m,2H), 3.50(brs, 1 H), 

2.75-2.65(m,2H), 2.40-2.30(m,2H), 1.50(s,3H), 1.45(s,3H), 1.30(s,3H) ppm. 
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EXAMPLE ll 
f3S.4Rl-3.4-Dihydro-3-hydroxy-4-(3-hydroxvoyridazin-6-ylloxy-

2.2.3-trlmethyl-6-(1-C3-vinyloxycarbonylprop-1-yl1-1 H-tetrazol-5~yll-2H­

benzofb Jpyran 

Jl-N \1 
(· 
(-

C02H 

~-N 

i{ I 
N 

·~O 

A . ..-~H 
o~ 

•·OH 

-~o 

A . ..-NH 
0 N 
~ 

''"OH 

--------------- . n· ~ 
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A mixture containing (3S,4R)-6-(1-[3-carboxyprop-1-yl]-1H­

tetrazol-5-yl)-3,4-dih:ydro-3-hydroxy-4-(3-hydroxypyridazin-6-yl)oxy-2,2,3· 

trimethyl-2H-benzo[b]pyran (see Preparation 48) (O.Sg), vinyl acetate 

(5ml), 1, 10-phenanthrolinylpalladium(ll) acetate (see Tetrahedron, a.§, 

233(1972)) (0.05g), dichloromethane (10ml) and anhydrous 

tetrahydrofuran (10ml) was heated under reflux for 2 days. The mixture 

was concentrated in vacuo and the residue was purified by 

chromatography on silica eluting with ethyl acetate •. The product­

containing fractions were combined and concentrated in vacuo to give 

the title compound as a foam, 0.18g. Found: C,57.07; H,5.48; N,17.24; 

C23H28N.o. requires: C,57.25; H,5.43; N, 17.42%. 

, 
1H-NMR (CDCl,l: S=11.30-11.25(brs,1H), 7.i5(d,1H), 7.65-7.55(dd,1H), 

7 .25-7.1 O(m,2H), 7.10-7 .OO{m,2H), 6.05(s, 1 H),. 4.95-4.85(dd, 1 H), 4.65-

4.60( dd, 1 H), 4.55-4.45(t,2H), 3.60(brs, 1 H), 2.60-2.50(t,2H), 2.40· 

2.25(m,2H), 1.60(s,3H), 1.50(s,3H), 1.35(s,3H) ppm • 

. ------· --· B Replaced 

i\i i\\ i \\\\\\\ . 
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EXAM PLE~ 

(3S.4Rl-3.4-Dihydro-3-hydroxy-4-(3-hydroxypyridazin-6-ylloxy-6-(1-

C3-(pivaloyloxymethoxycarbonyllprop-1-yll-1 H-tetrazol-5-yl)-2.2.3-

trimethyl-2H-benzo[bJpyran 
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Cesium carbonate (0.18g) was added to a solution of (3S,4R)-6· 

(1-[3-carboxyprop-1-yl]-1 H-tetrazol-5-yl)-3,4-dihydro-3 .. hydroxy-4-(3· 

hydroxypyridazin-6-yl)oxy-2,2,3-trimethyl-2H·benzo[b]pyran· (see 

Preparation 48) (0.5g) In anhydrous N,N-dimethylacetamide (20ml) and 

the mixture was stirred with heating until an almost homogeneous 

solution was obtained. On cooling to room temperature pivalic acid 

chloromethyl ester (0.18ml)was added and the mixture was stirred at 

room temperature for 3 days then concentrated in vacuo and the 

residue partitioned between dichloromethane (100ml) and ice-cold 1M 

· ·· ... , . ·. ·hydrochloric acid (50ml). The layers were separated, the 

dichloromethane layer dried (MgSO.J and concentrated in vacuo. The 

residue was purified by chromatography on silica eluting with ethyl 

acetate. The product-containing fractions were combined and 

concentrated in vacuo to give the title compound as a foam, 0.39g, m.p. 

90-100°c. _Found: C,56.87; H,6.06; N, 14.76; C27HscN80 8 requires: C,56.83; 

H,6.00; N, 14.73%. 

tH-NMR CCDCl3): 5=11.30-11.25(brs,1H), 7.70(d, 1H), 7.55-7.45(dd, 1H), 

7.15-7.1O(d,1 H), 7.00-6.90(m,2H), 6.00(s, 1 H), 5.70-5.66(ABq,2H), 4.60-

4.40(t,2H), 3.60-3.56(brs, 1 H), 2.50-2.40(m,2H}, 2.25-2.16(m,2H), 1.50(s,3H), 

1.45(s,3H), 1.30(s,3H), 1.15(s,9H) ppm. ---------
~ii i\\f 
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EXAMPLE ll 
(3S,4Rl-3.4-Dihydro-6-C1-[3-(ethoxycarbonyloxy­

methoxycarbonyl)prop-1-yJJ-1 H-tetrazol-5-yl).3.hydroxy-4-f3-

hydroxypyridazin-6-yl)oxy-2.2.3-trimethyl-2H-benzo[bJpyran 

------------This Sheet Has B -
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Cesium carbonate (0.1 Bg) was added to a solution of (3S,4R)-6-

(1-[3-carboxyprop-1.-yJ]-1 H-tetrazol-5'!'yl)-3,4-dihydr~~.3~hydroxy-4-(~-. 

hydroxypyridazln-6-yl)oxy-2,2,3-trimethyl-2H.·b~nzo[l;>]pyran (see 

Preparation 48):(0.Sg) in anhydrous N,N-dimethylacetamide (20ml) and 

the mixture was stirred with heating until an almost homogeneous 

solution was obtained. On cooling to room temperature chloromethyl 

ethyl carbonate (see Preparation 77) (0.17g) was added and the mixture 

was stirred at room temperature for 24 hours then partitioned between 

diethyl ether (100ml) and Ice-cold 1M hydrochloric acid (50ml). The 

layers were separated, the ethereal layer washed with water {50ml) and 

saturated aqueous sodium chloride solution (50ml), then dried {MgSOJ .. · .. 

and concentrated In vacuo. The residue was purified by 

chromatography on silica eluting with dichloromethane containing· 

methanol (0% up to 6%). The product-containing fractions were 

combined_ and concentrated in vacuo to give the title compound, o~o&g. 

Found: C,53.84; H,5.55; N, 14.97; C2SH30N10 1 requires: C,53.76; H,5.41 i 

N,15.05%. 
1H-NMR (COCIJ: ~=11.65-11.55(brs, 1H), 7.70(d, 1H), 7.60-7.55(dd, 1H), 

7.20-7.1S(d,1 H), 7 .10-6.95(m,2H), 6.1O(s,1 H), 5. 70(s,2H}, 4.50-4.40(t,2H), 

4.30-4.20(q,2H), 3.SO(brs, 1H), 2.55-2.45(m,2H), 2.30-2.20(m,2H), 

1.55(s,3H), 1.50(~,3H), 1.35-1.25(m,6H) ppm. 

---···---------



PLC 585 A (SPC 8396 A) 

-95-

EXAMPLE 66 

f 3S,4R/3 R.4S )-6-( 1-(2-Benzoyloxyethyll-1 H-tetrazol-5-yll-3.4-

dihydro-2,2-dim ethyl-3-hyd roxy-4-f 2-oxopiperidin-1-yll-2H-benzoCblpyran 

pyridine 

JI-N 
-N' I 
'N 

s 
0 

r'1 .. 
"N~O 

PhCOCI 

~o 

(only one stereoisomer shown) 

-------·-·---------
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A mixture containing (3S,4R/3R,4S)-3,4-dihydro-2,2-dimethyl-3-

hydroxy-6-( 1-[2-hydroxyethyl]-1 H-tetrazol .. 5-yl)-4-(2-oxopiperidln-1-yl)-. 

2H-benzo[b]pyran. (see Example 71) (0.211g), benzoyl chloride (0.078g) 

and pyridine (1ml) was shaken In a vial for 30 minutes. The mixture 

was added to water (5ml) and extracted with ethyl acetate (3 x 5ml). 

The combined ethyl acetate extracts were concentrated in vacuo to 

give a colourless solid which was purified by chromatography on silica 

eluting with dichloromethane containing methanol (5%). The product­

containing fractions were combined and concentrated in. vacuo to give 

the title compound as a solid, 0.115g, m.p. 233-236°C. Found: C,63.31; 

H,5.63; N,14.21; C28H21N50 1 requires: C,63.53; H,5.95; N,14.25%. 
1H-NMR (CDCIJ: 6=7 .85-7.80(d,2H), 7.60-7.55(m,1 H), 7.50-7.35(m,4H), 

6.90(d, 1 H), 5.95-5.90(d;1 H), 4.90-4.65(m,4H), 3.85-3. 75(m, 1 H), 3.40(d, 1 H), 

3.10-2.90(m,2H), 2.60-2.50(m,2H), 1.90-1.70(m,4H), 1.50(s,3H), 1.25(s,3H) 

ppm. 



- --···------ -----·---- -· -··- - -

PLC 585·A (SPC 8396 A) 

.... .::.··· .... · 

-97-

EXAMPLE §l 

(3S.4R/3R.4Sl-6-(1-C2-AcetyloxyethylJ-1H-tetrazol-5-yll-3.4-dlhydro-

2.2-dimethyl-3-hydroxy-4-(2-oxopiperidin-1-yll-2H-benzo[bJpyran 

. jSl-N Clo r\ I .. ' . 
N 

... ) . .. 

HO 

pyridine _(~C0)20 

Clo 
------------- . 

Tb.is Sheet Ii -~-----

1111 HliiiiiiJHCOd 

(only one stereoisomer shown) 
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A mixture containing (3S,4R/3R,4S)-3,4-dihydro-2,2-dimethyl-3· 

hydroxy-6-(1-[2-hydroxyethyl]~1H-tetrazol~5-yl)-4-(2-oxopiperidln-1-yl)-

2H-benzo[b]pyraq. (~~e Exampfe 71) (0.2g), acetic anhydride (0.047g) 

and pyridine (2ml) was shaken In a vial for 30 minutes. The mixture 

was added to water (Sml) and extracted with ethyl acetate (3 x 5ml). 

The combined extracts were concentrated in vacuo to give a foam 

which was purified by chromatography on silica eluting with 

dichloromethane containing methanol (5%). The product-containing 

fractions were combined and concentrated In vacuo to· give the title 

compound as a foam, 0.117g. Found: C,56.05; H,5.90; N,15.18; 

C21H21N50 5.0.33CH2Cl2 requires: C,55.96; H,6.09; N, 15.29%. 
1H-NMR (CDCIJ: a=7.55-7.45(d,1H), 7.35(s;1H), 7.05-6.95(d,1H), 6.05- . 

5.95(d, 1 H), 4.70-4.60(m,2H), 4.55-4.45(m,2H), 3.90-3.BO(m, 1 H), 3.35-

3.30(d, 1 H), 3.15-2.90(m,2H), 2.60-2.50(m,2H}, 1.90(s,3H), 1.95-1.70(m,4H), 

1.55(s,3H), 1.30(s,3H) ppm. 

· ii1i1iii1ii1nr 
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EXAMPLE il · . 
(3S,4Rl-3.4-Dihydro-6-(1-CN-f ethoxycarbonylmethyl)carbamoyl- -. 

methyll-1 H-tetrazol-5-yll-3-hydroxy-4-f3-hydroxypyridazin-6-ylloxy-2.2.3-

trimethyl-2H-benzofblpyran 

HN..........-....COC·H 
2 2 2 5 

.Ha 

-------~-.-------. -
This Sheet Has B . -~----..:.______ 
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1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 

(0.192g) was added to. a solution of (3S,4R)-6-(1-carboxymethyl-1H­

tetrazol-5-yl)-3,4-dlhy.dro .. 3-hydroxy-4-(3-hydroxypyridazin-6-yl)oxy-2,2,3-

trimethyl-2H-benzo[b]pyran (see Preparation 69) (0.214g), N­

methylmorphollne (0.162g), 

1-hydroxybenzotriazole (0.068g) and ethyl glyclnate hydrochloride 

(0.084g) in anhydrous dichloromethane (5ml) at o•c. The mixture was 

allowed to warm to room temperature and stirred for 3 days. The 

mixture was concentrated In vacuo . and the residue partitioned between 

ethyl acetate (30ml) and water (30ml). The layers were separated and 

the ethyl acetate layer was washed with saturated aqueous sodium 

chloride solution (30ml) then dried (MgSO.J and concentrated in vacuo 

to give the title compound, 0.09g, m.p. 130-140°C. 
1H-NMR (CDCl3): a=11.85-11.60(brs,1H), 7.85(s,1.H), 7.80-7.60(m,2H), 7.15-

7 .1O(d,1 H), 7.05-6.95(m,2H), 5.95(s, 1 H), 5.30-5.1 O(ABq,2H), 4.25· 

4.10(q,2H), 4.10-4.00(d,2H), 2.20-1.70(brs, 1H), 1.55(s,3H), 1.50(s,3H), 

1.35(s,3H), 1.30-1.20(t,3H) ppm. 
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EXAMPLE .§! 

(3S.4Rl-4-C2-Cyano-3-methylguanidinol-3.4-dlhydro-3-hydroxy-6-

f1-C3-CN-methylcarbamoynprop-1-yll-1H-tetrazol-5-yl)-2.2.3-trimethyl-2H­

benzo[bJpyran 

----------------
This Sheet Has Been 

f lllllH I/ID! Hll iUDCed 

CONHC~ 

.. 
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A mixture of (3S,4R)-4-(3-cyano-2-methylisothioureido)-3,4-

dihydro-6-(1-[3-ethoxycarbonylprop-1-yl]-1 H-tetrazol-5-yl)-3-hydroxy-

2,2,3-trimethyl-2H-benzo[b)pyran (see Example 75) (0.2g) and 

methylamine (2ml of a 33% solution in industrial methylated spirit) was 

allowed to stand at room temperature for 4 hours. Further 

methylamlne (2ml of a 33% solution In Industrial methylated spirit) was 

added and the mixture was allowed to stand for a further 3 days. The 

solvent was removed in vacuo and the ·resulting foam was purified by · 

chromatography on silica .eluting with dichloromethane containing 

· -· ...• -".-.methanol(&% up to 10%). The product-containing fractions were 

combined and concentrated in vacuo to give the title compound as a 

solid, 0.15g, m.p. 143-146°C. 
1H-NMR !51.-DMSO): 5=7.75-7.65(m, 1H), 7.55-7.45(m,2H), 7.30-

7.25(brs, 1 H), 6.95-6.85(m,2H), 5.40-5.15(brm,2H), 4.45-4.35(m,2H), 

2.80(d,3H), 2.10-1.95(m,4H), 1.40(s,3H), 1.30(s,3H), 1.05(s,3H) ppm. 

--------·---··-----

.. 
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EXAMPLE IQ 

· f3S.4R/3R.4Sl-3.4-Dihydro-3-hydroxy-6-f 1-C2-f 4-

hydroxyphenyllethyll-1 H-tetrazol-5-yll-4-f3-hydroxypyridazln-6-ylloxy-

2.2,3-trimethyl-2H-benzo(bJpyran 

-------

10% Pd/C 

(only one stereoisomer shown) 
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A mixture containing (3S,4R/3R,4S)-6-(1-[2-(4-Benzyloxyphenyl)­

ethyl)-1 H-tetrazol-5-yl)-3,4-dihydro-3-hydroxy-4-(3-hydroxypyridazin-6-

yl)oxy-2,2,3-trimethyl-2H-benzo[b]pyran (see Example 5) (0.35g), 10% 

palladium-on-carbon (0.05g) and ethanol (60ml) was hydrogenated at 

50°C and 345kPa (50 psi) for 2 hours. The mixture was filtered through 

a cellulose based filter aid and the filtrate was concentrated in vacuo to 

give a foam which was purified by chromatography on silica eluting 

with ethyl acetate containing methanol (4%) and concentrated aqueous 

ammonia (0.5%). The product-containing fractions were combined and 

concentrated In vacuo to give a gum which was triturated with diethyl 

ether to give the title compound as a colourless foam, 0.15g, m.p. 120• ·-' -· 

160°C (with foaming). 
1H-NMR ~.-DMSO): a=9.25-9.10(brs,1H), 7.45(s,1H), 7.35-7.30(d,1H), 

7.25-7.20(d, 1H), 6.95-6.85(m,2H), 6.75-6.65(d,2H), 6.55-6.45(d,2H), 

5.90(s, 1 H), 5.40-5.30(brs, 1 H), 4.55-4.45(t,2H), 2.95-2.85(t,2H), 1.40(s,3H), 

1.30(s,3H), 1.20(s,3H) ppm. 
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EXAMPLE 71 

C3S.4R/3R.4Sl-3.4-Dihydro-2.2-dimethyl-3-hydroxy-6-11-C2-

hydroxyethylJ-1 H-tetrazol-5-yll-4-C2-oxopiperidin-1-yll-2H-benzoCblpyran 

Clo 

(only one stereoisomer shown) 

···--
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A mixture containing (3S,4R/3R,4S)-6-(1-[2-benzyloxyethyl]-1 H­

tetrazol-5-yl)-3,4-dihydro-2,2-dimethyl-3-hydroxy-4-(2-oxopiperidin-1-yl)· 

2H-benzo[b]pyran (see Example 23) (0.67g), 10% palladium-on-carbon 

(0.2g) and ethanol (50ml) was hydrogenated at 345kPa (50 psi) and 

50°C for 16 hours. The catalyst was filtered off and the filtrate was 

concentrated In vacuo to give a foam which was purified by 

chromatography on silica eluting with dichloromethane containing 

methanol (5%). The product-containing fractions were combined and 

concentrated in vacuo to give a foam which was ·triturated with diethyl 

ether to give the title compound as a solid, 0.45g, m.p. 217-219°C. 

Found: C,59.00; H,6.47; N,17.87; C,9H25N50 4 requlre·s: C,58.90; H,6.50; · ... 

N, 18.08%.- · · 

'H-NMR (CCCI,): a=7.55-7.50(d, 1 H), 7.46(s, 1 H), 6.85-6.80(d, 1 H), 5.85- ... 

5.75(d, 1 H), 4.70-4.&0(t, 1 H), 4.40(d, 1 H), 4.35-4.25{m,2H), 4.05-3.90{m,2H), 

3.70-3.65(m, 1 H), 3.10-3.00(m, 1 H), 2.85-2.75(m, 1 H), 2.50-2.30(m,2H), 1.80-

1.45(m,4H), 1.40(s,3H), 1.15(s,3H) ppm. 

--· ----B Replaced 

\\ii\\ i \\\ \\\\ . 
' .: . 
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EXAMPLE ll 
(3S.4R/3R.4Sl-6-(1-C2-f4-Benzyloxyphenyllethyll-1H-tetrazol-5-yll-

3,4-dihydro-2.2-dimethyl-3-hydroxy-4-(2-oxo-1.2-dihydropyridin-1-yll-2H­

benzoCbJpyran 

~ l 

~o 11 
I. OXONE™ t 

(only one stereoisomer sho'MI) 
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A. solution of OXONE (trade mark) (4.2g) in water (20ml) was 

added, over 1 hour, to a stirred mixture of $;(~~[~-(4-

benzyloxyphenyl)ethyl)-1H-tetrazol-5-yl)-2,2-dimethyl-2H-benzo[b)pyran 

(see Preparation 31) (3g), sodium hydrogen carbonate (3.5g), water 

(20ml) and acetone (60ml). When the addition was complete the 

mixture was stirred at room temperature for a further 1 hour. The 

acetone was evaporated in vacuo and the resulting aqueous mixture 

was extracted with dlchloromethane (2 x 1 OOml). The dlchloromethane 

solution was dried (Na2SOJ then concentrated in vacuo to the give the 

crude epoxide intermediate as. a foam, 3.2g. The foam was dissolved 

· in anhydrous dloxan (20ml) then 2-hydroxypyrldine (2g) and 

benzyltrimethylammonium hydroxide (0.5ml of a 40% solution in 

methanol) were added. The mixture was heated under reflux for 4 

hours then allowed to stand at room temperature for 16 hours. Water 

(100ml) was added and the mixture extracted with dichloromethane (3 x 

50ml). The combined dlchloromethane extracts were washed with 

water (50ml) and concentrated in vacuo to give a solid which was 

purified by column chromatography on silica eluting with 

dlchloromethane containing methanol (2.5%). The product-containing 

fractions were combined and concentrated in vacuo to give the title 

compound as a foam, 2.Sg. Found: C,67.84; H,5.27; N, 11.97; 

C32HatN10 4.H20 requires: C,67.71; H,5.86; N, 12.34%. 

tH-NMR CCDCIJ: 6=7.50-7.25(m,6H), 7 .20-7 .1S(d,1 H), 7 .00-6.75(m,6H), 

6.70-6.65(d, 1 H), 6.36-6.30(d, 1 H), 6.20-6.15(t, 1 H), 5.05(s,2H), 4.50-

4.40(m,2H), 4.20(d, 1 H), 3.90-3.85(dd, 1 H), 3.20-3.00(m,2H), 1.55(s,3H), 

1.40(s,3H) ppm. 



PLC 585. A (SPC 8396 A) 

.... ::=. ;,. 

-109-

EXAMPLE 73 
(3S.4R/3R.4S >-6-f 1-(2-Amlnoethyll-1 H-tetrazol-5-yl>-3.4-dlhyd ro-2.2-dimeth yl-3-hydroxy-4-(2-oxopiperidin-1-yll-2H-benzo[b Jpyran 

]l-N 
N' I . 
~ 

5 
0 

(only one stereoisomer shown) 
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A mixture of (3S,4R/3R,4S)-3,4-dihydro-2,2-dimethyl-3-hydroxy-4-

(2-oxopiperidln-1-yl)·6·(1~[2-phthallmidoethyl]~1 H-tetrazol-5!'yl)·2H­

benzo[b]pyran (see Example 52) (0.5g) and methylamine (10ml of a 33% 

solution In Industrial methylated spirit) was stirred at room temperature 

for 24 hours. The solvent was evaporated in vacuo and the residue 

was azeotroped twice with dichloromethane to give a solid which was 

purified by chromatography on slllca eluting with dichloromethane 

containing methanol (1.25%). The product-containing fractions were 

combined and concentrated in vacuo to give the title c~mpound as a 

foam, 0.34g. 
1H-NMR (CDCIJ: 5=7.60-7.55(d, 1H), 7.50(s, 1H), 7.00-6.95(d,1H), 6.00-. 

5.90(d, 1 H), 4.45-4.35(m,2H), 3.90-3.SO(dt 1 H), 3.35-3.25(m,2H), 3.15· 

3.05(m, 1H), 3.05-2.90(m, 1H), 2.60-2.50(m,2H), 1.90-1.SO(m,SH), 1.55(s,3H), 

1.30(s,3H) ppm • 

...... :..:..:...:.---
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EXAMPLE 74 

(3S.4R)-3.4-Dihydro-6-(1-[ 4-ethoxycarbonylbut:-1-yl]-1 H-tetrazol-5-

yl)-3-hydroxy-4-(2-methyl-3-oxopyridazin-6-yl)oxy-2.2.3-trimethyl-2H­

benzo[b]pyran 
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A mixture containing (3S,4R)-3,4-dihydro-6-(1-[4-

ethoxycarbonylbut-1-yl)-1 H-tetrazol-5-yl)-3-hydroxy~4-(3-hydroxy­

pyridazln-6-yl)oxy-2,2,3-trimethyl-2H-benzo[b)pyran (see Example 11) 

(0.25g), dimethyl sulfate (0.34ml), anhydrous potassium carbonate 

(0.51g) and acetone (10ml) was heated under reflux for 4 hours. On 

cooling to room temperature the mixture was concentrated in vacuo 

·and the residue partitioned between ethyl acetate (50ml) and water 

(SOml). 

