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BENZENEDI METHANOL SUI TABLE FOR M CRONI SATI ON Descri ption The present , 53
invention. relates to a drug material suitable for mcronisation. In ¢
particular, the invention relates to a novel readily nicronisable for f
't he 1 -hydroxy-2-napht hal enecar boxyl ate (hereinafter hydroxy napht hoat
salt of [err] [6-(4-phenylbutoxy)hexylian nolnethyll-1 3-benzenedi netHanol
‘( herei nafter conmpound A) and to processes for the preparation of this novel
form United Ki ngdom Pat ent Speci fication No.. 2140800A (GB2140800A) rel ates
t o phenet hanol am ne derivatives hav- : :
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(57) Abstract

I Hydroxy-2- naphthalene carboxylate (hydroxynaphthoate) salt of 4-hydroxy-al-{[[6-(4-phenylbutoxs :Rex::l. '-i- ina.
thy1]-1,3-benzenedimethanol in the form of spherical aceretions of microcrystals, the spherical accretions being tres-!
s .mle and micronisable and preferably having a mean particle size from 70 to 300 mm and a mean surface 2rea *‘: >m -: o -
{2'm=g-1. The hydroxynaphthoate salt (in the claimed form) may be prepared by quenching a hot organic/ ‘aguenus 27zanic

«lution containing the salt with a cold organic/aqueous organic solvent.
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i"'ng a|selective stinulant action at beta-2 adrenoreceptors. The conpounds -
may bgoupeebssmter alia in the treatnent of respiratory dPETF4GB21/82HW8Ci at ed
with reversible airways obstruction, such as asthma and chronic bronchitis.
In pattic- ular. GB21 40800A descri bes coppound A and its physiologically

acceplable salts, especially (at Exanple 20) its hy- droxy naphthoate salt.
Compoynd A and its hydroxy naphthoate salt have been found to be

parti¢ul arly advantageous In the treatment of such respiratory diseases.
When {reating patients suffering fromrespiratory conditions, it has been
foundfnost convenient to deliver the appropriate beta-2 stinmulant -directly
to the site of action, either by inhalation or insufflation. In order to

adm nf ster a . BENZENEDIMETHANOL SUITABLE FOR MICRONISATION.

" The present invention relatés to a drug material suitable for micronisation. In
particular, the inventio_n relates to a novel readily micronisable form of the 1-
hydroxy-2-naphthalenecarboxylate (hereinafter hydroxy naphthoate) salt of 4-
hydroxy_-al -[[[6-(4-phenylbutoky)hekylj amino) methyl]-1,3-benzenedimethancl
(hereinafter compound A) and to processes for the preparation of this novel form.

United Kingdom Patent Specification No. 2140800A (GB2140800A) relates
to phenethanolamine derivatives having a selective stimulant action at beta-2
adrenoreceptors. The éompqunds may be used inter alia in the treatment ot
respiratory diseases associated with reversible airways obstruction, such as asthma
and chronié bronchitis. In particular, GB2140800A describes compound A and its
physiologically acceptable salts, especially (at Example 20) its hydroxy naphthoate
salt. Compound A and its hydroxy naphthoate salt have been found to be particularly
advamagedus in the treatment of such respiratory diseases. _

~ When treating patients suffering from respiratory conditib_ns, it has been founa
most convenient to deliver the appropriate beta-i_ stimulant directly to the site o
action, either by inhalation or insufflation. In order to administer a drug via these
routes, it is first necessary to provide the active ingredient as a fine powder having
an appropriate particle size range. Material meeting the required particle size
specification -is generally obtained by micronisation of the drug substance, using, for
example, a mill, such as a fluid-energy mill.

The present inventors have found that when the hydroxy naphthoate sale of

compound A is prepared as described in GB2140800A, Example 20, crystals ars

obtained that are extremely difficult to micronise to the required paniclc size range.
These crystals are seen to adhere to the feed system (in the fluid energy mill) causing
accumulation and ultimately blockage. This accumulation and blockage (of crystals]

prevents efficient micronisation.
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drug via these routes, it isfirl necessary to provide the active

| NgriefloH0dsHS a fTpis Sh Y 1%‘5 an appropriate parti cPETAGBY/02198c.

Mat erial neeting t rticle size specification is generally
obt gi ned by micron ' drug spbstance, using, for exanple, a
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described above.

According to the present invention, there is provided the hydroxy naphthoate
salt of compound A in the form of spherical accretions of microcrystals, thz |
spherical accretions being frcc-ﬂowing, friable and micronisable.

The present inventors have surprisingiy found that the presently claimed form
of the hydroxy naphthoate salt of compound A, a form that combines a novel,
spherical shape, and a free-flowing and friable nature, is readily micronisable to a
matcriai suitable for use in dosage forms that are administered by inhalation or
insufflation.

The present invention provides the hydroxy naphthbate salt of compound Ain
the form of spherical accretions of microcrystals. This form consists of thin
crystalline plates arranged radially about a central core or void. The form has an
open structure in which the polymorphic form of the compound A hydroxy
naphthoate is the same as that obtained from Example 20 of GB2140800A. The
form provided by the present inventors also encompasses two or more spherical
accretions (of microcrystals) fused together. In the present specification, the tgim
“'spherical" refers both to Sph'ere shapéd and spherelike (i.e. spheroidal) shaped
forms. Spherelike forms would include elliptical (egg shaped) and distorted elliptical

| (pear shaped) forms. _

The present novel form of the compound A hydroxy naphthoate must be free-
flowing. This means that the form must ﬂow'freely into a powder mill, for example
‘a fluid energy powder mill, to allow its efficient particle size reduction by
micronisation on an industrial scale. The physical characteristics of a material thar
dc;crrhirie .its flow characteristics include its bulk density, cohesivity, particle size
and shape and uniformity with respect to the particle size.

Ideally, a material, in order to be free flowing, will have a high bulk density, =

low cohesivity, and a uniform particle size distribution. To meet this ideal, the

individual particles within the material should also be spherical in shape. The
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It ,'s an object of the present invention to provide a novel, readily

m cf oni sabl e fof _ napht hoate salt of copppuigoroiost
ovey093SFhe di % il terns of nicronisation) igggsoc.i ated with the
spegific crystall -i.bed above. According to the present
I nvention, there is provided the hydrox§‘napht hoate salt of conpound A in
thejform of spherical accretions of- mcrocrystals, the spherical accretions
bei hg free-flowi ng, friable and m cronisable. The present inventors have
sur pri si ngl y,fauiad L r \.:,C :ff&ﬂ \ XV :
napht hoat e s%lt o?l oc%%ghﬁcktﬁg&%%rer(ﬁaf% co%%ﬂ&{é otrflgr\?/ch\?’rgé;g éé?ﬁsg%l
shape, and aupdrethole dekseribedrtsy RIL.CatreinrCliamieal Esgineedng vl 965¢ 1631188 the

present novel form exhibits a high aerated bulk density, preferably from 0.2 to

STEL-"Y

O.ngl'l, especially from 0.3 to 0,4gml'1, a low cohesivity, preferably from 0t
20%, especially from 0 to 5%, a spherical (or near spherical) particle shape and a
uniform particle size distribution, as measured by a uniformity coefficient of from 1
to 20, preferably of from 1 to 5, typically about 3. |

The present novel form of the compound A hydroxy naphthoate must te
friable. This means that the form must be easily broken down to particles of a size
suitable for use in a pharmaceutical dosage form to be delivered by inhalation or
insufflation.

The present novel form of the compound A hydroxy naphthoate must be
micronisable. This means that the form must be easily Broken down under |
micronising conditions, for.cxample in a fluid-energy mill, to particles of a size
suitable for use in a pharmaceutical dosage form to be delivered by inhalation or
insufflation. - |

© The present novel form of the compound A hydroxy naphthoate preferably has

a mean particle size of from 70 to 300um, most preferably from 100 to 200 uzra,

when measured by a laser diffraction method, T. Allen in Particle Size

Measurement, 1981, 3rd Edition. The particle size distribution (measured by sieve

- analysis) is within the range 10 to 2000um, preferably from 100 to 1000 um. For a
discussion of sieve analysié. see the above Allen reference. .

The present novel form of the compound A hydroxy naphthoate preferably has

a mean surface area of from 4 to 12m2g'1, most preferably from 6 to 10m2g'1 ,

" when measured by the nitrogen adsorption method of Brunnauer, Emmert and Tellzr
(BET), S. Lowell and J.E. Shields, Powdcr'Surface Area and Porosity, 1984, 2nd
Ediﬁon. _ _

Conventional wisdom in the powder milling art suggests that, for optimum
flow propcrtics,' a material should consist of large particles having a low surface
area, The present inventors have surprisingly found that, in the case of the preferrcd

form of the compound A hydroxy naphthoate, a novel form that consists of large
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overcome the flow difficulties associated with the compound A hydroxy naphthoate
would not have expected to produce a material having the novel form’s preferred
particle size/surface arca propemes.

