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BENZOPYRAN COVPOUNDS The present invention relates to a new process for

preparing certain substituted benzopyran conpounds, inter-

PROCESS

The present invention relates to a new process for preparing certain
substituted benzopyran compounds, intermediates useful in the process, and
5 to a process for the preparation of the intermediates.

Substituted benzopyran compounds are known in the art. For
example, EP 0 173 516-A discloses a class of substituted benzopyran
compounds which are described as compounds having activity as leukotriene

10 antagonists and useful in therapy in the treatment of, for example, diseases
induced by leukotrienes and 5-c-reductase.

The present invention relates to a new process for preparing certain of
. the benzopyran compounds described in EP 0 173 516-A, and in particular
15 provides an efficient route to the compounds in which far fewer reaction steps
are involved than has hitherto been described. A reduction in the number of
reaction steps involved in preparing end products generally results in a much
more efficient and cost-effective route than one involving large numbers of

steps.
20
The present invention therefore provides in a first aspect a process for
preparing a compound of structure (I):
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. R1is Cq.gpalkyl, Co.gpalkenyl, Co.gpalkynyl, or a group of structure:
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-—-es useful in the process, and to a process for the preparation of the
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atom(s) of which may optionally be replaced by oxygen atom(s), sulphur
atom(s), halogen atom(s), nitrogen atom(s), benzene ring(s), thiophene ring(s),
naphthalene ring(s), carbocyclic ring(s) of from 4 to 7 carbon atom(s), carbonyl
group(s), carbonyloxy group(s), hydroxy group(s), carboxy group(s), azido
group(s) and/or nitro group(s);

R2 is hydrogen or C1.-galkyl;

R3 is hydrogen, halogen, hydroxy, nitro, a group of general formula -COOR4
(wherein R4 represents hydrogen or C1.galkyl), C1-galkyl, C1.galkoxy or
C1-galkylthio;

A is a single bond or a methylene, ethylene, trimethylene, tetramethylene,
vinylene, propenylene, butenylene, butadienylene or ethynylene group
optionally being substituted by one, two or three C1.1palkyl and/or phenyl
group(s); and

X is oxygen or sulphur;

or a salt, solvate or hydrate thereof, which comprises cyclisation of a
compound of structure (II)

L
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or a salt, hydrate or solvate thereof, in which R1,R2 R3, A and X are as

I
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'te t han one involving |arge n-nbers of steps. The present invention

therefore provides in a first aspect a process for preparing a conpound of
structure (1): [err] i n which, Rlerr] is (Jerr]alLkyl,
Cerr]al kenyl, Cerr]al kynyl, or a group of structure:

described for structure (I), and optionally thereafter forming a salt, solvate or

hydrate thereof.

Suitably, R1 is C1.ggalkyl, Cg_ggalkenyl, Cg.g0alkynyl, or a group of

5 structure:
©/ () (ii) <:©/ i

each of which may be substituted by one or two substituents selected
10  independently from Cj_ggalkyl, Co_ggalkenyl or Cg.9palkynyl, up to 5 carbon
atom(s) of which may optionally be replaced by oxygen atom(s), sulphur
' atom(s), halogen atom(s), nitrogen atom(s), benzene ring(s), thiophene ring(s),
naphthalene ring(s), carbocyclic ring(s) of from 4 to 7 carbon atom(s), carbonyl
group(s), carbonyloxy group(s), hydroxy group(s), carboxy group(s), azido
15 group(s) and/or nitro group(s).

Preferably R1 is a group of structure (i) substituted or unsubstituted
by one or two substituents selected independently from Cy.ggalkyl,
Ca.g9galkenyl or Cg_gpalkynyl, up to 5 carbon atom(s) of which may optionally

20 be replaced by oxygen atom(s), sulphur atom(s), halogen atom(s), nitrogen
atom(s), benzene ring(s), thiophene ring(s), naphthalene ring(s), carbocyclic
ring(s) of from 4 to 7 carbon atom(s), carbonyl group(s), carbonyloxy group(s),
hydroxy group(s), carboxy group(s), azido group(s) and/or nitro group(s).

25 More preferably R1 is a group of structure (i) substituted in the para
position of the ring by a single substituent selected from the above, in

particular R1 is a group of structure %@—O(CHZ)“—@ .

Suitably, R2 is hydrogen or C1.galkyl; preferably R2 is hydrogen.
30 Suitably, RS is hydrogen, halogen, hydroxy, nitro, a group of general

formula -COOR4 (wherein R4 represents hydrogen or C1.galkyl) or C1_galkyl,
C1-galkoxy or Cy.galkylthio. Preferably R3 is hydrogen.
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Suitably A is a single bond or a methylene, ethylene, trimethylene,
tetramethylene, vinylene, propenylene, butenylene, butadienylene or
ethynylene group optionally being substituted by one, two or three C1-10alkyl
and/or phenyl group(s). Preferably A is a single bond.

Suitably, the cyclisation of the compound of structure (II) is carried out
in the presence of an acid. For example, the cyclisation can be carried out in
the presence of sulphuric acid, in methanol or in acetic acid as the solvent
medium. Preferably the reaction is carried out in a methanol/tetrahydrofuran

10 solvent mixture in the presence of hydrochloric acid. Alternative acid/solvent
conditions will be apparent to those skilled in the art and include, for example,
acids such as hydrobromic or hydroiodic acid, perchloric acid or p-toluene
sulphonic acid, and Lewis Acids for example aluminium trichloride, in

,” suitable solvents such as water, C1.4alkanols such as ethanol or methanol,
15 and unsaturated carbocyclic hydrocarbons such as benzene or toluene.

It is to be noted that, although for the sake of convenience structure
(II) is represented as the 'di-keto’ form, the compounds of structure (II) can
exist also in the 'keto-enol' form and in the 'cyclic hydroxy chromanone' form
20 (IIB)

X

1)}\2
RA NR

N—
| Py
° A
H
@]
(I1B)

25
It is intended that structure (II) encompasses all of the tautomeric forms of the

compounds of structure (II).

In a preferred aspect there is therefore provided a process for the
30 preparation of a compound of structure (IA) or a salt, solvate or hydrate
thereof:
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- which may be substituted by one or two substituents sel ected

”endently fromJerr]alkyl, (Jerr]al kenyl or (Jerr]alkynyl, up to 5
carbon aton(s) of which may option- ally be replaced by oxygen aton(s),
sul phur aton(s), halo- gen aton(s), nitrogen aton(s), benzene ring(s),
chi ophene ring(s), naphthal ene ring(s),

NH N—N
I\
N
PR(CH,),0 r N

(1A)

5 which comprises cyclisation of a compound of structure (ITA) or a salt, solvate

or hydrate thereof:
| NH
OH
Ph(CH,),0 N—N
/N

N’N
H

o)

10 (I1A)

and optionally thereafter forming a salt, solvate or hydrate thereof. Most
_ preferably, the cyclisation is carried out in the presence of hydrochloric acid in
. methanol/tetrahydrofuran as solvent,

15
As for compounds of structure (II), the compounds of structure (I1A)
can, of course, exist in the corresponding keto-enol and cyclic chromanone
forms, each of which are intended to be encompassed by the structure (IIA).

20 The compounds of structure (II) (and in particular structure (IIA)) are

novel and form a further aspect of the invention. The compounds of structure
(IT) can be prepared by the reaction of a compound of structure (III)
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: __.--"'aton(l')s")*qszczar bonyl group(s), carbonyl oxy group(s), hydroxy
grou[¥s, carboxy group(s), azido group(s) and/or nitro group(s); R err]
is hydogen or Cerr]alkyl; Rl err] is hydrogen, hal ogen, hydroxy, nitro,
a group of general formula -COOR[err] (wherein R err] represents
hydrogen or Clerr]alkyl), Cerr]al kyl C[eng]al koxy or d err]al kyl t hi o;
A is a single bond or a nethylenc, et hyleu)m; tri met hyl ene,

b

tetranrethyl ene, vinylene, propenylene, enyl ene, but adi enyl ene or
et hynyl ene group optionally being R AUbstNRut ed by one, two or three

I s oxygen or sul phur, or
cycli-

 err]al kyl and/ or phenyl . group(s); an

a salt, solvate or hydrate thereof, which

(I1I)

5 in which R1, R2, R3, A and X are as described for structure (I) in claim 1 w1th
a compound of structure (IV) or a salt thereof

v o
N<
ZJL« N

N—N
H

10 av)
in which Z is an activated leaving group.

Suitably, activated leaving groups Z include, for example, activated
15 amides of structure N(R5XORS) in which RS is C1_galkyl, halogen groups,
. groups of structure R60, R6S or R68020 in which R6 is C1-galkyl, optionally
substituted phenyl or optionally substituted phenylC1.galkyl, or groups of

structure n’Jx—- in which R7 is C;.galkyl, optionally substituted phenyl

or optionally substituted phenylCj.galkyl, and each group X is,
independently, oxygen or sulphur. Preferably Z is R60O.
20
Suitably, R6 is C1-galkyl, optionally substituted phenyl or optionally
substituted phenylCj.galkyl. Preferably, R6 is Cy_galkyl, for example,
methyl, ethyl, i-butyl or t-butyl; most preferably RS is ethyl.
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 of a conpound of structure (11)
or a salt, hydrate or solvate thereof, in which Rerr]q Rerr],

A and X are as described for structure (1), and optionally
thereafter formng a salt, solvate or hydrate thereof. Suitably, Rerr]
is (Jerr]al kyl C eSuitdbignshe rédction]islcayrigd, outrin an organic solvent such as for

example, dimethylformamide, ethereal solvents such as tetrahydrofuran,
toluene or benzene, hexanes or C1.galkanols such as methanol or ethanol, in
the presence of a base, for example an alkali metal alkoxide such as potassium

5 t-butoxide, sodium methoxide or potassium methoxide, hydrides such as
sodium hydride, or an amide base such as potassium amide or sodium amide.
Preferably, the reaction is carried out in tetrahydrofuran as a solvent in the
presence of sodium methoxide as a base.

=~ -~ 10 The process for preparing the compounds of structure (II) is novel and
forms a further aspect of the invention. In particular, the process is preferred
to be used in the preparation of the compounds of structure (IIA) by reaction of
the following compounds of structure (IIIA) and a compound of structure (IVA)
* or a salt thereof, in the presence of sodium methoxide in tetrahydrofuran as a
15 solvent:

@i /L(N\N
Ph(CH,),0 E1O N
N/

(IT1IA) (IVA)
. 20
‘ The compounds of structure (IIT) and (IV) are prepared from

commercially available starting materials by standard techniques as
hereinafter described. For example, the preparation of compounds of
structure (II1) is described in EP 0 173 516-A. Compounds of structure (IV),
25 for example in which Z is R60, can be prepared from sodium azide and an
appropriate alkyl cyanoformate such as ethyl cyanoformate by known methods
or from tetrazole-5-carboxylic acid disodium salt (commercially available) by
reaction with the appropriate alkyl, aryl or arylalkyl haloformate, for example,
ethylchloroformate or isobutylchloroformate. The preparation of compounds
30  of structure (IV) from the corresponding tetrazole-5-carboxylic acid disodium
salt is novel and forms a still further aspect of the invention. It is to be noted
that the compounds of structure (IV) can be prepared and then isolated before

This Sheet Has Been Replaced

TR
e 000000

-7-




P30522

a%oup of structure: _
(1Y) each of which may be substituted by one or two substituents

. 00

-10

reaction with appropriate compounds of structure (III), or can be prepared 'in
situ’ and further reacted with the compounds of structure (IIT) without prior
isolation.

The present invention is in particular useful in the preparation of the
compounds of structure (IA) beginning from compounds (IIIA) and (IVA) to
form the intermediates of structure (IIA) which undergo cyclisation under the
conditions described herein to form the desired product. The compounds of
structure (II) can be isolated from the reaction mixture before cyclisation to
the compounds of structure (I) or alternatively, as described in the examples,
the reaction between compounds of structures (III) and (IV) followed by the
cyclisation of the compounds of structure (IT) so formed can be carried to
completion in 'one pot', that is to say without the isolation of the intermediates
so formed.