The ethyl acetate layer was washed with saturated aqueous 

sodium chloride (50ml), dried (MgS04) and concentrated in vacuo to 

give an oil which was purified by chromatography on silica eluting with 

ethyl acetate. The product-containing fractions were combined and 

concentrated in vacuo to give the title compound as a gum, 0.015g • 

. 
1H-NMR (CDCIJ: 5=7.65(d,1H), 7.45-7.40(dd,1H), 7.10-6.90(m,3H), 

5.95(s, 1 H), 4.40-4.30(t,2H), 4.10-4.00( q,2H), 3.80-3. 70(brs, 1 H), 3.65(s,3H), 

2.30-2.20(t,2H), 1.95-1.85(m,2H), 1.60-1.50(m,2H), 1.45(s,3H), 1.40(s,3H), 

1.25(s,3H), 1.25-1.15(t,3H) ppm. 
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EXAMPLE Z! 
{3S.4R)-4-f3-Cyano-2-methyllsothioureido)-3.4-dihydro-6-f1-[3-

ethoxycarbonylprop-1-yll-1H-tetrazol-5-yll•3-hydroxy-2.2.3-trlmethyl-2H· 

benzo[bJpyran 

pyridine 
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A mixture containing (3S,4R)-4-amino-3,4-dihydro-6-(1-[3-

ethoxycarbonylprop-1-yl]-1H-tetrazol-5-yl)-3-hydroxy-2,2,3-trimethyl-2H­

benzo[b)pyran (see Preparation 55) (1.2g), dimethyl. · 

N-cyanodithioiminocarbonate (0.7g) and pyridine (10ml) was heated at 
.• 

75°C for 18 hours then concentrated Jn vacuo to give a gum which was 

stirred in dichloromethane containing methanol (2.5%) (20ml). The 

resulting solid was filtered off and dried in vacuo to give the title 

compound, 0.85g, m.p. 225-227°C. Found: C,54.13; H,&.91; N,19.81; 

C22H21N70 4S requires: C,54.20; H,6.00; N,20.11%. 

· .· .•.• ., ·
1H-NMR {!18-DMSO): S=8.45-8.30(brs,1H), 7.60-7.55(d,1H), 7.40(s,1H), 

7.00-6.90(d, 1 H), 5.50-5.40(brs, 1 H), 5.35(s, 1 H), 4.50-4.40(t,2H), 4.00-

3.90(q,2H), 2.70-2.60(brs,3H), 2.40-2.30(t,2H), 2.15-2.00(m,2H), 1.40(s,3H), 

1.30(s,3H), 1.10(s,3H), 1.15-1.05(t,3H) ppm. 
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EXAMPLE Z§ 

benzoCblpyran 

~-N 

{I 
N 

NaB 
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Sodlum hydride (0.03g of an 80% dispersion in mineral oil) was 

added to ethanol (4ml). After 5 minutes (3S,4R)-4-(3-cyano-2-

methylisothioureldo )-3,4-dihydro-6-(1-[3~ethoxycarbonylprop-1-yl)-1 H­

tetrazol-5-yl)-3-hydroxy-2,2,3-trlmethyl-2H-benzo[b)pyran (see Example 

75) (0.2g) was added and the mixture was -allowed to stand at room 

temperature for 16 hours. The solution was acidified to pH 3 with 2N 

hydrochloric acid and then was concentrated In vacuo. The residue 

was purified by chromatography on silica eluting with dichloromethane 

containing methanol (2.6%). The product-containing fractions were 

combined and concentrated In vacuo to give an oll which was triturated 

with hexane to give the title compound as a foam, 0.09g. Found: 

. C,57.00; H,6.46; N, 19.48; C21Ha1N70 1.0.1 hexane requires: C,57 .35; 

H,6.60; N, 19.83%. 
1H-NNiR (CDCl3): 6=7.55-7.45(m,2H), 7.05-6.95(d, 1H), 6.55-6.45(d, 1H), 

5.30-5.15('1.', 1H), 4.60-4.45(m, 1H), 4.45-4.25(m,3H), 4.15-4.05(m,2H), 2.55-

2.30(m,3H), 2.20-2.10(m,2H), 1.50(s,3H), 1.45(s,3H), 1.40-1.30(t,3H), 

1.25(s,3H), 1.30-1.20(t,3H) ppm. 
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EXAMPLE 77 

(3S .4Rl-3.4-Dihydro-6-( 1-(3-eth_oxycarbonylpro p-1-yll-1 H-tetrazol-5-

yll-3-hyd roxy-4-f 2-methylthiopyrimidin-4-yllamino-2.2.3-trlm ethyl-2H­

benzo[bJpyran 

C0
2
C

2
H

5 

~~;ia~ 

HNMCH, 
CH3 

,,,,OB 

~ 
~ 

11mm~r 
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A mixture containing (3S,4R)-4-amino-3,4-dihydro-6-(1-(3-

ethoxycarbonylprop-1-yl]-1H!'tetrazol-5-yl)-3-hydroxy-2,2,3-trimethyl-2H­

benzo[b]pyran (see Preparation 55) (0.6g), 4-chloro-2-

methylthlopyrlmidine (0.5g), anhydrous potassium carbonate (0.7g) and 

anhydrous dimethylacetamide (5ml) was heated at 120°C for 24 hours. 

On cooling to room temperature water (10ml) was added and the 

mixture was extracted with ethyl acetate (2 x &Oml). The extracts were 

combined and washed with water (50ml) then concentrated in vacuo to 

give an oil which was purified by chromatography on silica eluting with 

dichle>romethane containing ethyl acetate (40%). The product­

containingJractions were combined and concentrated In vacuo to give 

a foam which was further purified by chromatography on silica eluting 

with dlchloromethane containing lsopropanol (3.3%). The product­

contaln_lng fractions were combined and concentrated in vacuo to give 

an oil whiC.h was triturated with hexane to give the title compound as a 

foam, o.077g, m.p. 115-130°C. 
1H-NMR (CDCI,): a=7.95-7.90{d,1H), 7.65(s,1H), 7.55-7.45(dd,1H), 7.05-

6.95(d, 1 H), 6.95-6.85(m, 1 H), 6.00-5.SO(brm, 1 H), 4.65-4.40(m,2H), 4.15-

4.05(m,2H), 2.55(s,3H), 2.50-2.40(m,2H), 2.30-2.10(m,2H), 1.60(s,3H), 

1.55(s,3H), 1.30(s,3H), 1.30-1.20(t,3H) ppm. 



PLC 585."A (SPC 8396. A) 

-119-

EXAMPLE Z! 
(3S.4Rl-4-(2-Chloropyrimidin-4-yllamino- and (3S.4R)-4-(4-

Chloropyrimidin-2-yllamino-3.4-dihydro-6-f1-C3-ethoxycarbonylprop-1-

ylJ-1 H-tetrazol-5-yll-3-hydroxy-2.2.3-trimethyl-2H-benzofblpyran 

(Examples 78A and 788 respectively) 

f-N 
N~ I 

N 

+ 

~,c2u, 
(Exaq>le 78B) 

----------This Sheet Iias B 

11111 I/JU Diced 
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A mixture containing (3S,4R)-4-amino-3,4-dihydro-6-(1-[3-

ethoxycarbonylprop-1-yl]-1H-tetrazol-5-yl)-3-hydrox-y-2,2,3-trimethyl-2H­

benzo[b)pyran (see Preparation 55) (0.5g), 2,4-dichloropyrimidine 

(0.383g), dlisopropylethylamine (0.33g) and dioxan (10ml) was heated 

under reflux for 18 hours. The mixture was concentrated in vacuo and 

the residue purified by chromatography on silica eluting with 

dlchloromethane containing ethyl acetate (40%). This first gave, after 

combination and evaporation of the appropriate fractions, an oil which 

was triturated with hexane to give the 4-chloropyrlmldinyl title 

compound, Example 788, as a foam, 0.12g. 
1H-NMR (CDCIJ: a=S.15-8.10(d,1H), 7.70(s,1H), 7.55-7.50(dd,1H), 7.05~ 

7.00(d,1H), 6.70-6.65(d,1H), 6.30-6.25(d,1H), 5.50-5.45(d,1H), 4.60-

4.45(m,2H), 4.20-4.00(m,2H), 2.50-2.40(m,2H), 2.25-2.10(m,2H), 1.55(s,3H), 
·:l OT 

1.50(s,3H), 1.30-1.15(t,3H), 1.25(s,3H) ppm. 

Further elution of the column with ethyl acetate containing 

dichloromethane (20%) gave, after combination and evaporatlQn of the 

appropriate fractions, an oil which was triturated with diethyl ether to 

give the 2-chloropyrimidinyl title compound, Example 78A, as a foam, 

0.34g. 
1H-NMR (CDCl1}: 5=8.10-8.05(d,1H), 7.60(s, 1H), 7.35-7.30(d, 1H), 7.15-

7.00(brs, 1 H), 6.95-6.85(m,2H), 5.65-5.SO(brm, 1 H), 5.30-5.20(brs, 1 H), 4.55-

4.25(m,2H), 4.10-3.90(m,2H), 2.45-2.30(m,2H), 2.15-2.05(m,2H), 1.55(s,3H), 

1.50(s,3H), 1.25(s,3H), 1.30-1.1 O(t,3H) ppm. 
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EXAMPLE Z! 
(35,4R)·4-(2-Chloropyrimidin-4-yl)amino- and (3S,4R)-4-(4-

Chloropyrimidin-2-yllamino-3.4-dihydro-6-(1-C4-ethoxycarbonylbut-1-y1J-

1 H-tetrazol-5-yll-3-hydroxy-2.2.3-trim ethyl-2H-benzo[b Jpyran f Examples . 

79A and 798 respectively 

N-N 
r!' I 
~ 

+ 



PLC 585;-A (SPC 8396;A) 

-122-

A mixture containing (3S,4R)-4-amino-3,4-dihydro-6-(1-[4-

ethoxycarbonylbut-1-yl]-1H-tetrazol-5-yl)-3-hydroxy-2,2,3-trimethyl-2H­

benzo[b]pyran (see Preparation 68) (0.36g), 2,4-dichloropyrimidine 

(0.26g), diisopropylethylamine (0.225g) and dioxan (5ml) was heated at 
·-

950C for 20 hours. On cooling to room temperature the mixture was 

poured into water (20ml) and extracted with ethyl acetate (3 x 20ml). 

The combined ethyl acetate extracts were washed with water (50ml) 

then dried (MgSO,) and concentrated in vacuo to give a gum which was 

purified by chromatography on silica eluting with 1 :1 ethyl 

acetate/hexane. The fractions containing the higher Rf product were 

combined and concentrated in vacuo to give the 4-chloropyrimldinyl 

title compound, Example 798, 0.076g. 
1H-NMR fCDCl,l: 6=8.10(d,1H), 7.70(s,1H), 7.45-7.40(dd,1H), 7.00-

6.95(d, 1.H),. 6.65-6.60(d, 1H),, 6.20-6.00(brs, 1H), 5.50-5.40(d, 1 H), 4.40-

4.35(t,2H),. 4.10-3.95(m,3H), 2.30-2.20(m,2H),. 1 .. 95-1.85(m,2H), 1.60-

1.40(m,2H), 1.50(s,3H), 1.45(s,3H), 1.25-1.15(m,6H) ppm. 

. . 

The fractions containing the lower Rf product were combined and 

concentrated in vacuo to give th~ 2-chloropyrimidinyl title compound, 

Example 79A, 0.1 Sr/.. 
1
. 

1H-NMR (CDCIJ: 6=8.05-8.00(d,.1H)t 7.55(s,1H), 7.30-7.25(d,1H), 7.10-

7.00(brs,0.5H), 6.90(d, 1 H), 6.85(d, 1H), 5.65-5.SO(brs, 1 H), 5.10-

4.95(brs,0.5H), 4.45-4.25(m,2H), 4.15-4.00(m,3H), 2.25-2.1 O(m,2H), 1.95-

1.75(m,2H), 1.60-1.20(brm,2H), 1.50(s,3H), 1.45(s,3H), 1.25-1.15(m,6H) 

ppm. 

The following Preparations illustrate the preparation of certain 

starting materials used in the preceding Examples:-

.. 
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PREPARATION 1 

C3S .48)-3 .4-Dihydro-3.4-epoxy-6-C1-£3-ethoxycarbonylprop-1-yll-

1 H-tetrazol-5-yl)-2,2.3-trimethyl-2H-benzo£blpyran 

NaOCI 

A solution of the compound of Preparation 2 (2g) and [(S,S)-1,2-

bis(3,5-di-~ert-butylsalicylideamino]cyclohexane manganese Ill chlorid~ 

(see J. Amer. Chem. Soc.,· 1991, 113, .7063) (0.23g) in dichloromethane 

(7ml) was added.to a stirred solution of commercial bleach (21ml of a 3M 

solution) at 0°C. The mixture was stirred at 0°C for 7 hours then diluted 

with dichloromethane (20ml). The layers were. separated ~nd the 

dichloromethane solution was washed with water (20ml) then dried 
. ' ' . . . - . . 

(MgSO.J and concentrated in vacuo. The residue was purified by 

chromatography on silica eluting with dichlorometh.ane containing 

methanol (2.5%). The product-containing fractions were combined and 

concentrated in vacuo, to give the title compound as a red/brown oil, 

0.99g, optical purity 97~ by chiral HPLC. 
1H-NMR CCDCl3 ): 6 = 7.75 (s, 1H), 7.60-7.55 (dd, 1H), 7.00-6.95 (d, 1H), 

4.55-4.45 (t,2H), 4.15-4.05 (q,2H), 3.95(s, 1 H), 2.45-2.35 (m,2H), 2.30-

2.20 (m,2H), 1.60 {s,3H), 1.55 (s,3H), 1.30 (s,3H), 1.30-1 .20 (t,3H) 

ppm. 
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PREPARATION 2 

6-(1-[3-Ethoxycarbonylprop-1-yl]-1 H-tetrazol-5-yl)-2.2.3-trimethyl-

2H-benzo[b]pyran 

0 

> 

..... .; -.... ·.· 

Phosphorus pentachloride ( 1 .8g) was added to a solution of the 

compound of Preparation 3 (2.4g) in chloroform (30ml) and the mixture 

was heated under reflux for 15 minutes. On cooling to room te~perature 

trimethylsilyl azide (1.4g) was added and the mixture was stirred at room 

temperature for 16 hours •. Water (20ml) was added and the mixture was 

stirred vigorously. The layers were separated and the chloroform solution 

was concentrated in vacuo to give an orange oil which was purified by 

chromatography on silica eluting with dichloromethane containing ethyl 

acetate (5%). The product-containing fractions were combined and 

concentrated in vacuo to give the title compound as a pale yellow oil, 

2.04g. 

'H-NMR fCDCl3): 6 = 7.40-7 .35 (dd, 1 H), 7 .30 (_d,1 H), Q.90-6.85 (d, 1 H), 

6. 15-6. 10 (d, 1 H), 4.55-4.45 (m,2H), 4.15-4.05 (m,2H), 2.45-2.30 . 

(m,2H), 2.30-2.20 (m,2H), 1.85 (s,3H), 1.45 (s,6H), 1.25-1.20 (t,3H) 

ppm. 
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PREPARATION 3 

6-(N-[3-Ethoxycarbonyl]prop-1-yl)carbamoyl-2.2.3-trimethyl-2H­

benzo[b]pyran 

Ho2c'O:XH "=::: "=::: 3 

f b CHJ 

O CH 
3 

0 

A mixture of the compound of P.reparation 4 (2g) and 1,1'­

carbonyldiimidazole (1.6g} was stirred in dichloromethane (50ml) for 30 
-

minutes. Triethylamine (,1.4g) and ethyl 4-ami_nobutanoate hydrochloride 

(2.3g) were added and the mixture was stirred at room temperature for 5 

days then washed with water (100ml) and concentrated in vacuo. The 

residue was purified by chromatography on sil~ca eluting with 

dichloromethane containing methanol (1.25%). The product-containing 

fractions were combined and concentrated ln vacuo to give the title 

compound as a yellow oil, 2.4g. 
1H-NMR fCDCl3 l: 6 = 7 .50-7.45 (dd, 1 H}, 7.35 (d, 1 H}, 6.80-6.75 (d, 1 H), 

6.45-6.35 (m, 1 H), 6.10 (s, 1 H), 4.15-4.05 (q,2H), 3.50-3.40 (q,2H), 

2.45-2.35 (t,2H), 2.00-1.90 (m,2H), 1.85 (s,3H), 1.40 {s,6H), 1.25-1.20 

(t,3H) ppm. 
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PREPARATION 4 

2.2.3-Trimethyl-2H-benzoCbJpyran-6-carboxylic acid 

n-Butyllithium (81ml of a 2.SM solution in hexane) was added 

dropwise to a solution of the compound-of Preparation 5 (47g) in 

anhydrous. tetrahydrofuran (250ml) at -70°C. When the addition was 

complete the mixture was stirred at -70°C for 15 minutes then carbon 

dioxide pellets were added at such a rate that the temperature of the 

reaction m.ixture ·did not exceed -60°C. When the addition of pellets was 

no longer exothermic the mixture was allowed to warm to room 

temperature. Water (50ml) was added and the tetrahydrofuran 

evaporated in vacuo. Further water (500ml) was added and the solution 

was brought to pH 14 by the addition of 10% aqueous sodium hydroxide 

solution. The aqueous mixture was ex~r~cted with diethyl ether. then 

acidified to pH 1 by the addition of concentrated hydrochloric acid. The 

resulting solid was filtered off, washed with water,· dissolved in 

dichloromethane (500ml), the organic layer was separated fr.om the 

residual water, dried (Na2S04 ) and concentrated in vacuo. The resulting 

solid was triturated with hexane to give the title compound as a 

colourless solid, 31g, m.p. 169-171°C. Found: C, 71.22; H, 6.72; 
< 

C13H140 3 requires: C, 71.55; H, 6.47%. 
1H-NMR <CDCI~: 6 = 7.90-7.80 (d,1H), 7.65 (s,1H), 6.85-6.75 (d,1H), 

6.10 (s, 1 H), 1.85 (s,3H), 1.45 (s,6H) ppm. 
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PREPARATION 5 

6-Bromo-2.2.3-trimetbyl-2H-benzo[b)pyran 

Sodium borohydride (24g) was added in portions to a solution of 

the compound of Preparation 6 (or Preparatio~ 78) (164g) in ethanol 

(700ml) and the resulting mixture was stirred at room temperature for 

1.5 hours then concentrated in vacuo. Water (SOOml) was added and 

the mixture was cooled to 0°c then acidified to pH 1 with concentrated 

hydrochloric acid. The mixture was extracted with diethyl ether 

(2x500ml) and the combined ether extracts were washed with water 

(500ml), dried {MgS04) and concentrated in vacuo to give a red oil. The 

oil was dissolved in toluene (2 litres), para-toluenesulphonic acid {22g) 

was added and the mixture was heated under reflux using Dean-Stark 

apparatus for 30 minutes. Further para-toluenesulphonic acid (5g) was 

added and heating was continued for 1 hour. On cooling to room 

temperature, the mixture was washed with 10% aqueous sodium 

hydroxide (500ml) and water (500ml) then concentrated in vacuo. The 

residue was purified by chromatography on silica eluting with hexane 

containing dichloromethane (20%). .The product-containing fractions 

were combined and concentrated in vacuo to give the title compound 

as a red oil, 130g. 
1H-NMR (CDCIJ: 8 = 7.15-7.10 (dd,1H), 7.00 (s,1H), 6.65-6.60 (d,1H), 6.00 

{s, 1 H), 1.85 (s,3H), 1.60 {s,6H) ppm. 

---
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PREPARATION 6 

6-Bromo-2.3-dihydro-2.2.3-trimethyl-4H-benzo Cblpyran-4-one 

A mixture of the compound of Preparation 7 (255g), pyrrolidine 

(109ml) and toluene (800ml) was heated under reflux in a Dean-Stark 

apparatus for 22 hours. Acetone ( 125m() was added and heating was 

continued for 24 hours. Further portions of acetone (125ml) were added 

after 24 and 48 hours and heating was continued for a total of 6 days •. 

The mixture was concentrated in vacuo and the residue was taken up in 

diethyl ether ( 1250ml). · The ethereal solution was. washed with 2N 

hydrochloric acid (800ml), 2N sodium hydroxide (3x300ml) and brine 

(2x400ml) then dried (MgSO.J and concentrated in vacuo to give the title 

compound as a dark oil, 164.5g. 
1H-NMR fCDCI~: 6 = 7.95 (d,1H), 7.55-7.50 (dd,1H), 6.85-6.80 (d,1H), 

2~75-2.65 (q, 1 H), 1.45 (s,3H), 1.25 (s,3H), 1.Z0-1.15 (d,3H) ppm. 

1ii1iii1ii1ili1f ·, 
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PREPARATION 7 

4-Bro mo-2-propanoylphenol 

0 

Br~CH I ~ 3 

~ OH 

A mixture of the compound of Preparation 8 (230g) and aluminium 

chloride (300g) was heated with stirring until the reaction temperature 

was approximately 80°C, whereupon an exothermic reaction took place 

which raised the temperature of the mixture to 110°C. The reaction 

mixture was stirred at 11O° C for 20 minutes then the temperature was 

increased to 140°C for 20 minutes and, f~nally, the mixture was heated 

at 160°C for 1 hour. On cooling to room temperature the mixture was 

treated with ice (1kg), and extracted with dichloromethane ·(3x500ml). 

The dichloromethane extracts were dried (MgSO,.) and concentrated in 

vacuo to give the title compound as a dark oil which crystallised on . 

standing, 2239. 
1H-NMR <CDCI~: 6 = 7 .85 (d, 1 H), 7 .55-7 .50 (dd, 1 H), 6.90-6.85 (d, 1 H), 

3.10-2.95 (q,2H), 1.25-1.20 (t,3H) ppm. · 

Thi 
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PREPARATION 8 

4-Bromoohenyl propanoate 

Br~ 

~OH 
------- Br~ O 

~0~cH3 

Triethylamine (219ml) was added to a solution of 4-bromophenol 

(259g) and 4-dimethylaminopyridine (1.5g) in dichloromethane (1000ml) 

at 0°C at such a rate that the temperature· did not rise above 20°C. 

When the addition was complete propionyl chloride (137ml) was added in 

portions over 1 hour such:that the temperature· did not rise above 20°C. 