Other favourable physical properties exhibited by the present novel form of

- the compound A hydroxy naphthoate are a low compressibility and a relatively low

angle of repose. These terms are defined and their means of measurement are

~ described by R.L.Carr in Chemical Engineering, 1965, 163-168. Preferably the

present novel form has an angle of repose of from 25-500, especially from 40-500,
and a compressibility of from 5 to 25%, especially 8 to 20%. _

The provision of the present novel form of the compound A hydroxy
naphthoate allows its efficient micronisation on an industrial scale. Accordmg 4
further aspect of the present invention therefore, there is provided a process for the

mlcromsauon of the hydroxy naphthoate salt of compound A comprising feeding the

“hydroxy naphthoate salt of compound A i in the form of spherical accretions of

microcrystals, the spherical accretions being free-flowing, friable and micronisable
into a microniser, micronising the hydroxy riaphthoate salt to give a microriised
material and collecting the micronised material. )
Prefcrdbly the present novel form of the compound A hydroxy naphthoate ic
micronised until the collected material has a particle éize range that is suitable for
pharmaceutical dosage forms to be delivered by inhalation or insufflation. A suitable
particle size range for this use is from 1 to 10um, preferably from 1 to Spm. |
Thc present novel form of the compound A hydroxy naphthoate may be
prepared by any suitable method. In a still further aspect of the present invention,
however, theré is provided a process for the preparation of the hydroxy naphthoate
salt of compound A in the form of spheric-al accretions of microcrystals, the
spherical accretions being frge-ﬂowihg, friable and micronisable said procsss
comprising quenching an organic or aquebus organic solution of the hydroxy

naphthoate salt of compound A with an organic or aqueous organic solvent havir.g a




-

dtctorted el | |pt|cal ear s ped) forms. The present novel form of the /
c 09857A hy\

rmst be free-flow ng. pCveB9F@2fost hat the
feor m nmust ro powder mll, for exanple a fluid energy powder
i1, to allo parti cd%- size reduction by m cronisation on an

i]%dustrl al scale. The physi cal characteristics of a material that determ ne i
i

s flow characteristics Include its bulk density, cohesivity, particle
size and shape and uniformty with respect to the particle size. ldeally, a
terial lomrduemermrsehane espshpolgtion. |tp gine sphchicghapenekictsnsii ty, a | ow

m??hél MBSl B PR it S”?s‘?iF”b%ﬁ"@“ (8RR cal

cal in
ape. Th®llecting the product. |

For brevity, the organic or aqueous organic solution will hereinafter be

described as "hot" and the organic or aqueous organic solvent having a lower

- —— e Akttt b

temperaturé will hereinafter be described as "cold", these are to be understood as
| relative and not absolute terms. |

| The production of large spherical shaped, cryﬁtaliine material from the abovz
cryStallisation is extremely unusual and unexpected. The crystallisation, once
initiated, is relatively fast. Such "fast" crystallisations usually lead to the producticr:
of a fine material having a small particle size.

| In the above process, an "aqueous organic” solution or solvent contains up
about 10%(v/v) water. Preferably, a hot organic solution and a cold organic solvent
are employed in the above process.

Preferably, the organic solvent employed in the ot organic or hot aqueous
organic solution has a boiling point (at 760mmHg) from 400 to 1500C, especially
from 609 to 1200C. The compound A hydroxy naphthoate should be sparingly
soluble or insoluble in the solvent when cold and soluble in the solvent when hot.
Solvents suitable for use in the hot organic or hot aqueous organic. solution include
lower alkyl (C;_4) alcohols such as methanol, ethanol.and isopropanol, lower alkyl
(C1_4) ethers, such as methyl t-butylether, and lower alkyl (Cj.4) esters, such as
ethyl acetate. I_n a particulirly preferred embodiment of the present process, the

- organic solvent employed in the hot organic or hot aqueous organic solution is a

lower alkyl alcohol, especially methanol, ethanol or isopropanol, most especially
methanol. |

In all of the above cases, the hot organic or the hot aqueous organic solution
" may contain a single solvent or a mixture of solvents.
The organic solvent employed in the cold organic or cold aqueous organic

solvent should be miscible with the organic solvent employed in the hot organic or

hot aqueous organic solution. Preferably it has a freezing point from 1500 3o

-ZOOC, especially from -1300 t0 -500C. The compound A hydroxy naphthoatc'
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forinto be (eﬁl_,i,')v?lﬁ:sgol@/ s&crﬁhaasl t%ét%grrl]ol, ethanol and isopropanol, lower alkyl (Cq1.4)
ethers, such as methyl t-butyl ether, and lower alkyl (C;_4) esters, such as eihyl
acetate. In a particularly preferred embodiment of t_he present process, the organic
solvent employed in the cold organic or cold aqueous organic solvent is a lower
alkyl alcohol, cSpécially mcthanol, ethanol or isopropanol, most especially
isopropanol.

In all of the above cases, the cold organic or the cold aqueous organic solvent
may contain a single solvent or a mixture of solvents.

The temperature of the "hot" solution and the "cold” solvent are chosen to
effect a fast crystallisation of the compound A hydroxy naphthoate, such that
spherical accretions of microcrystals are formed. The temperatures employed will
depend, in large measure, on the choice of solvent or solvents. Conveniently, the
temperature of the hot organic or the hot aqueous organic solution is from 300 o
800C, especially from 400 to 70°C. Also conveniently, the temperature of the cold
organic or the cold aqueous oi'ganic solvent is form -350 to ISOC, especially from
25010 100c. | |

The hot organic or hot aqueous organic solution may be quenched cither. by
addition to or by the addition of the cold organic or cold aqueous organic solvent.
Preferably the hot organic or the hot aqueous orgénic solution is added to the cold

| organic or the cold aqueous organic solvent. |

During this quenching process, it is preferable to maintain the temperature of
the mixture ("hot;' solution and "cold" solvent) at a temperature below about 200¢,
especially from -109 10 200C, most especially from 00 10 iOOC. The mixture is
maintained at a tcrhperature within this range until all (or most of) the compound A
hydroxy naphthoate has crystallised as spherical accretions of microcrystals. This

crystallisation process can take, for example, from 10 to 120min, in particular from
20 to 90min.

~ The hydroxy naphthoate salt of compound A may be dissolved as such in the

hot organic or the hot aqueous organic solution. Alternatively, the salt may be
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The starting material (compound A or the hydroxy naphthoate salt of.
compound A) for use in the above process may be prepared by the methods
described in GB2140800A.

Once formed by the present process the spherical accretions of microcr ystale
may be collected by any suitable process, for example by ﬁltranon _

The contents of the references mentioned above, that is GB 2140800A; R L
Carr, Chemical Engineering, 1965, 163-168; T Allen, Particle Size Measurement,
1981, 3rd Edition. S.Lowell and J E Shields, Powder Surface Area and Porosity,

; | 1984, 2nd Edition, are hereby incorporated by way of rcfcrence

1 The present novel form of the hydroxy naphthoate salt of compound A,
; ' processes for its preparation and processes for its micronisation will now bz
| described by way of example only. In the Figures,

Figure 1 is a scanning electron micrograph of the known crystalline form of the
hydroxy naphthoate salt of compound A obtained by following the compararive
Example set out below, and

Figure 2 is a scanning electron micrograph of the claimed form of the hydroxy
naphthoate salt of compound A obtained by following Example 8 set out below.
This figure also has an inset showing, in close up, the surface of a spherical accretica
obtained by the process described in Example 8. |

(A) Preparation of the Hydroxynaphthoate Salt of Compound A
Comparative Examglg

4-Hydroxy-al-[[[6-(4-phenylbutoxy)hexyl]amino]methyl]-l,3-benzenedimethancl
(compound A) was dissolved in hot (>600) isopropanol. A solution of 1-hydroxy-2-
naphthoic acid (1 equiv.) in hot (700C) isopropanol was added. The mixture was;
seeded, allowed to cool to 400C (ca. 2hr) and then further cooled to SOC (ca. 2hr).

- The solid product was isolated by filtration, washed with cold isopropanol and driex!

in vacuo. The product obtained gave the scanning electron micrograph set out in
Figure 1.
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Example 1
Cold (ca. -ISOC) isopropanol was added rapidly to a solution of the hydroxy
naphthoate salt of _corripound A in hot (ca. GSOC) isopropanol. The resulting

suspension was allowed to stand at ca. 50C for 1hr and the product was then |

collected by filtration, washed with cold isopropanol and dried in vacuo at 50°C.

Example 2 _ .
Cold (ca. -ISOC) isopropanol was added rapidly to a solution of the hydroxy

naphthoate salt of compound A in hot (ca. 400C) methanol. The resulting suspension

was allowed to stand at ca. 50C for 1hr and the product was then collected by

filtration, washed with cold isopropanol and dried in vacuo at 500c.

Example 3

Compound A (4.63kg) and 1-hydroxy-2-naphthoic acid (2.10kg) were dissolved in |
hot (ca. GOOC) methanol. The solution was added to cold (ca. SOC) isopropanol.
During the addition the temperature of the "mixed" solution was allowed to increase
until it reached ISOC, whereupon the mixture was maintained at 150¢ QZPC) for
30min., after which the product was isolated by filtration, washed with cold
isopropanol and dried in vacuo ar 400c.

Example 4

A mixture of compound A (12.4kg) and l-hydroxy-Z-naph_thoic acid (5.6kg) in hot
(570 + 30C) methanel was added to cold (below ISOC) isopropanol (optionally
containing up to 6% (v/v) water). During the addition the tcmpcrarurc of the mixture

did not rise above 15-200C. The resulting suspension was stirred at about 20°C for

about 1 hr. The solid was then collected by filtration, washed with cold isopropanc}
and dried in vacuo at about 400C.

Example 5
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material was isolated by filtration, washed with cold isopropanol and dried. The
product obtained had a mélting point of 121.5-137.50C.

Example 6 _

The hydroxy naphthoate salt of compound A was dissolved in hot (750C)
isopropanol (9.5vol.) under nitrogen and the solution was allowed to cool slowly
with stirring to 570C. Cold (-300C) isopropanol (14vol.) was added to give 2
mixture the temperature of which was ca. 170C. After about 4hr. the solid product

was filtered, washed with. cold isopropanol and dried in vacuo.

Example 7 _

A hot (ca. 6000) solution of compound A and 1-hydroxy-2-naphthoic acid (1 equiv.)
in methanol (5.8vol.) was added during ca. 1 min. to cold (-IOOC) isopropanol
(11.6vol.) with stirring and the mixture was stirred at O-SOC for 1.5hr. The sclid

product was collected by filtration, washed with cold isopropanol and dried in
Vacuo.