The following examples serve to illustrate the invention.
Temperatures are recorded in degrees Celsius (°C).
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cted independently from C[err]alkyl, Cerr]al kenyl or CJerr]allcynyl,
up Mo 5 carbon aton(s) of which may option- ally be replaced by oxygen
aton(s), sul phur aton(s). halo- gen aton(s), nitrogen aton(s), benzene
ring(s), thiophene ring(s), naphthal ene ring(s), carbocyclic ring(s) of
from4 to 7 carbon aton(s), carbonyl gxAmPIIEScarbonyl oxy group(s),
hydroxy group(s), carboxy group(s), azido group(s) and/or nitro group(s).
Preferably Rlerr] is a group of structure (i) substituted or unsubstituted
by one or tho subPrepaeatiorsef Bthyd-1HdEetrazaless-Carboxylater r] al kyl ,
Cerr]al kenyl or (Jerr] alkynyl, up to 5 carbon aton(s) of which may
optional |y be replaced by oxygen aton(s), sul phur aton(s), hal ogen aton(s),
ni trogeR at on(’s), Tbﬂmewemqg)idX%ﬁﬁlgmhﬂhM}wag(mlﬂ,edrth'pbmgé over 05 s) ,

carbocycl i Guidéihitrogtn td £ Btitrdd sisFEHsI6R of bOGELA azide (12.59 g, 0.19 M) in 2,6-
lutidine (100 ml) at 8 to 12°. After stirring for 7 minutes ethyl cyanoformate
(20.4 g, 0.20 M) was added in one portion. The mixture was heated and
stirred at 75° for 6 hours and then, after cooling, stirred at 20° for 16 hr.

10  After cooling to 10° the mixture was added to ice (250 g) and 11 molar
hydrochloric acid (100 ml) keeping the temperature below 20°. The product
was extracted into ethyl acetate (1 x 250, 1 x 200, 2 x 100 ml) and the

' combined extracts dried over magnesium sulphate. After evaporation of the
* solvent under reduced pressure the oily product (38.22 g) was taken up in
15  ether (50 ml) and hexane (25 ml) added. Storage at 4° for 2-3 days produced
crystalline ethyl-1H-tetrazole-5-carboxylate that was filtered off, washed with
chilled ether, and air dried, 14.12 g (52.6% yield), m.p. 88 - 93°.

NMR: (270 MHz, solution in CDClg)
20 513.6-13.8(s, 1H); 4.6 - 4.5 (q, 2H); 1.5 - 1.4 (¢, 3H).

Workup variation

On a larger scale (83.4 g sodium azide) the reaction was worked up
25 differently in order to prevent the liberation of any hydrazoic acid.

After stirring at 75° and 20° a solution of sodium nitrite (63 g) in water
(300 ml) was added over 10 minutes at 20 to 30°. The mixture was stirred at
20 - 25° for 20 minutes and then a chilled mixture of water (1.5 L) and 11
30 molar hydrochloric acid (690 ml) added keeping the temperature between 25
and 30°. The product was then extracted into ethyl acetate and crystallised
as described above.

2. Preparation of i-Butyl-1H-Tetrazole-5-Carboxylate
35
To a stirred suspension of tetrazole-5-carboxylic acid disodium salt
(15.8 g, 0.1 mol) in dimethylformamide (100 ml) under a nitrogen atmosphere
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group(s), carbonyl oxy group(s), hydroxy group(s), carboxy

azi do group(s) and/or nitro group(s). More preferably Rl err]

group of structure (i) substituted in the para position of the ring by
ngl e substituent selected fromthe above, in particular Rerr] is a

group of sat 5Tiwdstadded isobutyl chloroformate (13.6 g, 13 ml, 0.1 mol) dropwise over

REPLACEMEN]

10

15

20

25

30

35

xsxll_jllle%-{es. The mixture was stirred 5«1€ 5-10° for 2 hours, then at 20° for 2

hours. The mixture was added to water (500 ml) and extracted with ethyl
acetate (2 x 200 ml). The aqueous phase was then acidified to pH1 with conc.
HCI and further extracted with ethyl acetate (2 x 200 ml). The latter extracts
were washed with water (2 x 200 ml), dried (MgS0O4) and evaporated to give
the title compound as a gum (8.6 g, 50.5%).

1H NMR (CDClg): § 0.95 (d, 6H, CHg), 2.08 (tq, 1H, CH), 4.25 (d, 2H, CHg).
3. Preparation of Methyl 4-(4-Phenylbutoxy)benzoate

A solution of methyl 4-hydroxybenzoate (13.4 kg, 88 mol) in DMF
(52 L) was added dropwise to a mixture of NaOMe (4.8 kg, 83 mol) and DMF
(50 L) at room temperature under a gentle stream of nitrogen. The reaction
mixture was heated at 60-70° for 1 hr with stirring and then cooled to room
temperature. To this mixture was added dropwise a solution of 4-phenylbutyl
bromide (16.92 kg, 79.4 mol) in DMF (5 L.). The resulting mixture was heated
at 60-70° for 1 hr with constant stirring and cooled to room temperature.
After an addition of 1IN-NaOH (110L) was added, and the product was
extracted twice with ethyl acetate (50 L and 80 L.). The extracts were washed
with 1N-NaOH (110 L) and saturated brine (20 L) successively, and then
concentrated to dryness in vacuo to give the title compound in quantitative
yield.

4, Preparation of 4-(4-Phenylbutoxy)benzoic Acid

To a solution of the compound from Example 3 in MeOH (60 L) was
added 3N-NaOH (46 L). The mixture was heated under reflux for 1.5 hrs.
Upon termination of the reaction, the MeOH was removed by distillation in
vacuo. Ice-water (120 L) was added to the residue, and the neutral materials
were extracted with ether (30 L x 3). The combined ethereal extracts were
washed with 2N-NaOH (25 L). The aqueous layers were combined and
adjusted to pH 2-3 with concentrated HCI (16 L). Precipitated solids were
collected by centrifugal filtration, washed with water and dried by heating at
70-80° under a stream of air to obtain the title compound, (17.67 kg, 65.4 mol,
82% yield from 4-hydroxybenzoate).
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Sui tgpl y, R[e1?3rq52|'25 hydrogen or Clerr] alkyl; preferably Rerr] is

hydr Agen. Suitably, R err] is hydrogen, halogen. hydroxy, nitro, a group
eral formula -COOR[err] (wherein R4 represents hydro- gen or

Clerr]al kyl) or CJerr]alkyl, Clerr]al koxy or CJerr]alkylthio. Preferably R3

I s hydr ogen. Suitably Ais a single bond or a nethylene, ethylene,

trimethylene,_ tetr t hyl ene, vj yljég e.___propenyl en bure- nyle

but adi enyl ené-or e%ﬂﬁ%@%’rﬂtg' &"gﬁ’éﬁq &@Pﬁﬁbﬁﬂ?ﬁ‘ﬂ%ﬁ&ﬁ&'kﬂ@%
or three ([err]al kydcetopleneneny! group(s). Preferably A is a single bond.
Sui tably, the cyclisation of the conmpound of structure (I1) is carried out

In the presence of an acid. For exanple, the
5 To a solution of the compound from Example 4 (18.1 g, 67 mmol) in

CHgClg (45 ml) was added a catalytic amount of DMF (0.45 ml) followed by
thionyl chloride (6.26 ml, 85.8 mmol) at room temperature under a stream of
nitrogen. After reflux for 2 hr, the mixture was cooled to room temperature
and was added to a solution of 3'-amino-2'-hydroxyacetophenone hydrochloride
10 (12 g, 64 mmol) and pyridine (15.5 ml, 192 mmol) in CH9Clg (90 ml) while
maintaining the temperature between 0-3°. The mixture was stirred at 0-3°
for 2 hr, and poured into 2N-HCI (200 ml). The aqueous layer was separated.
The product in aqueous layer was extracted twice with CHoClg (150 ml and
100 ml). The CH9Clg layers were combined, washed successively with water,
15 saturated NaHCOg (150 ml), and saturated brine (150 ml), dried over MgSOy4.
' The resulting solution was concentrated in vacuo until some of the crystals
were precipitated. Ethyl acetate (150 ml) was added to the residue, and the
solution was concentrated in vacuo until about a half of the ethyl acetate was
distilled out. The mixture was cooled to approximately 0°. Precipitated
20 crystals were collected by filtration and dried in vacuo to afford the title
compound, (21.6 g, 53.6 mmol, 90% yield).

6. Preparation of 2-[4-(4-Phenylbutoxy)benzoylamino}-6-[1,3-
dioxo-3-(tetrazol-5-yl)propyl] phenol

25

,& Under a nitrogen atmosphere, potassium tert-butoxide (31.36 g, 0.28
mol) was dissolved in dry DMF (160 ml) by stirring. To the resulting solution
were added the hydroxy acetophenone compound from Example 5 (16.12 g,
0.04 mol) followed by 5-ethoxycarbonyl tetrazole from Example 1 (7.39 g, 0.052

30 mol, 1.3 equiv.) at room temperature. The reaction temperature rises to
approximately 45°. The mixture was stirred for 3 hours at 40° (oil bath), then
cooled to 30° and poured into cold 1N HCI1 (800 ml). The resulting precipitate
was filtered, washed with water (500 ml), and then dried at 70° in a fan oven
to obtain the title compound (19.4 g, 97%). Purification was carried out using

35 either of the following procedures.
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cycl igation can be carried out in the presence of sulphuric acid, in
met hanol or in acetic acid as the solvent nmedium Preferably the reaction
is carried out in a nethanol/tetrahy- drofuran solvent mxture in the
presence of hydrochloric acid. Alternative acid/solvent conditions will be
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r epr esented ovan toaffped Duﬂﬁadrpmdwt&&@g,rﬁﬁ%hs of structure (11) can

exist also in the 'kete-eno’ formand in the 'cyclic hydroxy chromanone'

form (118) Procedure 2: A stirred slurry of crude product (5 g) in acetone (50 ml) was
heated under reflux for 2 hours. After cooling to room temperature, the
mixture was transferred to a refrigerator and left for 2 hours. The product
10  was then filtered, washed with cold acetone (5-10 ml), and dried at 70°in a
fan oven to afford purified product (4.1 g, 82%).

7. Preparation of 4-Ox0-8-[4-(4-phenylbutoxy)benzoylamino]-2-
' tetrazol-5-yl-4H-1-benzopyran hemihydrate
15
To a stirred slurry of purified product from Example 6 (7.984 g, 0.016
mol) in methanol (72 ml) was added concentrated sulphuric acid (0.6 ml), and
the reaction heated to reflux and stirred for 3 hours. The mixture was
allowed to cool to room temperature and then transferred to a refrigerator for
20 2 hours. The thick mixture was then filtered, washed with cold methanol
(40 ml) and water (90 ml) followed again by cold methanol (30 ml). The
product was dried at 70° in a fan oven and then left to stand for 24 hours at
room temperature to afford the title compound (7.36 g, 96%):

25 Examples8 and9

These two examples illustrate the 'one-pot’ procedure for the preparation of
compounds (I) from the intermediate compounds of structures (III) and (IV).

30 8. Preparation of 4-Oxo-8-[4-(4-phenylbutoxy)benzoylamino]-2-
tetrazol-5-yl-4H-1-benzopyran hemihydrate.

To a stirred suspension of sodium methoxide (15 g, 0.28 mole) in dry THF
under a nitrogen atmosphere was added, in portions, the hydroxy-

35 acetophenone compound from example 5 (16 g, 0.04 mole) at about 25°C. A
solution of ethyl tetrazole-5-carboxylate from example 1 (7.3 g, 0.05 mole) in
THF was then added while maintaining the reaction temperature at about
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It 'ntended that structure (Il1) enconpasses all of the tautoneric forns
of th 1 conpounds of structure (11). In a preferred aspect there is
therefore provided a process for the preparation of a conmpound of structure
(I'A) or a salt, solvate or hydrate thereof:

25°C. The reaction mixture was stirred at reflux for about 100 minutes to

ensure complete formation of the diketone compound from example 6.
Methanol was added to the reaction mixture followed by concentrated
hydrochloric acid (28 ml, 0.34 mole), and subsequent heating of the reaction
5 mixture at reflux for about 2 hours resulted in the formation of the title

compound which crystallised out of solution. After cooling to about 20°C, the
product was isolated by filtration and washed with methanol. The isolated
solid was purified by conversion to the sodium salt in methanol and
reprecipitating the title compound with hydrochloric acid. The reprecipitated

10  product was isolated by filtration, washed with aqueous methanol, dried and
then rehydrated at room temperature to give the title compound (18.56 g,
94%).

q_ 9. Preparation of 4-0xo0-8-[4-(4-phenylbutoxy)benzoylamino]-2-
15 tetrazol-5-yl-4H-1-benzopyran hemihydrate.