Finally, the mixture was stirred at room temperature for 2 hours. Water 

(700 ml) was added and the layers were separated. The·dichloromethane 

solution was washed with brine (500ml), dried (MgSO.J and concentrated 

in vacuo to give the title compound as -an oil, 344g~ 
1H-NMR CCDCIJ: 6 = 7.45-7.40 (d,2H), 6.95-6.90 (d,2H), 2.60-2.45 

(q,2H), 1.25-1.15 (t,3H) ppm. 
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PREPARATION 9 

(3S.4S)-3.4-Dihydro-3.4-epoxy-6-f.1-methyl-1 H .. tetrazol-5-y0-2.2.3-

trimethyl-2H-benzo Cbl oyran 

HOH 
-QN N* But o~,/rrO 'I_~ Bu' 

CH3 . Cl 
. Bu' Bu' 

CH3 .------------
CH3 

A solution of the compound of Preparation 10 (2.Sg) and [(S,S)-

1,2-bis(3,5-di-tert-butylsalicylideamino)cyclohexane manganese Ill 

chloride (see J. Amer. Chem. Soc., 1991, 113, 7063) (0.4g) in 

dichloromethane ( 15ml) was added to a stirred solution of commercial 

bleach (36ml of a 0.55M solution) at 0°C. The mixture was allowed to 

warm to room temperature and was stirred for 20 hours then extracted 

with dichloromethane (3x25ml). The combined dichloromethane extracts 

were concentrated in vacuo to give an oil which was purified by 

chromatography on silica eluting with dichloromethane containing ethyl 

acetate (5% up to 10%). The product-containing fractions were 

combined and concentrated in vacuo to give a foam which was further 

purified by chromatography on silica eluting with dichloromethane 

containing methanol (2.5%). The product-containing fractions were 

combined and concentrated in vacuo to give the title compound as a 

foam, 1.0g. 
1H-NMR CCDCl3 ): 6 = 7.75 (d, 1H}, 7.60-7.55(dd,1H), 7.00-6~95(d,1H}, 

4.15 {s,3H). 3.75 {s, 1 H), 1.65 (s,3H), 1 .55 (s,3H), 1.30 (s,3H) ppm. 
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PREPARATION 10 

6-( 1-Methvl-1 H-tetrazol-5-yU-2,2,3-trimethyl-2H-benzolblpyran 

A mixture of the compound of Preparation 11 (4g), bis(tributyltin) 

oxide (9.Sg) and iodomethane (40ml) was stirred at room temperature for 

16 hours.. The iodomethane was evaporated in vacuq and the residue 

was triturated with hexane containing ethyl acetate (20%). The resulting 

solid was filtered off and dried to give the title compound, 2.9g, m.p. 

127-130°C. 
1H-NMR <CDCls): 6 = 7.45-7.35 (dd,1H}, 7.30 (d,1H), 6.90-6.85 (d,1H), 

6.15 (s, 1 H), 4.15 (s,3H), 1.85 (s,3H), 1.45 (s,6H) ppm • 
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PREPARATION 11 

6-( 1 H-Tetrazol-5-yll.;2;2.3-trimethyl-2H-benzo Cblpyran 

NCYVYCH3 

~n..J<CH3 
0 CH 

3 

N-N ,, 
N I 

'N 
H 

A mixture of 6-cyano-2.2,3-trimethyl-2H-benzo[b]pyran (see J. 

Med. Chem., 1991, 34. 3074) (4g), sodium azide (4.0g), triethylamin~ 

hydrochloride (4.2g) and 1-methyl-2-pyrrolidinone (40ml), was heated at 

150 ° C for 1 hour. On cooling to room temperature water (200ml) was 

added and the mixture wa·s brought to pH 14 by the addition of solid 

sodium hydroxide. The solution was extracted with ethyl acetate 

(200ml) then acidified to pH 3-4 with concentrated hydrochloric acid to 

give a solid which was filtered off, washed with water and dried to give 

the title compound, 4.5g, m.p. 179-181°C. Found: C, 64.58; H, 5.81; N, 

23.46; C13H14N40 requires: C, 64.45; H, 5.82; N, 23.13%.-

1H-NMR ICDCl3): 6 = 7. 70-7 .65 (dd, 1 H), 7 .60 (d, 1 H), 6.80-6. 75 (d, 1 H), 

6.05 (s, 1 H), 1.80 (s,3H), 1.35 (s,GH) ppm. 
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PREPARATION 12 

f3S .4S)-3.4-Dihydro-3.4-epoxy-6-(1-ethoxycarbonylmethyl-1 H­

tetrazol-5-yl)-2.2.3-trimethyl-2H-benzolb1pyran 

A solution of the compound of Preparation 13 (1. 77g) and [(S,S)-

1,2-bis(3,5-dJ-tert-butylsalicylideaminoJcyclohexane manganese Ill 

chloride (see J. Amer. Chem. Soc., 1991, 113, 7063) (0.23g) in 

dichloromethane (7ml) was added to a stir~ed solution of commercial 

bleach (21ml of a 3M solution) at 0°C. The mixture was allowed to 

warm to room temperature and stirred for 16 hours. Dichloromethane 

(50ml) was added and the mixture was filtered through a cellulose-based 

filter aid. The layers were separated and the dichloromethane solution 

was concentrated in vacuo to give a dark oil which was purified by 

chromatography on silica eluting with dichloromethane containing 

methanol (1.25%). The product-containing fractions were combined and 

concentrated in vacuo to give the title compound as a tan foam, 1.03g. 

1H-NMR fCDCla): 6 = 7 .65 (d, 1 H), 7 .50-7 .45 (dd, 1 H), 6.95-6.90 (d, 1 H), 

5. 15 .(s,2H), 4.30-4.20 (q,2H), 3.70 (s, 1H), 1.60 (s,3H), 1.55 (s,3H), 

1.30 (s,3H). 1.30-1.25 (t,3H) ppm • 
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PREPARATION 13 

---~---------

6-f 1-Ethoxycarbonylmethyl-1H-tetrazol-5-yll-2.2.3-trimethyl-2H­

benzo lblpyran 

0 

Phosphorus pentachloride (1.7g) was added to a solution of the. 

compound of Preparation 14 (2.34g) in chloroform (30ml) and the 

mixture was heated und·er reflux·tor 15 minutes.~ ·on·cooling to room 
. . 

temperature trimethylsilyl ·azide (1.33g) was added and the mixture was 

stirred at room temperature for 16 hours. Water (20ml) was added and 

the mixture was stirred vigorously f~r 15 minutes. The layers were 

separated and the· chloroform solutiC)n ·was concentrated in vacuo to give 

an orange oil which was purified by chromatography on silica eluting with 

dichloromethane containing ethyl acetate (5%)·. · The product-containing 

fractions were combined and concentrated in vacuo to give the title 

compound as an oil, 1. 77g. 
1H-NMR CCDCl3 l: 6 = 7.30-7.20(m,2H), 6.9Q.,6.85(d, 1H), 6.10(s, 1H), 

5. 15(s,2H), 4.30-4.20(quartet,2H), 1.90(s,3H), 1.45(s,6H), 1.30-

1.20(t,3H) ppm. 
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PREPARATION 14 

6-f N-EthoxycarbonylmethyJ)carbamoyl-2.2,3-trimethyl-2H-· 

benzofbloyran 

0 

A mixture of the compound of Preparation 4 (2g) and 1, 1 ' -

carbonyldiimidazole (1.6g) in dichloromethane (50ml) was stirred at room 

temperature for 30 minutes. Triethylamine (1 ~1g) and ethyl glycinate 1 

hydrochloride ( 1.4g) were added and the mixture was stirred at room 

temperature for 16 hours then washed with· water (100ml) and 

concentrated in vacuo. The residual red oil was purified by 

chromatography on silica eluting with dichloromethane containing 

methanol (1.25%). Th.e product-containing fractions were combined and 

concentrated In vacuo to give the title compound as an oil, 2.34g. 
1H-NMR fCDCl3 ): 6 = 7.55-7.50 (dd, 1H), 7.40(d,1H), 6.80-6.~5 (d, 1H), 

6.55-6.50 (brs, 1 H), 6.1 O (s, 1 H), 4.30-4.15 (m,4H), 1.85 (d,3H), 1.40 

(s,6H), 1.35-1.30 (t,3H) ppm. 
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PREPARATION 15 

(3R.4R/3S.4S)-6-( 1-C2-C4-Benzyloxyphenyllethyl1-1 H-tetrazol-5-yll-

3 .4-dihydro-3 ,4-epoxy-2.2 .3-trimethyl-2H-benzo Cb J pyran 

A solution of OXONE™ (3.7g) in water (17ml) was added, over 2 

hours, to a stirred mixture of the compound of Preparation 16 (2.7g), 

sodiu111 hydrogen carbonate (3g), water (17ml) and acetone (52ml). 

When the addition was complete the mixture was stirred at room 

temperature for a further 1 .5 hours. The acetone was evaporated in 

vacuo and the resulting aqueous mixture was partitioned between water 

(50ml} and dichloromethane (100ml}. The layers were separated and the 

dichloromethane layer was dried {Na2S04 ), filtered through a cellulose­

based filter aid and concentrated in vacuo to give the title compound as a 

yellow foam, 2.2g. 
1H-NMR CCDC13): 6 = 7 .50-7 .30 (m,6H), 7. 15-7.05 (m,2H), 6.85-6.80 

(m,4H)~ 5.10-4.95 {m,2H), 4.60-4.45 (m,2H), 3.40 (s, 1 H), 3.20-3.15 

(t,2H), 1.55 (s,3H), 1 .50 (s,3H), 1.25 (s,3H) ppm. 
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PREPARATION 16 

6-( 1 -£2-14-Benzyloxyphenyl>ethyll-1 H-tetrazol-5-yl >-2. 2.3-trirri~thyl-

2H-benzo CbJnyra9 ' . 

Qo~ 
~' N 

0 

H 

Phqsphorus pentachloride (1.2g) was add.ed to a solution of the 

compound of Preparation 17 in chloroform (30ml) and the mixture was 

heated under reflux for 15 minutes. On cooling to room temperature 

trimethylsilyl azide (1g) was added.'1nd the mixture was stirred at room 

temperature for 16 hours. Water (20ml) was added and_ the mixture. was 

stirred vigorously for 15 minutes. The layers were separated and the 

chloroform solution was dried (MgSO.J then concentrated in yar;uo to . 

give the title compound as an orange oil, 2.7g. 
1H-NMR (CDCl:J: 6 = 7 .45;. 7 .25 (m,6H), 7 .00-6.95 (dd, 1 H), 6.90-6. 75 

(m,5H), 6.05 (s, 1H), 5.00 (s,2H), 4.60-4.50 (t,2H), 3.25-3.15 (t,2H), 

1.85 (s,3H), 1.45 (s,6H) ppm. 
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PREPARATION 17 

6-<N-f2-(4-Benzyloxyphenyllethyllcarbamoyl)-2.2.3-trimethyl-2H­

benzo(bJpyran 

0 

A mixture of the compound of Preparation 4 ( 1.5g) and 1, 1 ' -

carbonyldiimidazole (1.17g) in dichloromethane (40ml) was stirred at 

room temperature for 30 minutes. 2-(4-Benzyloxyphenyl)ethylamine 

(2.2g) was added and the· mixture was stirred at. room temperature for 3 

days then diluted with dichloromethane ( 1 OOml) and washed successively 

with 10% aqueous sodium hydroxide (100ml) and 2N hydrochloric acid 

(2 x 1 OOml). The dichloromethane layer was concentratec;i in vacuo and 

the residue was purified by chromatography on silica eluting with 

dichloromethane.containing methanol (1%). The product-containing 

fractions were combined and concentrated in vacuo to give a foam which 

was azeotroped with dichloromethane to give the title compound as a 

pale yellow solid, 2.2g. 
1H-NMR <CDCl:a).: 6 = 7.50-7.30 (m,7H), 7.20-7.10 (d,2H), 6.95-6.90 

(d,2H), 6.75-6.70 (d, 1H), 6.10 (s, 1H), 6.10-6.00 (t, 1H);··5.05 (s,2H), 

3. 70-3.60 (m,2H), 2.90-2.80 (t,2H). 1.85 (s,3H), 1.45 (s,6H) ppm. 
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PREPARATION 18 

f3S.4S)-6-< 1-Benzyl-1 H-tetrazol-5-yll-3.4-dihydro-3.4-eooxy-2.2.3-

trimethyl-2H-benzofblpyran 

A solution of the compound of Preparation 19 (1.9g) and [(S,S)-

1,2-bis(3,_5-di-tert-butylsalicylideamino]cyclohexane manganese Ill 

chloride (see J. -Amer. Chem. Soc., 1991, 1'13, 7063) (0.23g-) in 

dichloromethane (7ml) was added to a stirred solution of commercial 

bleach (21ml of a 3M solution) at 0°C. The mixture was allowed to 

warm to room temperature and stirred. for· 16 hours, then extracted with 

dichloromethane (2 x 20ml). The dichloromethane extracts were 

concentrated in vacuo and the residue was· purified by chromatography 

on silica eluting with dichloromethane containing methanol (1 %). The 

product-containing fractions were combined and concentrated in vacuo to 

give the title compound as a foam, 1.03g. 
1H-NMR fCDCI~: 6 = 7.55 (d, 1H), 7.45-7.40 (dd, 1H), 7.40-7.30 (m,3H), 

7 .20-7.15 (m,2H), 6.90-6.85 (d, 1 H), 5.65 (s,2H),-3.65 (s, 1 H), 1.60 

(s,3H), 1.55 (s,3H), 1.30 (s,3H) ppm. 
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PREPARATION 19 

6-( 1-Benzyl-1 H•tetrazol-5-y0-2.2.3-trimethyl-2H-benzoCblpyran 

0 

Phosphorus pentachloride ( 1. 1 g) was added to a solution of the 

· compound of Preparation 20 (1.6g) in chloroform (25ml) and the mixture 

heated under reflux for 15 minutes. On cooling to room temperature 

trimethylsilyl azide (0.9g) was added and the mixture· was allowed to 

stand at room temperature for 1-6 hours then diluted with chloroform 

(25ml) and washed with water (30ml). The chloroform solution was 

dried (MgSO.J and concentrated in vacuo to give the title compound as 

an oil. 1.9g • 

. 
1H-NMR fCDCl3}: 6·= 7.40-7.30 (m,3HJ, 7.25-7.20 (dd,1H), 7.20-7.15 

(m,3H), 6.85-6.80 (d,1H), 6.05 (s, 1H), 5.60 (s,2H), 1.85 (s,3H), 1.45 

(s,6H) ppm. 
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PREPARATION 20 

6-(N-Benzvl)carbamoyl-2.2.3-trimethyl-2H-benzolblpyran 

0 

1, 1 '-Carbonyldiimidazole ( 1 .17g) was added to a solution of the 

compound of Preparation 4 (1.5g) in dichloromethane (30ml) and the 

mixture was stirred at room temperature for 30 minute~. Benzylamine 

(1.47g) was added and the mixture was allowed to stand at room 

temperature for 16 hours then diluted with dichloromethane to a total 

volume of 70ml. The solution was washed sequentially with 10% 

aqueous sodium hydroxide (50ml), 2N hydrochloric acid (2 x 50 ml) and 

water (50ml),. then concentrated in vacuo to give a solid which was 

purified by chromatography on silica eluting with dichloromethane 

containing methanol (1 %). The product-containing fractions were 

combined and concentrated in ·vacuo to give the title compound as a 

foam, 1.64g. 
1H-NMR <CDCI~: 6 = 7.50-7.45 (dd,1H), 7.40 (s,1H), 7.35-7.25 (m,5H), 

6.80-6.75 (d, 1H), 6.35-6.25 (brt, 1H), 6.10 (s .. 1H), 4.65-4.60 (d,2H), 

1.85 (s,.3H), 1.45 (s,6H) ppm. 
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PREPARATION 21 

<3S .4$)-3.4-Dihydro-3.4-epoxy-6-C1..~£2-ohenylethylJ-1 H-tetrazol-5-

yll-2. 2.3-trimethyl-2H-benzo CbJpyran 

A solution of the compound· of Preparation 22 (2g) and [(S,S)-1,2- -

bis(3,5-di:tert-butylsalicylideamino]cyclohexane manganese Ill chloride· 

(see J. Amer. Chem. Soc:, 1991, 113, 7063). (0.23g) in dichloromethane 

(7ml) was added to a stirred solution of commercial bleach (21 ml of a 3M 

solution) at 0°C. The mixture was .allowed to warm to room temperature 

and stirred for 16 hours then diluted with dichloromethane (20ml) and 

filtered through a ceHulose-based,.filter aid.·. The filtrate was concentrated 

in vacuo and the residue was purified by chromatography on silica eluting 

with dichloromethane containing methanol (1 %). The product-containing 

fractions were combined and concentrated in vacuo to give the title 

compound as a foam, 1. 14g. 
1H-NMR <CDCI~: 6 = 7 .30-7. 15 (m,4H), 7. 10-7 .05 (dd, 1 H), 6.$5-6.80 _ 

(m,2H), 6.90-6.80 (d, 1 H), 4.60-4.50 (t,2H), 3.60 (s, 1 H), 3.30-3.20 

(t,2H), 1.60 (s,3H), 1.55 (s,3H), 1.30 (s,3H) ppm. 
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PREPARATION 22 

6-( 1-f 2-PhenylethyU-1 H .. tetrazol-5-yU-2.2.3-trimethyl-2H­

benzoCbloyran 

~ 
~N 

H 

0 

Phosphorus pentachloride (1.2g) was added to a .solution of the 

compound of ,Preparation 23 (1.8g) in chloroform (25ml) and the mixture 

was heated under reflux for 15 minutes. On cooling to room 

temperature, trimethylsilyi azide (0.97g) was added and the mixture was 

allowed to stand at room temperature for 16 hours. Water (20ml) was 

added and the mixture was stirred vigorously for 20 minutes. The layers 

were separated and the chloroform solution was dried (MgSO.J then 

concentrated in v.acuo to give the title compound as an oil- which 

solidified. on standing, 2.07g. 
1H-NMR fCDCI~: 6 = 7.·30-7.20 (m,3H), 7.00-6.95 (m,3H), 6.80-6.75 

(m,2H), 6.05 (s, 1 H), 4.65-4.55 (t,2H), 3.30-3.29 (t,2H), 1.85 (s,3H), 

1.45 (s,6H) ppm. 
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PREPARATION 23 

6-CN-C2-PhenylethylJ)carbamoyl-2.2.3-trimethyl-2H-benzolbJpyran 

~ 0 

~ N 
H 

1, 1 '-Carbonyldiimidazole ( 1. 17g) was added to a solution of the 

compound of Preparation 4 (1.5g) in dichloromethane (30ml) and·the . 

mixture was stirred at room temperature for. 30 minutes. 

2-Phenylethylamine (1.67g) was added and the mixture was allowed to 

stand at rpom temperature for 16 hours then diluted with 

dichloromethane to a totai volume of 70ml. · The solution was washed 

sequentially with 10% aqueous sodium hydroxide (50ml), 2N 

hydrochloric acid (2 x 50 ml) and water (50ml), then concentrated in 

vacuo to give a solid w~ich was purified by chromatography on silica 

eluting with dichloromethane containing methanol (1%). The product­

containing fractions were combined· and concentrated in vacuo to give 

the title compound as an oil, 1.87g. · 
1H-NMR CCDCI~: 6 = 7.40-7.20 (m,7H), 6.75-6.70 .. (d,1H), 6.10 (s,1H), 

6.05-5.95 (brt, 1 H), 3. 75-3.65 (q,2H), 2.95-2.90 (q,2H), 1.85 (s,3H), 

1.40 (s,6H) ppm • 
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PREPARATION 24 

C3R.4R/3S.4S)-3.4-Dibydro-2.2-dimetbyl-3.4-epoxy-6-11-12-f4-

methoxyphenyl)ethy11-1 H-tetrazol-5-yl)-2H-benzo£blpyran 

A·~olution of OXONE™ (12.5g) in water (50ml) was added,-over 1 

hour, to a stirred mixture of the compound of Preparation 25 (3.69g), 

sodium hydrogen carbonate (7.9g), water (50ml) and acetone (150ml.) •. 

When the addition was complete the mixture was -stirred at room 

temperature for a further 1 hour. The acetone was evaporated in vac.uo 

and the resulting aqueous mixture was extracted with dichloromethane (3 

x 1 OOml). The dichloromethane solution was dried (Na2SO.J then. 

concentrated In vacuo to give the title compound as a foam, 3.6g. 
1H-NMR <CDCl31: 6 = 7.15-7.10 (m,2H), 6.90-6.70. (m,5H), 4.60-4.50 

(m,2H), 3.80 (d, 1H), 3.75 (s,3H), 3.50 (d, 1H), 3.25 (t,2H), 1.60 (s,3H), 

1.30 (s,3H) ppm. 
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PREPARATION 25 

2.2-Dimethyl-6-( 1-(2-14-methoxyphenyllethylJ-1 H-tetrazol-5-yl>-2H­

benzo(bJpyran 

Phosphorus pentachloride (3.4g) was added to a solution of the 

compound of Preparation 26 (5.5g) in chloroform (1 OOml) and the 

mixture ~as heated under reflux for 15 minutes. On cooling to room 

temperature trimethylsilyl' azide ( 1.9g) was added and the mixture was 

allowed to stand at room temperature for 5 hours. 10% Aqueous. eerie 

ammonium nitrate (100ml) was added followed by dichloromethane 

(200ml) and water (50ml); The mixture was ·stirred vigorously for 20 

minutes then filtered through a cellulose-based filter aid. The layers were 

separated and the organic solution was concentrated in vacuo to give an 

oil which was purified by chromatography -on silica eluting with 

dichloromethane containing methanol (0.1 %). The product-containing 

fractions were combined and concentrated in vacuo to give the title · 

compound as an oil, 3. 75g. 
1H-NMR CCDCI~: 6 = 7.05-7.00 (dd, 1H), 6.90-6.70 (m,6H), 6.25-6.2Q 

(d, 1 H), 5. 70-5.65 (d, 1 H), 4.60-4.50 (t,2H), 3. 75 (s,3H), 3.25-3. 15 

(t,2H), 1.45 (s,6H) ppm. 
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PREPARATION 26 

2.2-Dimethyl-6-<N-C2-(4-methoxyphenyllethylllcarbamoyl-2H-
. . 

benzo[bJpyran · 

1, 1'-Carbonyldiimidazole (2.62g) was added to a solution of the 

compound of Preparation 27 (3g) in dichloromethane (40ml) and the 

mixture w.as heated under reflux for 30 minutes. On cooling to room· 
. -

temperature 2-(4-methoxyphenyl)ethylamine (2.4g) was added and the . . 
mixture was allowed to· stand at room temparature. for 16 hours. Further 

2-(4-methoxyphenyl)ethylamine (2g) was added ·and the miXture was 

allowed to stand ·at room temperature for 12 days then diluted with 

dichlorom~thane ·to a total volume of 1 OOml. The solution was washed 

sequentially with 10% aqueous sodium hydroxide (50ml), 2N 

hydrochloric acid (2 x 50 ml) and water (50ml), then dried (Na2SO.J and 

concentrated in vacuo to give the title compound as a solid, 5.5g. m.p. 

105-107°C. 
1H-NMR <CDCI~: 6 = 7.45-7.35 (m,2H), 7.15-7.10 (d,2H), 6.90-6.85 

(d.2H), 6.75-6.70 (d,1H). 6.35-6.30 (d.1H). 6.05-5.95.(brt,1H), 5.65-

5.60 (d, 1 H). 3.80 (s,3H), 3. 70-3.60 (q,2H), 2.90-2.80 (t,2H). 1.45 

(s,6H) ppm. 
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PREPARATION 27 

2.2-Dimethyl-2H-benzoCblpyran-6-ca.rboxylic acid 

···' ·· To a solution of 6-bromo-2,2-dimethyl-2H-benzo[b]pyran (see J. 