Example 8 _ .

A hot (609C) solution of compound A and 1-hydroxy-2-naphthoic acid (1 equiv). in
methanol (5.6vol). was added during ca. 0.5h to cold isopropanol. Throughout the
mixing process, the temperature of the mixture was maintained in the range 120-
"_170'C. Thc mixture was stirred for 1hr. at 150¢C and the solid product was ther

collected by filtration. The filter cake was washed with cold isopropanol and dried

in vacuo at 400C. L

The product obtained gavd the scanning electron micrograph set out in Figure 2. The
microcrystalline nature of this novel form can be seen from the inset of Figure 2

which shows in close up, the surface of one of the spherical accretions obtained.
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codpr essi bili‘% of fiRmS to 25% epeC|aI Iy 8 to 20% The provision of the
prgsent novers t he conpound A hydroxy naphthoate allows its.
ef ffi ci ent mirgg pibiS &t bBfbelow compares the physical properties of the known form of the

hydroxy naphthoate salt (as prepared in the above comparative example) with the
same properties of the present novel form of the hydroxy naphthoate salt (2¢
prepared by the process described in Example 8).

TABLE

'Physical Property Comparative Example Example 8
Bulk Density (gml-1) - 0.16 0.30
Compressibility (%) 40 : 2.0
Cohesivity (%) 82 1.3
Angle of Repose (Degrees) 65 41

Mean Particle size (um) 26 156
(Laser Analysis) |

Mean Surface Area (m?gm™1) 19 96
(BET analysis) | |

(c) Micronisation of Two Forms of the Hydroxynaphthoate Salt of Compound A

Micronisation takes place in a fluid energy microniser of known type. Suitable
examples are described and illustrated in Remington’s Pharmaceutical Sciences,

1985, 17th Edition, at p. 1588, the contents of which disclosure are hereby

incorporated by way of reference. During micronisation, raw drug passes througa a
hopper and is carried through a vcnturi'by a jet of air into a cyclone where the
shearing action of air jets and collisions of drug particles break up the crystls.
Micronised drug falls from the cyclone into a container; “fines" leave in the exhaust

and are trapped in large "vacuum cleaner" bags.
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(ii) Micronisation of Example 6 Material

During the micronisation of this material, it flowed smoothly from the hopper,

through the venturi and into the cycloné. No waxy material adhered to the venturi ia
} a running time of ca. 20 min.




Itable particle size range for this useis froml to [err‘% referably
o 92£w5$krrﬂ4h€4wj\|ﬁbm\/ﬂformof t he conpoundP&THyR? ngﬁapht hoat e
be prepared by any suitable thod. In a still further aspect of the
sent inventiﬁmmmi‘ it € 1S pr-g¢2+ ded a process for the preparation
)irgk he hydr oxy L m,# of conmpound A in the formof spherical

acl etions of microcrystflss the spherical accretions being free- flowing,
igabl e and mi croni sabl e said process conprising quenching an organic or
aqi@eous organi c solution of the hydroxy naphthoate salt of conpound A with

angorgani ¢ oro3gigeus organic solvent having a lower tenperature than the

saijd solution, to give spherical accretions of mcrocrystals of the hydroxy .
naght hoate salt of conmpound A (the

1. 1-Hydroxy-2-naphthalenecarboxylate (hydroxynaphthoate) salt of 4-hydroxy-
o -{{{6-(4-phenylbutoxy)hexyllamino]methyl]-1,3-benzenedimethanol in the form

of spherical accretions of microcrystals, the spherical accrctions. being free-flowing,
friable and micronisable.

2.  Hydroxynaphthoate salt according to claim 1 characterised in that the

} spherical accretions of r_nicroc:"ystals have a mean particle size (as hereinbefore
' defined) from 70 to 300um, especially from 100 to 200 um.

3.  Hydroxynaphthoate salt according to either claim 1 or claim 2 characterised in

that the spherical accretions of microcrystals have a mean surface area (as

hereinbefore defined) from 4 to 12m2g'1. especially from 6 to 10m2g‘1.

4.  Hydroxynaphthoate salt according to any one of claims 1 to 3 characterised in

that the spherical accretions of microcrystals have a particle size distribution (as
hereinbefore defined) from 100 to 1000um.

5.  Hydroxynaphthoate salt according to any one of claims 1 to 4 characteﬁsed in

that the spherical accretions of 'mictocrystals have an aerated bulk density (as
hereinbefore defined) from 0.2 t0 0.5 gthl’l, especially from 0.3 to 0.4gm1’1.

6. Hydroxynaphfhoate salt according to any one of claimis 1 10 5 characterised in
that the spherical accretions of microcrystals have a cohesivity (as hereinbefore
defined) from 0 to 20%, especially from 0 to 5%.
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roduct) and collecting the product For brevity, the organic or aqueous
solution will hereinafter be described as "POT/GBNA2AIBR organic or |
@aque- ous oslmmnm("mmm Im ing a lower tenperature will hereinafter be g
" described a u re to brg-understood as rel ative and not :

absolute terns. “Thé ploductton of |arge spherical shaped, crystalline 4
material fromthe above crystallisation is extrenely unusual and

unexpect ed The crystaillsation, once initiated, is relatively fast. Such
"fast" ciyst &ldrexmephiboass salt aogordingitoranytone of Fletme 1 twh chdrictetieddn mat er i al

havi ng atﬁa@“ sﬁ‘?er;ca? Lgcrchons of microcrystals have a uniformity coefficient (as
hereinbefore defined) from 1 to 5, especially about 3.

8, Hydroxynaphthoate salt according to é.ny_ one of claims 1 to 7 characterised in

that the spherical accretions of microcrystals have an angle of repose (as
- hereinbefore defined) from 25 to 50°, especially 40 to 50°.

9.  Hydroxynaphthoate salt according to any one of claims 1 to 8 characterised in

that the spherical accretions of microcrystals have a compressibility (as hereinbefore
defined) from 5 to 25%, especially 8 to 20%.

; 10. Hydroxynaphthoate salt according to any one of claims 1 to 9 characterised in

 that the spherical accretions of microcrystals each comprise thin crystalline plates
arranged radially about a central core or void.

e e n

11. A process for the micronisation of the 1-hydroxy-2-naphthalenecarboxylate
(hydroxynaphthoate) salt of df-l'nyclroxy-cu1 -{[[6-(4-
phenylbutoxy)hexyl]lamino}methyl}-1,3-benzenedimethanol comprising feeding the
hydroxynaphthoate salt of 4-hydroxy-.a1-[[t6-(4-
phenylbutoxy)hexyl]aminojmethyl]-1,3-benzenedimethanol in the form of spherical

- accretions of microcrystals, the spherical accretions being free-flowing, friable and

micronisable, into a microniser, micronising the hydroxynaphthoate salt to give a

micronised material and collecting the micronised material.

12. A process for the preparation of the 1-hydroxy-2-naphthalenecarboxylate
(hydroxynaphthoate) sdlt of 4-hydroxy-a_"-[[[6-(4-

phenylbutoxy)hexyl]amino]lmethyl]-1,3- benzenedxmcthanol in the form of sphcncal

W

i accretions of microcrystals, the spherical accretions being frec-ﬂowmg, friable and

micronisable, said process comprising quenching an organic or aqueous organic

solution of the hydroxynaphthoate salt with an organic or aqueous organic solvent
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“I'n the above process, an "aqueous organic' solution or _sol velz%s ntai ns up

t QVQRBPOSID o /[]“m wwmanabl y, a hot organic sotGT4iGH’ col d

.organi c sol ve Mh the above process. Preferably, the organic
sol vent enpl oyed in the hot or gani ¢ 9 hot - aqueous organi c sol ution has a
boiling point (at 1 bar or 760nmHg) from[err] to [err] especially from

[err] to [err] The conmpound A hydroxy naphthoate should be sparingly

ahen ot - YT 1R didcan ik 106 sot SO By RBPY. BdRGR scBelilfc 36, 0™
organic Smﬂ&é@ysﬁlﬂﬁfﬂﬁmyhﬁk%aﬁﬂkd&e dafirard p@hﬁ&apl s such as net hanol ,

et hanol and i sopropanol, "I ower "al kyl [err] ethers, such as nethyl
t-butylether, and lower alkyl [err] esters, 'such as ethyl acetate.

| 13. A process according to claim 12 for the preparation of the 1-hydroxy-2-
; naphthalenecarboxylate (hydroxynaphthoate) salt of 4-hydroxy-a1-[[[6-(4-
phenylbutoxy)hexyljaminojmethyl]-1,3-benzenedimethanol in the form of spherical
accretions of microcrystals, the spherical accretions being free-flowing, friable and
miéronisable said process comprising quenching a hot organic or hot aqueous
organic solution of the hydroxynéphthoatc salt with a cold organic or cold aqueous
organic solvent to give spherical accretions of microcrystals of the

hydroxynaphthoate salt and collecting said spherical accretions of microcrystals.

14. A process according to claim 13 gharacterised in that a hot organic solution of
hydroxynaphthoate salt is quenched with a cold organic solvent to give spherical

“accretions of microcrystals of the hydroxynaphthoate salt.

1S. A process according to either claim 13 or claim 14 characterised in that the

organic solvent employed in the hot organic or hot aqueous organic solution has a
boiling point (at 760mm Hg) from 40° to 150°C, especially from 60° to 120°C.

16. A process according to claim 15 characterised in that the organic solvent
comprises a lower (Cy.g)alkyl alcohol, a lower (Cy.4) alkyl ether or a lower (Cy_4)
alkyl ester.

17. A process according to claim 16 characterised in that the organic solvent

comprises a lower alkyl alcohol, especially methanol, ethanol or isopropanol, most

especially methanol..