To a stirred suspension of sodium methoxide (14.1 kg, 261 mole) in dry THF
under a nitrogen atmosphere. was added, in portions, the hydroxy-
acetophenone compound from example 5 (15.0 kg, 37.2 mole) at about 25°C. A

20 solution of ethyl tetrazole-5-carboxylate from example 1 (6.8 kg, 47.9 mole) in
THF was then added while maintaining the reaction temperature at about
25°C. The reaction mixture was stirred at reflux for about 100 minutes to
ensure complete formation of the diketone compound from example 6.
Methanol was addedto the reaction mixture followed by concentrated

25 hydrochloric acid (31.4 kg, 314 mole), and subsequent heating of the reaction

‘ mixture at reflux for about 2 hours resulted in the formation of the title
compound which crystallised out of solution. After cooling to about 20°C, the
product was isolated by filtration and washed with methanol. The isolated
solid was purified by conversion to the sodium salt in methanol and re-

30 precipitating the title compound with hydrochloric acid. The reprécipitated
product was isolated by filtration, washed with aqueous methanol, dried and
then rehydrated at room temperature to give the title compound (15.5 kg,
85%). :

35
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CLAIMS:
L A process for preparing a compound of structure (I):
I
in which,

Rl is Cy.9palkyl, Co.ggalkenyl, Co_ggalkynyl, or a group of structure:

o QO (O

each of which may be substituted by one or two substituents selected
independently from Cj.gpalkyl, C2.ggalkenyl or Cg.ggalkynyl, up to 5 carbon
atom(s) of which may optionally be replaced by oxygen atom(s), sulphur
atom(s), halogen atom(s), nitrogen atom(s), benzene ring(s), thiophene ring(s),
naphthalene ring(s), carbocyclic ring(s) of from 4 to 7 carbon atom(s), carbonyl
group(s), carbonyloxy group(s), hydroxy group(s), carboxy group(s), azido
group(s) and/or nitro group(s);

R2 is hydrogen or Cy.galkyl;

R3 is hydrogen, halogen, hydroxy, nitro, a group of general formula -COOR4
(wherein R4 represents hydrogen or C1.galkyl), or C1.galkyl, C1.galkoxy or
C1.galkylthio;

A is a single bond or a methylene, ethylene, trimethylene, tetramethylene,
vinylene, propenylene, butenylene, butadienylene or ethynylene group
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_ : hP30522' lisati f cture (I1A) or a
salt. soivate o hyarate tnereor: - TNTITGLIN
* C L M S *

optionally being substituted by one, two or three C.1galkyl and/or phenyl

group(s); and
X is oxygen or sulphur;
5
or a salt, hydrate or solvate thereof, which comprises cyclisation of a
compound of structure (II)
A
RA
10

(ID

or a salt, hydrate or solvate thereof, in which R1, R2, R3, A and X are as
described for structure (I), and optionally thereafter forming a salt, hydrate or
15 solvate thereof.

2. A process according to claim 1 in which Rl is
%—@—O(CHQ;@ » Ais a single bond, X is oxygen, R2 is hydrogen and
® R3 is hydrogen. |
3. A process according to claim 2 in which the cyclisation reaction
20  is carried out in the presence of hydrochloric acid in methanol/tetrahydrofuran
as solvent.
4, A compound of structure (II):
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. P30522 :
~optionally thereafter formng a salt, solvate or hydrate thereof. Most
preferably, the cyclisation is carried out in the presence of hydrochloric
acid in nethanol/tetrahydrofuran as sol vent, As for conpounds of
structure (11), the conpounds of structure (I1A) c quﬁiﬂmﬂﬁluﬂfist in
t he correspondi ng keto-enol and cycli ¢ chromanone ﬁﬂﬂ“ﬁj ich are
i ntended to be enconpassed by the strilcture (I1A). * ThHe tonpouhds of
structure (I1) (and in particular gtrgic- tere (I1A)) are novel and forma

further aspect of the invention. Rh& cofpRBunds of structure (I1) can be
prepared by the reaction of a conpound o str&g{ture (rer)

in which R1, R2, R3, A and X are as described for structure (1), or a salt,
S hydrate or solvate thereof,

. 5. 2-[4-(4-Phenyibutoxy)benzoylamino]-G-[1,3-dioxo-3-(tetrazol-5-
yl)propyl] phenol.
10 6. A process for preparing a compound of structure (II) which
comprises reaction of a compound of structure (III):
X
W
RA NR
OH
Ra
[ )
(I1I)
15
in which R1, R2, R3, A and X are as described for structure (I) in claim 1 with
a compound of structure (IV) or a salt thereof:
o]
N<
7 Jk« |I\'J
n—N
H
(IV)
20

in which Z is an activated leaving group.
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t her eof
7. A process according to claim 6 in which, in structure (III), R1
E—@-O(CH.‘,)‘—@ . Ais a single bond, X is oxygen, R2 is hydrogen and
R3is hydrogen.
8. A process for preparing a compound of structure (IA):
NH N—N
. /AN
N
Ph(CH,),O | ﬁ

(1A)

or a salt, hydrate or solvate thereof, which comprises reaction of a compound
10  of structure (ITIA) with a compound of structure (IVA) or a salt thereof:

NH
Ph(CH,),0 EtO
o]

(ITIA) (IVA)
15

followed by cyclisation of the intermediate compound of structure (ITA)

NH

Ph(CH,),0 N—N
/

(I1A)
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‘ | P30522 _
in which Zis an activated | eaving group. Sui tably, activated | eaving
groups Z include, for exanple, activated am des of structure

N(Rlerr])(OR[err]) in which Rerr] is CJlerr]alkyl, haI

of structure Rerr]O Rerr]Sor Rerr]SO[err]0 in whic m l"ﬁl“!ﬂ”(m
Cerr]al kyl, optionally substituted phenyl or optionally substictu s pheny
Cerrlalkyl, @ it PRydrats or $6ivHte thet&dIT do formed.

9, A process for preparing a compound of structure (IV):

O

N<
Z/“\</”

N—N
H
.- av)

in which Z is a group R0 in which R6 is C1.galkyl, optionally substituted
10  phenyl or optionally substituted phenylC 1-galkyl, which comprises reaction of
‘ tetrazole-5-carboxylic acid disodium salt with the appropriate alkyl, aryl or
arylalkyl haloformate.
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P
in which R[er3r%52izs Clerr]al kyl, optionally substituted phenyl or optionally
substituted phenyl Cerr]al kyl, and each group X is, independently, oxygen
or sul phur. Preferably Zis Rerr]Q Suitably, Rerr] is (err]alkyl,
optionally substituted phenyl or optionally substituted phenyl C[err]alkyl.
Preferably, Rerr] is (err]alkyl, for exanple, nmethyl, ethyl, i-butyl or
t-butyl; nost preferably R err] is ethyl. Suitably, the reaction is
carried out in an organic solvent such as for exanple, dinethylformam de,
et hereal solvents such as tetrahydrofuran, toluene or benzene, hexanes or
( err]al kanol s such as nethanol or ethanol, in the presence of a base, for
exanpl e dn alkali metal al koxi de such as potas- siumt-butoxide, sodium
nmet hoxi de or potassi um nmet hox- ide, hydrides such as sodi um hydride, or an
am de base such as potassium am de or sodium am de. Preferably, the reac-

10
ABSTRACT

15 A process for preparing substituted benzopyran derivatives which
comprises a final step cyclisation of the corresponding open-chain
. intermediates.
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4013 Lres

tion is cariied out sin tetrahydrofuran as a sol veé} in the'- presence of
})ari ng the conpbunds..ofi ..

sodi um- mthom de as.a: base.. ... The process far pr
st rutur. (II) is novel a,nd formsrsa fiurt her aspect “of the inventi:on. :ln ...«
particul ‘ar, t he . process IS preferred to be used in the prepa- ratron of the
conpoun of structure @IIA) by r—eadtron of the Vo L
REPLACENENT SHEET g 1 -7-

DR ARSI - pleje

PROCESS FOR PREPARING BENZOPYRAN COMPOUNDS

The present invention relates to a new process for preparing certain
substituted benzopyran compounds, intermediates useful in the process, and
to a process for the preparation of the intermediates.

Substituted benzopyran compounds are known in the art. For
example, EP 0 173 516-A discloses a class of substituted benzopyran
compounds which are described as compounds having activity as leukotriene

- antagonists and useful in therapy in the treatment of, for example, diseases
induced by leukotrienes and 5-a-reductase. '

The present invention relates to a new process for preparing certain of
the benzopyran compounds described in EP 0 173 516-A, and in particular
provides an efficient route to the compounds in which far fewer reaction steps
are involved than has hitherto been described. A reduction in the number of
reaction steps involved in preparing end products generally results in a much
more efficient and cost-effective route than one involving large numbers of
steps.

The present invention therefore provides in a first aspect a process for
preparing a compound of structure (I):

(D

in which,
Rlis Ci.90alkyl, C2_gpalkenyl, Ca.9palkynyl, or a group of structure:

This Sheet Has Been Rep

My i



foll owi ng conpounds of structure (I111A) and a conpound of
structure (I'VA) or a salt thereof, in the presence of sodium/[err]
nmet hoxi de in tetrahydrofuran as a sol vent:

each of which may be substituted by one or two substituents selected
independently from Cj.g0alkyl, Co.9palkenyl or C9.9palkynyl, up to 5 carbon
atom(s) of which may optionally be replaced by oxygen atom(s), sulphur
atom(s), halogen atom(s), nitrogen atom(s), benzene ring(s), thiophene ring(s),
naphthalene ring(s), carbocyclic ring(s) of from 4 to 7 carbon atom(s), carbonyl
group(s), carbonyloxy group(s), hydroxy group(s) carboxy group(s) azido
group(s) and/or nitro group(s);

R2 is hydrogen or C1-6a1kyl;

. R3 is hydrogen, halogen, hydroxy, nitro, a group of general formula -COOR4
(wherein R4 represents hydrogen or Cj.galkyl), C1.galkyl, C1.galkoxy or
C1.galkylthio;

A is a single bond or a methylene, ethylene, trimethylene, tetramethylene,
vinylene, propenylene, butenylene, butadienylene or ethynylene group
optionally being substituted by one, two or three C1.10alkyl and/or phenyl
group(s); and

X is oxygen or sulphur;

or a salt, solvate or hydrate thereof, which comprises cychsatmn ofa
compound of structure (IT)
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The conpounds of structure (I11) and (1V) are prepared
from C(r)rpmeri ally available starting materials by standard REPLACEMENT SHEET
techni ques as herei nafter described. For exanple, the prepa-
ration of compounds of structure (I11) is described in EP|O! 16 DEC 1996
173 516- A. Conpounds of structure (1V), for exanple in
which Zis Rerr]0, can be prepared from s®di um azi de andjan
appropriate al kyl cyanof ormate such as et hyl cyanof onate

by known net ods, or romtetra carl | j,c ac | SO
diumsalt (c geIike ry“HVﬁiqrﬁ axppi@&?ﬁ qumﬂefﬂl@mnga salt, solvate or
hydrate thereof. '

Smtably, Rlis Cy.gpalkyl, Co.ggalkenyl, Cz-zoalkynyl or a group of

o 00 CO™

each of which may be substituted by one or two subsﬁt;xents selected
independently from Cj_ggalkyl, Co_ggalkenyl or Cg.gpalkynyl, up to 5 carbon
atom(s) of which may optiqnally be replaced by oxygen atom(s), sulphur. -
atom(s), halogen atom(s), nitrogen atom(s), benzene ring(s), thiophene ring(s),
naphthalene ring(s), carbocyclic ring(s) of from 4 to 7 carbon atom(s), carbonyl
group(s), carbonyloxy group(s), hydroxy group(s), carboxy group(s), azido
group(s) and/or nitro group(—g).