Med. Chem., 33, 3028 [1990]) (5.0g) in dry tetrahydrofuran (100ml) at 

-70°C under nitrogen was added, dropwise, a 1.6M solution of n­

butyllithium in hexane (1_7ml). The reaction mixture was stirred at -70°C 

for 15 minutes then treated with an exce$s of finely ground solid C02~ 

The reaction was further stirred for one· hour, the solvent evaporated in 

vacuo and the residue taken up in ethyl acetate.· and washed with dilute 

aqueous hydrochloric acid. The organic layer was concentrated in vacuo 

to a solid which was triturated with .hexane ta provide a white· solid, 

1.6g. 
1H-NMR fCDCI~: 6 = 7 .90 (d, 1 H), .7. 76 (s, 1 H), 6~80 (d, 1H)«.6.34 (d, 1 H_), 

5.67 (d, 1 H), 1.49 (s,6H) ppm. 
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PREPARATION 28 

13R.4R/3S.4S>-3.4-Dihydro-2.2-dimethyl-3.4-epoxy-6-(1-C3-

phenylcrop-1-yl1-1 H-tetrazol-5-yl>-2H-benzoCbJpyran 

A solution of OXONet• (4.62g) in water (20ml) was added, over 2 

hours, to a stirred mixture of the compound of Preparation 29 (2~6g), 

sodium hydrogen carbonate (3.5g), water (20mli and acetone (60ml). 

When the addition was complete the mixture was stirred at room 

temperature for a further 1 hour. The acetone was evaporated In vacuo 

and the resulting aqueous mixture was extracted with dichloromethane (2 

x 100ml).· The dichloromethane solution was dried (N·a·2SCl.J then. 

concentrated' in vacuo to give the title compound as a foam, 2.6g. 
1H-NMR lCDCI~: 6 = 7.65 (d,1H), 7.40-7.35 (dd.1H), 7.30-7.20 (m,3H), 

7.15-7.10 (m,2H), 6.90-6.85 (d,1H), 4.25-4.15 (t,2H), 3.90 (d,1H), 

3.55 (d,1H), 2.70-2.60 (t,2H), 2.35-2.20 (m,2H), 1.65 (s,3H), 1.30 

(s,3H) ppm. 
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PREPARATION 29 

2.2-Dimethyl-6-f1-C3-phenylprop-1-ylJ-1 H-tetrazol-5-yD-2H-

benzoCbJoyran 

0 

Phosphorus pentachloride (3.3g) was added to a solution of the 

compound of Preparation 30 (5.1g) in chloroform (100ml) and the 

mixture was heated under reflux for 15 minutes. On cooling to room 

temperature trimethylsilyl -azide (1.8g) was added and the mixture was 

allowed to stand at room temperature for 16 hours. 10%.Aqueous eerie 

ammonium nitrate (100ml) was added followed by dichloromethane 

(200m1) and water (50ml). The mixture was stirred vigorously for 20 

minutes then filtered through a cellulose-based filter aid. The layers were 

separated and the organic solution was concentrat~d in vacuo to give an . 

oil which was purified by chromatography on silica eluting with 

dichloromethane containing methanol (0.25%). The product-containing 

fractions were combined and concentrated in vacuo to give the title 

compound as an oil. 2. 7g. 
1H-NMR <CDCI~: 6 = 7.30-7.20 Cm.SH). 7.15-7.10 (m.2H), 6.85-6.80 

(d, 1H), 6.35-6.25 (d.1H), 5.75-5.70 (d, 1H), 4.45-4.35 (t,2H), 2.70-2.65 

(m,2H), 2.35-2.25 (t,2H), 1.50 (s,6H) ppm. 
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PREPARATION 30 

2.2-Dimethyl-6-fN-C3-ohenylprop-1-ylllcarbamoyl-2H-benzoCblpyran 

0 

1, 1 '-Carbonyldiimidazole (2.6g) was added to a solution of the 

compound of Preparation 27 (3g) in dichloromethane (40ml) and the 

mixture was heated under reflux for 30 minutes. On cooling to room 

temperature 1-amino-3-phenylpropane (4g) was added and the mixture 

was allowed to stand at room temperature for 12 days. The mixture was 

diluted with dichloromethane to a total volume of 1 OOml then washed 

sequentially with 10% aqueous sodium hydroxide (50ml), 2N 

hydrochloric acid. (2 X· 50 ml) and water (50ml), then dried (Na2S04 ) and 

concentrated in· vacuo to give the title compound as an oil, 5. 17g. 
1H-NMR CCDCl3 )': 6' = 7~40-7.15 ·(rn,7H), 6.75-6.70 (d, 1H), 6.35-6.30 

(d, 1 H), 6.00-5.90 (brs, 1 H), 5.65-5.60 (d, 1 H), 3.50-3.40 (m,2H), 2. 75-

2. 70 (t,2H), 2.00-1.90 (m,2H), 1.45 (s~6H) ppm. 
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PREPARATION 31 

6-(1-£2-(4-Benzyloxyphenyl>ethylJ-1 H-tetrazol-5-yl>~2.2-dimethyl-

2H-benzoCblpyran 

Qo 
"Q_N 0 

H 

o~ 
·~ 

Ph~sphorus pentachloride (2.2g) was. .added to a solution of the 

compound of Preparation 32 (4.4g) in chlore>form (100ml) and the 

mixture was heated under reflux for 15 minutes. On coo1ing to room 

temperat~re tetramethylguanidinium azideJ10.6ml of a 1M solution in 

dichloromethane) was added and the mixture was allowed t() stand at 

room temperature. ~fter 3 and 6 days, further portions of 

tetramethylguanidinium azide (8 and 20ml respectively of a 1 M solution 

in dichlor.omethane) were added. Following the final addition the mixture 

was stirred for 24 hours then washed with water (3 x 1 OOml) and 

concentrated in vacuo. The residue was purified by chromatography on 

silica eluting with dichloromethane containing methanol (0.5%). The 

product-containing fractions were combined and concentrated in vacuo to 

give the title compound as an oil, 3.2g. 
1H-NMR lCDCl:a): 6 = 7.45-7.25 (m,5H), 7.05-7.00 (dd,1H), 6.90-6.75 

(m,6H), 6.25-6.20 (d, 1 H), 5. 70-5.65 (d, 1 H), 5.00 (s,2H), 4.60-4.50 

(t,2H), 3.25-3.15 (t,2H), 1 .45 (s,6H) ppm. 
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PREPARATION 32 
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6-( N-£2-(4-Benzyloxyphenyl)ethylJ )carbamoyl-2.2-dimethyl-2H­

benzo Cb Jpyran 

Qo·· 
) ~o 

N 
H 

1, 1 '-Carbonyldiimidazole (2.6g) was added to a solution of the 

compound of Preparation 27 (3g) in dichloromethane (40ml) and the 

mixture was heate~ under reflux for 30 minutes. On cooling to room 

temperature 2-(4-benzyloxyphenyl)ethylamine (4g) and dichloromethane 

(50ml) were added. and th~ mixture was allowed to stand at room 

temperature for 12 days. The mixture was diluted with·dichloromethane 

to a total volume of 100~1 then washed sequentially with 10% aqueous 

sodium hydroxide (50ml), 2N hydrochloric acid (2 x 50 ml) and water 

(50ml), then dried (Na2SO.J _and concentrated In vacuo to give a solid 

which was purified by chromatography on silica eluting with 

dichloromethane containing methanol (1 %). The product-containing 

fractions were combined and concentrated in vacuo to give the title 

compound as a solid, 4.7g, m.p. 133-135°C. Found: C,78.26; H,6.49; 

N,3.34; C27H27N03 requires: C,78.42; H,6.49; N,3.39%. 
1H-NMR lCDCIJ: 6 = 7.45-7 .30 (m,7H), 7. 1"5-7 .10 (d,2H),..6.95-6.90 

(d,2H), 6. 75-6. 70 (d, 1 HJ, 6.35-6.30 (d, 1 H), 6.05-5.95 (brt, 1 H), 5.65-

5.60 (d, 1 H), 5.05 (s,2H), 3. 70-3.60 (q,2H), 2.90-2.80 (t,2H), 1.45 

(s,6H) ppm. 
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PREPARATION 33 
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(3R.4R/3S ,4$)-3 .4-Dihydro~2,2-cJimethy~~3.4-eooxy-6-(1-C 4- . 

phenylbut-1-yll-1 H-tetrazol-5-yU-2H-benzofblpyran 

A solution of OXONETll (7g) In water (30ml) ~as added, over 2 

hours, to _a stirred mixture of the compound of Prepara~on 34 (4g), 

sodium hydrogen carbonate (4g), water (30ml) 2nd a~eto~e (90ml). 

When· the addition was complete the mixture was stirred at room 

temperature for a further 1 hour. The acetone was evaporated in vacuo 

and the resulting aqueous mixture was extracted with dicq\oromethane (2 

x 100ml). The dichloromethane solution was dried_ (Na2SO.J then 

concentrated. in vacuo to give the title compound as. an oil, 4. 1 g. 
1H-NMR CCDCl3 ): 6 = 7 .65 (d, 1 H), 7 .45-7 .40 (d, 1 H);· 7 .35-7 .10 (m,5H), 

7 .00-6.95 (d, 1 H), 4.45-4.35 (t,2H), 3.95 (d, 1 H), 3.55 (d, 1 H), 2.70-2.55 

(t,2H), 2.00-1.so· (m,2H), 1.70-1.55 Cm,2H), 1.60 (s,3H), 1.30 (s,3H) 

ppm. 
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PREPARATION 34 
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2.2-Dimethyl-6-( 1-(4-phenylbut-1-ylJ-1 H-tetrazol-5-yU-2H- '" 

benzolblpyran 

~NO 
H 

. 
· Phosphorus pentachloride (3. 1 g) was added to a solution of the 

compoun~ of Preparation 35 (5.3g) in chloroform (100ml) and the 

mixture was heated under: reflux for 15 minutes. .On. cooling to room 

temperature trimethylsilyl azide (1. 7g) was added and the mixture 

allowed to stand at room temperature for 16 hours. The mixtu_re was 

washed wi.th water (100ml) and concentrated in vacua to give an oil 

which was purified by chromatography on silica eluting with 

dichloromethane containing methanol· (0.5%). The product-containing 

fractions were combined and concentrated in vacua to give the title 

compound as an oil. 4.07g. 
1H-NMR (CDCIJ: 6 = 7 .35-7 .05 (m, 7H), 6.90 (d_.1 H), 6.35-6.30 (d, 1 H), 

5.75-5.70 (d,1H)~ 4.45-4.35 (t,2H), 2.65-2.55 (t,2H), 2.00-1.90 (m,2H), 

1. 70-1.60 (m,2H). 1.45 (s,6H) ppm. 
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PREPARATION 35 

2,2-Dimethyl-6-fN-£4-ohenylbut-1-ylJ tcarbamoyl-2H-benzoCb1pyran 

1, 1 '-Carbonyldiimidazole (2.62g) was added to a solution of the 

compound of Preparation 27 (3g) in dichloromethane (40ml) and the 

mixture was stirred at room temperature for 30 minutes. 1-Amino-4-

phenylbutane (4.4g) was added and the mixture was allowed to stand. at 

room temperature for 3 days. The mixture was washed sequentially with 

water (100ml), 2N hydrochloric acid (2 x 50 ml) and water (100ml), then 

dried (Na2SO.J and concentrated in vacua to give the title compound as 

an oil which crystallised .on standing, 5.35g, m.p. 65-70°C. 
1H-NMR CCDCI~: 6 = 7.50-7.45 (dd,1H), 7.40 (d,1H), 7.30-7.10 (m,5H), 

6.80-6.75 (d,1H), 6.35-6.30 (d,1H), 6.10-6.00 (br•,1H); 5.65-5.60 

(d,1H), 3.50-3.40 (m,2H), 2.70;.2.60 (m,2H), 1.75-1.60 (m,4H), 1.45 

(s,6H) ppm. 
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PREPARATION 36 

(3R,4R/3S.4S>-3.4-Dihydro-2.2-dimethyl-3.4-epoxy-6-(1-C3-

ethoxycarbonylprop-1-yll-1 H-tetrazol-5-yll-2H-benzolblpyran 

A· solution of OXONE™ (2.2g) in wpter (1 Oml) was added, over 1.5 

hours, to a stirred mixture of the compound of Preparation 37 (1.2g), 

sodium hydrogen carbonate (1.2g), water (8ml) and acetone (30ml). 

When the addition was complete the mixture was stirred at room 

temperature for ·a further 30 minutes. The acetone was evaporated in 

vacuo and the resulting aqueous mixture was extracted with 

dichloromethane (2 x 100ml). The dichloromethane solution was dried 

(MgSO.J then concentrated in vacuo to give the title compound as an oil, 

1.1g. 
1H-NMR fCDCI~: 6 = 7 .80 (d, 1 H), 7 .65-7 .55 (dd, 1 H), 7 .00-6.95 (d, 1 H), 

4.55·4.50 (t,2H), -4.15-4.05 (q,2H), 4.00 (d, 1 H), 3.55 (d, 1 H), 2.45-2.4:0 

(m,2H), 2.30-2.20 (m,2H), 1.65 (s,3H), 1.30 (s,3H), 1.30-1.20 (t,3H) 

ppm. 



PLC 585·A (SPC 8396 A) 

..... ; .. · .. 

-159-

PREPARATION 37 

2. 2-Dimethyl-6-( 1-£3-ethoxycarbonylproo-1-ylJ-1 H-tetrazol-5-yll-2H­

benzo (bJpyran 

0 

Phosphorus pentachloride (0.66g) was added to a solution of the 

compound of Preparation 38 (1 g) in chloroform (20ml) and the mixture 

was heate.d undec reflux for 15 minutes. On cooling to room temperature 

trimethylsilyl azide (0.54g): was added and the mixture was allowed to 

· stand at room temperature for 4 days. Th~ mixture was washed with 

water ( 1 OOml), dried (MgSO.J and concentrated in vacuo to give the title 

compound as an oilp 1.28g. 

'H-NMR fCDCls): 6 = 7.45-7.40 (dd, 1H), 7.40 (d, 1H), 6.90 (d, 1H), 6.40-

6.35 (d, 1H), 5.70 (d, 1H), 4.55-4.45 (t,2H), 4. 10-4.05 (q,2H), 2.45-2.35 

(t,2H), 2.30-2.20 (m,2H), 1.45 (s.6H), 1.30-1.20 (t,3H) ppm. 
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PREPARATION 38 

2.2-Dimethyl-6-(N-[3-ethoxycarbonylorop-1-ylJ)carbamoyl-2H­

benzo£bloyran 

0 

1, 1 '-Carbonyldiimidazole (4.4g) was added to a solution of the 

compound of Preparation 27 (5g) in dichloromethane (100ml) and the 

mixture was stirred at room temperature for 30 minutes. Ethyl 

4-amlnobutanoate hydrochloride (4.Sg) was' added and the mixture was 

allowed to stand at room temperature for 7 days. The mixture was 

washed with water ( 1 OOml) then concentrated in vacuo to give a gum 

which was purified by chromatography on silica eluting with 

dichloromethane containing methanol (1.25%). The product-containing 

fractions were combined and concentrated In vacuo to give the title 

compound as a solid, 4.3g, m.p. 88-89°C. 
1H-NMR <CDCIJ: 6 = 7 .60-7 .50 (dd, 1 H)., 7 .45 (d, 1 H), 6.85-6. 75 (d, 1 H), 

6.45-6.40 (brt, 1H), 6.40-6.35 (d, 1H), 5.70-5.65 (d, 1H), 4.20-4.10 

(m,2H), 3.55-3.45 (q,2H), 2.50-2.45 (m,2H), 2.05-1.95 (m,2H), 1.50 

(s,6H), 1.30-1.25 (t,3H) ppm. . 
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PREPARATION 39 

···-- --··----·-··· 

f 3R.4R/3S .48)-6-( 1-£2-BenzyloxyethylJ-1 H-tetrazol-5-yl)-3 .4-

dihydro-2.2-dimethyl-3.4-epoxy-2H-benzoCblpyran 

N-N N-N ,, 
N I ,, 
' N I 
N ' 

) CH3 
N 

\ CR3 
CH3 CR3 0 

d d 
A solution of OXONE111 (6.Sg) in water C20ml) was added, over 1 

hour, to a stirred mixture of the compound of Preparation 40 (4g) sodium 

hydrogen carbonate (5.5g), water (60ml) and acetone (20ml). When the 

addition was complete the mixture was stirred at room temperature for a 

. further 30 minutes. The acetone was evaporated in vacuo and the 

resulting aqueous mixture was extracted with dichloromethane ( 2 x 

100ml). The dichloromethane solution was dried (Na2SO.J then 

concentrated in vacuo to give the title compound as a foam, 3.2g. 
1H-NMR <CDCl3l: 6 = 7.85(d,1H), 7.70-7.65 (dd, 1H), 7.35-7.25 (m,3H), 

7 .20-7 .15 (m,2H), 6.90 (d, 1 H), 4.60-4.55 (t,2H), 4.50 (s,2H), 4.05-4.00 

(t,2H), 3.75 (d, 1H), 3.50 (d, 1H), 1.60 (s,3H), 1.30 (s,3H) ppm. 

i~iiii1ilf 



PLC 585/A (SPC 8396.: A) 

-162-

PREPARATION 40 

6-( 1-r2-Benzyloxyethyll-1 H-tetrazol-5-yll-2.2-dimethyl-2H-­

benzoCbJoyran 

N-N ,, 
N I 

.N 

~ 0 . 

d 
Ph~sphorus pentachloride· (9.9g) was added to a solution of the 

compound of Preparation 41 (16g) in chloroform·(300ml) and the mixture 

was heated under reflux for 15 minutes. On cooling to room temperature 

trimethylsilyl azide (5.5g) was added and the mixture was allowed to 

stand at room temperature for a total of 2 days during which time further 
.. · 

trimethylsilyl azide was added after 16 (1.5g) and 43 (0.5g) hours. The 

mixture was washed with water (200ml), dried (MgS04 ) and 

concentrated in vacuo to give the title compound as an oil, 20.6g. 
1H-NMR fCDCl3 ): 6 = 7.55-7.50 (dd, 1H), 7.45 (d, 1H), 7.35-7.25 (m,3H), 

7 .20-7.15 (m,2H), 6.90-6.85 (d, 1H), 6.25-6.20 (d, 1H), 5.70-5.65 

(d; 1 H), 4.60-4.50 (t,2H), 4.45 (s,2H), 4.05-4.00 (t,2H), 1.45 (s,6H) 

ppm. 
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PREPARATION 41 

·6-(N-l2-BenzyloxyethylJ)carbamoyl-2.2-dimethyl-2H-benzo[bJpyran 

0 ((_O~N 0 
CH3--------- H 
CH3 

Sodium hydride (1. 72g of an 80% suspension in mineral oil) was 

added, in portions, over 10 minutes to a cooled (0°C) solution of the 

compound of Preparation 42 (14.2g) in anhydrous tetrahydrofuran 

(200ml). The mixture was stirred at room temperature for 30 minutes 

then re-coQled to 0°C and a solution of benzyl bromide (9.94g) in 

anhydrous tetrahydrofurari ( 1 Oml) was added over .15 minutes. When the 

addition was complete the mixture was allowed to warm to room 

temperature and was stirred for 18 hours. Water (250ml) was added and 

the mixture was extracted with diethyl ether (2 x 300ml). The ethereal 

extracts were concentrated in vacuo and the residue was dissolved in 

dichloromethane (100ml). The water which separated was· removed and 

the organic layer was concentrated in vacuo to give an oil which was 

purified by chromatography on silica eluting with dichloromethane 

containing methanol (0.5%). The product-containing fractions were 

combined and concentrated in vacuo to give the title compound as an oil, 

15.5g. 
1H-NMR <CDCl3): 6 = 7.50.;7.45 (dd,1H), 7.45 (d,1H), 7.35-7.25 (m,5H), 

6.80-6.75 (d, 1H), 6.45-6.35 (brs, 1H), 6.35-6.30 (d, 1H), 5.70-5.65 

(d, 1 H), 4.55 (s,2H), 3.65 (s,4H), 1.45 (s,6H) ppm. 
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PREPARATION 42 

2.2-Dimethyl-6-(N-£2-hydroxyethylJ)carbamoyl-2H-benzolbJpyran. 

HO~N 
H 

0 

1, 1 '-Carbonyldiimidazole (10.5g) was ad_ded, in three portions, to a 

solution of the compound of Preparation 27 (12g) in dichloromethane 

(250ml) and the mixture was stirred at room temperature for 30 minutes. 

Ethanolamine (10g) was added and the mixture was stirred at room 

temperat~re for 4 day~. The mixture was washed with water (250ml) 

and the washings back.:.extracted with' dichloromethane (100ml). The 

dichloromethane extracts were combined and concentrated in vacuo and 

the residue was purified by chromatography on silica eluting with 

dichloromethane containing methanol (5%). The product-containing 

fractions were combined and concentrated in vacuo to give a foam which 

was azeotroped with dichloromethane and ethyl acetate to give the title 

compound as a colourless solid, 12.25g, m.p. 60-70°C. 
1H-NMR <CDCI~: 6 = 7.55-7.50 (dd, 1H), 7.45 (d, 1H), 6.80-6.75 (d, 1H), 

6. 70-6.60 (brs, 1 H), 6.30 (d, 1 H), 5.65-5.60 (d, 1 H), 3.85-3. 75 (m,2H), 

3.65-3.55 (m,2H), 3.05-3.00 (t, 1 H), 1.45 (s,6H) ppm. 

l 
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PREPARATION 43 

This Sheet Has Been Replaced 

I IHllll /lllll l//l ll//ll/ · 

(3R,4R/3S .4Sl-3.4-Dihydro-2. 2-dimethyl-3,4-epoxy-6-(1-[2-

phthalimidoethyll-1 H-tetrazol-5-yl>-2H-benzo[bJpyran 

N-N OH N-N ,, ,, 
N I N. I . 

N N 
CH3 CH3 
CH3 CH3 

I 
~ 0 

I 
~ 0 

-~ ~ 

(only one stereoisomer shown) 

Sodjum hydride (0.6g of an 80% suspension in mineral oil) was 

added to a solution of the ·compound of Preparation 44 (8.6g) in . 
anhydrous dimethyl sulfoxide (40ml) and the mixture was stirred at room 

temperature for- 30 minutes. The mixture was poured onto ice ( 1 OOg) 

and extracted with ethyl acetate (3 x 100ml). The organic extracts were 

combined and washed with saturated sodium chloride solution (2 x 

1 OOml), then dried (MgSO.J and concentrated in vacua to give the title 

compound, 5.6g. 
1H-NMR fCDCI~: 6 = 7 .80-7 .65 (m,5H), 7.55-7 .50 (dd, 1 H), 6.90-6.85. 

(d,1 H), 4.85-4. 75 (m,2H), 4.15-4.05 (rri,2H), 3.90 (d, 1 H), 3.50 (d, 1 H), 

1.60 (s,3H), 1.30 (s,3H) ppm. 



PLC 585 A (SPC 8396 A) 

,..,.; .- ... 