18. A process according to any one of claims 13 to 17 characterised in_that the
organic solvent employed in the cold organic or cold aqueous organic solvent has a

freezing point from -150° to -20°C, especially from -130° to -50°C.

_—
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In a partlcu_a_iy_mﬁf_e_r_ed_enhodl ment of the present process, the organic
spbOwans9ssTp! oyed in the hot organic or hot aqueous 0P§§HF%9‘§B?1@§| onis a

Iovver al kyl - mu mﬂ)mumlly nmet hanol , et hanol or isopropanol, nost
‘especially ne tm Ilu of the ébove cases, the hot organic or the
hot aqueous ordanfc Sol'uti®on*may contain a single solvent or a mxture of
sol vents. The organic solvent enployed in the cold organic or cold aqueous

organi ¢ sol vent should be mscible with the organic sol vent enployed in the
hot organic or hot aqueous organic solution. Preferably it has a freezing

point fromdS. A process according to claim 18 characterised in that the organic solvent

comprises a lower (C; -4) alkyl alcohol, a lower (C;_4) alkyl ether or a lower (Cy.g)
alkyl ester.

20. A process according to claim 19 characterised in that the organic solvent

com_prises a lower alkyl alcohol, especially methanol, ethanol or isopropanol, most

especially isopropanol.

21. A process according to any one of claims 13 to 20 characterised in that the

temperature of the hot organic or the hot aqueous organic solution is from 30° 1o
80°C, especially from 40° to 70°C. |

22. A process according to any one of claims 13 to 21 characterised in that the

temperature of the cold organic or the cold agueous solvent is from -35° to +15°C,
especially from -25° to +10°C.

23. A process according to any one of claims 13 to 22 characterised in that, durin g

the quenching of the hot organic or hot aqueous organic solution of the
hydroxynaphthoate salt with the cold organic or cold aqueous organic solvent, the
temperature of the mixture is maintained at a temperature below about +20°C,

especially from -10° to +20°C, most especially from 0° to +20°C.

24. A process according to any one of claims 13 to 23 characterised in that the hot
organic or hot aqueous organic solution of the hydroxynaphthoate salt is prepared by
m1x1ng 1- hydroxy -2-naphthoic acid and 4-hydroxy-« ! -({{6-(4-
phenylbutoxy)hexyl]ammo]methyl-1 3- bcnzencdlmethanol in a hot organic or hot

aqueous organic solvent.

25.  Use of the compound as claimed in any one of claims 1| to 10 in the

preparation of micronised hydroxynaphthoate salt.
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[érr] to [err] especially from[err] to [err] The conmpound A hydroxy -

naph bch sgfoul d be sparingly soluble or Insoluble in tpga/c8broR108/Mhen

cql d¢ So vents m I! in the cold organic or cold aqueous organic
sol vent incl udeﬁmua "jl ﬂ“llﬂﬂ'ﬂ] al cohgd.s, such as net hanol, ethanol and

i sopropanol., |ower @l Ryl "[efr]*4) ethers, such as nethyl t-butyl et her, and
| ower al kyl [err] esters, such as ethyl acetate. In a particularly
preferred enbodi nent of t he present process, the organic solvent enployed
in the cold organic or cold aqueous organic solvent is a |ower alkyl

al cohol, especially nethanol et hanol or |sogro panol , nost especially
i sopr opanol . 26.n Al§¢ as alaemgloineckeise 5 fapt eme(ﬂagahm ef mher arisgd

aqueous or gagy&: oigngﬁx%om %aﬁ%%i%'gna Earﬁcﬂggxzc rangg%g taglc f3r pharmaccuucal

dosage forms to be delivered by inhalation or insufflation.

27. Use as claimed in either claim 25 or claim 26 charact;riscd in that

micronisation is effected using a fluid energy mill.
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mi xt'ure of solvents. The tenperature of the "hot" solution and the "col d"
sol vgnyrpsgschosen to effect a last crystallisation O the com 3 pound
A hydroxy napht hoate, such that spherlcal accretlons of, _Jmicrocrystals are

forrred The tenperatures enpl oyed ’CF/(.B9|/0 /108

1/2

100um

Fig.1
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sof vent .
added to the cold organic or the cold aqueous organic solvent.

quenchi

m-xture ("hot" solution and '
B

i

| depend,
veni

i n |arge neasure,

Is form[err]
‘hot aqueous or
ad ition to or by.the additio
Preferably the hot organic or the hot aqueous organic solution is

on the choice of solvent or
E: ently, the tenperature of the hot organic or the hot aqueous organlc
501082/09557s from [err] to [err] ,eﬂ: ,B‘ﬁ}'(?‘?

Ca veniently, the tenperature of the cold organic or e Cco aqueous
ordpani ¢ sol vent
organi c or

to [err]

especially from40 |

especially from[err]

sol vent s.

to [err] The

%FHIC sol ution may be quenched either by
/8t the cold organic or cold aqueous organic

During this

ng process, it is preferable to maintain the tenperature of the
‘col d" :
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sofvent) at a tenperature bel ow about 20C, especially from[err] tomperr]

Hrost espeC|aIIy fromO to [err] The mixture Werature

Wi t hg art<EoT st of) the colfdlACEMENT SBEETRaph§HoOat ¢
has #EF Pl seag@m{s oher | ba agcretions df fiﬂﬁm’mﬂy’stp&aﬁd Thkﬁpdgedn_)!.
crysitaiiss ’1°8n%$e8ce§s fa ca 1 for _exanplle ¥ Claim(90 t pageOni

par tf l?l%l‘fn(ﬁ‘ r omP9&F %o Oy QRIS T ¢"Dydroxy nag hf%Bﬂmng@)tpﬁ&edQQWPHﬁl'A% may
be dEdyryEa(s2s PagichPn'a B8 hot ™ of gani ¢ or thé?'hbstr&queog o8 82 Baced -
sol ui oXbstiagtt er:paggdrel-y to Ra%ed salt | may be forfmed in situ by separa &y """

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

di sSATROR REGRIERT -A-and..L~hydr0Oxy- 2-napht s ¥t Reckbhe bt "
sol utr1on. _

BENiENEDIMETHANOL SUITABLE FOR MICRONISATION.

The present invention relates to a drug material suitable for micronisation. In
particular, the invention relates to a novel readily micronisable form of the 1-
hydroxy-2-naphthalenecarboxylate (hereinafter hydroxy naphthoate) salt of 4-
hydroxy-a1-[[[6—(4-phenylbutoxy)hcxyl]amino]methyl]-1,3-bcnzcncdiﬁ1ethanol
(hereinafter compound A) and to processes for the preparation of this novel form.

United Kingdom Patent Specification No. 2140800A (GB2140800A) relates
to phenethanolamine derivatives having a selective stimulant action at beta-2
adrenoreceptors. The éompounds may be used inter alia in the treatment of
'respiratory diseases associated with reversible airways obstruction, such as asthma
and chronic bronchitis. In particular, GB2140800A describes compound A and its
physiologically acceptable salts, especially (at Example 20) its hydroxy naphthoate
salt. Compound A and its hydroxy naphthoate salt have been found to be particularly
advantageous in the treatment of such respiratory diseases.

When treating patients suffering from respiratory conditions, it has been founa
most convenient to deliver the appropriate beta-2_ stimulant directly to the site of
action, either by inhalation or insufflation. In order to administer a drug via these
routes, it is first necessary to provide the active ingredient as a fine powder having
an appropriate particle size range. Material meeting the required particle size
specification is generally obtained by micronisation of the drug substance, using, for
example, a mill, such as a fluid-energy nﬁll.

The present inventors have found that when the hydroxy naphthoate salc of
compound A is prepared as described in GB2140800A, Example 20, crystals are
obtained that are extremely difficult to micronise to the required particle size range.
These crystals are seen to adhere to the feed system (in the fluid energy mill) causing
accumulation and ultimately blockage. This accumulation and blockage (of crystals)

REPLACEMENT SHEET!

eet Has Been Replaced ' ‘

T ]

Gt

Msiznt micronisation.




The{sEpl ACEMENTt SHEET| (conpound A or the hydroxy 2 ht hoate™ s

~CONMPU k==l In the above process nmay be Ftéﬁsbéénk thods
‘des¢rib [ 3830A Once fornmed by the pres pheri cal
accheti ystals may be collected by a cess, for
exa . The contents ef24 he references rren above t hat
is & rr, Cheni cal Engi neering, 1965, 163-168; T Allen,

Par thiels M nt 1981, 3rd Edition. S.Lowell and J E Shi el ds,

Powder Surface Area gnd Por05|t 1984, 2nd Edition are gre
by way of refefigf@nobjectof the prescnt invention to prow ¢ a ndvel, rea 1ym1 onisa

form of the hydroxy naphthoate salt of compound A that overcomes the

?r por at ed

disadvantage (in terms of micronisation) associated with the specific crystalline form
described above. |

According to the present invention, there is provided the hydroxy naphthoate
salt of compound A in the form of spherical accretions of microcrystals, the
spherical accretions being free-flowing, friable and micronisable.

The present inventors have sixrprisingiy found that the presently claimed form
of the hydroxy naphthoate salt of compound A, a form that combines a novel,
spherical shape, and a free-flowing and friable nature, is readily micronisable to a
material suitable for use in dosage forms that are administered by inhalation or
insufflation.

The present invention provides the hydroxy naphthoate salt of compound A in
the form of spherical accretions of microcrystals. This form consists of thin
crystalline plates arranged radially about a central core or void. The form has an
open structure in which the polymorphic form of the compound A hydroxy
naphthoate is the same as that obtained from Example 20 of GB2140800A. The
form provided by the present inventors also encompasses two or more spherical
accretions (of microcrystals) fused together. In the present specification, the term
“spherical” refers both to sphere shaped and spherelike (i.e. spheroidal) shaped
forms. Spherelike forms would include elliptical (egg shaped) and distorted elliptical
(pear shaped) forms.