Preferably R1 is a group of structure (i) substituted or unsubstituted
by one or two substituents selected independently from C;.9galkyl,
Ca.gpalkenyl or Cg_gpalkynyl, up to 5 carbon atom(s) of which may optionally
be replaced by oxygen atom(s), sulphur atom(s), halogen atom(s), nitrogen
atom(s), benzene ring(s), thiophene ring(s), naphthalene ring(s), carbocyclic
ring(s) of from 4 to 7 carbon atom(s), carbonyl group(s), carbonyloxy group(s),
hydroxy group(s), carboxy group(s), azido group(s) and/or nitro group(s).

More preferably Rl is a group of structure (i) substituted in the para
position of the ring by a single substituent selected from the above, in

particular Rlis a group of structure %—@-O(CH,)‘—-@ .
Suitably, R2 is hydrogen or Cj-galkyl; preferably R2 is hydrogen.
Suitably, R3 is hydrogen, halogen, hydroxy, nitro, a group of general

formula -COOR4 (wherein R4 represents hydrogen or Cj_galkyl) or Cj.galkyl,
Ci.6alkoxy or Cy.galkylthio. Preferably R3 is hydrogen.

I
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REPLACEMENT SHEET

appropriate alloyl, aryl or arylal kyl hal oformate, for
exanpl e, ethylchl orof omate or isobutyl chl orofonmate. The
preparation of conmpounds of structure (1V) fromthe corfe 16 DEC 1996
spondi ng tetrazol e-5-carboxylic acid disodiumsalt is npv

and forms a still further aspect of the invention. It i
noted that the conpounds of structure (Vi can be prepa
and then isol at ed Beitably Adaci singletbord apprmpthylenecethylene, trimethylene,

d f st , o) A L1 W
Purther r eactireBiieht: SR piopPheRRt butddine, butienylene or,
i so:c alt i on. t het:hynylene group optionallyrheing substituted dytons; tpt@ qnth(glgeA )ng m@],ky}
usert u In v ucture egl nni n
En®/of Pienyl g{-@io%(%gu‘r?ggﬁ’%ﬁmﬁ‘rﬁ ﬂ?:lg@é bdh@! 9 g

from A) to formthe
I nt er medi at es of structure (11 A which undergo

cyclisation under Saitablf)%he cyclisation of the compoundiofRsritetife (IFis daetied buito
in the presence of an acid. For example, the cyclisation can be carried out in

formthe desj rﬁ{j Broduct The
the presence of sulphuric acid, in methanol or in acetic acid as the solvent
medium. Preferably the reaction is carried out in a methanol/tetrahydrofuran

" solvent mixture in the presence of hydrochloric acid. Alternative acid/solvent

conditions will be apparent to those skilled in the art and include, for example,
acids such as hydrobromic or hydroiodic acid, perchloric acid or p-toluene
sulphonic acid, and Lewis Acids for example aluminium trichloride, in
suitable solvents such as water, C1.4alkanols such as ethanol or methanol,
and unsaturated carbocyclic hydrocarbons such as benzene or toluene.

to be

It is to be noted that, although for the sake of convenience structure
(II) is represented as the 'di-keto’ form, the compounds of structure (II) can
exist also in the 'keto-enol' form and in the ‘cyclic hydroxy chromanone' form
(11B)

It is intended that structure (II) encompasses all of the tautomeric forms of the
compounds of structure (II).

In a preferred aspect there is therefore provided a process for the
preparation of a compound of structure (IA) or a salt, solvate or hydrate
thereof:
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conpounds of structure (11) can be isolated fromthe reaction
m xture before cyclisation to tnzqg

8-
structure (1)

exanpl es, the reaction

structures -(I'11) and (1V) foll owed by

or alternatively,

cyclisation of the conpounds of structuresg(l.l) so forned

P(CH,),0

(IA)

corpewhds.af
as [d BMdeMFNTnSHm
bet ween comjounds ©
"6 DEC 1994
—
NH N—N
/AN
N’N
I H
0]

which comprises cyclisation of a compound of structure (IIA) or a salt, solvate
or hydrate thereof:

Ph(CH,),0

(ITA)

and optionally thereafter forming a salt, solvate or hydrate thereof. Most
preferably, the cyclisation is carried out in the presence of hydrochloric acid in
methanol/tetrahydrofuran as solvent, : - :

As for compounds of structure (II), the compounds of structure (I1A)
can, of course, exist in the corresponding keto-enol and cyclic chromanone
forms, each of which are intended to be encompassed by the structure (ITA).

The compounds of structure (II) (and in particular structure (IIA)) are
novel and form a further aspect of the invention. The compounds of structure
(II) can be prepared by the reaction of a compound of structure (III)
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can be carried to conpletion in 'one pot', that is to say
w thout the isolation of the internediates so forned.

The foll owi ng exanples serve to illustrate the invention.

Tenperatures are recorded in degrees Celsius ([err]C.). REPL '
EXAMPLES 1. Preparation of ACEMENT SHEET
Et hyl -1 H Tetrazol e- 5- Car boxyl at e - 6 - Ir{fiuoroacetic
acid (24.47 g, 0.21M was added dropwi se 16 BECo1996hr
under nitrogen to a stirred suspension oA sodium

azide (12.59 g, 0.19M in 2,6-lutidine (00 mM) at 8 to 12.

After stirring for 7mnutes et hyl eanan rmite(204g
0. 20M was added in one portion. A xt uNB was heat ed
and stirred at 75 for 6 hours and then aftler c
at 20[err] for 16 hr. After cooling to 14K
to ice (250 g) and 11 nol ar hydrochloric

ing, stirred
xture was added
(100 m)

(IIT)

in which R1, R2, R3, A and X are as described for structure (I) in claim 1 thh
a compound of structure (IV) or a salt thereof

O

Ny

SN
H.

™
in which Z is an activated leaving grouj).

Smtably, actlvated leavmg g‘roups Z mclude, for example, actxvated
amides of structure N(R5)(OR5) in which R5u is C1.galkyl, halogen groups,
groups of structure R60, R6S or R6S090 in which R6 is C;_galkyl, optionally
substituted phenyl or optionally Q_ubs_tituted phenlel-Galkyl, or groups of

structure n’)(ﬂ‘x—- in which R7 is C1.galkyl, optionally substituted phenyl

or optionally substituted phenylCj.galkyl, and each group X is,
independently, oxygen or sulphur. Preferably Z is R60.

Suitably, R6 is C1-galkyl, optionally substituted phenyl or optionally
substituted phenylCj.galkyl. Preferably, R6 is Cy.galkyl, for example,
methyl, ethyl, i-butyl or t-butyl; most preferably R6 is ethyl.
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keepi ng the tenperature bel ow 20. The product was REPLACEMENT SHEET
extracted into ethyl gé:gg{g‘;;aged( 1x250, 1x200, 2x100 m) and
t he conbi nedTeix$ & glover nagnesi um sul phate. After 16 DEC 199
evapor ati on of m nder reduced pressure the oily
product (38.22 up in ether (50 m) and hexans
(25 m) added. Storage at 4[err] for 2-3 days produced crys-

talline ethyl-1Htetrazol e-5-carboxylate that was filtered off;
washed with chill egua;&arbéy., theweagtiondsicamried sutinan grgagic solvent such as for

yield), mp.g é] di&?eth(lforman_:ide, ethereal solvents 8¢k af thalffrofifa) on
|1lr15_CIi).CI4[ ((a{ r ] gqhsx.}m'e or e'nszeng,’ hexaries or Cl.salmgl,grﬁqpbrqqimeshm-ml' or et%anol, in
On a | arger titeprededide 4@ baxd, for ewdriiple ih alksl: shétl alledxide such as potassium
o K e trbik et sddiubh fethbRidy &' 5otastilin methoxids, hydrides such as
sodium hydride, or an amide base such as potassium amide or sodium amide.
Preferably, the reaction is carried out in tetrahydrofuran as a solvent in th
~ presence of sodium methoxide as a base. '

The process for preparing the compounds of structure (II) is novel and
forms a further aspect of the invention. In particular, the process is preferred
to be used in the preparation of the compounds of structure (IIA) by reaction of
the following compounds of structure (II1A) and:a compound of structure (IVA)
or a salt thereof, in the presence of sodium methoxide in tetrahydrofuran as a

solvent:

(ITIA) (IVA)

The compounds of structure (III) and (IV) are prepared from
commercially available starting-materials by standard techniques as -
hereinafter described. For example, the preparation of compounds of
structure (III) is described in EP 0 173 516-A. Compounds of structure (IV),
for example in which Z is R60, can be prepared from sodium azide and an
appropriate alkyl cyanoformate such as ethyl cyanoformate by known methods
or from tetrazole-5-carboxylic acid disodium salt (commercially available) by
reaction with the appropriate alkyl, aryl or arylalkyl haloformate, for example,
ethylchloroformate or isobutylchloroformate. The preparation of compounds
of structure (IV) from the corresponding tetrazole-5-carboxylic acid disodium
salt is novel and forms a still further aspect of the invention. It is to be noted
that the compounds of structure (IV) can be prepared and then isolated before



After stirring at 75[err] and 20 a solution of sodium nitrifeREPLACEMENT SHEET

(63 g) in water (300 m) was added over 10 m nutes at 20 -
L:
t

to 30. The m xture was stirred at 20-25[err] for 20 m nutes
and then a chilled nixture of water (1.5 L) and 11 nol ar 6 DEC 1996
hydrochl oric acid (690 nl) added keeping the tenperature be 25[ err]
and 30. The product was then extracted i-ntgo - et hyl

acetate and crystallised as descri bed above.

reaction with appropriate compounds of structure (III), or can be prepared 'in
situ’ and further reacted with the compounds of structure.(IIT) without prior
isolation.

The present invention is in particular useful in the preparation of the
compounds of structure (IA) beginning from compounds (IIIA) and (IVA) to
form the intermediates of structure (IIA) which undergo cyclisation under the
conditions described herein to form the desired product. The compounds of
structure (II) can be isolated from the reaction mixture before cyclisation to
the compounds of structure (I) or alternatively, as described in the examples,
the reaction between compounds of structures. (IIT) and (IV) followed by the

" cyclisation of the compounds of structure (II) so formed can be carried to
completion in ‘one pot', that is to say without the isolation of the intermediates
so formed.

The following examples serve to illustrate the invention.
Temperatures are recorded in degrees Celsius ¢°C). - -
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-O- 2. Preparation of

| -Butyl - 1H Tetrazol e-5- Car boxyl at e To a stirred
suspensi on of Tleﬁ%aaﬂhsese%}@ Lhaxylic acid i i
salt (15.8 g, o BLYI  or mani de (100 REPLACEMENT SHEET
under a nltroge HF 5[err] was added i sobutyl

chl orof ormate (13. nol ) dreopw se over 15 16 DEC 1996

m nutes. The m xture vvas stlrred at 5[ ~Hw&r] for 2lhpurs, then

at 20[err] for 2 hours. The m xture V\M"% wat er (%0 rd,

and extracted with ethyl acetate (2x200 nl). The aqueous

et ractod w h ot nErenitatiol of EMYIIECIrdbdleiCdrlidiTate

were washed with water (2x200 m), dried (MySO[err]) and

g‘éagoo/(; ated to gi veTHfidrbh¢RiCAHAILALPE, G129 V) Wastadled dropwise over 0.5 hr
under nitrogen to a stirred suspension of sodium azide (12.59 g, 0.19 M) in 2,6-
lutidine (100 ml) at 8 to 12°, After stirring for 7 minutes ethyl cyanoformate
(20.4 g, 0.20 M) was added in one portion. The mixture was heated and
stirred at 75° for 6 hours and then, after cooling, stirred at 20° for 16 hr.
After cooling to 10° the mixture was added to ice (250 g) and 11 molar
hydrochloric acid (100 ml) keeping the temperature below 20°. The product
was extracted into ethyl acetate (1 x 250, 1 x 200, 2 x 100 ml) and the
combined extracts dried over magnesium sulphate. After evaporation of the
solvent under reduced pressure the oily product (38.22 g) was taken up in
ether (50 ml) and hexane (25 ml) added. Storage at 4° for 2-3 days produced
crystalline ethyl-1H-tetrazole-5-carboxylate that was filtered off, washed with
chilled ether, and air dried, 14.12 g (52.6% yield), m.p. 88 - 93°.