1iiUITlf~f 
-166-

PREPARATION 44 

(3R.4S/3S.4Rl-3-Bromo-3.4-dihydro-2.2-dimethyl-4-hydroxy-6-(1-

C2-phthalimidoethyll-1 H-tetrazol-5-yll-2H-benzoCblpyran 

N-N N-N OH ,, ,, 
N I N I 
' . 
N N 

H3 

H3 

I 
~ 0 

I 
~ 0 

.& .& 

(only one stereoisomer shown) 

Water (0.5ml) was added to a solutioll'of the compound of 

Preparation 45 (7.74g) in dimethyl sulfoxide (110ml) and. the mixture was 

cooled to 0°C in an ice bsth. N-Bromosuccinimide (7g) was added and 

the mixture was stirred at room temperatu~e for 1 hour then poured onto 

ice (200g). The mixture was extracted with ethyl acetate (300ml) and 

the extract was washed with saturated sodium chloride solution (2 x 

100ml), dried (MgSO.J and concentrated in vacuo to give the title 

compound as a foam, 9. 1 g. 
1H-NMR <CDCI~: 6 = 7.90-7.65 (m,5H), 7.55-7.50 (dd, 1H), 6.80 (d, 1H), 

4.95-4.90 (d, 1 H), 4.90-4. 75 (m,2H), 4.20-4.05 (m,3H), 1.65 (s,3H), 

1.45 (s,3H) ppm. 
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PREPARATION 45 

This Sheet Has Been Replaced· ~· 

I ~11111111 IHIDI . . '-" 