The present novel form of the compound A hydroxy naphthoate must be free-
flowing. This means that the form must flow freely into a powder mill, for example
a fluid energy powder mill, to allow its efficient particle size reduction by
micronisation on an industrial scale. The physical characteristics of a material that
determine its flow characteristics include its bulk density, cohesivity, particle size

- and shape and uniformity with respect to the particle size.

Ideally, a material, in order to be free flowing, will have a high bulk density, a

low cohesivity, and a uniform particle size distribution. To meet this ideal, the

individual particles within the material should also be spherical in shape. The



The ’pl){t’ =) sl __,ieSHﬁi‘dr}T of the hydroxy naphthoate sal of conpou

=pr oge ses for its “Pleparati on and processes for itsh me@%&d}@ V\A |1 now
be cechHEQD'bW%y o]l exanple only. In the Figures, gcannl ng
el egtfon m crograph of the known crystalline form of apht hoat e
sal § of conr A pbtai ned by folled-ng the corrparatlve set out

bel 8w—and Fiqure 2 ijs a scanning el ectron m crograph of the cI ai med form

of the hydroxy nap oate salt of conpound A obtained by follow ng Exanple

8 t t bel | h t ., the
suffe acguof g gth n-rgbﬁlsq‘)nggl?%t 5‘%8%0%?’3? lgii%lg 3t B?%Sc%srgcagggcé’?"ls"gg%gfln
Exanpl e B. ypon those described by R.L.Carr in Chemical Engineering,

present novel form exhibits a high aerated bulk density, pfeferably from 0.2 to
O.ngl'l, especially from 0.3 to 0.4gml°l, a low cohesivity, preferably from 0 to
20%, especially from 0 to 5%, a spherical (or near spherical) particle shape and a
uniform particle size distribution, as measured by a uniformity cocfﬁcicnt of from 1
to 20, preferably of from 1 to 5, typicaily about 3.

The present novel form of the compound A hydroxy naphthoate must be
friable. This means that the form must be easily broken down to particles of a size
suitable for use in a pharmaceutical dosage form to be delivered by inhalation or
insufflation.

The present novel form of the compound A hydroxy naphthoate must be
micronisable. This means that the form must be easily broken down under
micronising conditions, for example in a fluid-energy mill, to particles of a size
suitable for use in a pharmaceutical dosage form to be delivered by inhalation or
insufflation. _

The present novel form of the compound A hydroxy naphthoate preferably has
a mean particle size of from 70 to 300 um, most preferably from 100 to 200 zra,
when measured by a laser diffraction method, T. Allen in Particle Size
Measurement, 1981, 3rd Edition. The particle size distribution (measured by sieve
analysis) is within the range 10 to 2000 um, preferably from 100 to 1000 um. For a
discussion of sieve analysis, see the above Allen reference.

The present novel form of the compound A hydroxy naphthoate preferably has
a mean surface area of from 4 to 12m2g 1 , most preferably from 6 to 10m2 -1,
when measured by the nitrogen adsorption method of Brunnauer, Emmert and Teller
(BET), S. Lowell and J.E. Shields, Powder Surface Area and Porosity, 1984, 2nd
Edition.

Conventional wisdom in the powder milling art suggests that, for optimum
flow properties, a material should consist of large particles having a low surfate
area. The present inventors have surprisingly found that, in the case of the preferrcd |

form of the compound A hydroxy naphthoate, a novel form that consists of large
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particles having a high surface area flows far more freely than a known form
(GB2140800A, Example 20) that consists of large particles having a low surfacs
area. This finding contradicts the conventional wisdom. A skilled man seeking to
overconie the flow difficulties associated with the compound A hydroxy naphthc;ate
would not have expected to produce a material having the novel form’s preferred
particle size/surface area properties. ‘

Other favourable physical properties exhibited by the present novel form of
the compound A hydroxy naphthoate are a low compressibility and a relatively low
angle of repose. These terms ﬁre defined and their means of measurement are
described by R.L.Carr in Chemical Engineering, 1965, 163-168. Preferably the
present novel form has an angle of repose of from 25-500, especially from 40—500,
and a compressibility of from 5 to 25%, especially 8 to 20%.

The provision of the present novel form of the compound A hydroxy
naphthoate allows its efficient micronisation on an industrial scale. According to a
further aspect of the present invention therefore, there is provided a process for the
micronisation of the hydroxy naphthoate salt of compound A comprising feeding the
hydroxy naphthoate salt of compound A in the form of spherical accretions of
microcrystals, the spherical accretions being free-flowing, friable and micronisable
into a microniser, micronising the hydroxy naphthoate salt to give a micronised
material and collecting the micronised material.

Preferably the present novel form of the compound A hydroxy naphthoate i
micronised until the collected material has a particle size range that is suitable for
pharmaceutical dosage forms to be delivered by inhalation or insufflation. A suitable
particle size range for this use is from 1 to 10um, preferably from 1 to 5um.

The present novel form of the compound A hydroxy naphthoate may be
prepared by any suitable method. In a still further aspect of the present invention,
however, there is provided a process for the preparation of the hydroxy naphthoate
salt of compound A in the form of spherical accretions of microcrystals, the
spherical accretions being free-flowing, friable and micronisable said process
comprising quenching an organic or aqueous organic solution of the hydroxy

naphthoate salt of compound A with an organic or aqueous organic solvent having a



{err] C) isopropanol was added rapidly to a on of
salt of conpound A in hot (ca: | sopropanol.. The

X na htho

% s allowed to stand at [err] f‘otml%tﬁw‘ﬂ" oduct
hncollected iltration, washed with cold is ied in
b at [err] BEXanpld 2 Cold (ca. -155G) isopropanol W ly to
-wtton of _{he hydroxy naphthoate salt of conpound ca. [err]

met hanol . The resulting suspension was allowed to stand at ca. 5 Cfor |hr

and the pr ogu“c,gr \tl\éampcrgture than the said solution, to give spherical accretions of
microcrystals of the hydroxy naphthoate salt of compound A (the product) and
collecting the product.

For brevity, the organic or aqueous organic solution will hereinafter be
described as "hot" and the organic or aqueous organic solvent having a lower
temperature will hereinafter be described as "cold", these are to be understood as
relative and hot absolute terms.

The production of large spherical shaped, crystalline material from the above
crystallisation is extremely unusual and unexpected. The crystallisation, once
initiated, is relatively fast. Such "fast" crystallisations usually lead to the production
of a fine material having a small particle size.

In the above process, an "aqueous organic” solution or solvent contains up to
about 10%(v/v) water. Preferably, a hot organic solution and a cold organic solvent
are employed in the above process.

Preferably, the organic solvent employed in the hot organic or hot aqueous
organic solution has a boiling point (at 760mmHg) from 400 t0 1500, especially
from 600 to 1200C. The compound A hydroxy naphthoate should be sparingly
soluble or insolul_:lc in the solvent when cold and soluble in the solvent when hot.
Solvents suitable for use in the hot organic or hot aqﬁeous organic solution include
lower alkyl (Cl .4) alcohols such as methanol, ethanol and isopropanol, lower alkyl
(C1_4) ethers, such as methyl t-butylether, and lower alkyl (Cy.9) ésters, such as
ethyl acetate. In a particularly preferred embodiment of the present process, the
organic solvent' employed in the hot organic or hot aqueous organic solution is a
lower alkyl alcohol, especially methanol, ethanol or isopropanol, most especially
methanol.

In all of the above cases, the hot organic or the hot aqueous organic solution
may contain a single solvent or a mixture of solvents.

The organic solvent employed in the cold organic or cold aqueous organic
solvent should be miscible with the organic solvent employed in the hot organic or
hot aqueous organic solution. Prefcrably it has a freezing point from -1500 to

-2_00C. especially from -1309 t0 -500C. The compound A hydroxy naphthoate



col | ATt &ﬁgmon washed with cold isopropanol and—dried in vacuo at
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should be sparingly soluble or insoluble in the solvent when cold. Solvents suirable
for use in the cold organic or cold aqueous organic solvent include lower alkyl
(Cj.4) alcohols, such as methanol, ethanol and isopropanol, lower alkyl (C{_4)
ethers, such as methyl t-butyl ether, and lower alkyl (C;_4) esters, such as eihyl
acetate. In a particularly preferred embodiment of the present process, the organic
solvent employed in the cold organic or cold aqueous organic solvent is a lower
alkyl alcohol, especially methanol, ethanol or isopropanol, most especially
isopropanol. |

In all of the above cases, the cold organic or the cold aqueous organic solvent
may contain a single solvent or a mixture of solvents.

The temperature of the “hot" solution and the "cold" solvent are chosen to

effect a fast crystallisation of the compound A hydroxy naphthoate, such that

spherical accretions of microcrystals are formed. The temperatures employed will
depend, in large measure, on the choice of solvent or solvents. Conveniently, thé
temperature of the hot organic or the hot aqueous organic solution is from 300 to
800C, especially from 400 to0 700C. Also conveniently, the temperature of the cold
organic or the cold adueous organic solvent is form -350 10 ISOC, especially from
-250 10 10%.

The hot organic or hot aqueous organic solution may be quenched either by
addition to or by the addition of the cold organic or cold aqueous organic solvent.
Preferably the hot organic or the hot aqueous organic solution is added to the cold
organic or the cold agueous organic solvent.

During this quenching process, it is preferable to maintain the temperature cf
the mixture ("hot" solution and "cold" solvent) at a temperature below about ZOOC,
especially from -100 1o 200C, most especially from 00 to 200C. The mixture is
maintained at a temperature within this range until all (or most of) the compound A
hydroxy naphthoate has crystallised as spherical accretions of microcrystals. This
crystallisation process can take, for example, from 10 to 120min, in particular from
20 to 90min. i

The hydroxy naphthoate salt of compound A may be dissolved as such in the

hot organic or the hot aqueous organic solution. Alternatively, the salt may be
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formed in situ by separately dissolving compound A and 1-hydroxy-2-u..phthcic

acid in the "hot" solution.