NMR: (270 MHz, solution in CDCl3)
5 13.6 - 13.8 (s, 1H); 4.6 - 4.5 (q, 2H); 1.5 - 1.4 (t, 3H).

Workup variation

On a larger scale (83.4 g sodium azide) the reaction was worked up
differently in order to prevent the hberatxon of any hydrazoic acid.

After stirring at 75° and 20° a solution of sodium nitrite (63 g) in water
(300 ml) was added over 10 minutes at 20 to 30°. The mixture was stirred at
20 - 25° for 20 minutes and then a chilled mixture of water (1.5 L) and 11
molar hydrochloric acid (690 ml) added keeping the temperature between 25
and 30°. The product was then extracted into ethyl acetate and crystallised
as described above.

2. Preparation of i-Butyl-1H-Tetrazole-5-Carboxylate

To a stirred suspension of tetrazole-5-carboxylic acid disodium salt
(15.8 g, 0.1 mol) in dimethylformamide (100 ml) under a nitrogen atmosphere




[err]H NNR(CDCI& rr]): [err] 0.95 (d, 6H, CH3), 2.08 (tq, \ "EMENT SHEET
4.25 (d, 2H, CH h!ﬁﬁgmas&enaephxd 3. Preparatio

4-(4- Phenyl but oxy) ' A sol utiop pf methyl
4- hydr oxybenzoat e I nmol) in (‘QZDESM- was
Na . 8L ka, 89 nol)

added dropwi se to a mxture
and DVF (50 L) at roomtem - 10 - perature under a gentlg
ADLS. cat.o at

t f t ]
50 70 T or 1 Ak Bavds added idfukAlihipmaformate (12.6 g, 13 ml, 01 'meldogwes pvamm
t enper at ur e. 15Qniﬂubesm Themsixtare wds &tirred at 5-10° for 2 hours, thdﬁ QR‘EOS’%f‘z

T Ve (5 L SoRRE iR infcnerrat ped g A (500 mb) and extracted with sthpl T
60[err]-70 f acetfaten (2 wi 200 nﬂhst’l&mtaghemg pimbecwab t¢Heh@acidified to pH1 with conc.

t enper at ur e. gt £Xd At
agggd aﬁd t pﬁduct \%gs %Mﬁ%k ;%ﬁﬁo ml). The latter extracts
acetate (50 weah ava;éxeé)mthh@am@amzeo Wr),edmadlﬁ ghand evaporated to give

~ the title compound as a gum (8.6 g, 50.5%).

1H NMR (CDClg): § 0.95 (d, 6H, CHg), 2.08 (tq, 1H, CH), 4.25 (d, 2H, CHJ).
3. Preparation of Methyl 4-(4-Phenylbutoxy)benzoate

A solution of methyl 4-hydroxybenzoate (13.4 kg, 88 mol) in DMF
(52 L) was added dropwise to a mixture of NaOMe (4.8 kg, 89 mol) and DMF
(50 L) at room temperature under a gentle stream of nitrogen. The reaction
mixture was heated at 60-70° for 1 hr with stirring and then cooled to room
temperature. To this mixture was added dropwise a solution of 4-phenylbutyl
bromide (16.92 kg, 79.4 mol) in DMF (5 L). The resulting mixture was heated
at 60-70° for 1 hr with constant stirring and cooled to room temperature.
After an addition of IN-NaOH (110L) was added, and the product was
extracted twice with ethyl acetate (50 L and 80 L). The extracts were washed
- with 1IN-NaOH (110 L) and saturated brine (20 L) successively, and then
concentrated to dryness in vacuo to glve the txtle compound in quantitative
yield. '

4. Preparation of 4-(4-Phenylbutoxy)benzoic Acid

To a solution of the compound from Example 3 in MeOH (50 L) was
added 3N-NaOH (46 L). The mixture was heated under reflux for 1.5 hrs.
Upon termination of the reaction, the MeOH was removed by distillation in
vacuo. Ice-water (120 L) was added to the residue, and the neutral materials
were extracted with ether (30 L x 3). The combined ethereal extracts were
washed with 2N-NaOH (25 L). The aqueous layers were combined and
adjusted to pH 2-3 with concentrated HCI (16 L). Precipitated solids were
collected by centrifugal filtration, washed with water and dried by heating at
70-80° under a stream of air to obtain the title compound, (17.67 kg, 65.4 mol,

'82% yield from 4-hydroxybenzoate).
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were extracted w tacelopliencfieLx3). TMe conbi ned et hereal

extracts were washed with 2N-NaOH (25 L). The aqueous

| ayers were conbined and adjusted to pH 2-3 with concen-

trated HCl (16 L).Té&nsoiptionbéthe compoundrfromoEkanipie 418ckg; 67 tnasl) in

Filtration, wasad (45 WhShda0 atat 8 tiYabaht of DMF (0.45 ml) followed by
thionyl chloride (6.26 ml, 85.8 mmol) at room temperature under a stream of
nitrogen. After reflux for 2 hr, the mixture was cooled to room temperature
and was added to a solution of 3'-amino-2'-hydroxyacetophenone hydrochloride
(12 g, 64 mmol) and pyridine (15.5 ml, 192 mmol) in CHaClg (90 ml) while

_maintaining the temperature between 0-3°. The mixture was stirred at 0-3°
for 2 hr, and poured into 2N-HCI (200 ml). The aqueous layer was separated.
The product in aqueous layer was extracted twice with CHoClg (150 ml and
100 ml). The CH9Cl9g layers were combined, washed successively with water,
saturated NaHCOg (150 ml), and saturated brine (150 ml), dried over MgSOy4.
The resulting solution was concentrated in vacuo until some of the crystals
were precipitated. Ethyl acetate (15.(')'1'1‘11)_ Was ad&ed_to the residue, and the
solution was concentrated in vacuo until about a half of the ethyl acetate was
distilled out. The mixture was cooled to approximately 0°. Precipitated
crystals were collected by filtration and dried in vacuo to afford the title
compound, (21.6 g, 53.6 mmol, 90% yield).

6. Preparation of 2-[4-(4-Phenylbutoxy)benzoylamino]-6-[1,3-
dioxo-3-(tetrazol-5-yl)propyl] phenol

_ Under a nitrogen atmosphere, potassium tert-butoxide (31.36 g, 0.28
mol) was dissolved in dry DMF (160 ml) by stirring. To the resulting solution
were added the hydroxy acetophenone compound from Example 5 (16.12 g,
0.04 mol) followed by 5-ethoxycarbonyl tetrazole from Example 1 (7.39 g, 0.052
mol, 1.3 equiv.) at room temperature. The reaction temperature rises to
approximately 45°. The mixture was stirred for 3 hours at 40° (oil bath), then
cooled to 30° and poured into cold 1IN HCIl (800 ml). The resulting precipitate
was filtered, washed with water (500 ml), and then dried at 70° in a fan oven
to obtain the title compound (19.4 g, 97%). Purification was carried out using
either of the following procedures.
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from Exanple 4 (18.1 g, - 12 -
- Procedure 1: A stirred slurry of crude product (10 g) in ethyl acetate (15
ml) was heated at 60° for 2 hours. After cooling to room temperature, the
mixture was transferred to a refrigerator and left for 2 hours. The product
was then filtered, washed with cold ethyl acetate (15 ml), and dried at 70°in a
fan oven to afford purified product (8.5 g, 85%).

Procedure 2: A stirred slurry of crude product (5 g) in acetone (50 ml) was
heated under reflux for 2 hours. After cooling to room temperature, the
mixture was transferred to a refrigerator and left for 2 hours. The product
was then filtered, washed with cold acetone (5-10 ml), and dried at 70°in a
fan oven to afford purified product (4.1 g, 82%).

7. Preparation of 4-Oxo0-8-[4-(4-phenylbutoxy)benzoylamino}-2-
tetrazol-5-yl-4H-1-benzopyran hemihydrate

To a stirred slurry of punﬁed product from Example 6(7.984 g, 0.016
mol) in methanol (72 ml) was added concentrated sulphuric acid (0.6 ml), and
the reaction heated to reflux and stirred for 3 hours. The mixture was
allowed to cool to room temperature and then transferred to a refrigerator for
2 hours. The thick mixture was then filtered, washed with cold methanol
(40 ml) and water (90 ml) followed again by cold methanol (30 ml). The
product was dried at 70° in a fan oven and then left to stand for 24 hours at
room temperature to afford the title compound (7.36 g, 96%):

Examples 8 and 9

These two examples illustrate the 'one-pot’ procedure for the preparation of
compounds (I) from the intermediate compounds of structures (III) and (IV).

8. Preparation of 4-Oxo0-8-[4-(4-phenylbutoxy)benzoylamino}-2-
tetrazol-5-yl-4H-1-benzopyran hemihydrate.

To a stirred suspension of sodium methoxide (15 g, 0.28 mole) in dry THF
under a nitrogen atmosphere was added, in portions, the hydroxy-
acetophenone compound from example 5 (16 g, 0.04 mole) at about 25°C. A
solution of ethyl tetrazole-5-carboxylate from example 1 (7.3 g, 0.05 mole) in
THF was then added while maintaining the reaction temperature at about
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t enperature and solution of 3'-am no-2'-
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pyridine (15.5 m, 192 mml) in CHerr]Cl2 (90 mM) while
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sol uti on wasixtoeeat reflag fomabeaut @ hoatrs resudted ixi thé formationbf the title
‘compound which crystallised out of solution. After cooling to about 20°C, the
product was isolated by filtration and washed with methanol. The isolated
solid was purified by conversion to the sodium salt in methanol and
reprecipitating the title compound with hydrochloric acid. The reprecipitated
product was isolated by filtration, washed with aqueous methanol, dried and
then rehydrated at room temperature to give the title compound (18.56 g,
94%).

9. Preparation of 4-Oxo-8-[4-(4-phenylbutoxy)benzoylamino]-2-
tetrazol-5-yl-4H-1-benzopyran hemihydrate.

To a stirred suspension of sodium methoxide (14.1 kg, 261 mole) in dry THF
under a nitrogen atmosphere was added, in portions, the hydroxy-
acetophenone compound from example 5 (15.0 kg, 37.2 mole) at about 25°C. A

solution of ethyl tetrazole-5-carboxylate from example 1 (6.8 kg, 47.9 mole) in
THF was then added while maintaining the reaction temperature at about
25°C. The reaction mixture was stirred at reflux for about 100 minutes to
ensure complete formation of the diketone compound from example 6.
Methanol was addedto the reaction mixture followed by concentrated
hydrochloric acid (31.4 kg, 314 mole), and subsequent heating of the reaction
mixture at reflux for about 2 hours resulted in the formation of the title
compound which crystallised out of solution. After cooling to about 20°C, the
product was isolated by filtration and washed with methanol. The isolated
solid was purified by conversion to the sodium salt in methanol and re-
precipitating the title compound with hydrochloric acid. The reprécipitated
product was isolated by filtration, washed with aqueous methanol, dried and
then rehydrated at room temperature to give the title compound (15.5 kg,
85%). :
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in which,
R1is C1.9palkyl, Cg.90alkenyl, Cg.g9palkynyl, or a group of structure:

each of which may be substituted by one or two substituents selected
independently from Cj.ggalkyl, Co.2palkenyl or Cg_g¢alkynyl, up to 5 carbon
atom(s) of which may optionally be replaced by oxygen atom(s), sulphur

. atom(s), halogen atom(s), nitrogen atom(s), benzene ring(s), thiophene ring(s),
naphthalene ring(s), carbocyclic ring(s) of from 4 to 7 carbon atom(s), carbonyl
group(s), carbonyloxy group(s), hydroxy group(s), carboxy group(s), azido
group(s) and/or nitro group(s);

R2 is hydrogen or Cj.galkyl;

R3 is hydrogen, halogen, hydroxy, nitro, a group of general formula -COOR4
(wherein R4 represents hydrogen or C1.galkyl), or C1.galkyl, Cj.galkoxy or
C1.-galkylthio;

A is a single bond or a methylene, ethylene, trimethylene, tetramethylene,
vinylene, propenylene, butenylene, butadienylene or ethynylene group
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ture was stirred for 3 hours at 40[erﬁ,}“{lgmdsl@gn}‘r‘:ﬁmg

optionally being substituted by one, two or three C1.10alkyl and/or phenyl
group(s); and

X is oxygen or sulphur;

or a salt, hydrate or solvate thereof, which comprises cyclisation of a

compound of structure (II)
.
RA NR
OH
NN
/
N’N
3 H
R o)
(In

or a salt, hydrate or solvate thereof, in which Rl R2 R3, A and X are as
described for structure (I), and optionally thereafter forming a salt, hydrate or
solvate thereof.