2.2-Dimethyl-6-f 1-£2-ohthalimidoethyll-1 H-tetrazol-5-yl>-2H-

benzo CbJpyran 

~o o 

~~~N 
0 H 

Phosphorus pentachloride (4.9g) was added to a solution of the 

compound of Preparation 46 (8.69) in chloroform (200ml) and the 

mixture was heated under reflux for 15 minutes~· On cooling to room 

temperature trimethylsilyl azide (4.3g) was added and the mixture was 

allowed to stand. at room temperature for 18 hours. Water ( 1 OOml) was 

added and the mixture was stirred vigorously for 10 minutes. The layers · 

were separated and the aqueous layer was extracted with .. 

dichloromethane (.100ml). The combined organic extracts were dried 

{Na2S04 ) and concentrated in vacuo to give the title compound as a solid, 

9.5g, m.p. 11s-1s2°c. 
1H-NMR (CDCI~: 6 = 7.80-7.70 (m,4H), 7.35-7.30 (dd,1H), 7.25 (d,1H), 

6.75-6.70 (d,1H), 6.30-6.25 (d,1H), 5.70-5.65 (d,1H), 4.85-4.75 (t,2H), 

4. 15-4.05 (t,2H), 1.45 (s,6H} ppm. 
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PREPARATION 46 

2.2-Dimethyl-6-fN-C2-phthalimidoethylllcarbamoyl-2H­

benzoCb1pyran 

0 

--Rt~N O 
0 H 

A mixture of the compound of Preparation 47 (0.57g) and phthalic 

anhydride (0.35g) was heated with stirring at 175-185°C tor·15 minutes .. 

On coolin.g to room temperature the mixture was purified by 

chromatography on silica eluting with dichloromethane containing 

methanol (8%) and concentrated aqueous ammonia (0.4%). The 

product-containing- fractions were combined and concentrated in vacuo to 

give the title compound as a solid, 0.58g, m.p. 183-185°C. 
1H-NMR CCDCls): 6 = 7.90-7.85 (_m,2H); 7.75-7~70 (m,2H); 7.50~7.45 

(dd, 1H), 7.45 (d, 1H), 6.80-6.75 (m,2H), 6.35-6.30 (d, 1H); 5.65-5.60 

(d, 1H), 4.05-3.95 (m,2H), 3. 75-3. 70 (m,2H), 1.45 (s,6H) ppm. 
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PREPARATION 47 

6-fN-C2-AminoethylJlcarbamoyl-2.2-dimethyl-2H-benzofbloyran 

1·, 1 '-Carbonyldiimidazole (4.4g) was added to a solution of the 

compound of Preparation 27 (5g) in dichlorom~thane (80ml) and the 

mixture was stirred for 30 minutes at room temperature. 1,2-

Diaminoethane (4g) was added and the mixture was allowed to stand at 

room temperature for 16 hours. The mixture was concentrated in vacuo 

to give a solid which was purified by chromatography on silica eluting 

with dichloromethane containing methanol (2.5 up to 20%) and 

concentrated aqueous ammonia (0 up to 1 %). The product-containing 

fractions were combined and concentrated in vacuo to give the title 

compound as an oil, 4.9g. 
1H-NMR fCDCl3 l: 6 = 7.55-7.50 (dd, 1H), 7A5 (s, 1H), 6.80-6~70. (m,2H), 

6.30 (d, 1H), 5.65-5.60 (d, 1H),·3.50-3.40 (m,2H), 2.95-2.90 (t,2H), 

1.80-1. 75 (brs,2H), 1.40 (s,6H) ppm. 
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PREPARATION 48 

(38.4Rl-6-(1-(3-Carboxyprop-1-ylJ-1 H-tetrazol-5-yll-3 .4-dihydro-3-

hydroxy-4-f3-hydroxyoyridazin-6-yl>oxy-2.2.3-trimethyl-2H-benzoCblpyran 

Mo 
~~H3 

HJ 
CH

3 

A mixture of the compound of Example 1 (0.078g), sodium 

hydroxide_(1ml of a 0.35M aqueous solution) and ethanol (1ml) was 

allowed to stand at room temperature for 1 hour. The mixture was 

acidified to pH1 by the addition of 2N hydrochlori.c acid and the ethanol 

was removed in vacuo to· leave a gum. The water was decanted off and 

the residual gum was triturated twice with water then dried In vacuo to 

give the title compound as a solid, 0.046g, m.p. 116-126°C. Found: C, 

53.97; H, 5.45; N, 17.79; C21H24N80 8 .0.5H20 requires: C, 54.19; 

H, 5.41; N, 18.06%. 
1H-NMR fd8-DMSO>: 6 = 7.65-7.55 (m,2H), 7.30-7.20 (d, 1H), 7.00-6.$5 

(m,2H), 5.95 (s, 1H), 5.50-5.20 (brs, 1H), 4.45-4.30 (in,2H), 2.30-2.20 

(m,2H), 2.05-1.90 (m,2H), 1.40 (s,3H), 1.30 (s,3H), 1.20 (s,3H) ppm. 
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PREPARATION 49 

<3R.4R/3S.4Sl-3.4-Dihydro-2.2.;dimethyl:.3.4-eooxy-6-< 1-£2-<3-

methoxyphenyl>ethylJ-1 H-tetrazol-5-yl>-2H-benzoCbl oyran 

CH·· 
. .,., .. ··.' 3. 

A solution of OXONE111 (5g) in water .(.20ml) was added, over 1 

hour, to a_stirred mixture of the compound of Preparation 50 (2.8g), 

sodium hydrogen carbonate (3.25g), water (20ml) and acetone (60ml). 

When the addition was complete the mixtu.re was stirred at room 

temperature for a further 45 minutes. The acetone was evaporated in · 

vacuo and the resulting aqueous mixture was extracted with 

dichloromethane (2 x 1 OOml). The dichloromethane solution was dried 

(Na2SO.J then concentrated in vacuo to give the title compound as a 

foam, 2.6g. 
1H-NMR <CDCl3): 6 = 7.15-7.05 (m,3H), 6.85-6.80 (d,1H) 6.80-6.75 

. (dd, 1H), 6.55-6.50 (d, 1H), 6.45 (s, 1H), 4.65-4.55 (m,2H), 3.85· (d, 1H), 

3. 70 (s,3H), 3.50 (d, 1 H}, 3.30-3.20 (t,2H), 1.65 (s,3H), 1.30 (s,3H) 

ppm • 
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PREPARATION 50 

2.2-Dimethyl-6-< 1-£2-<3-methoxyohenyUethylJ-1 H-tetrazol-5-yU-2H-. 

benzo[bJpyran 

Phosphorus pentachloride (3.2g) was added to a solution of the 

·compound of Preparation 51 (5.17gJ in chloroform (100ml) and the· 

mixture was heated under reflux for 15 minutes. On cooling to room 

temperature trimethylsilyl ~zide (1.Sg) was· added and the mixture was 

allowed to stand at room temperature for 5 hours. 10% Aqueous eerie 

ammonium nitrate ( 1 OOml) was added followed by dichloromethane 

(200ml) and water (50ml). The mixture was stirred vigorously for 20 

minutes and then was filtered through a cellulose-based filter aid. The 

layers were separated and the organic solution was concentrated in 

vacuo to give an oil ·which was purified by chromatography on silica 

eluting with dichloro.methane containing methanol ·(0.25%). The produc;t­

containing fractions were combined and concentrated in vacuo to give 

the title compound as an oil, 2.9g. 
1H-NMR <CDCl:a): 6 = 7. 15-7 .10 (t, 1 H), 7 .05-7 .00 (dd, 1 H), 6.85-6. 75 

(m,3H), 6.55-6.50 (d, 1H), 6.45 (s, 1H), 6.25-6.20 (d, 1H), 5.70-5.65 

(d, 1 H), 4.60-4.55 (t,2H), 3. 70 (s,3H), 3.25-3.20 (t,2H), 1.45 (s,6H) 

ppm • 
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PREPARATION 51 

2.2-Dimethyl-6-IN-l2-13-methoxyphenyl)ethyl1 )carbamoyl-2H­

benzoCbJpyran 

~NO 
H 

1, 1 '-Carbonyldiimidazole (2.62g) was added to a solution of the 

compound of Preparation 27 (3g) in dichloromethane (40ml) and the 

mixture was heated under reflux for 30 minutes. ' On cooling to room 

temperature 2-(3-methoxyphenyl)ethylamine (2.4g) was added and the 

mixture was allowed to stand at room temperature for 12 days. The 

mixture was diluted with dichloromethane to a total volume· of 1 OOml, 

then washed sequentially with 10% aqueous sodium hydroxide (50ml), 

2N hydrochloric acid· (2. x 50 ml) and water (50ml), then dried (Na2SO.J 

and concentrated in vacuo to give the title compound as an oil which 

crystallised on standing, 5.26g, m.p.105-110°C. 
1 .. .. H-1 ... MR ICDCl3 ): 6 = 7.45-7.35 (m,2H), 7.30•7.20 (m, 1H), 6.85-6.70 

(m,41:1), 6.30 (d, 1 H), 6.05-6.00 (brt, 1 H), 5.65-5.60 (d, 1 H), 3.80 (s,3H), 

3. 75-3.65 (m,2H), 2.95-2.85 (t,2H), 1.45 (s,6H) ppm. 

-----. ···.--This Sheet Ilas B. . 
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PREPARATION 52 

f3R .4R/3S .48)-3.4-Dihydro-2.2-dimethyl-3A-eooxy-6-(1-(2-12-

methoxyohenyl)ethyll-1 H-tetrazol-5-yll-2H-benzolblpyran 

A solution of OXONETll (4.5g) .in water (20ml) was added, over 1 

hour, to a stirred mixture of the compound of Preparation 53 (2.5g), 

sodium hydrogen carbonate (2.9g), water (20ml) and acetone (60ml) •. 

When the addition was complete the mixture was stirred at room 

temperature for a further 45 minutes. The aceto·ne was evaporated in 

vacuo and the resulting aqueous mixture was extracted· with 

dichloromethane ( 3 x 1 OOml). The dichloromethane solution was dried 

(Na2S04) then concentrated in vacuo to give the title compound as a 

solid, 2.Sg. 
1H-NMR fCDCl31: 6 = 7.30-7.15 (m,3H), 6.90-6.70 (m,4H), 4.70-4.60 

(t,2H), 3.85 (d, 1H), 3.65 (s,3Hl, 3.55 (d, 1 H), 3.30-3.15 (m,2H), 1.60 

(s,3H), 1.30 (s,3H) ppm • 

. . 
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PREPARATION 53 

2.2-Dimethyl-6-< 1-C2-<2-methoxyohenyl>ethylJ-1 H-tetrazol-5-yD-2H­

benzolbJpyran. 

Phosphorus pentachloride (3. 1 g) was added to a solution of the 

compound of Preparation 54 (5g) in chloroform (100ml) and the mixture 

was heated under reflux for 15 minutes. · On cooling to room temperature 

trimethylsilyl azide (1. 7g) was added and the mixture was allowed to 

stand at room temperature for 16 hours. 10% Aqueous eerie ammonium 

nitrate (100ml) was added followed by dichloromethane (250ml) and 

water (50ml). The mixture was stirred vigorously for 20 minutes then 

filtered through a.cellulose-based filter aid. The layers were separated 

and the organic layer was concentrated in vacuo to give an oil which was 

purified by chromatography on silica eluting with dichloromethane 

containing methanol (0.25%). The product-containing fractions were 

combined and concentrated in vacuo to give the.title compound as a 

solid, 2.65g, m.p. 101-105°C. 
1H-NMR ICDCI~: 6 = 7.20-7.10 (m,2H), 6.95 (d, 1H), 6.90-6.75 (m,3H), 

6.75-6.70 (d, 1H), 6.30-6.25 (d, 1H), 5.70 (d,1H), 4.70-4.60 (t,2H), 3.65 

(s,3H), 3.25-3.20 (t,2H), 1.50 (s,6H) ppm. 



PLC 585,A (SPC 8396 A) 

-176-

PREPARATION 54 

2.2-Dimethyl-6-CN-£2-C2-methoxyphenynethyllcarbamoyll-2H'." 

benzolbloyran 

. .... :1.-· .... 

:- ... 

1, 1 '-Carbonyldiimidazole (2. 62g) was added to a solution of the 

compound of Preparation 27 (3g) in dichloro_methane (40ml) and the 

mixture was heated under reflux, for 30 minutes. On cooling to room 

temperature 1-amino-2-(2.:methoxyphenyl)ethane (4g) was added and the 

mixture was allowed to stand at room temperature for 12 days. The 

mixture was diluted with dichloromethane to a total volume of 1 OOml 

then washed sequentially with 10% aqueous sodium hydroxide (50ml), 

2N hydrochloric acid (2 x 50 ml) and water (50ml), then dried (Na2S04 ) 

and concentrated in vacuo to give the title compound as a solid, 5. 15g, 

m.p. 125-130°c. 
1H-NMR CCDCls): 6 = 7 .45-7 .35 (m,2H)., 7 .25~7 .15 (m,2H,), 6.95-6.85 

(m42H), 6. 75 (d, 1 H), 6.40-6.35 (brt, 1 H), 6.30 (d, 1 H), 5.65 (d, 1 H), 3.85 

(s,3H), 3.70-3.60 (t,2H), 2.95-2.80 (t,2H), 1.45 (s,6H) ppm. 
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PREPARATION 55 

(3S.4R>-4-Amino-3.4-dihydro-6-I 1-£3-ethoxycarbonylprop-1-yll-1 H­

tetrazol-5-yl)-3-hydroxy-2.2.3-trimethyl-2H-benzo[bJpyran 

' 

A mixture containing the compound of Preparation 1 (1g), 

concentrated aqueous ammonia (4ml) and ethanol ( 1 Oml) was heated at· 
. . 

60-65°C for 18 hours the·n concentrated in vacua· and the residue was 

purified by chromatography on silica eluting with dichloromethane 

containing methanol (5%). The product-containing fractions were 

combined and concentrated in vacuo to give the title compound as a 

foam, 0.56g. Found: C, 58.28; H, 7.03; N, 17.66; C19H27N50 4 requires: 

C, 58.57; H, 6.98; N, 17.97%. 
1H-NMR (CDCI~: 6 = 7.85 (s, 1H), 7.55-7.50(dd,1H), 6.95-6.90 (d, 1H), 

4.55-4.40 (m,2H), 4.15-4.05 (q,2H), 3.95 (s, 1H), 2.50-2.40 (m,2H), 

2:30-2.20 (m,2H), .1.85-1.60 (brs,2H), 1.50 (s,3H), 1.35 (s,3H), 1.25-

1.20 (t,3H), 1.05 (s,3H) ppm. 
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PREPARATION 56 

(3R.4R/3S.4S)-3.4-Dihydro-2.2-dimethyl-3,4-epoxy-6-(1 •£2-

methoxyethylJ-1 H-tetrazol-5-yU-2H-benzoCblpyran 

N.N N.N ,, ,, 
N. I N I • N N 

CH3) 
H3 ) CH3 
H3 CH3 CH30 

A solution of OXONE111 (3.5g) in water (15ml) was added, over 1 

hour, to a stirred mixture of the compound of Preparation 57 (1.65g), 

sodium hydrogen carbonate (2g), water (15ml) and acetone (45ml). 

When the addition was complete the mixture was stirred at room 

temperature for a further 15 minutes then a second batch of OXONE™ . 

(1.7g in 5ml water) was added. The acetone was evaporated in vacuo 

and the resulting aqueous mixture was extracted with dichloromethane (3 

x 100ml). The combined dichloromethane extracts "were dried (Na2SOJ 

then concentrated in vacuo to·give the title compound as an oil, 1.7g. 
1H-NMR <CDCls): 6 = 7.90 (d,1H), 7.75-7.70 (dd,1H), 6.95-6.90 (d,1H), 

4.55-4.45 (m,2H), 4.00-3.90 (m,3H), 3 .. 55 (d, 1 H), 3.30 (s,3H), 1.65 

(s,3H), 1 .30 (s,3H) ppm. 
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PREPARATION 57 

2.2-Dimethyl-6-C 1 -f2-methoxyethyll-1 H-tetrazol-5-yl>-2H­

benzo fb1oyran 

0 N.N ,, 
CH3o ............... N N. I 

N 
H CH3 ~ CH3 

CH3o 

CH3 
CH

3 

Phosphorus pentachloride (2.6g) was added to a solution of the 

compound of Preparation 58 (3.2g) in chloroform (75ml) and the mixture 

was heated under reflux for 15 minutes. On c~oling to room temperature 

trimethylsilyl azide ( 1.4g) was added and the mixture was all.owed to 

stand at room temperature for 16 hours. The mixture was washed with 

water (100ml) dried (MgSOJ and concentrated in vacuo to give an oil 

which was purified by_ chromatography on silica eluting with 

dichloromethane cqntaining methanol (1 %). The product-containing 

fractions were combined and concentrated in vacuo to give the title 

compound as an oil, 3. 169. 
1H-NMR fCDCl3 1: 6 = 7.55-7.50 {dd, 1H), 7.45(d,1H), 6.90·(d,1H), 6.40-

6.35 (d, 1H), 5.70 (d, 1H), 4.55-4.50 (t,2H), 3.95-3.90 (t,2H), 3.30 

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

. . . 
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PREPARATION 58 

2.2-Dimethyl-6-f N-C2-methoxyethy1Jcarbamoyl )-2H-benzo Cblpyran 

0 

1, 1 '-Carbonyldiimidazole (2.62g) was added to a solution of the 

compound of Preparation 27 (3g)" in dichloromethane (60ml) and the 

mixture was stirred for 30 minutes at room temperature. 1-Amino-2-

methoxyethane (1.1 g) was added and the mixture allowed to stand at 

room temperature for 48 hours. A further batch of 1-amino-2-

methoxyethane (1 g) was added and stirring was continued for 24 hours. 

The mixture was washed with 10% aqueous sodium hydroxide (50ml), 

2N hydrochloric acid (2 x 50ml) and water (50ml), then concentrated in 
vacuo to give an oil which was purified by chromatography on silica· 

eluting with dlchloromethane containing methanol (1 %). The product­

containing fractions were combined and concentrated· in vacuo to give 

the title compound as an oil which crystallised on standing, 3.32g, m.p. 

57-60°C. 
1H-NMR CCDCI~: 6 = 7.55-7.50 (dd, 1H), 7.45(d,1H), 6.80-6.75 (d, 1H), 

6.50-6.40 (brs, 1 H), 6.35-6.30 (d, 1 H), 5.65-5.60 (d, 1 H), 3.65-3.50 

(m,4H), 3.40 (s,3H), 1.45 (s,6H) ppm. 
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PREPARATION 59 
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(3R.4S/3S .4R)-3 .4-Dihydro-2.2-dimethyl-3-hydroxy-4-(2-oxo-1.2-

dihydropyridin-1-yl>-6-I 1 H-tetrazol-5-yl>-2H-benzofbloyran 

N-N ,, 
N I 
'N 
I 

H 

(only one stereoisomer shown) 

(\ 
N 0 

A mixture· containing (3R,4S/3S,4R)-6-cyano-3,4-dihydro-2,2-

dimethyl-3-hydroxy-4-(2-oxo-1,2•dihydropyridin-1-yl)-2H-benzo[b]p.yran 

(see J. Med. Chem., 1990, 33, 3028, and··J.Med. Chem .• , 1990, 33, 

492) (1g), sodium azide (1g), triethylamine _hydrochloride (1.2g) and 1-

methyl-2-pyrrolidiAone (10ml) was heated at 150°C for 2 hours. On 

cooling to room temperature the mixture was poured into water (100ml), 

basified with 10% aqueous sodium hydroxide and extracted with 

dichloromethane (2 x 50ml). ·The aqueous solution was filtered and then 

acidified with concentrated hydrochloric acid (CAUTIONI HN3 evolved). 

The resulting precipitate was filtered off and washed with water to give 

the title compound as a solid, 1g, m.p. > 260°C. Found: c, 58.83; H, 

5. 1 O; N, 19.99; C17H17N50 3 .0.5H20 requires: C, 58.61; H, 5.21; N, 

20.10%. 
1H-NMR Cd6-DMSO>: 6 = 7.90-7.80 (m, 1H), 7.80-7.70 (d,0.5H), 7.50-

7.35 (m,2H), 7.30 (s,0.5H), 7.05-7.00 (d,0.67H), 7 .00-6.95 (d,0.33H), 

6.55-6.50 (d,0.5H), 6.35-6.30 (t,0.5HJ, 6.30-6.15 (m, 1.5H), 5.85-5. 70 

(brs, 1 H), 4.95-4.90 (d,0.25H), 4.50-4.45 (d,0.25H), 4.00-3.90 (d, 1 H), 

.60-3.10 (brs), 1.45 (s,2H), 1.40 (s,1H), 1.25 (s,2H), 1.20 (s,1H) ppm. 
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PREPARATION 60 

f3R.4S/3S.4R)-3.4-Dihydro-2.2-dimethyl-3-hydroxy-4-f2-

oxooioeridin-1-y0-6-f 1 H-tetrazol-5-yll-2H-benzoCbJoyran 

NC 

(only one stereoisomer shown) 

A mixture containing (3R,4S/3S,4R)-6-cyano-3,4-dihydro-2,2-

dimethyl-3-hydroxy-4-(2-oxopiperidin-1-yl)-2H-benzo [b]pyran (see J. Med. 

Chem., 1986, 29, 2194) (0.5g). sodium azi<te (0.5g), triethylamine 

hydrochloride (0.6g) and 1-methyl-2-pyrrolidinone (5ml) was heated at 

150°C for 2 hours. On cooling to room tempera.ture the mixture was 

partitioned between ethyl acetate (50ml) and 5% aqueous sodium 

hydroxide (30ml). The layers were separated. and the aqueous layer was 

further extracted with ethyl acetate (2 x 20ml). The aqueous solution 

was filtered and acidified to pH1 with concentrated hydrochloric acid 

(CAUTION: HN3 evolved). The resulting precipitate was triturated with 

hot ethanol containing a few drops of water, then filtered and dried in 
vacuo to give the title compound as a solid, 0.4g, m.p. > 295° C. 
1H-NMR fd8-DMSO>: 6 = 7.85-7.75 (d, 1H), 7.55 (s, 1H), 6.95-6.90 

(d, 1 H), 5.80-5. 70 Cd, 1 H), 5.60-5.55 (d, 1 H), 3. 75-3.65 Cm, 1 H), 3.30-

3.25 (brs, 1H), 3.15-3.10 (brt, 1H), 2.75-2.65 (m, 1H), 2.50-2.40 (m,2H), 
1.85-1.65 (m,3H), 1.60-1.50 (m,1H), 1.45 (s,3H), 1.15 (s,3H) ppm. 

11111m1iiur 
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PREPARATION 61 

C3R.4S/3S.4R)-3.4-Dihydro-2.2-dimethyl-3-hydroxy-4-C2-

oxooiperidin-1-yll-6-( 1 H-tetrazol-5-yD-2H-benzo CbJpyran 

Cl N 0 N-N· ,, 
N I 

•N 
I 

H 

Clo 

(only one stereoisomer shown) 

10% Aqueous sodium hydroxide (5ml) was added to a solution of 

the compound of Preparation 59 (5.8g) in water (200ml) and then 10% 

palladium-on-carbon (1g) was added. The mixture was hydrogenated at 

room temperature and 345kPa (50 psi) for 25 hours, then filtered through 

a cellulose-based filter aid. The filtrate was acidified to pH1 with 

concentrated hydrochloric acid to give. the title -compound as a solid 

which was filtered off and dried in vacuo, 5.3g. 
1H-NMR (d8-DMSOI: 6 = 7 .85-7 .80 (d, 1 H), 7 .55 (s, 1 H), 6.95-6.90 

(d,1H), 5.80-5.70 (d,1H), 5.65-5.50 (brs,1H), 3.75-3.65 (d,1H), 3.20-

3.05 (m, 1H), 2.75-2.65 (m, 1H), 2.55-2.35 (m,3H), 1.85-1.65 (m,3H), 

1.60-1.45 (m, 1 H), 1.45 (s,3H), 1.15 (s,3H) ppm. 

. 
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PREPARATION 62 

(3R.4R/3S.4S)-3.4-Dihydro-2.2-dimethyl-3.4-eooxy-6-f1-£2-

phenylethylJ-1 H-tetrazol-5-yll-2H-benzo[bJpyran 

A solution of OXONE™ (8. 75g) in water (35ml) was added, over 

45 minutes, to a stirred mixture of the compound of Preparation 63 

(4.5g), sodium hydrogen carbonate (5.7g), water (35ml) and.acetone 

(100ml). When the addition was complete the mixture was stirred at 

room temperature for 16 hours. The acetone was evaporated in vacuo 

and the resulting aqueous mixture was extracted with ethyl. acetate (2 x 

1 OOml). The ethyl acetate solution was dried (MgSO.J, then 

concentrated in vacuo to give the title compound, 4.6g. 
1H-NMR CCDCI~: 6 = 7.35-7.20 (m,4H), 7.15-7.10 (m,1H), 7.00-6.95 

(m,2H), 6.85-6.80 (d, 1 H), 4.65-4.55 (m,2H), 3.85 (d, 1 H), 3.55 (d, 1 H), 

3.30-3.25 (t,2H), 1.60 (s,3H), 1.30 (s,3H) ppm. 
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PREPARATION 63 

2.2-Dimethyl-6-< 1-(2-phenylethyll-1 H-tetrazol-5-yl>-2H­

benzo£blpyran 

Q_No 
H 

Phosphorus pentachloride (5g) was added ~o a solutiol'.l. of the 

compound of Preparation 64 (8.2g) in chloroform (100ml) and the 

mixture was heated under reflux for 25 minutes. On cooling to 0°C 

trimethylsilyl azide (3.2ml) was added and the mixture was allowed to 

· stand at room temperature for 3 days. Further trimethyl~ilyl azide (0.Sml) 

was added and the mixture was stirred at room temperature for 5 hours. 

The mixture was washed with water (2 x 1 OOml) and the organic layer 

was dried (MgSO.j then concentrated in vacuo in give an oil which was 

purified by chromatography on silica eluting with dichloromethane 

containing methanol (1 %). The product-containing fractions were 

combined and concentrated in vacuo to .give a gum which was further 

purified by chromatography on silica eluting with toluene containing ethyl 

acetate (5%). The product-containing fractions were combined and 

concentrated in vacuo to give the title compound, 6g. 
1H-NMR fCDCl3 ): 6 = 7 .30-7 .15 (m,3H), 7 .05-6.95 (m,3H), 6.85-6. 75 

(m,2H), 6.25-6.20 (d, 1 H), 5. 70-5.65 (d, 1 H), 4.65-4.55 (t,2H), 3.30-

3.20 (t,2H), 1.45 (s,6H) ppm. 
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PREPARATION 64 

2.2-Dimethyl-6-fN-C2-phenylethylJcarbamoyll-2H-benzo[bJpyran 

Q_,_N 0 
H 

1, 1 '-Carbonyldiimidazole (4.1 g) was added to a solution of the 

compound of Preparation 27 (5g) in dichloromethane (40ml) and the 

mixture was stirred at room temperature for 30 minutes. 

2-Phenylethylamine (4.2ml) was added and the mixture was stirred at 

room temperature for 16 hours. The mixture was diluted with 

dichloromethane to a total volume ·of 1 OOml then washed sequentially 

with 2N hydrochloric acid'(2 x 50ml), 10% aqueous sodium hydroxide 

(50ml), water (50ml) and, finally, 2N hydro_chloric acid (2 x 50ml), then 

dried (MgSO.J and concentrated in vacuo to give the title. compound, 8g. 
1H-NMR fCDCl3): 6 · =. 7 .45-7 .15 (m, 7H), 6.80-6. 75 (d .. 1 H), 6.35-6.30 

(d, 1H), 6.10-6.06.(brs,1H), 5.66-5.60 (d, 1H), 3.70-3.65 (q,2H), 2.95-

2.90 (t,2H), 1.45 (s,6H) ppm. 
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PREPARATION 65 

13S.4S>-3.4-Dihydro-3,4-eooxy-6-C 1-C4-ethoxycarbonylbut-1-yl1-1 H­

tetrazol-5-yl)-2. 2.3-trimethyl-2H-benzo£bl pyran 

H•QH -

-N N~ 
Bu' o~~n<>-Q-Bu' N,N-N 

CH3 tCI 1 • I 
Bu Bu N 

H3 NaOCI "> 
H3 " 

c2H5o2c 

. A solution of 4M commercial bleach (30ml) was diluted to a 

volume of 72ml with 0.05M aqueous sodium hydrogen phosphate 

solution and the pH of the mixture was adjusted to 11.3 with 5N 

aqueous sodium hydroxide solution. A portion of the resulting solution 

(51ml) was cooled to 0°C in an ice bath and a solution.of the compound· 

of Preparation 66 (5.6g) and [(S,S)-1,2-bis(3,5-di-tert­

butylsalicylideamino]cyclohexane manganese Ill chloride (see J. Amer. 

Chem. Soc., 1991, 113, 7063) (0.5~7g) in dichloromethane (25ml) was 

added. The resulting mixture was stirred at 0°C for 20 hours then the 

layers were separated and the dichloromethane layer was washed with 

saturated aqueous sodium chloride solution (20ml), dried (MgS04 ) and 

concentrated in vacuo. The residual gum was purified by 

chromatography on silica eluting initially with hexane containing 

dichloromethane (5%) and then with hexane containing ethyl acetate (5% 

up to 20%). The product-containing ·fractions were combined and 

concentrated in vacuo to give the title compound, 3. 729. 
1H-NMR <CDCl3): 6 = 7 .65 (d, 1 H), 7 .50-7.45 (dd, 1 H), 6.$5-6.90 (d, 1 H), 

4.45-4.35 (~,2H), 4.10-4.00 (q,2H), 3.75 (s, 1H), 2.30-2.25 (t,2H), 2.00-

1.90 (m,2H), 1.65-1.55 (m,2H); 1.55 (s,3H), 1.50 (s,3H), 1.30 (s,3H), 

1.25-1.15 (t,3H) ppm. 
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PREPARATION 66 
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6-( 1-£4-Ethoxycarbonylbut-1-yll-1 H-tetrazol-5-yll-2.2.3-trimethyl-

2H-benzo[bJpyran 

0 

.. ~ ·:.. 

Phosphorus pentachloride (4.58g) was added to a solution of the 

compound of Preparation 67 (7. 1 g) in chloroform (90ml) and the mixture 

was heated under reflux for 15 minutes. On cooling to room temperature 

trimethylsilyl azide (3.32g) was added and the mixture was stirred at 

room temperature for 16 hours. Water (50ml) was added and the 

mixture was vigorously stirred. The layers were separated and the 

chloroform solution was washed with saturated aqueous sodium chloride . 