The starting material (compound A or the hydroxy naphthoate salt of
compound A) for use in the above process may be prepared by the methods
described in GB2140800A.

Once formed by the present process the spherical accretions of microcrystale
may be collected by any suitable process, for example by filtration.

The contents of the references mentioned above, that is GB 2140800A; R L
Carr, Chemical Engineering, 1965, 163-168; T Allen, Particle Size Measurement,
1981, 3rd Edition. S.Lowell and J E Shields, Powder Surface Area and Porosity,
1984, 2nd Edition, are hereby incorporated by way of reference.

The pfesem novel form of the hydroxy naphthoate salt of compound A,
processes for its preparation and processes for its micronisation will now be
described by way of example only. In the Figures,

Figure 1 is a scanning electron micrograph of the known crystalline form of the
hydroxy naphthoate salt of compound A obtained by following the comparative
Example set out below, and '

Figure 2is a scannix;g electron micrograph of the claimedlf'orm of the hydroxy
naphthoate salt of compound A obtained by following Example 8  set out below.
This figure also has an inset showing, in close up, the surface of a spherical accretica
obtained by the process described in Example 8. '

(A) Preparation of the Hydroxynaphthoate Salt of Compound A
Comparative Example
4-Hydroxy-a1-[[[6-(4-phenylbutoxy)hexyl]amino]methyl]-1,3-benzenedimethancl

(compound A) was dissolved in hot (>600) isopropanol. A solution of 1-hydroxy-2-

naphthoic acid (1 equiv.) in hot (700C) isopropanol was added. The mixture was.
seeded, allowed to cool to 400¢ (ca. 2hr) and then further cooled to s0¢ (ca. 2hr}.
The solid pfoduct was isolated by filtration, washed with cold isopropanol and dried
in vacuo. The product obtained gave the scanning electron micrograph set out in

Figure 1.
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Example |

Cold (ca. -150C) isopropanol was added rapidly to a solution of the hydroxy
naphthoate salt of compound A in hot (ca. 650C) isopropanol. The resulting
suspension was allowed to stand at ca. 50C for 1hr and the product was then

collected by filtration, washed with cold isopropanol and dried in vacuo at s00c,

Example 2

Cold (ca. -ISOC) isopropanol was added rapidly to a solution of the hydroxy
naphthoate salt of compound A in hot (ca. 4000) methanol. The resulting suspension
‘was allowed to stand at ca. 50C for 1hr and the product was then collected by

filtration, washed with cold isopropanol and dried in vacuo at s00c.

Example 3

Compound A (4.63kg) and 1-hydroxy-2-naphthoic acid (2.10kg) were dissolved in
hot (ca. GOOC) methanol. The solution was added to cold (ca. SOC) isopropanol.
During the addition the temperature of the "mixed" solution was allowed to increase
until it reached ISOC whereupon the mixture was maintained at ISOC (_-t20C) for

30min., after which the product was isolated by filtration, washed thh cold
1sopropanol and dried in vacuo at 400C

Example 4

A mixture of compound A. (12.4kg) and 1-hydroxy-2-naphthoic acid (5.6kg) in hot
(570 + BOC) methanol was added to cold (below 150C) isopropanol (optionally
containing up to 6% (v/v) water). During the addition the temperature of the mixture
did not rise above 15-200C. The rcshltjn g suspension was stirred at about 200C for
about 1 hr. The solid was then collected by filtration, washed with cold isopropancl
and dried in vacuo at about 400C.

Example 5
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- hydr oxy- 2- napht hoi ¢ aci d (1 equiv.) in methanol (5.8vol) was added

A solution of the hydroxy naphthoate salt of compound A in hot (ca. 700C)
isopropanol (9.5vol) was added over an 8 min. period to cold (S-IOOC) t-butyl
methyl ether (25vol.) with stirring under nitrogen. After 30min. (at ca. SOC) the solig
material was isolated by filtration, washed with cold isopropanol and dried. The
product obtained had a melting point of 121.5-137.50C.

Example 6

The hydroxy naphthoate salt of compound A was dissolved in hot (750C)
isopropanol (9.5vol.) under nitrogen and the solution was allowed to cool slowly
with stirring to 570C. Cold (-300C) isopropanol (14vol.) was added to give »
mixture the temperature of which was ca. 170C. After about 4hr. the solid product

was filtered, washed with cold isopropano! and dried in vacuo.

Example 7
A hot (ca. 600C) solption of compound A and 1-hydroxy-2-naphthoic acid (1 equiv.)
in methanol (5.8vol.) was added during ca. 1 min. to cold (-IOOC) isopropanol

(11.6vol.) with stirring and the mixture was stirred at 0-59C for 1.5hr. The solid

product was collected by filtration, washed with cold isopropanol and dried in

yacuo.

Example 8 .

A hot (600C) solution of compound A and 1-hydroxy-2-naphthoic acid (1 equiv). in
- methanol (5.6vol). was added during ca. 0.5h to cold isopropanol. Throughout the
mixing process, the temperature of the mixture was maintained in the range 120.
179C. The mixture was stirred for lhr. at 150C and the solid product was then

collected by filtration. The filter cake was washed with cold isopfopanol and dried
in vacuo at 400C, .

The product obtained gave the scanning electron micrograph set out in Figure 2. The
microcrystalline nature of this novel form can be seen from the inset of Figure 2

which shows in close up, the surface of one of the spherical accretions obtained.

dto
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The table set out below compares the physical properties of the known form of the

hydroxy naphthoate salt (as prepared in the above comparative example) with the
same properties of the present novel form of the hydroxy naphthoate salt (25

prepared by the process described in Example 8).

TABLE
Physical Property Comparative Example Example 8
Bulk Density (gml-1) 0.16 0.30
Compressibility (%) 40 9.0
Cohesivity (%) 82 13
Angle of Repose (Degrees) 65 | 41
Mean Particle size (um) 26 . 156
(Laser Analysis) |
Mean Surface Arca_(ngm’l) 1.9 ' 9.6
(BET analysis)

(c) Micronisation of Two Forms of the Hydroxynaphthoate Salt of Compound A

Micronisation takes place in a fluid energy microniser of known type. Suitable
examples are described and illustrated in Remington’s Pharmaceutical Scienczs,
1985, 17th Edition, at p. 1588, the contents of which disclosure‘arc hereby
' incorporated by way of reference. During micronisation, raw drug passes through a
hopper and is carried thrbugh a anturi by a jet of air into a cyclone where the
shearing action of air jets and collisions of drug particles break up the crysals.
Micronised drug falls from the cyclone into a container; “fines" leave in the exhaust

and are trapped in large "vacuum cleaner" bags.



§ T " ] ) ) . .
The]ipr-ad\(HLBNT SEET jgave the scanning el ectron ni crograph set out in
Figpreg=zm"The m crgcrlystal line nature of this novel fqrnigs}reatmapgeegggﬂac&{]om

i the

theli ps \gaK " whi ch shows in close up, the surf

spher cg1gfgglr:1eg?po S lobtai ned. (B) Physical Properties mﬂﬁmuawﬂgmf t he
Hvdfo of Conpound A The table set out t he
physgi cal properties the known formidf the hydr oxy napht hoate salt (as

pr ef conparative exanple) with the sane properties of the
present novel form of the hydroxy naph- thoate salt (as prepared by the

process desgy ) @aanisdtidn(@ Plripattive Example Material

During the micronisation of this material, a waxy deposit of drug built up on th2

wall of the venturi bringing the process to a halt after only a few minutes.

(ii) Micronisation of Example 6 Material

During the micronisation of this material, it flowed smoothly from the hopper,
through the venturi and into the cyclone. No waxy material adhered to the venturi in

a running time of ca. 20 min.
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1. 1-Hydroxy-2-naphthalenecarboxylate (hydroxynaphthoate) salt of 4-hydroxy-

al-[[[6—(4-phcnylbutoxy)hcxyl]amino]mcthyl]- 1,3-benzenedimethanol in the form
of spherical accretions of microcrystals, the spherical accretions being free-flowing,

friable and micronisable.

2. Hydroxynaphthoate salt according to claim 1 characterised in that the

spherical accretions of microcrystals have a mean particle size (as hereinbefore

defined) from 70 to 300 um, especially from 100 to 200 um.

3.  Hydroxynaphthoate salt according to either claim 1 or claim 2 characterised in

that the spherical accretions of microcrystals have a mean surface area (as

hereinbefore defined) from 4 to 12m2g 1, especially from 6 to 10m2g 1

4.  Hydroxynaphthoate salt according to any one of claims 1 to 3 characterised in

that the spherical accretions of microcrystals have a particle size distribution (as
hereinbefore defined) from 100 to 1000 um.

5.  Hydroxynaphthoate salt according to any one of claims 1 to 4 characterised in

that the spherical accretions of microcrystals have an aerated bulk density (as

hereinbefore defined) from 0.2 to O.ngl'l, especially from 0.3 to 0.4gm1‘1.

6.  Hydroxynaphthoate salt according to any one of claims 1 to 5 characterised in
that the spherical accretions of microcrystals have a cohesivity (as hereinbefore

defined) from O to 20%, especially from 0 to 5%.
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7.  Hydroxynaphthoate salt according to any one of claims 1 to 6 characterised in

that the spherical accretions of microcrystals have a uniformity coefficient (as

hereinbefore defined) from 1 to 5, especially about 3.