2. A process according to claim 1 in which R1 is
%—@-O(CHQ.-@ . Ais a single bond, X is oxygen, R2 is hydrogen and

R3 is hydrogen.
3. A process according to claim 2 in which the cyclisation reaction

" is carried out in the presence of hydrochlaric acid in methanol/tetrahydrofuran
as solvent.

4. A compound of structure (II):



Procedure 1: A stirred slurry of crude product (10 g)in
ethyl acelate (150 m) was heated at 60[err] for 2 hours. After
cooling to roomtenperature, the mxture was transferktatsbQn re
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acetone (50 m) was heated under refjfl ux for 2 hours. After
cooling to roomtenperature, the m
a refrigerator and left for 2
filtered, washed with cold acetone (5- and dried at
70[err] in a fan oven to afford purifj uct (4.1 g, 82%.
7. Preparation of 4-Oxo-8-[4-(4-phe oxy) benzy- N—N

ture was transferred to
2 product was then
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in which R1, RZ, R3, A and X are as described for structure (I), or a salt,
hydrate or solvate thereof.

5. 2-[4-(4-Phenyibut.oxy)benzoylamino]—fi—[1,3-dioxo—3-(tetrazol-5-
yl)propyl] phenol.

6. A process for preparing a compound of structure (II) which
comprises reaction of a compound of structure (III):

X

o

RA NR
OH

3
R

(Im)

in which R1, R2, R3, A and X are as described for structure (I) in claim 1 with
a compound of structure (IV) or a salt thereof:

o)
N\N
z 2 REPLACEMENT SHEET
H 16 DEC 1996
v

in which Z is an activated leaving group.
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8. A process for preparing a compound of structure (IA):
NH N—N
/AN
_N
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| H
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or a salt, hydrate or solvate thereof, which comprises reaction of a compound
of structure (IIIA) with a compound of structure (IVA) or a salt thereof:

o
oC o
Ph(CH,),0 EO
o

(IIIA) (IVA)

followed by cyclisation of the intermediate compound of structure (IIA)
) .

o
Ph{CH,),O oH N—N

/N

Iz
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These two exanples illustrate the 'one-pot' procedure for
the preparation of conpounds (I) fromthe internedi ate

conpounds of structures ) and (1V). ”"SSheetHdsB ) Preparation
)benzoyln

of 4- Oxo- 85 Em““
m no) - 2- te enzopyran hem hydrate y "’ To
a stirred penS|Lon of° SOdI um net hoxi de {glS g, O.

nole) in dry THF under a nitrogen atnosphere was added,
in portions, the hydroxyacetophenonc conpound from

exanple 5 (16 . 04 rm&ﬂe ution of
ethyl tet razBTg-%?tcgﬂym éﬁ@lﬁg"%&%&‘éﬁfﬁg ? |P§h g, 0.05
nole) in THF was then added while rmaintaining the reaction tenperature at

about 25 C. The regcti onAmi b leobdsephtingdcompbundof kiiitture (IV):

o)

z)L(,h‘

N—N
H
Iv)

in which Z is a group R60 in which RS is C;.galkyl, optionally substituted
phenyl or optionally substituted phenylC;.galkyl, which comprises reaction of

" tetrazole-5-carboxylic acid disodium salt with the appropriate alkyl, aryl or
arylalkyl haloformate.
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- 12 - at reflux for about 100 m nutes to ensure conplete formation of
t he di ket one conmpound from exanpl e 6. Methanol was added to the reaction
m xture followed by concentrated hydrochloric acid (28 m, 0.34 nole), and
subsequent heat- ing of the reaction mxture at reflux for about 2 hours
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ABSTRACT
PROCESS FOR PREPARING BENZOPYRAN COMPOUNDS
A process for preparing substituted benzopyran derivatives which

comprises a final step cyclisation of the corresponding open-chain
intermediates.
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resulted in the . formation of the title conmpound which crystallised out of

sol uti on.y/ Af ar..cool 1.ng.to about. :26[err] C, the product was isolated \b%‘r T SHEET
filtratiqn. and,washed w ish methanet .| The isol ated solid was purfiilédt KN
conversion to the sodiumsalt in methanol and reprecipitating the title
compound Wi t h _hydrochl origc acid. The' reprecipitated product was isolated by
filtration, washed wi'th aqueous nethanol, dried and then rehydrated at room
tenperature to give the t i,_,;il”e;‘,[ conpound (18.56 g, 949%. 9. Preparation of

4- Oxo- 8- ['4- (4- phenyl but'oxy) benzoy-. | anii no] -2-tetrazol - 5-yl -4H

1- benzopyran hem hydrate

To a stirred suspension of sodi um net hoxi de

(14.1 kg, 261 nole) in dry THF PROCESSFORIPREHARENEE € was added, in

portions,

t he hydroxyacet ophe

mole) at about 25[err] C A BENZOPYRAN COMPOUNDS

The present invention relates to a mew process for
prepaning certain substituted benzopyran compounds, inter-
mediates useful in the process, and to a process for the
preparation of the intermediates.

Substituted benzopyran compounds are known in the art.
For example, EP 0 173 516-A discloses a class of substituted
b‘en.zopyran compounds which are described as compounds
having activity as leukotriene antagomists and useful in
therapy in the treatment of, for example, diseases induced by
leukotrienes and 5-a-reductase.

The': present invention relates to a new process for
prepaning certain of the benzopyran compounds described in
EP 0173 516-A, and in particular provides an efficient route
to the compounds in which far fewer reaction steps are
involved than has hitherto been described. A reduction in the
number of reaction steps involved in preparing end products

generally results in a much more efficient and cost-effective

route than one involving large n-mbers of steps.
The present invention therefore provides in a first aspect
a process for preparing a compound of structure (I):

p
M
n‘-A/u\ NR? N—N
y o\
o N
N 7~
H
R} o

in which, ,
R' is C, yqalkyl, C, ,qalkenyl, C,.203lkynyl, or a group of
structure:

TETPRAZOLUSN T QOB FED (15 0 ko, 37.2



solution of ethyl tetrazol e-5-carboxylate fromexanple 1 (6.8 kg, 47.9

nole) in THF was then added while maintain- ing the reaction t qmﬁﬁﬁ%ﬂ'%ﬁEET
about 25 C. The reaction mxture was stirred at reflux for about 100

m nutes to ensure conplete formati on of the di ketone conmpound from exanpl e

6. Methanol was added to the reaction-mxture followed by concentrated
hydrochloric acid (31.4 kg, 314 nole), and subsequent heating of the

reaction mxture at reflux for about 2 hours resulted in the formation of

the title conpound which crystallised out of solution. After cooling to

about 20 C., the product was isol ated ati on and washed wi €ih

nmet hanol . The I sol ated solid was purif conversion to the sodiumsalt

0 t
g, 9,
i n methanol and reprecipitat- ing the orrpound wi th hydrochl oric
acid. The repre- cipitated product was I’'sebated by filtration, washed with

o
JO

each of which may be substituted by one or two substituents
selected independently from C,_,.alkyl, C, .qalkenyl or
C, 2palkynyl, up ta 5 carbon atom(s) of which may option-
ally be replaced by oxygen atom(s), sulphur atom(s), halo-
gen atom(s), nitrogen atom(s), benzene ring(s), thiophene
ring(s). naphthalene ring(s), carbocychc ring(s) of from 4 to
7 carbon atom(s), carbony! group(s), carbonyloxy group(s),
hydroxy group(s), carbaxy group(s)., azido group(s) and/or
nitro group(s);

R? is hydrogen or C,_calkyl;

R?® is hydrogen, halogen, hydroxy, nitro, a group of
general formula —COOR* (wherein R* represents
hydrogen or C, qalkyl), C, calkyl. C,_salkoxy or
C,.salkylthio;

Ais a single bond or a2 methylenc, ethylcna, trimethylene,
tetramethylene, vinylene, propenylene, butenylene,
butadienylene or ethynylene group optionally being
substituted by one, two or three C, ,,alkyl and/or
phenyl. group(s); and

X is oxygen or sulphur;

or a salt, solvate or hydrate thereof, which comprises cycli-
sation of a compound of structure (II)

X (1)
R‘A)l\ NR?
OH N—N .
\\ REPLACEMENT SHEET
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aquéous met hanol , dried and then rehydrated at roomtem perature to give
the title conpound (15.5 kg, 85%9%. - 13 W claim

1. A process for preparing a conpound of structure (1): HEPLACE?J\EM SHEET

- 3 -

or a salt, hydrate or solvate thereof, in which R*, R%, R3, A
and X are as described for structure (I), and optionally
thereafter forming a salt, solvate or hydrate thereof.

Suitably, R! is C,_nalkyl, C, jpalkenyl, C, jpalkynyl, or
a group of structure:

@)

S
oor

(i)

each of which may be substituted by one or two substituents
selected independently from C,_jqalkyl, C, jqalkenyl or
C,.a0alkynyl, up to S carbon atom(s) of which may option-
ally be replaced by oxygen atom(s), sulphur atom(s), halo-
gen atom(s), nitrogen atom(s), benzene ring(s), thiophene
ring(s), naphthalene ring(s), carbocyclic ring(s) of from 4 to
7 carbon atom(s), carbonyl group(s), carbonyloxy group(s),
hydroxy group(s), carboxy group(s), azido group(s) and/or
nitro group(s).
Preferably R! is a group of structure (i) substituted or
unsubstituted by one or two substituents selected indepen-
. dently from C, ,,alkyl, C, jpalkenyl or C; jqalkynyl, up to
S carbon atom(s) of which may optionally be replaced by
oxygen atom(s), sulphur atom(s), halogen atom(s), nitrogen
atom(s), benzene ring(s). thiopbene ring(s), naphthalene
" ring(s), carbocyclic ring(s) of from 4 to 7 carbon atom(s),
carbonyl group(s), carbonyloxy group(s), hydroxy group(s),
carboxy group(s), azido group(s) and/or nitro group(s).
Maore preferably R' is a group of structure (i) substituted
in the para position of the ring by a single substituent
selected from the above, in particular R' is a group of
structure
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[erf] I n which, Rlerr] is CJerr]alkyl, Cer I I
Clerr]al kynyl, or a group of structure: ééﬁAﬁR’%NTSHEET

Suitably, R? is hydrogen or C, calkyl; preferably R? is
hydrogen.

Suitably, R? is hydrogen, halogen. hydroxy, nitro, a group
of general formula —COOR* (wherein R* represents hydro-
gen or C_qalkyl) or C,_salkyl, C, salkoxy or C,_salkylthio.
Preferably R? is hydrogen. |

Suitably A is a single bond or a methylene, ethylene,
trimethylene, tetramethylene, vinylene, propenylene, bute-
nyleae, butadienylene or ethynylene group optionally being
substituted by one, two or three C, ;salkyl and/or phenyl
group(s). Preferably A is a single bond.

Suitably, the cyclisation of the compound of structure (II)
is carried out in the presence of an acid. For example, the
cyclisation can be carried out in the presence of sulphuric
acid, in methanol or in acetic acid as the solvent medium.
Preferably the reaction is carried out in 2 methanol/tetrahy-
drofuran solvent mixture in the presence of hydrochloric
acid. Altemative acid/solvent conditions will be apparent to
those skilled in the art and include, for example, acids such
as hydrobromic or rydroiodic acid, perchloric acid or p-tolu-
ene sulphonic acid, and Lewis Acids for example aluminium
trichloride, in suitable solvents such as water, C,_jalkanols
such as ethanol or methanol, and unsaturated carbocyclic
hydrocarbons such as benzene or toluene.