solution (50ml) and 10% -aqueous sodium carbonate solution (50ml), then 

dried (MgSO..> and concentrated· in vacuo. The residue was 

chromatographed on silica eluting with dichloromethane containing 

methanol (5%). The product-containing fractions were combined and 

concentrated in vacuo to give the title compound, 5.7g. 
1H-NMR CCDCl3': 6 = 7.30-7.25 (dd, 1H), 7.20 (d, 1H), 6~90-6.85 (d, 1H), 

6.10 (s, 1H), 4.45-4.35 (t,2H), 4.10 (q,2H), 2.30-2.25 (t,2H), 2.00-1.90 

(m,2H), 1.85 (brs,3H), 1. 70-1.55 (m,2H), 1 .• 40 (s,6H), 1.25-1.15 (t,3H) 

ppm. 
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PREPARATION 67 

6-(N-f4-Ethoxycarbonylbut-1-yllcarbamoyll-2.2.3-trimethyl-2H­

benzoCbJpyran 

--------:c2::..i"~so2c~ N 
H 

0 

---·-····· 

Oxalyl chloride ( 1 Oml) was added to a solution of the compound of 

Preparation 4 (7.5g) in dichloromethane (100~1)._ Anhydrous N,N­

dimethylformamide (1 drop) was added and the mixture was heated under 

reflux for 30 minutes then allowed to cool to room temperature and 

concentrated in vacuo. The residue was azeotroped with. 

dichloromethane · (3 x 1 OOml) and the resulting residue was dissolved in 

dichloromethane (50ml) and added, dropwise, to a cooled (0°C) solution 

of ethyl 5-aminopentanoate hydrochloride (6.9g) and N,N­

diisopropylethylamine (13.4g) in dichloromethane (150ml). The resulting 

mixture was stirred at room temperature for 16 hours then water (100ml) 

was added and the layers were separated. The dichlorQmethane layer 

was washed with saturated aqueous sodium chloride solution (100ml), 

dried (MgSO,.) and concentrated in vacuo to give a gum which was 

purified by chromatography on silica elutin·g with dichloromethane 

containing methanol (2%) and concentrated aqueous ammonia (0.3%). 

The product-containing fractions were combined and concentrated in 

vacuo to give the title compound, 7 .2g. 
1H-NMR <CDCl3): 6 = 7.50-7.45 (dd,1H), 7.35 (d,1H), 6.75-6.70 (d,1H), 

6.55-6.50 (brt, 1H), 6.05 (s, 1H), 4.10-4.05 (q,2H), 3.45-3.35 (q,2H), 

2.35-2.25 (t,2H), 1.80 (s,3H), 1.70-1.55 (m,4H), 1.40 (s,6H), 1.25-1.15 

(t,3H) ppm. 
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PREPARATION 68 

(3S.4Rl-4-Amino-3.4-dihydro-6-11-£4-ethoxycarbonylbut-1-yll-1 H­

tetrazol-5-yl)-3-hydroxy-2.2.3-trimethyl-2H-benzoCblpyran 

N.N ,N-N ,, 
N I N' I 
' N ' N 

\ 
CH3 \ 

CH3 
CH3 CH3 

c2H5o2c c2H5o2c 

· A mixture containing the compound of Preparation 65 (0.5g), 

concentrated aqueous ammonia (3ml) and ethanol (6ml) was heated ~t 

60°C for 20 hours. Further concentrated aqueous ammonia (2ml) was 

added and heating was continued for 24 hours. The mixture was 

concentrated in vacuo and the residue was purified by chromatography 

on silica eluting with dichlor~methane containing methanol (2%) and 

concentrated aqueous ammonia (0.3%). The product-containing fractions 

were combined and concentrated in vacuo·to·give the title compound, 

0.36g. 

· 
1H-NMR CCDCI~: 6 = 7.80 (s,1H), 7.65-7.55 (dd,1H),6.95-6.90 (d,1H), 

4.40-4.30 (t,2HI, 4.10-4.00 {q,2HI, 4.00-3.95 {s, 1HI, 2.30-2.25 (t,2HI, 

2.10-1.90 (m,2H), 2.05-1.55 (brs,2H), 1 .65-1.55 (m,2H), 1.50 (s,3H), 

1.30 (s,3H), 1.25-1.20 (t,3H), 1.10 (s,3H) ppm. 
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PREPARATION 69 

C3S.4RJ-6-C1-Carboxymethyl-1 H-tetrazol-5-yl>-3 .4-dihydro-3-

hydroxy-4-(3-hydroxypyridazin-6-ylloxy-2.2.3-trimethyl-2H-benzoCblpyran 

~o 

0 AN .. ~H 
OH 
: CH3 

CH
3 

CH
3 

A mixture containing the compound of Example 4 (0.23gl, 0.35N · 

aqueous sodium hydroxide solution (3ml) and ethanol (3ml) was stirred at 

room temperature for 4 hours then concentrated in vacuo. The residue 

was extracted with ethyl acetate (50ml). The ethyl acetate extract was 

washed with water (50ml), dried.(MgSO.J and concentrated in vacuo to 

give the title compound as a foam, 0.14g, m.p. 210°C (dee.). 

·
1H-NMR fCDCIJd9-DMSO>: 6. = 7.65-7.55 (dd,1H), 7.50 (s,1H), 7.10-

7.05 (d, 1 H), 7.00-6.90 (m,2H), 5.95 (s, 1H), 5.10-4.95 (ABq,2H), 2.00 

(m,2H), 1.45 (s,3H), 1.40 (s,3H), 1.30 (s,3H) ppm. 
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PREPARATION 70 

. 5-12-Methanesulohonyloxyethyl>-1.3-benzodioxolane 

A solution of methanesulphonyl chloride (7 .6g) in dichloromethane 

(25ml) was added, over 15 minutes, to a cooled (-5°C) solutiol'.1 of 

triethylamine (6.7g) and the compound of Preparation 71 (10g) in 

dichlororilethane (75ml). The mixture was stirred at 0°C for 1 hour then 

poured into water (100ml). The layers were separated and the aqueous 

layer was extracted with dichloromethane (SOmi). The combined· 

dichloromethane layers were washed with water ( 1 OOml) then dri~d 

(MgSO.J and concentrated in vacuo to give the title compound a~ an oil, . 

15.3g • 

. 
1H-NMR' lCDCI~: 6 = 6.80-6.65 (m,3H), 5.95 (s,2H), 4.40-4.30 (t,2H),. 

3.00-2.95 (t,2H). 2.90 (s,3H) ppm. 
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PREPARATION 71 

5-f 2-Hydroxyethyl>-1 .3-benzodioxolane 

O~OH 

\,-V 8 

5-Carboxymethyl-1,3-benzodioxolane (18g) was added, in portions ····· 

over 30 minutes, to a stirred, ice-cooled (0°C) suspension of lithium 

aluminium hydride (4g) in diethyl ether (400ml). The mixture was stirred 

at room temperature for 2 hours then quenched by the cautious .addition 

of saturated aqueous ammonium chloride solution. The mixture was 

filtered and the filtrate was washed with 10% aqueous sodium -carbonate 

solution then dried (MgSO.J and concentrated in vacuo to· give the title 

compound as an oil, 15.01 g. 
1H-NMR fCDCls): 6 = 6.69-6.83 (m,3H), 5.98 (s,2H), 3.82 (dt,2H), 2.81 

(t,2H), 1.44 (t, 1 H) ppm. 
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PREPARATION 72 

(3R.4R/3S .4S)-3 .4-Dihydro-2. 2-dimethyl-3.4-eooxy-6-C1-

ethoxycarbonylmethyl-1 H-tetrazol-5-yU-2H-benzoCblpyran 

A solution of OXONETll (3.1g) in water (12ml) w~s added, over 1.5 

hours, to a stirred mixture of the compound· of ·Preparation 73 (1.6g), 

sodium hydrogen carbonate (1.6g), water (12mll and acetone (40ml). 

When the addition was complete the mixture was stirred at room 

temperature for 30 minutes. The acetone was evaporated in vacuo and 

the resulting aqueous mixture was extracted with dichloromethane .(2 x 

1 OOml). The combined dichloromethane e_xtracts were dried (MgSO.J 

then concentrated in vacuo to give the title compound as a foam, 1.4g. 
1H-NMR CCDCI~: 6 = 7.70 (d,iA), 7.50-7.45 (dd,1H), 6.95-6.90 (d,1H),. 

5.15 (s,2H), 4.30-4.20 (q,2H), 3.95 (d, 1 H), 3.55 (d, 1 H), 1.65 (s,3H), 

1.30 (s,3H), 1.30-1.20 (t,3H) ppm. 
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PREPARATION 73 

2.2-Dimethyl-6 .. f 1-ethoxycarbonylmethyl-1 H-te.trazol-5-yll-2H­

benzoCblpyran 

0 

CH3~~~~~~~_._ 
CH

3 

N.N ,, 
N I . 

N 

( 

Phosphorus ·pentachloride ( 1.1 g) was. added to a solution of the 

compound of Preparation 74 (1.5g) in chloroform. (30ml) and the mixture 

was heated under reflux for 15 minutes. On cooling to room. temperature 

trimethylsilyl azide (0.9g)was added and the mixture was allowed to 

stand at room temperature for 4 days. The mixture was washed with 

water (100ml), dried (MgSO;J and concentrated in vacuo to give the title 

compound as an oil, 1. 7g. 
1H-NMR fCDCl3}: 6· = 7 .35-7.30 (m,2H), 6.90-6.85 (d, 1H), 6.35-6.3Q 

(d, 1 H), 5. 75-5. 70 (d, 1 H). 5.15 (s,2H), 4.30-4.20 (q,2H), 1.45 (s,6H), 

1.30-1.20 (t,3H) ppm. 
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PREPARATION 74 

2.2-Dimethyl-6-fN-ethoxycarbonylmethylcarbamoyl>-2H­

benzoCbJpyran 

0 

'•. 

1, 1·' -Carbonyldiimidazole (4.4g) was added to a solution of the 

compound of Preparation 27 (5g) in dichloromethane (100ml) and the 

mixture was stirred at room temperature for 30 minutes. Triethylamine 

(3g) was added followed by ethyl glycinate hydrochloride {3.8g) and the 

mixture was allowed to stand at .room temperature for 2 days. The . . . ~ 

· mixture was washed with water (100ml) and concentrated in vacuo to 

give a gum. which was purified by chromatography on silica eluting with 

dichloromethane containing methanol. (1.25%). The produc~containing 

fractions were combined and concentrated in vacuo to give the title 

compoun~ as an oil which crystallised on sta~ding, 7.5g. 
1H-NMR <CDCl3 ): 6 = 7.60-7.55 (dd,1H), 7.50 (d,1H), 6.80-6.75 (d,1H), 

6.60-6.50 (brt, 1H), 6.35-6.30 (d, 1 H), 5.65-5.60 (d, 1H), 4.30-4.15 

(m,4H}, 1.45 (s,6H), 1.30-1.25 (t,3H) ppm. 
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PREPARATION 75 

2-f 4-Fluoroohenyllethyl iodide 

A mixture containing 2-(4-fluorophenyl)ethyl bromide (see 

Preparation 76) (10g), sodium iodide (10g) and acetone (200ml) was 

stirred at room temperature for 20 hours then filtered. The filtrate was 

concentrated in vacuo to give the title compound as a colourless oil, 12g. 
1H-NMR <CDCl:J: o = 7.20-7 .. 10 (m,2H), 7.05-6.95 (m,2H), 3.35-3.30 

. (t,2H), 3.20-3.10 (t,2H) ppm. 
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PREPARATION 76 

2-f 4-FluoroohenyUethyl bromide 

~OH 

F_..v 
.. ~Br 

F~ 

Phosphorus tribromide (14g) was added, over 2 minutes, to a 

solution of 2-(4-fluorophenyl)ethanol (14g) in carbon tetrachloride (80ml). 

The mixture was heated under r~flux for 2 hours then cooled in an ice 

bath. 10% ·Aqueous sodium carbonate solution was added until all of the 

solid has dissolved. The mixture was transferred to a separating funnel 

and the layers were separated. The aqueous layer was .eJC:tracted with 

dichloromethane (50ml) and the organic.solutions ~ere combined, drie~ 

(MgSOJ and conc~ntrated' in vacuo. The residue was purified by 

chromatography on silica eluting with 1: 1 hexane/ dichloromethane. The 

product-containing fractions were ~ombined and concentrated in vacuo to 

give the title compound as a colourless oil, 1 Og. 
1H-NMR fCDCI~: 6 = 7.30-7.20 (m,2H), 7.10.-7.00 (·m,ZHl,_ ~-6~-3.55 . 

(t,2l:i), 3.25-3.15 (t,2H) ppm. 
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PREPARATION 77 

Chloromethyl ethyl carbonate 

Ethanol (1.9ml) was added in one portion to a cooled (0°C) 

solution of chloromethyl chloroformate (4.2g) in dichloromethane (20ml). 

Pyridine (2.63ml) was then added (CAUTION! EXOTHERMIC) and the 

mixture was allowed to warm to room temperature and stirred for 2 

hours. The mixture was diluted with dichloromethane (1 OOml), washed 

with ice-cold (0°C) 0.5M hydrochloric acid then dried (MgSO,.)·and 

concentra.ted in vacuo to give the title compound as an· oil, O. 17g. 
1H-NMR fCDCl3 ): 6 = 5. 70 (s,2H), 4.30-4.20 (q,2H), 1.35-1.25 (t,3H) 

ppm. 
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PREPABATION 78 

6-Bromo-2,3-dihydro-2.2.3-trimethyl-4H-benzo[b]pyran.+one 

The compound of Preparation 79 (1.46kg) was dissolved in a 

miXture of acetone (7.301) and xylene (6.571) and piperidine (3.04kg) was 

added. The solution obtained was hft&ted under reflux for 5 days,. 
. . 

cooled, wash~ with water (2 x 3.01), 2N aqueous hydrochloric acid 

solution (2 x 5.01), 2N aqueous sodium hydroxide solution (1 ~ 3.01) and 

water (2 x 3.01). The organic layer was dried and concentrated under 

reduced pressure to provide the title compound as a brown oil 

(1.458kg). 

\1iiiiii 
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PREPARATION 79 
. . . . . : . 

4-Brorno-2-propanoylphenol 

Aluminium chloride (3.747kg) was added to dichloromethane 

(7.01) at room-temperature and propionyl chloride (1.297kg) was then 

added over a 1 o minute period. The mixture was stirred for 45 minutes 
. ·.• .... . . . . . 

and then a solution of 4-bromoanisole (1.312kg) in dichloromethane 

(0.871) was added over. a .15 minute period. The mixture was heated 

under reflux for 6.5 hours and then kept overnight at room 

temperature. The ice-cooled reaction mixture was quenched by the 

slow addition of ice (15kg) over 1.5 hours. The mixture obtained was 

stirred.for 15 minutes, the layers were separated and the aqueous layer 

extracted with dichloromethane (2 x 1.01). Th8 organic layers were 
. " 

combined and washed with water (2 x 2:01), then tw~thlrds of the 

solvent removed by distillation at atmospheric pressure. Methanol 

(5.631) was then added slowly and the distillation continued until a pot 

temperature of 64°C and a head temperatu_re of 62°C was achieved. 

Water (0.41) was added slowly and the mixture was cooled resulting in 

the precipitation of an off-white solid. Further water (0.41) was then 

added slowly and the precipitated solid granulated at about 10°c for 2 

hours. The solid was then filtered off, washed sparingly with a 6:1 

methanol/water mixture and dried under reduced pressure at 50°C to 

provide the title compound (1.464kg). 
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Pharmacological Data 

A selection of the compounds of the preceding Examples was 

tested for smooth muscle relaxant activity by the method involving 

measuring the in yjtro relaxation of guinea pig tracheal ring 

preparations as described on pages 31 and 32 of the description. The 

resuns are shown in the Table below. 

TABLE 

Compound of Example No. · IC90(pM) 

3 0.15 

7 0.44 
-·· ' 

11 ' 0~12· 

35 or 56 0.04 
.. . ··-

36 0.068· 
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CLAIMS 

1. A compound of the formula:-

N--
1• 
N, 

N 
I s 
R 

(I) 

: - .. 

. ----­This Sheet Ras B 

II/DI II/DI uur 

. t -· ·- :...: 

Rt 

R 

or a pharmaceutically acceptable salt thereof,· 

wherein the dashed line represents an optional covalent 
~- . 

bond; 

X is O, NH, S or a direct link; 

R and R1 are either each independently selected from H, 
. . . ' 

·fluoro(C1-C4)alkyl and C1-C4 alkyl or taken together 

represent c2-c1 alkylene; 

R1 is hydroxy when the dashed line does not represent a 
•nr· 

covalent bond and R1 is absent when the dashed line 

represents a covalent bond; 

------. I 1\\1\\I 111\~ \\\ll 11\1) II 1\\1 
* c 
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R4 is 

(a) , when X is 0, a group of the formula:-

w w1 

. ... . 
whe~~ln w and w1 taken together represent c1~c4 
alkylene, said alkylene being optionally benzo-fused 

when w and w1 taken together represent C2-C4 

alkylene, and optionally substituted, including in the 
. 8 

benzo-fused portion, by c1-c, alkyl, hydroxy, ·-OR, 
. ~ . ·-" : . .. ; : 

~alo, -N(R8)2, -SR' or halo(C1-CJalkyl, 

(b) , when Xis 0, NH or S, hydroxyphenyl optionally 

substituted by C1-c, alkyl, -OR', halo, -N(R8)2, -SR' or 

halo(C1-CJalkyl, 
·-~ 

. . . . 

(c) a 4- to 7-membered heterocyclic ring containing 

either from 1 to 3 N hetero-atoms or one N hetero- · 

atom and one O or one S hetero-atom, said ring 

being optionally benzo- or c,-c, cycloalkyl-fused 

and optionally substituted, including in the benzo- or 

c,-c, cycloalkyl-fused portion, by C1-c, alkyl, 

hydroxy, hydroxy(C,-CJalkyl, -OR', R80{C1-C4)alkyl, 

halo, halo(C1-C4)alkyl, -S{O)mR', R'S(O)m(C1-C4)alkyl, 

oxo, N-cyanoimino, amino, amino(C1-CJalkyl, -NHR8
, 

~' 
I 

I 
I 

I 

I 
I 

I 

I 
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R8NH(C,•CJalkyl, -N(R8>21 (R8>2N(CrC,)alkyl, 

cyano, cyano(C,-C4)alkyl; -C02R
8

, R80 2C­

(C1-C4)alkyl, -CONH2, H2NCO(C1-C4)alkyl, 

-CONHR', R8NHCO(C1-CJ&lkyl, -CON(R8
)2 or 

(R8
)2NCO(C1•CJalkyl, or, as appropriate, a ring 

N- or S-Oxide derivative of said heterocyclic 

ring, with the proviso that said heterocyclic 

ring is linked by a ring carbon atom when X is 

O, NH or S, or 

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

-(, 
Wherein R8 is -OR', -NHR8

, ".'~R8, -NH(aryl) or 

-NH(pyridinyl) ~nd R7
. is cyan~, nitro or C2-<:;~ . 

alkanoyl; 

R' Is aryl, C1-c12 alkyl, C2-c12 alkenyl or c2-c12 

alkynyl, said c1-c12 alkyl, C2-c12 alkenyl and C2-C12 

alkynyl being optionally substituted by C4-Cr 
cycloalkyl, hydroxy, -OR', C2-C1 alkanoyloxy, halo, 

cyano, nitro, amino, -NHR8,-N(R8
}2, -S(O)mR8

, 

-NHS02R
8

, -NHCOR8
, -COR8

, -CONH2, -CONHR8
, 

-CON(R')2, -OC02R
8

, -CONH(C1-C8)alkylC02R
8

, 

-CONR'(C1-C8)alkylC02R
8

, -C02R
1

, aryl, aryloxy, 

arylcarbonyl, arylcarbonyloxy, aryl(C1-C8}alkoxy, ------
11\\1\\I 11\\~ \\\~I 11\IJ II 1\\1 

* c 
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aryl{C
1
-C8}alkoxycarbonyl, phthalimido, or a group of 

the fonnula:-

R' i$ lndanyl, aryl, C1-c12 alkyl, C2-C12 alkenyl or 
C2-c12 alkynyl, said C1-C12 alkyl, C2-C12 alkenyl and 
C

2
-C

12 alkynyl .being optionally substituted by C4·C., 
cycloalkyl, hydroxy, -OR', C~·C, alkanoyloxy, halo, 
cyano, nitro, amino, -NHR8

, -N(R'h,-S(O)mR', 
.. . 8 . 8 . . . 8 . -NHS02R , -NHCOR , -COR , -C~NH2; -CONHR , 

-CON(R'}~, ~OC02R1, -CONH(C~-C~)alkylC02R'~ 
-CONR8(C1-CJalkylC02R

8
, -C02(C~~C12· alkYI), aryl, 

aryloxy, arylcarbonyl, arylcarbd'nyio]cy; aryl• 
(C

1-C.)alkoxy, ·ary1(c1:ca)alkbXyc8rbonyl, phthalimido, or a 
group of the formula:- . 

o, 
(CH2)n ; 

/ .-·-· 
0 

"aryl", used in the definitions of R5
, R' and R' and in 

this definition, means phenyl optionally substituted 
by ~-c, alkyl, c2-c, alkenyl, c2-c, alkynyl, hydroxy, 
hydroxy(C1-C8)alkyl, -OR8

, R80(C1-CJalkyl, R'O-
·----·------

11111111111111 11111 1111111 1111 
* C L M S * · 

.. 



PLC 585A (SPC 8396A) 

-207-

(C1-Cjalkoxy, R80(C1-CJalkoxy(C1-C8)alkyl, halo, . 

halo(C1-C,)alkyl, cyano,. cyano(C1-C1)alkyl,. nitro, . 

nitro(C,-C,)alkyl, amino, amino(C1-CJalkyl, -NHR~, 

R'NH(C1-C.)alkyl, -N(R8)2, (R8
) 2N(C1-C,)alkyl, -S{O)mR', 

R'S(O)m(C,-C,)alkJI, -NHCOR,', .R8CONH(C,-Ce)alkyl, 

-COR', R1CO(C1-C,}alkyl, ·CON~, H2NCO(C1·Ce)alkyl, 

-CONHR', R1NHCO(C1•Ce)alkyl, ·CON(R8
)2, (R

8
)2NCO· 

(C1-Ce)alkyl, -CONH(C1-C8)alkylC02R
8

, R10 2C(C1-C1)­

·alkylNHCO(C1-C.)alkyl, -CONR8(C1-C.)alkylC02R', 
R'02C(C1-CJalkylNR'CO(C1-C8}alkyl, -C02R

1
A, 

IA · R 0 2C{C1-C8)alkyl, aryl, aryl{C,-C,)alkyl, aryl{C1-C8)-

alkoxy or aryl(C,·CJalkoxy(C,-C,)alkyl; 

R'" is indanyl, phenyl, C1-c12 alkyl, C2-C12 alkenyl or 

c2~c1aa11<ynyl, said C1-C12 alkyl, C2-C12 alkenyl and C2-C12 

alkynyl being optionally subatitUted as pre,viously defined . 

. for t.hose definitions for R' and said phenyJ ~J~g 

optionally substituted by from 1 to 3 substituents each 

independently selected. fre>m c1-c1 alkyl, hydroxy, -OR', 

· halo, halo(C,-C,)alkyl, .nitro and cyano; 

m is· O, 1 or 2; and 

n Is 1, 2 ~ 3. 

2. A compound as claimed in claim 1 wherein 

R and R1 are either each independently selected from H 

and C1·C4 alkyl or taken together represent C2-C1 alkylene; 

R4 ls 

{a) , when X is 0, a group of the formula:-

w w1 

~o 
I 1\\\\\1 \I\\~\\\~ l\l\J \I 1\\1 

* c 
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wherein W and W' taken together represent. c,':"C4 

alkylene, said alkylen•being optionally benzo-fused 

when Wand W1 taken together represent,C2-C4 

alkylene, and optionally "Substituted, including in the 

benzo-fused portion, by c,-c, alkyl, hydroxy, -OR
8

, 

halo, -N(R8}2, -SR8 or halo(C,-C4)alkyl, .. 

(b) . , when X is O, NH, or. S, hydroxyphenyl optionally 

substituted by c,-c. alkyl,. -OR', halo, -N(R8~, .-SR8 or 

halo(C,-C4)alkyl, 

(c) a 4- to·7-membered heterocyclic ring. 

containing either from 1 to 3 N hetero-atoms 

or one N hetero-ato~d one O or one S 

hetero-atom, said ring being optionally .benzo­

fused and optionally substituted, Including in 

the benzo-fused portion, by c,-c, alkyl, 

hydroxy, hydroxy(C,~CJalkyl, -OR', R80· . 

(C1-C4)alkyl, halo, halo(C,-C4)alkyl, -S(O)mR', 

R8S(O)m(C,-CJalkyl, oxo, N-cyanolmino, .amino, 

amino(C1-C4)alkyl, -NHR', R8NH(C1-C4)alkyl, 

-N(R8
}2, (R1

) 2N(C1-CJalkyl, cyano, cyano­

(C,-C4)alkyl, -C02R
1

, R80 2C(C1-C4)alkyl, 

-CONH2, H2NCO(C1-C4)alkyl, -CONHR', 

R8NHCO(C1-CJalkyl, -CON(R8)2 or (R1
)2NCO­

(C1-C4)alkyl, or, as appropriate, a ring N- or S-

. oxide derivative of said heterocyclic ring, with 

the proviso that said heterocyclic ring is 

linked by a ring carbon atom when X is 0, NH 

-------



PLC 585A (SPC 8396A) 

-209-

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

-{, 
' .. 

wherein R' Is -OR8, .-NHR8
, -SR8

, -NH(aryl) or 

-NH(pyrldinyl) and R7 is cyano, nitro or c2-c, 
alkanoyl; and the dashed line, X, R2, R' and R1 are as 

defined in claim 1. 

.. 

3. A compound as claimed in claim 1 or 2 wherein the 

- dashed line does not represent a covalent bond; X is 0, 
• - • • l • • ~. 

NH or a direct link; R and R1 are each independently 
. . . . . ' 

selected from Hand C1-C4 alkyl; 
. ~ . ·. . 

R2 Is H or methyl; 

~ is hydroxy; 

R4 Is a group of the formul~:-
.. ; ' . . .. . -. - -

w . 1 w 

\ \\\1\\\ \\\\\~\\\~\I\\) II 1\\1 
* c 



PLC 585A (SPC 8396A) 

-210-

wherein W and W' taken together represent 

C1-C4 alkylene, a &-membered heterocyclic ring 

containing 1 or 2 nitrogen heteroatoms and 

optionally substituted by c1-C~ alkyl, hydroxy, 

halo, C1-C4 alkylthio or oxo, or is a group of 

the formula:-

• "!:,: 

wherein ~ is ~oR~. -NHR8
. or -SR8 and R7 is cyano; 

R5 is aryl or c1-c12 alkyl, said C1-c12 alkyl being optionally 

substituted by hydroxy, -OR8
, c2-c1 alkanoyloxy, amino, 

-CONHR8
, -CONH(C1-C.}alkylC02R

8
, -C02R

9
, aryl, aryloxy, 

arylcarbonyloxy, aryl(C1-C.)alkoxy, phthalimido, or a group 

of the formula:-

\ '"'' \\\\\\ '"' \ '" ... 
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R' is methyl or ethyl; 

R' is indanyl, aryl, c1-c12 alkyl or c2-C12 alkenyl, said 

c1-c12 alkyl being optionally substituted by halo, 

C2·C1 alkanoyloxy, ·OC02R
8 or aryl; 

uary1• means phenyl optionally substituted by C1-C1 

alkyl, hydroxy, -OR', halo or arxJ(C1-CJalkoxy; 

mis O; and 

n Is 1. 

L . • 

. ·.· :• ::. 

. ~ ' . . 

4. A compound as claimed in claim ~ wherein 

R" is 1-oxocyclopent-~yl,. 2-ox°"1,2~dihydro­

pyridin-1-yl, 2-oxo-1H·1,2-dihydropyridin-4-yl, 2· 

oxopiperidin-1-yl,. 3-hydroxypyridazln~&-yl,. 2-methyl-

3-oxopyridazin-6-yl, 4-cllloropyrimidin-2-yl, ,2-chloro­

pyrimidin-4-yl, 2-methylthiopyrlmidin-4:-yl .or is a 

group of the fonnula:- . 

NHCH3 

--( or 
NCN 

• 
' 

--·-------·-·---

I lllllll llllll lllll lllll II llll 
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. R5 is phenyl or C1-C4 alkyl, said C1-C4 alkyl being 

optionally substituted by hydroxy, methoxy, acetoxy, 

amino, methylaminocarbonyl, N-(ethoxycarbonyl­

methyl)carbamoyl, -C01R', phenyl, methylphenyl, 

methoxyphenyl, hydroxyphenyl, halophenyl, benzyl­

oxyphenyl, phenoxy, benzoyloxy, benzyloxy, 

phthalimido, or a group of the fonnula:-

0 

I > ·• 
' 0 

and R' and R'A are each independently indanyl, 

phenyl, C1-C4 alkyl or vinyl, said C1
-C4 

alkyl being 

optionally substituted by fluoro, pivaloyloxy, 

ethoxycarbonyloxy or phenyl.· 

5. A compound as claimed in claim 4 wherein 

This Sheet Has Been Replaced 

111111~ /Ill~ 1~11111111 ' llltlll llllll lllll lllll II llll 
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R5 is phenyl, methyl, ethyl, n-propyl, 2-hydroxyethyl, 

2-methoxyethyl, 2-acetoxyethyl, 2-aminoethyl, 2-

(methylaminocarbonyl)ethyl, N-(ethoxycarbonyl­

methyl)carbamoylmethyl, ethoxycarbonylmethyl, 3-

methoxycarbonylprop-1-yl, 3-ethoxycarbonylprop-1-

yl, Wlhoxycarbonylbut-1-yl, 3-vinyloxycarbonylprop-

1-yl, 3-(2,2,2-trifluoroethoxycarbonyl)prop-1-yl, 3-

(ethoxycarbonyloxymethoxycarbonyl)prop-1-yl, 3-

(plvaloyloxymethoxycarbonyl)prop-1-yl, 3-phenoxy-

-· carbonylprop-1-yl, 3-benzy1oxycarbonylprop-1-yl, 3-

-- .. {&-indanyloxycarbonyl}prop-1-yl, benzyl, 2-phenyl-

ethyl, 3-phenylprop-1-yl, 4-phenylbut-1-yl~ 2-(2- -

methylphenyl)ethyl, 2-(3-methylphenYl)ethyl; 2-(4-

methylphenyl)ethyl, 2-(2-methoxyphenyl)ethyl, 2-(3-

methoxyphenyl)ethyl, 2-(4-methoxyphenyl)ethyl, 2-(4-

hydroxyphenyl)ethyl, 2-(4-fluorophenyl)ethyl, 2·(4-

benzyloxyphenyl)ethyl, 2-phenoxyethyl, 2•benzoyl­

oxyethyl, 2-benzyloxyethyl, 2-phthalimidoethyl or 2· 

{1,:J.benzodioxolan-5-yl)-ethyl; · . 