8.  Hydroxynaphthoate salt according to any one of claims 1 to 7 characterised in

that the spherical accretions of microcrystals have an angle of repose (as

hereinbefore defined) from 25 to 50°, especially 40 to 50°.

9.  Hydroxynaphthoate salt according to any one of claims 1 to 8 characterised in
that the spherical accretions of microcrystals have a compressibility (as hereinbefore
defined) from 5 to 25%, especially 8 to 20%.

10. Hydroxynaphthoate salt according to any one of claims 1 to 9 characterised in
that the spherical accretions of microcrystals each comprise thin crystalline plates

arranged radially about a central core or void.

11. A process for the micronisation of the 1-hydroxy-Z-naphthalcnécarboxylate
(hydroxynaphthoate) salt of 4-hydr-oxy-a1-[[[6-(4-
phenylbutoxy)hexyl]amino]methyl]-1,3-benzenedimethanol comprising feeding the
hydroxynaphthoate salt of 4-'hydroxy-a1-[[[6-(4-
phenylbutoxy)hexyljamino]methyl]}-1,3-benzenedimethanol in the form of spherical
accretions of microcrysta.ls, the spherical accretions being free-flowing, friable and
micronisable, into a microniser, micronising the hydroxynaphthoate salt to give a

micronised material and collecting the micronised material.

12. A process for the preparation of t_hc 1-hydroxy-2-haphthalcnccarboxylatc
(hydroxynaphthoate) salt of 4-hydroxy-a1'-[[[6-(4-
phenylbutoxy)hexyl]aminojmethyl]-1,3-benzenedimethanol in the form of spherical
accretions of microcrystals, the spherical accretions being free-flowing, friable and
micronisable, said process comprising quenching an organic or aqueous organic

solution of thc hydroxynaphthoate salt with an organic or aqueous organic solvent

\\
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bringi ng tBgrocrystals of the hydroxynaphthoate salt are produced.

13. A process according to claim 12 for the preparation of the 1-hydroxy-2-
naphthalenecarboxylate (hydroxynaphthoate) salt of 4-hydroxy-a1-[[[6-(4-
phcnylbutoxy)hexyl]amino]mcthyl]-l.3-benzencdimcthanoi in the form of spherical
accretions of microcrystals, the spherical accretions being free-flowing, friable and
micronisable said process comprising quenching a hot organic or hot aqueous
organic solution of the hydroxynaphthoate salt with a cold organic or cold aqueous
organic solvent to give spherical accretions of microcrystals of the

hydroxynaphthoate salt and collecting said spherical accretions of microcrystals.

14. A process according to claim 13 characterised in that a hot organic solution of

hydroxynaphthoate salt is quenched with a cold organic solvent to give spherical
accretions of microcrystals of the hydroxynaphthoate salt.

15. A process according to either claim 13 or claim 14 characterised in that the

organic solvent employed in the hot organic or hot aqueous organic solution has a

boiling point (at 760mm Hg) from 40° to 150°C, especially from 60° to 120°C.

16. A process according to claim 15 characterised in that the organic solvent

comprises a lower (C1_g)alkyl! alcohol, a lower (C19) alkyl ether or a lower (Cy_4)
alkyl ester.

17. A process according to claim 16 characterised in that the organic solvent

comprises a lower alkyl alcohol, especially methanol, ethanol or isopropanol, most

espécially methanol.

18.- A process according to any one of claims 13 to 17 characterised in that the

organic solvent employed in the cold organic or cold aqueous organic solvent has a

freezing point from -150° to -20°C, especially from -130° to -30°C.

This Sheet Has Been Replaced -

L




proc

-|Vater|I

adhered to the ventdrig in a running tinme of ca. 20 mn.

-15-

19. A process according to claim 18 characterised in that the organic solvent

comprises a lower (C;_4) alkyl alcohol, a lower (C;_4) alkyl ether or a lower (Ci4)
alkyl ester.

20. A process according to claim 19 characterised in that the organic solvent

comprises a lower alkyl alcohol, especially methanol, ethanol or isopropanol, most

especially isopropanol.

21. A process according to any one of claims 13 to 20 characterised in that the

temperature of the hot organic or the hot aqueous organic solution is from 30° to
80°C, especially from 40° to 70°C.

22. A process according to any one of claims 13 to 21 characterised in that the

temperature of the cold organic or the cold aqueous solvent is from -359 to +15°C,
especially from -25° to +10°C.

23. A process according to any one of claims 13 to 22 characterised in that, during

- the quenching of the hot organic or hot aqueous organic solution of the

hydroxynaphthoate salt with the cold organic or cold aqueous organic solvent, the
temperature of the mixture is maintained at a temperature below about +20°C,

especially from -10° to +20°C, most especially from 0° to +20°C.

24. A process according to any one of claims 13 to 23 characterised in that the hot

organic or hot aqueous organic solution of the hydroxynaphthoate salt is prepared by

mixing 1-hydroxy-2-naphthoic acid and 4-hydroxy-a1-[[[6-(4-

'phcnylbutoxy)hcxyl]amino]mcthyl-l.3-bcnzcncdimcthanol in a hot organic or hot

aqueous organic solvent.

25. Use of the compound as claimed in any one of claims | to 10 in the

preparation of micronised hydroxynaphthoate salt.
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26. Use as claimed in claim 25 for the preparation of micronised

hydroxynaphthoate salt having a particle size range suitable for pharmaceutical

dosage forms to be delivered by inhalation or insufflation.

27. Use as claimed in either claim 25 or claim 26 characterised in that

micronisation is effected using a fluid energy mill.
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ABSTRACT

l1-Hydroxy-2-naphthalene carboxylate (hydroxynapthoate)
salt o £ 4 ~-hydroxy-a*-[[[6-(4-
phenylbutoxy) hexyl] amino]lmethyl] -1, 3-benzenedimethanol in
the form of spherical accretions of microcrystals, the
spherical accretions being free-flowing, £riable and
micronisable and preferably having a mean particle size
from 70 to 300 mm and a mean surface area from 4 to 12 m’g-
1. The hydroxynaphthoate salt (in the claimed form) may be
prepared by quenching a hot organic/aqueous organic
solution containing the salt with a cold organic/aqueous

organic solvent.

'FIGURE 1
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of m cr omeyibddns of t he hydroxynapht hoate salt and sai d spherical

The present invantion ralates to a drug material suitable for micronisation. In particular, the invention relalas to a
novel readily micronisabla lorm of the 1-hydroxy-2-naphthalenecarboxylate (herainaiter hydroxy naphthoalta) sait of
4-hydroxy-a! -{[[6-(4-phenylbutoxy)hexyl[aminojmethyl]-1 3-benzenedimathanal (herainafter compound A) and to

procassas for tha preparation of this novel form.

United Kingdam Patant Specification No. 2140800A (GB2140800A) relates to phenethanolamine darivatives hav-
ing a salective stimulant action at beta-2 adrenaraceptors. Tha compounds may be used inter alia in the treatmerit of
respiratary diseases associated with revarsible airways obstruction, such as asthma and chronic bronchitis. In partic-
ular, GB2140800A describes compound A and its physiologically acceptable salts, especially (at Example 20) its hy- -
droxy naphthoate salt. Compound A and its hydroxy naphthoate salt have baen found o be particularly advantageous

in the treatment of such raspiratory diseases.

When treating patients suffering from respiratory conditions, it has been found most convenient to deliver the
appropriate beta-2 stimulant directly to the site of action, either by inhalation or insufftation. In order to administar a
drug via these routes, it is first necessary to provide the active ingredient as a fine powder having an appropriate particle
size range. Material meeting the required particle size specification is generally obtained by micranisation of the drug

substancae, using, for example, a mill, such as a fluid-energy mill.

The present inventors have found that when the hydroxy naphthoate salt of compound A is prepared as described
in GB2140800A, Example 20, crystals are obtained that are extramely difficult to micronise to the required particle size
range. These crystals are seen to adhere to the feed system (in the fiuid energy mill) causing accumulation and ulti-

mately blockage. This accumulation and blockage (of crystals) prevents efficient micronisation.

~ ltis an object of the present invention to provide a novel, readily micronisable form of the hydroxy naphthoate sait
of compound A that overcomes the disadvantage (in terms of micronisation) asscciated with the specific crystalline

form described above.

According 1o the present invention, thera is provided the hydraxy naphthoate salt of compound A in the form of

spherical accretions of microcrystals, the spherical accretions being free-flowing, friable and micronisable.

The present inventors have surprisingly found that the presently claimed form of the hydroxy naphthoate sait of
compound A, a form that combines a novel, spherical shape, and a free-flowing and friable nature, is readily micronis-

able to a material suitable for use in dosage forms that are administerad by inhalation or insufflation.

The present invention provides the hydroxy naphthoate salt of compound A in the form of spherical accrations of

- microcrystals. This form consists of thin crystaliine plates arranged radially about a central core or void. The form has
an open structure in which the polymorphic form of the compound A hydroxy naphthoate is the same as that obtained
from Example 20 of GB2140800A. The form provided by the present inventors also encompasses two or more spherical
accretions (of microcrystals) fused together. In the prasent specification, the term “spherical® refers both to sphere
shaped and spherelike (i.e. spheroidal) shaped forms. Spherelike forms would include elliptical (egg shaped) and

distorted elliptical (pear shaped) forms.

The presant novel form of the compound A hydroxy naphthoate must be free-ﬂowing This means that the form
must flow freely into a powder mill, for example a fluid energy powder mill, to allow its efficient particle size reduction
by micronisation on‘an industrial scals. The physical characteristics of a material that determtine its flow characteristics

include its bulk density, cohesivity, particle size and shape and uniformity with respect 1o the particle size.