It is to be noted that, although for the sake of convenience
structure (1) is represented as the ‘di-keto’ form, the com-
pounds of structure (II) can exist also in the ‘kete-enol’ form
and in the 'cyclic hydroxy chromanone’ form (IIB)

X (I1B)
R‘A/u\ NR?
OH
0 N_
7
N7 N
5 H

It is intended that structure (II) encompasses all of the
tautomeric forms of the compounds of structure (1I).

In a preferred aspect there is therefore provided a process
for the preparation of a compound of structure ([A) or a salt,
solvate or hydrate thereof:

REPLACEMENT SHEET
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[errj each of which may bc substituted by one or two

substituents sel ected i ndependently fromthe group consisting.ofr sHEET
Clerr]alkyl, Clerr]alkenyl or Clerr]alkynyl, up to 5 carbon HtPLL.&g-.".uln SH
aton(s) of which may be replaced i ndependently by one or nor e

radical s selected fromthe group consisting of oxygen, sul phur,

hal ogen, nitrogen, benzene, thiophene, naphtha-

(o] IA)
AR
0 P N
Ph(CH2)40 N
H
0]

which comprises cyclisation of a compound of structure
([IA) or a salt, solvate or hydrate thereof:

(0] (IIA)
NH
OH
Ph(CH3)«O ' N—N
;)\

N

N 7”7

0 ! H

and optionally thereafter forming 2 salt, solvate or hydrate
thereof. Most preferably, the cyclisation is carried out in the
presence of hydrochloric acid in methanol/tetrahydrofuran
as solvent,

As for compounds of structure (II), the compounds of
structure (ITA) can, of course, exist in the corresponding
keto-enol and cyclic chromanone forms, each of which are
intended to be encompassed by the structure (IJA).

The compounds of structure (II) (and in particular struc-
ture (IA)) are novel and form a further aspect of the
invention. The compounds of structure (II) can be prepared
by the reaction of a compound of structure (IIT)

X ()

A

R'A NR?

OH

R? 0 REPLACEMENT SHEET
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| ene, a carbocyclic ring of from4 to 7 carbon atons, car bonyl ,
car bonyl oxy, hydroxy. carboxy, azido and nitro; Rl er r&c@@(}\’;MENT SHEEL
hydrogen or ([ err]al kyl ; Rlerr] is hydrogen, hal ogen, hydroxy,

nitro, a group of
represents
C err]al koxy or

general formula -COOR[err] (wherein R err]

hydr ogen or C[e‘%r]al'kyl), or CJerr]alkyl
C[ err]al Kyt t'hi o;

in which R', R? R3, A and X are as described for stucture

() in claim 1 with a compound of structure (IV) or a salt
thereof

o) av)
N\N
/
Il
N’N
H

in which Z is an activated leaving group.

Suitably, activated leaving groups Z include, for example,
activated amides of structure N(R¥)(ORY) in which R’ is
C,.sdlkyl, halogen groups, groups of structure R°0, RS or
R®S0,0 in which R® is C,_alkyl, optionally substituted
pheny! or optionally substituted phenyl C, 4alkyl, or groups
of structure

X

n?;(u\ X—

in which R7 is C,_calkyl, optionally substituted phenyl or
optionally substituted phenyl C, calkyl, and each group X is,
independently, oxygen or sulphur, Preferably Z is R°Q.

Suitably, R® is C,_qalkyl, optionally substituted phenyl or
optionally substituted phenyl C, calkyl. Preferably, R® is
C,.salkyl, for example, methyl, ethyl, i-butyl or t-butyl;
most preferably RS is ethyl.

Suitably, the reaction is carried out in an organic solvent
such as for example, dimethylformamide, ethereal solveats
such as tetrahydrofuran, toluene or benzene, hexanes or
C,.salkanols such as methanol or ethanol, in the presence of
a base, for example an alkali metal alkoxide such as potas-
sium t-butoxide, sodium methoxide or potassium methox-
ide, hydrides such as sodium hydride, or an amide base such
as potassium amide or sodium amide. Preferably, the reac-
tion is carried out in tetrahydrofuran as a solvent in the
presence of sodium methoxide as a base.

The pracess for preparing the compounds of structure (II)
is novel and forms a further aspect of the invention. In
particular, the process is preferred to be used in the prepa-
ration of the compounds of structure (ITA) by reaction of the

- 14
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A is a single bond or a nethylene, ethylene, trinethylene,

t etranet hyl ene, vinyl ene, propenyl ene, butenyl ene, bUtadienyHﬁﬁﬁA%EMENTSHEE
et hynyl ene group optionally being substituted by one, two or ree

C err]al kyl and/ or phenyl group(s); and X is oxygen or sul phur; or

a salt, hydrate or solvate thereof, which; conprises cyclisation of a
conpound of structure (I1) [err]

following compounds of structure (IIIA) and a compound of
structure (IVA) or a salt thereof, in the presence of sodium
methoxide in tetrahydrofuran as a solvent:

0 (TMA)
NH
OH
Ph(CH,)0
0
(IVA)
o) N )
NN
EtO 7l
N
N/
H

The compounds of structure (IIT) and (IV) are prepared
from commercially available starting materials by standard
techniques as hereinafter described. For example, the prepa-
ration of compounds of structure (II) is described in EP 0
173 516-A. Compounds of structure (IV), for example in
which Z is R®0, can be prepared from sodium azide and an
appropriate alkyl cyanoformate such as ethyl cyanofomate
by known methods or from tetrazole-5-carboxylic acid diso-
dium salt (commercially available) by reaction with the
appropriate alloyl, aryl or arylalkyl baloformate, for
example, ethylchlorofomate or isobutylchlorofomate. The
preparation of compounds of structure (IV) from the corre-
sponding tetrazole-5-carboxylic acid disodium salt is novel
and forms a still further aspect of the invention. It is to be
noted that the compounds of structure (IV) can be prepared
and then isolated before reaction with appropriate com-
pounds of structure (HI), or can be prepared ‘in situ’ and
further reacted with the compounds of structure (III) without
REPLACEMENT SHEET |prior.isolation.

‘ The present invention is in particular useful in the prepa-

22 SEP 999 iration of the compounds of structure (IA) beginning from
compounds (ILIA) and (IVA) to form the intermediates of
Jstructure (IA) which undergo cyclisation under the condi-
tions described herein to form the desired product. The
compounds of structure (II) can be isolated from the reaction

i




or a salt, hydrate or solvate thereof, in which Rerr], Rerr], Rerr], A

and X are as described for structure (1), and optionally thereafter..-li‘;.
a salt, hydrate or solvate thereof. 2. A process according to claim

which Rerr] is

and Rl err] is hydrogen.

L

egdlér-m\i'r SH
In

Ais a single bond, X is oxygen, Rerr] is hydrogen

3. A process -a8cording to claim2 in which the

cyclisation reaction is carried out in the presence of hydrochloric acid

REPLACEMENT SHEET

22 SEP 999

mixture before cyclisation to the compounds of structure (I)
or alternatively, as described in the examples, the reaction
between compounds of structures (II) and (IV) followed by
the cyclisation of the compounds of structure (II) so formed
can be carried to completion in ‘one pot’, that is to say
without the isolation of the intermediates so formed.

The following examples serve to illustrate the invention.
Temperatures are recorded in degrees Celsius (°C.).

EXAMPLES

1. Preparation of Ethyl-1H-Tetrazole-5-Carboxylate

Trifiuoroacetic acid (24.47 g, 0.21M) was added dropwise
over 0.5 hr under nitrogen to a stirred suspension of sodium
azide (12.59 g, 0.19M) in 2,6-lutidine (100 ml) at 8° to 12°.
After stirring for 7 minutes ethyl cyanoformate (20.4 g,
0.20M) was added in one portion. The mixture was heated
and stirred at 75° for 6 hours and then, after cooling, stirred
at 20° for 16 hr. After cooling to 10° the mixture was added
to ice (250 g) and 11 molar hydrochloric acid (100 ml)
keeping the temperature below 20°. The product was
extracted into ethyl acetate (1x250, 1x200, 2x100 ml) and
the combined extracts dried over magnesium sulphate. After
evaporation of the solvent under reduced pressure the oily
product (38.22 g) was taken up in ether (50 ml) and hexane
(25 ml) added. Storage at 4° for 2-3 days produced crys-
talline ethyl-1H-tetrazole-5-carboxylate that was filtered off,
washed with chilled ether, and air dried, 14.12 g (52.6%
yield), m.p. 88°-93°,

NMR: (270 MHz, solution in CDCl,) 813.6-13.8 (s, 1H);
4.6-4.5 (q, 2H); 1.5-1.4 (1, 3H).

Workup variation

On a larger scale (83.4 g sodium azide) the reaction was
worked up differently in order to prevent the liberation of
any hydrazoic acid.

After stirring at 75° and 20° a solution of sodium nitrite
(63 g) in water (300 ml) was added over 10 minutes at 20°
to 30°. The mixture was stirred at 20°-25° for 20 minutes
and then a chilled mixture of water (1.5 L) and 11 molar
hydrochloric acid (690 ml) added keeping the temperature
between 25° and 30°. The product was then extracted into
ethyl acetate and crystallised as described above.



i n met hanol /tetrahydrofuran as sol vent. 4. A conpound of structure (I1):
o REPLAGEMENT fSHEET
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2. Preparation of i-Butyl-1H-Tetrazole-5-Carboxylate

To a stirred suspension of tetrazole-5-carboxylic acid
disodium salt (15.8 g, 0.1 mol) in dimethylformamide (100
ml) under a nitrogen atmosphere at 5° was added isobutyl
chloroformate (13.6 g, 13 mi, 0.1 mol) dropwise over 15
minutes. The mixture was stirred at 5°-10° for 2 hours, then
at 20° for 2 hours. The mixture was added to water (500 ml)
and extracted with ethyl acetate (2x200 ml). The aqueous
phase was then acidified to pill with conc. HCI and further
extracted with ethyl acetate (2x200 ml). The latter extracts
were washed with water (2x200 ml), dried (MgSQO,) and

evaporated to give the title compound as a gum (8.6 g,
50.5%).

'H NMR (CDCL,): 50.95 (d, 6H, CH,), 2.08 (tq, 1H, CH),
425 (d, 2H, CH,).

3. Preparation of Methy!l 4-(4-Phenylbutoxy)benzoate

A solution of methyl 4-hydroxybenzoate (13.4 kg, 88
mol) in DMF (52 L) was added dropwise to a mixture of
NaOMe (4.8 kg, 89 mol) and DMF (50 L) at room tem-
perature under a gentle stream of nitrogen. The reaction
mixture was heated at 60°-70° for 1 hr with stirring and then
cooled to room temperature. To this mixture was added
dropwise a solution of 4-phenylbutyl bromide (16.92 kg,
79.4 mol) in DMF (5 L). The resulting mixture was heated
at 60°-70° for 1 hr with constant sting and cooled to room
temperature. After an addition of IN-NaOH (110 L) was
added, and the product was extracted twice with ethyl
acetate (50 L and 80 L). The extracts were washed with
IN-NaOH (110 L) and saturated brine (20 L) successively,
and then concentrated to dryness in vacuo to give the title
compound in quantitative yield.

4. Preparation of 4-(4-Phenylbutoxy)benzoic Acid

To a solution of the compound from Example 3 in MeOH
(50 L) was added 3N-NaOH (46 L). The mixture was heated
under reflux for 1.5 hrs. Upon termination of the reaction,
the MeOH was removed by distillation in vacuo. Ice-water
(120 L)) was added to the residue, and the neutral materials
were extracted with ether (30 Lx3). The combined ethereal
extracts were washed with 2N-NaOH (25 L). The aqueous
layers were combined and adjusted to pH 2-3 with concen-
trated HC! (16 L). Precipitated solids were collected by
centrifugal filtration, washed with water and dried by heat-
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15 - in which Rlerr], Rerr], Rerr], Aand X are as described for
structure (I), or a salt, hydrate or solvate thereof. S 0 ape ENT SREET
2- [ 4- (4- Phenyl but oxy) benzoyl am no] - 6-[ 1, 3- di oxo- 3- (tetrazdielsAbERMENT Shict
-yl) propyl ] phenol . 6. A process for preparing a conpound of structure

(11 which conprises reaction of a coppound of structure (I11):

ing at 70°-80° under a stream of air to obtain the title

compound, (17.67 kg, 63.4 mol, 82% yield from 4-hydroxy-
benzoate).