and R' and Ru are each Independently 5-lndanyl, 

. phenyl, methyl, ethyl, vinyl, 2,2,2-trifluoroethyl, 

pivaloyloxymethyl, ethoxycarbonyloxymethyl or 

benzyl. 

This Sheet Has Been Replaced 
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6. A compound as claimed in claim 5 wherein· 

Rand R1 are each methyl; R2 is methyl; and 

R5 is methyl, ethyl, n-propyl, 3-ethoxycarbonyl­

prop-1-yl, 4-ethoxycarbonylbut-1-yl or 2-

phenylethyl. 

7. A compound as claimed in claim 1 or 2 that Is selected 

from the group:-

. ~ . 

4-(2-chloropyrimidin-4-yl)amino-3,4-dlhydro-6-(1-[3-
- . . ·. ' . . .. , . _. 

ethoxycarbonylprop-1-yl]-1 H-tetrazol-5-yl)-3-hydroxy-

2,2,3-trimethyl-2H-benzo[b]pyran; 

3,4-dihydro-6-(1-[3-ethoxycarbonylprop-1-yl)-1 H­

tetrazo1 .. s-yl)-3-hydroxy-4-{3-hydroxypyridazin-6-
.. . . . . :;-• ,. · .. · ... ; .. · ... 

yl)oxy-2,2,3-trimethyl-2H-benzo[b]pyran; 
- ·,.. ,• .. 

3,4-dihydro-6-(1-[4-ethoxycarbonylbut-1-yl]-1 H­

tetrazol-S-yl)-3-hydroxy-4-{3-hydroxypyridazin-6-

yl)oxy-2,2,3-trimethyl-2H-benzo[b]pyran; 

3,4-dihydro-6-(1-[3-ethoxycarbonylprop-1-yl]-1 H­

tetrazol-S-yl)-3-hydroxy-4-(2-methyl-3-oxopyridazin-6-

yl)oxy-2,2,3-trimethyl-2H-benzo[b]pyran; 
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3,4-dihydro-2,2-dimethyl-3-hydroxy-4-{2-oxopiperidin-

1-yl)-6-(1-[2-phenylethyl]-1 H-tetrazol-5-yl)-2H-benzo­

[b]pyran; 

3,4-dihydro-6-(1·[3-ethoxycarbonylprop-1-yl]·1 H­

tetrazol-S-yl)-3-hydroxy-4-(2-oxo-1 H-1,2-

dihydropyridin-4-yl)oxy-2,2,3-trimethyl-2H-

· benzo[b]pyran; 

3,4-dlhydro-3-hydroxy-4-(3-hydro:xypyridazin-6-

yl)oxy-6-(1-[2-phenylethyl]-1 H-tetrazol+yl)-2,2,3-

trimethyl-2H-benzo[b]pyran: 

or a pharmaceutically acceptable .salt :of any of these 

compounds, or, preferably, the 3S,4R· form of any of 

the aforementioned compounds. 

8. A compound as claimed in claim 1 ·or 2 of the formula:-

(IA) 

4 
;X,R 2 

R 
--oH 

Rt 

R 

wherein Xis O or NH; Rand R1 are each C1-C4 alkyl; 

R2 is H or C1-C4 alkyl; and R4 and R1 are as defined 

In claim 1 or .2. 

\ \\\\\\\ \\\\~ \\\~ \\\\) \\ \\\\ 
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9. A pharmaceutical composition comprising a compound of 

the fonnula (I) or a pharmaceutically acceptable' salt 

thereof, as claimed in any of claims 1to8, together 

with a pharmaceutically accei>table diluent or· carrier. 

1 o. A compound of the fonnula, (t) or· a pharmaceutically 

acceptable salt or composition thereof, as claimed in 

any of claims 1to8 and 9 respectively, for use as a 

medicament. 

11. The use· of a compound of the formula (I) or of a 

pharmaceutically acceptable saH or composition 

thereof, as claimed in any of claims 1 to 8 and 9 

respectively, for the manufacture of a medicament 

for treating angina or a disease associated with the 

aHered tone and/or motility of smooth muscle. 

... _. .. 

12. Us~ as· Cl$imed 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 method of treatment of a human to treat angina or a 

disease associated with the altered tone and/or 

motility of smooth muscle which comprises - ··· 

administering to said human an effective amount of 

a compound of the formula (I) or a pharmaceutically 

acceptable salt or composition thereof, as claimed in 

any one of claims 1 to 8 and 9 respectively. 

iiiii~f I If Ill~ I/II~ 111110.iUi 
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14. A method as claimed in claim 13 where the disease is 

chronic obstructive airways disease, asthma, urinary incontinence, 

irritable bowel syndrome, diverticular disease, oesophageal achalasia 
or hypertension. 

15. A compound of the formula:-

(D) 

R2 

RI 

"(V) 

.... •. 

x" 
R4 

R3 

R2 

RI 

R 

(VI) 

(VIIl) 

_,.,.· 

' 

• • • 4 ! : ~ .. 

-· 

11mm~1r 
' 

. =·. 

I l\llllJ 1111~ 11111111~ 111\11 

or a base salt thereof, 

or an activated derivative 
~reof,or 
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' 

(IX) 

wherein R
10 

is aryl, C1-c12 alkyl,. C2-C12 alkenyl or c2 .. c12 
alkynyl, said 

· alkyl., .alkenyl and alkynyl being substituted ~Y -COa-H or by aryl 

substitute._d .bY -C02H or H02C(C1-C,) alkyl,. and said aryl being. . · 

substituted by-C02H or H02ccc..~c,) alkyl, ftl:ld.tbe dashed.line,.x, R, 

R1, ~, R3
, R4, R5 and "aryl0 are as defined in claim. 1 or.2. 

This Sheet Has Been Replaced 

I 111\IHDll \~I II Ill\ 

\ ,,,, i\\ \\\~ \\l \ \\ 
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16. A process for the preparation of a compound of the 

formula:-

N-N 
I• I N, 

N 
Is 

R 

(I) 

or a pharmaceutically ~cceptabl• salt thereof, 

wherein the dashed line represents an optional covalent 

bond; .. · · · 
..... -. 

x is O; NH, s or a direct link; · 

R and R1 are either each independently selected from H, 

.fluoro(C1-CJalkyl and C1-C4 alkyl or taken together 

represent C2-c1 alkylene; ·' · 

R3 Is hydroxy when the dashed line does not represent a 

covalent bond and R1 is absent when the dashed line 

represents a covalent bond; 

\\\i«I\\\\~ \\\ \' 
... 
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R4 is 

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

w w1 

wherein W and w1 taken· together represent C1-C4 

alkylene, said alkyleite being optionally benzo-fused 

when W and w1 taken together represent C2-C4 

alkylene, and optionally substituted, Including in the 

benzo-f~sed portion, by C,-C8 alkyl, hydroxy, -OR8
, 

halo, -N(R8)2, -SR8 or halo(C1-C4)alkyl, 

(b) , when X Is 0, NH or S; hydroxyphenyl optionally 

substituted by C1-C8 alkyl, -OR8
, halo, -N(R~, -SR8 or 

halo(C1-CJalkyl, 

(c) a 4- to 7-membered heterocyclic ring containing 

either from 1 to 3 N hetero-atoms or one N hetero­

atom and one O or one S hetero-atom, said ring 

being optionally benzo- or Ca-~ cycloalkyl-fused 

and optionally substituted, including in the benzo- or 

Ca-~ cycloalkyl-fused portion, by C1-C8 alkyl, 

hydroxy, hydroxy(C1-CJalkyl, -OR8
, R80(C1·CJalkyl, 

halo, halo(C1·C4)alkyl, -S(O)mR', R8S(O)m(C1-CJalkyl, 

oxo, N-cyanoimino, amino, amino(C1-C4)alkyl, -NHR8
, 

' 11111111111111111111111111111 . 
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R8NH{C1-C4)alkyl, -N{R8)2, (R8)2N(C1·C4}alkyl, 

cyano, cyano(C1-C4)alkyl, -COjtR8 
r R80 2C(C1-

CJalkyl, -CONH2, H2NCO(C1-C4)alkyl, -CONHR8
, 

R8NHCO(C1-C4)alkyl, -CON(R8)2 or (~2NCO­
(C1-CJalkyl,. or, as appropriate, a ring N- or S-

. oxide derivative of said heterocyclic ring, with 

the proviso that said heterocyclic ring is 

linked by a ring carbon atom when X is 0, NH 

or S, or 

, when X is NH, a group of the fonnula:·· 
.. - ·. : ! . . ~ ' . . . ~ :: 

wherein R~ is -OR8
, -NHR8

, ~SR8, .. NH(a.ryl)._~r 

-NH{pyridinyl) an~. ~7 is cyan,o, 11~~ or C2-c. 
alkanoyl; 

. -~ ·. 

R5 i.s aryl, c1-c12 alkyl, C2-C12 alkenyl 9r. C2-C12 
alkynyl, said C.-C12 alkyl, c2-c12 alkenyl and C2-c12 
alkynyl being optionally substituted by C4-C, 

cycloalkyl, hydroxy, -OR8
, C2-C8 alkanoyloxy1 .balo, 

cyano, nitro, amino, -NHR8,-N(R8)2, -S(O)mR', 

-NHS02R
8

, -NHCOR8
, -COR8

, -CONH2, -CONHR8
, 

-CON{R8
) 2, -OC02R

8
, -CONH(C1-C8)alkylC02R8, 

-CONR8{C1-C8)alkylC02R
8

, -C02R
8
, aryl, aryloxy, 

arylcarbonyl, arylcarbonyloxy, aryl{C1-CJalkoxy, 

·-·--------·-----

ii1i1iii1i1iif I lllllll llllll lllll lllll II llll 
* C L M S. * 



PLC 585A (SPC 8396A~-

-222-

aryl(C1-C8)alkoxycarbonyl, phthalimido, or a group of 

the fonnula:-

R8 is C1-C8 alkyl; 
:!-:·· .. 

.. . . . . ........ : . 

R' is indanyl, aryl, c1-c12 alkyl, c2-c12 alkenyl or 
: . .. .. . 

c2-c12 alkynyl,. said c1-c12 alkyl, Ca-C12 alkenyl and . . . . . . . . . . 

C2-C12 alkynyl being optionally substttuted by C4-C, 

cycloalkyl, hydroxy, -OR', C2-C8 alkanoyloxy, halo, 
~ . ; . . ' . - • ·. . • . . ~ • . = : . 

- cyano, nltro, amin_o, -NHR', -_N(R'>t,.-S(O)mR', 

-NHS02R
8

, -NHCOR8
, -COR8

, -CONH2, -CONHR8
, 

-CON(R8
)2, -OC02R

8
, -CONH(C1-CJalkylC02R', 

. ,: . . . 

-CONR1(C(~8)alkylC02R', -C02(C1-C12 alkyl), __ a~, 

aryloxy, arylcarbonyl, arylcarbonyloxy, ary!­

(C1-CJalkoxy, aryl(C1-CJalkoxycarbonyl, phthallmido, or a 
.. . . '. . : ·. .. . . 

group of the fonnula:-

1 '1/f /U~l llf I U~/Uf/D 
* 
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0 aryl0
, used in the definitions of R5

, R1 and A' ·and in 

this definition,· means phenyl optionally substituted 

by c,-c, alkyl, c2-c1 alkenyl1 C2-C1 alkynyl, hydroxy, 

hydroxy(C,-CJalkyl, -OR', R'O(C,-CJalkyl, R80· ·· 

(C,-C.)alkoxy; R80(C,-C,)alkoxy(C,.-C.)alkyl, halo, . 

halo(C,-C.)alkyl, cyano, cyano(Cl-CJalkyl,· nitro, 

nitro(C1-CJalkyl, amino, amino(C,-CJalkyl, •NHR8
, 

R8NH(C1·CJalkyl; ·N(R8)2, (R8)2N{C1-CJatkyl, ·S{O)mR', 

R's(O)m(C;-CJalkyl, -NHCOR', R'CONH(C,-CJalkyl, 

-COR', R1CO{C,·CJalkyl, -CONH21 H2NCO{C1-C.)alkyl, 

.... -CONHR', R'NHCO(C1-C8)alkyl, -CON(R8)2, (R8
) 2NCO· 

(C,-CJalkyl, ·-CONH(C1-C1)alkyl002R', · R'02C(C1•Cl)­

alkylNHCO(C1•CJalkyl, -CONR1(C;-q)alkylC02R81'·· 

R'02C(C,-CJalkylNR1CO(C,-C,)alkyl, -C02R'A, 

R'A02C(C1-CJalkyl, aryl, aryl(C1-C8)alkyl, aryl(C1·CJ­

alkoxy oraryl(C,-CJalkoxy(C1-CJalkyl; ~- · 

R'A is indanyl, phenyl, c,-c,2 alkyl, C2-C12 alkenyl or 

C2-C1a&lkynyl, said C1-012 alkyl~ C2•C;2 alkenyl and C2-C12 

alkynyl being optionally substituted as previously defined 

for those definitions for R' In this claim and ·said phenyl 

being optionally substituted by from 1 to 3 ~ubstituents 

each independently selected from c1-c1 . alkyl, hydroxy, .. 

OR', halo, halo(C1-C,)alkyl, .nitro and cyano; 

m is O, 1 or 2; and 

n is 1, 2 or 3, which comprises, 

(i) for a compound of the formula (I) wherein the dashed line 

does not represent a covalent bond, X is O, NH or S, 

R4 has the definition (a), (b) or (c) as previously 

def_ined for R4 for a compound of the f~ 

i1imm~r . ''"'n111111ifii 
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this claim and R, R1
, R~, Ra and R5 are as previously 

defined for a compound Of the formula· (I)' in this 

claim, reacting a compound of the formula:• 

N-N 
I• 
N, 

N 
Is 

R 

(Il) 

wherein R, R1
, R2 and ~ are as previously defined 

for a compound of the· fonnula (I) in this claim, with 

a compound of ·the formula:~ 
- . ·,_ : ;~ .. . ~ ! ~· 

or, as appropriate, a ·tautomer thereof, or~ where X is 

o or S, with a base salt thereOf, wherein x and R4 

are as defined for ·this part (I); -

(ii) , for a compound of the formula (I) wherein the dashed 

line, x, R, R1
, R2

, Ra, R4 and R' are as previously 

defined for a compound of the formula (I) in this 

claim, reacting a compound of the formula:-

111111111111111111111111111111 
* C L M S * 

N-N 
I• I 
N, 

N 
H 

(VI) 

R4 
r3 

R 
Ri 
Rt 
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or a base salt thereof, wherein the dashed One, X, R, 

R1, R2, R3 and R4 are as previously defined for a 

compound of the fonnula (I) in this claim, with a 

compound of the formula:-

wherein A' is as previously·defined for a compound 
. . 

of the formula (I) in this. claim and Z is a leaving 

group such as halo, "inethanesulphonyloxy, p-
~ . . 

toluenesulphonyoxy or trlfluoromethanesulphonyl 

oxy; 

(Iii} , for a·' compound .. of the formula o) wherein R' .is ·aryl, 
. . . . ... • . .. . . . . ~. : ~ ~- .. 

c1-c12 alkyl, c2-c,2 alkenyl or c2-c12 alkynyl, said 

alkyl, alkenyl and alkynyl being substituted by 

-co2R' or by aryl substituted by -co2R' or R10 2c­
(C1-C.)alkyl, and said aryl being substituted by 

-C02R' or R10 2C(C,-C1)alkyl, and the dashed line, X, 

. R, R\ R2, ~~ R4, R1 and naryl~ -~re as pr~~ously . 

defined for a compound of the fonnula (I) in this 

claim, esterHicatlon of a compound of the fonnula:-

(VIII) 
-----· 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \\I\ 
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wherein the dashed line, X, R, R1
, R2

, R' and R4 are 

as previously defined for a compound of the formula 

(I) in this claim and R10 is aryl, C1-c,2 alkyl, c2-c,. 
alkenyl or C2-c,2 alkynyl, said alkyl, alkenyl and 

alkynyt- being substituted by -C02H or: by aryl 

substituted by -C02H or-H02C(C1-CJalkyl,-and·said 

aryl being substituted by -C02H or H02C(C1·C8)alkyl, 

or an activated- derivative of such a carbo:xylic acid, 

such as the corresponding.acid bromide, acid 

chloride, imidazollde or activated ester derivative, 

with a compound of the fonnula R'OH wherein R' Is 

as previously defined for a compound of the fonnula 

(I) in this claim; 

(iv) , for a compound of the fonnula (I) wherein the dashed 

line, x, R,-R1
, R2, R3, R4 and R' are as previously 

defined for a compound of the fonnula (I) in part (iii) 

and R' is c,-c,2 alkyl optionally substituted as 

previously defined for the definition of R' as C1-C;2 
alkyl for, a compound of the- fonnula (I) In this, claim, -

esterHication of a compound of the formula (VIII), or 

a base salt thereof, wherein the dashed line, X, R, 

R1, R2, R3 and R4 are as previously defined for a 

compound of the formula (I) in this claim and R10 is 

aryl, C1-C12 alkyl, C2-C,2 alkenyl or C2-C,2 alkynyl, 

said alkyl, alkenyl and alkynyl being substituted by 

·CC2H or by aryl substituted by -COCH or HC2C­

(C1-C1)alkyl, and said aryl being substituted by 

-COCH or HC2C(C,·C8)alkyl, with a compound of the 

formula:- ----mi\illil\\ll 11\J "I\\\. 
* C L iliiiii11f 
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wherein Z1 is a leaving group such as halo, and R' is 

as previously defined for this part (iv); 

(v) , for a compound of the formula (I) wherein R4 is 2-methyl-

3-oxopyridazin-6-yl and the dashed line, x, R, R1
, R2

, R1 

and R1 are as previously defined for a compound of the 

fonnula (I) for this claim, methylation of a compound of the 

formula (I) wherein R4 is, 3-hydroxypyridazin+yl and the 

dashed line, x, R, R1
; R2,·R' and R' are as previously 

defined for a compound of the fonnula (I) for this· claim; 

(vi) for a compound of the formula (l)wherein:the dashed line 

does not represent a covalent bond, X is NH, R4 is a C­

linked 4- to 7-menibered heterocyclic ring containing from 

1 to 3 nitrogen hetero-atoms which is optionally 

substituted as previously defined in definition (c) for R4 for 

a compound of the fonnula (I) in this ·claim and R, R1
, R2

, 

R8 and R' are as previously defined for a compound of the 

formula {I) in this claim, reacting a compound of the 

fonnula:-

(IX) 

~ .,. C L 

------This Sheet 1Ias B 
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wherein R, R1
, R2 and R1 are as previously defined 

for a compound of the fonnula (I) in this claim, with 

a 4- to 7-membered ring heterocyclic compound 

containing from 1 to 3 nitrogen hetero-atoms which 

is substituted on a ring carbon atom by a leaving 

group such as halo or a group of the fonnula C1-C4 

alkylS(O); where p Is o, 1 or 2, and optionally 

further substituted as previously defined for- R4 for 

this part (vi): . . .. 

_ .. any .of the reactions of parts (I) to (vi). being . 

optionally followed· by conversion of the compound 

of the. formula.(I) to a Ph•ll18ceutically acc:eptable 

salt thereof. •. ·.;.. -· ; i i, 

17. A process as claimed in claim 16 wherein 

R and R1 are either each independently selected 

from H and C1-C4 alkyl or taken together represent 

C2-c, alkylene; 

R4is 

(a). , when X is 0, a group of the formula:• 

w w1 

. 
\ \\\\\\\ \\\\~ \\\~\\\\)\I 1\\1 This Sheet Has Been Repla~d 
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wherein W and W' taken together represent C1-C4 

alkylene, said alkylene being optionally benzo-fused 

When W and W' taken together represent C2-C4 

alkylene, and optionalfY substituted, including in the 

benzo-fused porti.on, by c1-c1 alkyl, hydroxy, -OR', 

halo, -N(R8)~ -SR8 or halo(C..·C4)alkyl, 

- i .. 

(b) , when. X Is o,. NH or S, hydroxyphenyl optionally 

substituted by c1-c, alkyl,,·OR', halo, -N(R8
) 2, -SR' or 

halo(C1-CJalkyl,. .. .. . . . . . . . 

(c) a 4- to 7-inembered heterocycllc ring 

containing either, from.1 to 3 N hetero-atoms 

, ·or one. N hetero-atom and; one. o or one S. . 

hetero-atom,. said ring being optionally .benzo­

fused, and optionally substituted, including in 

the .b,enZQ-fused portion, .. by, c1-c, alkyl, . 

' : hydrQxy, hydroxy(C1~C4)alkyl, -OR', R80- . 

. . (C1 .. C.Jallcyl,. halo,. halo(C,~CJalkyl, -S(O).R', 

.. R~O) ... {C,..CJalkyl,. oxo, N-Cyi;anoimino,_ amino, 

amino{C1-C4)alkyl, -NHR8
, R'NH(C1-C4)alkyl, 

-N(R8)2, {R8)2N(C1-C4)alkyl, cyano, cyano­

(C1-CJalkyl, -C02R
8

, R80 2C(C1-CJalkyl, 

-CONH2, H2NCO(C1·CJalkyl, -CONHR', 

R8NHCO(C1-C4)alkyl, -CON(R8
) 2 or (R8

) 2NCO­

(C1-CJalkyl, or, as appropriate, a ring N- or S­

oxide derivative of said heterocyclic ring, with 

the proviso that said heterocyclic ring Is 

linked by a ring carbon atom when X is 0, NH 

or S, or 

' '"'"' "'"' '"" 11111 l\ 1111 ·. * C L M S * 
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{d) , when X is NH, a· group of the formula:-

--(, 
wherein R1 is -OR', -NHR', -SR', -NH(aryl) or 

. .; ~ ·. ~ .. . : . 

-NH(pyridinyl) and R7 ls cyano, nitro or c2-c1 

alkanoyl; .and the dashed line, x, R2, Ra and R5 are as 

defined in claim 16. 
·:: . ·::. . ·. .. . . 

18. A process as ~lalmed in claim 16(i) or 17 which is 

- carried out by reacting a compound of the formula (II) with 

a compo~~~ of the f~~ula,:."'. .... 

: . ~ 

R4XH, 
.. ·.:. -~: ... · .... : . 

or a tautomer thereat, and tn the prese.~ce o'- a base such 

as pyridine or triethylamine. 

19. · A process as claimed in claim 16 or 17 wherein the dashed 

line does not represent a covalent bond; X is O, NH or a 

direct link; R and R1 are each independently selected from 

H and C1-C4 alkyl; 

R2 is H or methyl; 

Ra is hydroxy; 

R4 is a group of the formula:-

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ , 
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PLC 585A (SPC 8396A) 

.,.~;; . .. . . ... 

-231-

. 1 -·· 
w w 

A.Ao_ 
.• , .. :· . 

wherein W and w1
·· taken together represent-· . 

C
1
-C

4 
alkylene; a 6-membered·,heterocyclic rin9, .. , 

containing 1 or 2 nitrogen heteroatoms and 

optionally substituted by C1-c1 alkyl, hydroxy, 

halo, c1-C4 alkylthio or oxo,· or·'is··a·group.of 

the tonnula:- · . · ·· 
• ... ~ • -~ ; 4 - ..: .• 

. , :·;'., oe( . • · ••.• 

0 ••• •• - •.: •• • • .; 

.. ·• ;4·_..--:· ··I. i·· .. ";" ... ·· ... ·: ;...i • .;.-;.· •• . • • 

wherein R~. is -OR8
, -NHR' or -SR8 and R7 is-cyano; 

R8 is aryl or c1-c12 alkyl,· said c1-c12 alkyl being optionally 

substituted by hydroxy, -OR8
, C2-C8 alkanoyloxy, amino, 

-CONHR', -CONH(C1-CJalkylC02R8, -C02R1
, aryl, aryloxy, 

arylcarbonyloxy, aryl(C1-CJalkoxy, phthalimido, or a group 

of the formula:-

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \\I\ 
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R8 is methyl or ethyl; 

R' is lndanyl, ary1 •. c1-c12 alkyl or C2-c12 alkenyl, said 

c1-c12 alkyl being optionally substituted by.halo,. 

C2·C8 alkanoyloxy, -OC02R
8 or aryl; 

0 ary1° means phenyl optionally substttuted by C1·C8 

alkyl, hydroxy, -OR8
, halo or aryl{C1·C1)alkoxy; 

m Is O; and 

n is 1. 

20. A process as claimed In claim 19 wherein 

R and R1 are each C1-C4 alkyl; 

R4 is 1-0xocyclopent-2-en-3-yl, 2-oxo-1,2-dlhydro­

pyridin-1-yl, 2-oxo-1 H-1,2-dlhydropyridin-4-yl, 2-

oxopiperidin-1-yl, 3-hydroxypyridazin-6-yl, 2-methyl-

3-oxopyridazin-6·-:/t, 4-chloropyrimidiri-2-yl, 2-chloro­

pyrimidln-4-yl, 2-methylthiopyrimidin-4-yl or is a 

group of the formula:-

~eplaced 

\\i\U\ii \\\ \\\\ 11111111111111 11111 1111111 1111 
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or-~ 

R' Is phenyl or C1-C4 alkyl, said C1-C4 alkyl being 

optionally substituted by hydroxy, methoxy, acetoxy, 

amino, methylaminocarbonyl, N-(ethoxycarbonyl-

-- .. methyl)carbamoyl, -C02R
1

, phenyl, methylphenyl, 

methoxyphenyl, hydroxyphenyl, halophenyl, benzyl­

·oxyphenyt, ·phenoxy, benzoyloxy; benzylo:xy, , 

, phthalimklo, or a group of the formula:-
. ::-11 . 

. ;.:· 

0 

I ) • 
' 

! . . . .. . : ... rt ... :;~ 0 

and R' and R'A are each independently indanyl, 

phenyl, C1-C4 alkyl or vinyl, said C1-C4 alkyl being 

optionally substituted by fluoro, pivaloyloxy, 

ethoxycarbonyloxy or phenyl. 
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21. A process as claimed in claim 20 wherein 

R5 is phenyl, methyl, ethyl, n-propyl, 2-hydroxyethyl, 

2-methoxyethyl, 2-acetoxyethYJ, 2-aminoethyl, 2• · 

(methylaminocarbonyl)ethyl, N-(ethoxycarbonyl­

methyl)carbamoylmethyl, ethoxycarbonylmethyl, 3-

methoxycarbonylprop-1-yl, 3-ethoxycarbonylprop-1-

yl, 4-ethoxycarbonylbut-1-yl, 3-vlnyloxycarbonylprop-

1-yl, 3-(2,2,2-trifluoroethoxycarbonyl)prop-1-yl, 3-

(ethoxycarbonyloxymethoxycarbonyl)prop-1-yl, 3-

(pivaloyloxymethoxycarbonyl)prop-1-yl, 3-

phenoxycarbonylprop-1-yl, 3-

benzyloxycarbonylprop-1-yl, 3-(5-indanyloxy­

carbonyl)prop-1-yl, benzyl, 2-phenylethyl, 3-phenyl­

prop-1-yl~ 4-pheirylbUt~1 ~y1; 2-(2!methylphenyl)ethyl, 

2-(3-methytphenyl)ethyl, 2-(4-methylphenyl)ethyl; ·2-

(2-methoxYi)henyt)ethyl, 2-{a;."methoxypher1yl)8th.yl~· 2-
(4-methoxyplleriyl)ethyl, 2~(4-hYciroxyphenyl)ethyl, 2-

(4-fluor0pt1enyl)9thy1, 2;;.(4-benzyfoxyphenyl)eihy1, · 2-

phenoxyethyl~ 2-benzC>y1oxyethy1;--2-benzyio~8thyr, 
2-phthalimido'ethyl or 2-(1 ~3-benzodioxolan-5-yl)ethyl; 

\ \\\\\\ ~'~ \\\~ ~\\l ~ \\\\ 
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and R' and R'A are each independently 5-indanyl, 

phenyl, methyl, ethyl, vinyl, 2,2,2-trifluoroethyl, 

pivaloyloxymethyl, ethoxycarbonyloxymethyl or 

benzyl. 

22. A process as claimed in claim 21 wherein 

R and R1 are each methyl; R2 Is methyl; and 

R' is methyl, ethyl, n-propyl, 3-ethoxycarbonyl­

prop-1-yl, 4-ethoxycarbonylbut-1-yl or 2-

phenylethyl. 

23. A process as claimed in claim 16or17 which is used to 

prepare a compound of the fonnula {I) that is selected 

from the group:-

4-(2-chloropyrimidin-4-yl}amino-3,4-dihydro-6-(1-[3-

ethoxycarbonylprop-1-yl]-1 H-tetrazol-5-yl)-3-hydroxy-

2,2,3-trlmethyl-2H-benzo[b]pyran; 

3,4-dihydro-6-(1 ·[3-ethoxycarbonylprop-1-yl]-1 H­

tetrazol-5-yl)-3-hydroxy-4-(3-hydroxypyridazin-6-

yl)oxy-2,2,3-trimethyl-2H-benzo[b]pyran; 

3,4-dihydro-6-(1-[4-ethoxycarbonylbut-1-yl]-1 H­

tetrazol-5-yl)-3-hydroxy-4-(3-hydroxypyridazin-6-

yl)oxy-2,2,3-trimethyl-2H-benzo[b]pyran; 

-
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3,4-dihydro-6-(1-[3-ethoxycarbonylprop-1-yl]·1 H­

tetrazol-5-yl)-3-hydroxy-4-(2-methyl-3-oxopyridazin-6-

yl)oxy-2,2,3-trimethyl-2H-benzo[b]pyran; 

3,4-dlhydro-2,2-dimethyl-3-hydroxy-4-{2-oxoplperldin-

1-yl)-6-(1-[2-phenylathyl]-1 H-tetrazol-5-yl)-2H-benzo-· 

[b]pyran; 

3,4-dihydro-6-(1·[3-ethoxycarbonylprop-1-yl]-1 H­

tetrazol-S-yl)-3-hydroxy-4-(2-oxo-1 H-1,2-

dihydropyridin-4-yl)oxy-2,2,3-trimethyl-2H­

benzo[b]pyran; 

3,4-dihydro-3-hydroxy-4-(3-hydroxypyridazin-6-

yl)oxy-6-(1-[2-phenylethyl]·1 H·tetrazol-5-yl)-2,2,3-

trimethyl-2H·benzo[b]pyran: 

or a pharmaceutically acceptable salt of any of these 

compounds, or, preferably, the 3S,4R- form of any of the 

aforementioned compounds. 

24. A process as claimed in claim 16 or 17 which Is used 

to prepare a compound of the formula:-

N-N 
I• I 
N, 

N 
I s 

R 

(IA) 

XR4 
B.., R2 

. . I 1\\1\\I Ill\~\\\~ 11\1) II 1\\1 
.,. c 
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wherein X is O or NH; R and R1 are each C
1
-C4 

alkyl; 

R
2 

is H or C1-C4 alkyl; and R4 and R1 are as defined 

in claim 16 or 17. 

25. A process for the preparation of a pharmaceutical 

composition which comprises combining a 

compound of the fonnula (I), or a pharmaceutically 

acceptable salt thereof, which has been prepared by 

a process as claimed in any of claims 16 to 24, 

together with a pharmaceutically acceptable diluent· 

or carrier. 
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