5. Preparation of 3-{4-(4-Phenylbutoxy)benzoylamino]-
2-hydroxyacetophenone

To a solution of the compound from Example 4 (18.1 g,
67 mmol) in CH,Cl, (45 ml) was added a catalytic amount
of DMF (0.45 ml) followed by thionyl chloride (6.26 ml,
85.8 mmol) at room temperature under a stream of nitrogen.
After reflux for 2 br, the mixture was cooled to room
temperature and was added to a solution of 3'-amino-2'-
hydroxyacetophenone hydrochloride (12 g, 64 mmol) and
pyridine (15.5 ml , 192 mmol) in CH,C12 (90 ml) while
maintaining the temperature between 0°-3°. The mixture
was stiffed at 0°-3° for 2 hr, and poured into 2N-HC1 (200
ml). The aqueous layer was separated. The product in
aqueous layer was extracted twice with CH,C12 (150 ml

and 100 ml). The CH,C12 layers werc combined, washed
successively with water, saturated NaHCO, (150 ml), and
saturated brine (150 ml), dried over MgSO,. The resulting
solution was concentrated in vacuo until some of the crystals
were precipitated. Ethyl acetate (150 ml) was added to the
residuc, and the solution was concentrated in vacuo until
about a half of the ethyl acetate was distilled out. The
mixture was cooled to approximately 0°. Precipitated crys-
tals were collected by filtration and dried in vacuo to afford
the title compound, (21.6 g, 53.6 mmol, 90% yield).

6. Preparation of 2-[4-(4-Phenylbutoxy)benzoylamino]-
6-(1,3-dioxo-3-(tetrazol-5-yl)propyl]phenol

Under a nitrogen atmosphere, potassium tert-butoxide

(31.36 g, 0.28 mol) was dissolved in dry DMF (160 ml) by

stirring. To the resulting solution were added the hydroxy

acetophenone compound from Example 5 (16.12 g, 0.04

mal) followed by 5-ethoxycarbonyl tetrazole from Example

1(7.39 g, 0.052 mol, 1.3 equiv.) at room temperature. The

reaction temperature rises to approximately 45°. The mix-

ture was stirred for 3 hours at 40° (oil bath), then cooled to

30° and poured into cold 1N HCI (800 ml). The resulting

precipitate was filtered, washed with water (500 mi), and

S — then dried at 70° in a fan oven to obtain the title compound

REPLACEMENT SHEET | (194 g, 979%). Purification was carried out using cither of

the following procedures.
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[err] in which Rerr], Rerr], Rerr], Aand X are as described for

structure (I') inclaiml with a conmpound of structure (1V) or a salt
thereof: [err]

REPLACEMENT SHEET
- 11 -

Procedure 1: A stirred slurry of crude product (10 g)in
ethyl acetate (150 ml) was heated at 60° for 2 hours. After
cooling to room temperature, the mixture was transferred to
a refrigerator and left for 2 hours. The product was then
filtered, washed with cold ethyl acetate (15 ml), and dried ac
70° in a fan oven to afford purified prodnct (8.5 g, 85%).

Procedure 2: A stirred slurry of crude product (5 g) in
acetone (50 ml) was heated under reflux for 2 hours. After
cooling to room temperature, the mixture was transferred to
a refrigerator and left for 2 hours. The product was then
filtered, washed with cold acetone (5~10 ml), and dried at
70° in a fan oven to afford purified product (4.1 g, 82%).

7. Preparation of 4-Oxo-8-[4-(4-phenylbutoxy)benzy-
loyamino]-2-tetrazol-5-yl-4H-1-benzopyran hemihydrate

To a stirred slurry of purified product from Example 6
(7.984 g, 0.016 mal) in methanol (72 ml) was added
concentrated sulphuric acid (0.6 ml), and the reaction heated
to reflux and stirred for 3 hours. The mixture was allowed to
cool to room temperature and then transferred to a refrig-
erator for 2 hours. The thick mixture was then filtered,
washed with cold methanol (40 ml) and water (90 ml)
followed again by cold methanol (30 mi). The product was
dried at 70° in 2 fan oven and then left to stand for 24 hours

at room lemperature to afford the rifle compound (7.36 g,
96% ):

Examples 8 and 9

These two examples illustrate the ‘one-pot’ procedure for
the preparation of compounds (I) from the intermediate
compounds of structures (HI) and (IV).

8. Preparation of 4-Oxo-8-[4-(4-phenylbutoxy)benzoyln-
mino}-2-tetrazol-5-yl-4H-1-benzopyran hemihydrate
To a stirred suspension of sodium methoxide (15 g, 0.28
mole) in dry THF under a nitrogen atmosphere was added,
in portons, the hydroxyacetophenonc compound from
example 5 (16 g, 0.04 mole) at abour 25° C. A solution of
ethy! tetrazole-5-carboxylate [rom example 1 (7.3 g. 0.05
mole) in THF was then added while maintaining the reaction
EMENT G :
REPLACE! f «T SHEET temperature at about 25° C. The reaction mixture was stirred
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in which Z is an activated | eaving group. 7. A process according to

claim6 in which, in structure (rrr), Rerr] is [err] Ais a
single bond, X is oxygen, Rerr] is hydrogen and R err] is REALACHENT SHEFT
- 12 -

at reflux for about 100 minutes to ensure complete formation
of the diketone compound from example 6. Methanol was
added to the reaction mixwre followed by concentrated
hydrochloric acid (28 ml, 0.34 mole), and subsequent heat-
ing of the reacdon mixture at reflux for about 2 hours
resulted in the formation of the title compound which
crystallised out of solution. Afar cooling to about 20° C., the
praduct was isolated by filtration and washed with methanal.
The isolated solid was purified by conversion to the sodium
salt in methanol and reprecipitating the title compound with
hydrochloric acid. The reprecipitated product was isolated
by filtration, washed with aqueous methanol, dried and then

rehydrated at room temperatare to give the title compound
(18.56 g, 94%).

9. Preparation of 4-Oxo-8-[4-(4-phenylbutoxy)benzoy-
lamino]-2-tetrazol-5-yl-4H- 1-benzopyran hemihydrate

To a stirred suspension of sodium methoxide (14.1 kg,
261 mole) in dry THF under a nitrogen atmosphere was
added, in portions, the hydroxyacetophenone compound
from example 5 (15.0 kg, 37.2 mole) at about 25° C. A
solution of ethyl tetrazole-5-carboxylate from example 1
(6.8 kg, 47.9 mole) in THF was then added while maintain-
ing the reaction temperature at about 25° C. The reaction
mixture was stirred at reflux for about 100 minutes to ensure
complete formation of the diketone compound from
example 6. Methanol was added to the reaction mixture
followed by concentrated hydrochloric acid (31.4 kg, 314
mole), and subsequent heating of the reaction mixture at
reflux for about 2 hours resulted in the formation of the title
compound which crystallised out of solution. After cocling
to about 20° C., the product was isolated by filtration and
washed with methanol. The isolated solid was purified by
conversion to the sodium salt in methanol and reprecipitat-
ing the title compound with hydrochloric acid. The repre-
cipitated product was isolated by filtration, washed with
aqueous methanol, dried and then rehydrated at room tem-
perature to give the title compound (15.5 kg, 85%).

{ LA"FMF A SHEET
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We claim:
1. A process for preparing a compound of structure (I):

X )

A NN

R-A NR?

R o
in which,
R!is C, palkyl, C, ;alkenyl, C, ,calkyayl, or a group of

structure:
@/ . (i)
.: ': , {it)

each of which may be substituted by one or two substituents
selected independently from the group consisting of
C,.203lkyl, C,.pqalkenyl or C; palkynyl, up to 5 carbon
~ atom(s) of which may be replaced independently by one or
more radicals selected from the group consisting of oxygen,
sulphur, halogen, nitrogen, benzene, thiophene, naphtha-
Iene, a carbocyclic ring of from 4 to 7 carbon atoms,
carbonyl, carbonyloxy, hydroxy, carboxy, azido and nitro;
R? is hydrogen or C,_alkyl;
R? is hydrogen, halogen, hydroxy, nitro, a group of
general formula —COOR® (wherein R* represents

hydrogen or C; qalkyl), or C, qalkyl, C,_salkoxy or
C,.salkyithio;




[erf] or a salt, hydrate or solvate thereof, which conprises reac-
tion of a conmpound of structure (I11A) with a conmpound of a}w&égnmx QHEET

Bl T

A is a single bond or a methylene, ethylene, trimethylene,
tetramethylene, vinylene, propenylene, butenylene,
butadienylene or ethynylene group optonally being
substituted by one, two or three C; ;,alkyl and/or
phenyl group(s); and

X is oxygen or sulphur;

or a sait, hydrate or solvate thereof, which comprises
cyclisation of a compound of structure I

A ®
RIAT “NR?
OH
N— N\
\
4 N
N/
R o 0 H

or a salt, hydrate or solvate thereof, in which R?, R% R3, A
and X are as described for structure (I), and optionally
thereafter forming a salt, hydrate or solvate thereof.

2. A process according to claim 1 in which R is

mﬂ.@

A is a single bond, X is oxygen, R? is hydrogen and R? is
hydrogen.

3. A process according to claim 2 in which the cyclisation
reaction is carried out in the presence of hydrochloric acid
in methanol/tetrahydrofuran as solvent.

4. A compound of structure (IT):

X a

RlA/LNRz
OH
N—N
po R ' T
/N EPLACEMENT SHEET
. e
H ? LA IS
i J 5 L <2 SEP 999 .!
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[erk] foll owed by cyclisation of the internedi ate conpound of
structure (11A)
[T

- 15 -

in which R’, R? R?, A and X are as described for structure
(D), or a salt, hydrate or solvate thereof.

5. 2-[4-(4-Phenylbutoxy)benzoylamino]-6-[1,3-dioxo-3-
(tetrazol-5-yl)propyl]phenol.

6. A process for preparing a compound of structure (1)
which comprises reaction of a compound. of structure (III):

X am
R! A)l\ NR?
OH
RI 0

in which R', R? R?, A and X are as described for structure
(@) in claim 1 with 2 compound of structure (IV) or a salt

thereof:
0 N _ avy -
SN
/4
A
N
N7
H

in which Z is an activated leaving group.
7. A process according to claim 6 in which, in structure
(I, R' is

O(CHa)s .

A is a single bond, X is oxygen, R? is hydrogen and R? is
hydrogen.



- 17 - or a salt, hydrate or solvate thereof, so forned. 9. A process
for prepari nilla colrlvi;ound of structure (I1V)
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8. A pracess for preparing a compound of structure (IA):

Ph(CH)40

or a salt, hydrate or solvate thereof, which comprises reac-
ton of a compound of structure (IITA) with a compound of
structure (IVA) or a salt thereof: '

) ' (1A)
NH
OH
Ph(CH3),0
o
0 N (IVA)
NN
Eto/u\</ i
N7 "
H
followed by cyclisation of the intermediate compound of
structure (11A)
0 IA)
- .
OH
PH(CH;)40 A\
/i N
N/




[err’] i n whi

ch Zis a group Rerr]O in which Rerr] is (ferr]alkyl,

optionally substituted phenyl or optionally substituted phe- nyl

d err]al kyl,
di sodi um sal
REPLACENMENT

' I eaction of tetrazole-5-car- boxylic acid
g I] "mm““‘mm{' ate alkyl, aryl or arylalkyl hal oformate.
L L] S * -
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ar a salt, hydrate or solvate thereof, so formed.
9. A process for preparing a compound of structure (Iv):

0
: N\N (v)
/2
It
N/N
H

in which Z is a group R°O in which R® is C_galkyl,
optionally substituted phenyl or optionally substituted phe-
nyl C,_salkyl, which comprises reaction of tetrazole-5-car-
boxylic acid disodium salt with the appropriate alkyl, aryl or
arylalkyl haloformate. '

REPLACEMENT SHEET
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PROCESS FOR PREPARING
TETRAZQL-5-YL SUBSTITUTED
BENZOPYRAN COMPOUNDS

ABSTRACT

A process for preparing substituted benzopyran derivatives
which comprises a final step cyclisation of the correspond-
ing open-chain intermediates.
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