" Ideally, a material, in order to be free flowing, will have a high bulk density, a low cohesivity, and a uniform particle

" gize distribution, To meet this ideal, the individual particles within the material should also be spherical in shape. The
prasent novel form meets thesa criteria. Employing methods of measurement based upan those described by R.L.Carr
in Chemical Engineering, 1965, 163-168 the present novel form exhibits a high aerated bulk density, preferably from
0.2 to 0.5gmi*, especially from 0.3 to 0.4gmi*?, a low cohesivity, preferably from 0 to 20%, especially from 0 to 5%, a
spherical (of near spherical) particle shape and a uniform particle size distribution, as measured by a uniformity coet-

- ficient of from 1 to 20, preferably of from 1 to 5, typically about 3.

The praesent noval form of the compound A hydroxy naphthoate must be friable. This means that the form must
be easily broken down to particles of a size suitable for usa in a pharmaceutical dosage form to be delivered by inhalation

or insufflation.

The present novel form of the compound A hydraxy naphthoate must be micronisable. This means that the form
must be easily broken down under micronising conditions, for example in a fluid-energy mill, to particles of a size

suitable for usa in a pharmaceutical dosage form to ba dalivered by inhalation or insufflation.

The present novel form of the compound A hydroxy naphthoat_e praferably has a mean particle size of trom 70 to
300um, most pratarably from 100 to 200um, when measured by a laser diffraction methed, T. Alten in Particle Size
Measurament, 1981, 3rd Edition. The particle size distribution (measured by sieve analysis) is within the range 10 to

2000um, preferably from 100 to 1000um. For a discussion of sieve analysis, see the" above Allen reference.

The presant novsl form of the compound A hydroxy naphthoate prefarably has’ a mean surface area of from 4 to
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_accretions of mcrocystals are collect 14. A process according to claim12
characterised in that a hot organic solution of hydroxynaphthoato salt is
guenched with a cold organic solvent to give spherical accrelions of

*mcrocrystals of the hydroxynaphthoate salt 15.. A process according to
either claim12 or claim 13 characterised in that the organic sovent
enpl oyed in the hot organic or hot aqueous organic solution has a boiling
point (at 1 bar or 760mm Hg) iromJ[err] to [err] especially from®60 to
120C.

12m?3g°!, most pralerably lrom 6 o 10m2g°!, when measurad by the nitrogan adsorption method of Brunnaver, Emmett
and Taller (BET), S. Lowall and J.E. Shialds, Powdar Surface Area and Porasity, 1984, 2nd Editian.

Convanticnal wisdom in the powdar milling art suggasts that, for optimum flow properties, a matarial should consist
ol large particles having a low surface area. Tha present inventors have surprisingly found that, in the case of the
pralarred lorm of the compaund A hydroxy naphthoata, a novel farm that consists ol larga particles having a high
surfaca area flows lar mora [raely than a known lorm {GB2140800A, Example 20) that consists of large particles having
a low surface area. This finding contradicts the conventionat wisdom. A skilled man seeking to avercoma the flow
difficulties associated with the compound A hydroxy naphthoata would not have expected (o praduca a matarial having
the novel form's preferred particla size/surface area proparties. : . .,

Other favourable physical properties exhibited by the present novel form of the compound A hydroxy naphthoate
are alow comprassibility and a relatively low angle of repase. These terms are defined and their means of measurement
are described by A.L.Carr in Chemical Engineering, 1965, 163-168. Preferably the prasent novel form has an angle
of repose of from 25-50°, especially from 40-50°, and a compressibility of from 5 to 25%, especially 8 to 20%.

The provision of the prasent novel form of the compound A hydroxy naphthoate aliows its efficient micronisation
on an industrial scale. Accarding to a further aspect of the present invention therefare, thera is provided a procass for
the micronisation of the hydroxy naphthoate salt of compound A comprising feeding the hydroxy naphthoate salt of
compound A in the form of spharical accretions of microcrystals, the spherical accretions being free<flowing, friable
and micronisable into a micronisar, micronising the hydroxy naphthoate salt to give a micronised material and callecting
the micronised material.

Preferably the present novel form of the compound A hydroxy naphthoate is micronised until the collected material
has a particle size range that is suitable for phammacsutical dosage forms to be delivered by inhalation or insufation.
A suitable particle size range for this usa is from 1 to 10um, praferably from 1 to Sum.

The present novel form of the compound A hydroxy naphthoate may be prepared by any suitable method. In a still

" further aspect of the present invention, however, there is provided a process for the preparation of the hydroxy nagh-
thoate salt of compound A in the form of spherical accretions of microcrystals, the spherical accretions being frae-
flowing, friable and micronisable said process comprising quenching an organic or aqueous organic solution of the
hydroxy naphthoate sait of compound A with an organic or aqueous organic solvent having a lower temperature than
the said solution, to give spherical accrations of microcrystals of the hydroxy naphthoate sait of compound A (the
praduct) and collecting the product. '

For bravity, the organic or aquecus organic solution will hereinafter be described as *hot* and the organic or aque-

. Ous organic solvent having a lower temperature will hereinafter be described as “cold”, these are 10 be understood as
relative and not absolute terms. . _

The production of large spherical shaped, crystalline material from the above crystallisation is extremely unusual
and unexpected. The crystallisation, once initiated, is relatively fast. Such “fast* crystallisations usually lead to the
production of a fine material having a small particle size.

In the above process, an "aquecus organic” solution or solvent contains up to about 10%(v/v) water. Preferably,
a hot organic solution and a cold organic soivent are employed in the abave process.

Praterably, the organic solvent employed in the hot organic or hot aquecus organic solution has a boiling point (at

-1 bar or 760mmHg) from 40° to 150°C, especially from 60° to 120°C. The compound A hydroxy naphthoate should be
sparingly soluble or insoluble in the solvent when cold and soluble in the soivent when hot, Salvents suitable for use
in the hot organic or hot aqueous organic solution include lower alkyl (C,_,) alcchols such as methanoi, ethanol and

. lsopropanal, iower aliyl (C,.4) ethers, such as methyi t-butylether, and lower alky! (C4.4) esters, such as ethyl acetate.
ln a particularly praterred embodiment of the present process, the organic sclvent employed in the hot organic or hot
aqu:ous organic solution is a lower alky! alcohol, especially methanal, ethanol or isopropancl, most especially meth-
ano

, _ Inallof the above cases, the hot organic or the hot aqueous organic solution may contain a single solvent or a
mixture of solvents, :

The organic solvent employed in the cold organic or cold aquecus organic solvent should be miscible with the
organic solvent employed in the hot organic or hot aquecus organic solution, Preterably it has a freezing point trom
~150° t0 -20°C, especially trom -130° to -50°C. The compound A hydroxy naghthoate should ba sparingly sciuble or
Insoluble in the solvent whan cold. Salvents suitabls for use in tha cald arganic or cold aquaeous organic salvent include
lower alky! (C,.,) alcohals, such as methanol, ethanol and isopropanai, lower alkyl (C,.4) athars, such as mathyl t-butyl
ether, and lower alkyl (C, 4) asters, such as athylacetate. In a particularly pralerrad embadiment of the present process,
the organic solvent employed in the cold organic of cald aqueous arganic solvent is a lower alkyl alcohol, aspecially
mathanal, ethanol or isopropanol, most especially isopropancl,

in all of the abova casas, the cold arganic or the cold aqueous organic solvent may contain a single solvent or a
mixture of solvents,

The tampacature of the *hot® solution and the *cald” solvent are chosen to effect a last crystallisation of the com-
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. 16. A process according to claim 14 characterised in that the organic
sol vent conprises a lower [err] alcohol, a lower [err] alkyl ether or a

| ower [err] alkyl [err] 17. A process according to claim 15 characterised
in that the organic solvent conprises especially nmethanol, ethanol of
| sopropanol s nost especially nethanol. ,18. A process according to any one
of clains 12 to 16 characterised in that the organic solvent enployed in
the cold

pound A hydroxy naphthoate, such that spherical accrations of microcrystals are formed. The tempsratures smployed

will depend, in large measura, on the choice of solvent or solvants. Canveniently, the temperature of the hot organic

or the hol aqueous arganic solution is from 30° to 80°C, especially from 40° to 70°C, Also conveniently, the temperature

of the coid organic or the cold aquecus organic solvent is form -35° to 15°C, especially from -25° to 10°C.

The hot organic or hot aqueous organic solution may be quenched either by addition to or by the addition of the
cold organic or cold aqueous organic solvent. Praferably the hot erganic or the hot aqueous organic solution is added
to the cold organic or the cold aqueous organic solvent.

During this quenching process, it is preferable to maintain the temperature of the mixture (*hot™ solution and “cold*
solvent) at a temperature below about 20°C, especially from -10° to 20°C, most especially from 0° to 20°C. The mixture
is maintained at a tempaerature within this range until all {or most of} the compound A hydroxy naphthoate has crystal-
lised as spherical accretions of microcrystals. This crystaliisation process can take, for example, from 10 to 120min,
in particutar from 20 to S0min.

The hydroxy naphthoate salt of compound A may be dissolved as such in the hot organic or the hot aqueous
organic solution. Alternatively, the salt may be formed in situ by separately dissolving compound A and 1-hydroxy-
2-naphthoic acid in the “hot" solution. .

The starting material (compound A or the hydroxy naphthoate salt of compound A} for use in the above process
may be prepared by the methods described in GB2140800A.

Once formed by the present process the spherical accretions of microcrystals may be collected by any suitable
process, for example by filtration.

The contents of the references mentioned above, that is GB 2140800A; R L Carr, Chemical Engineering, 1965,
163-168; T Allen, Particle Size Measurement, 1981, 3rd Edition. S.Lowell and J E Shields, Powder Surface Area and
Porosity, 1984, 2nd Edition, are hereby incorporated by way of reference.

The present novel form of the hydroxy naphthoate salt of compound A, processes for its preparation and processes
for its micronisation will now be described by way of example only. in the Figures,

Figure 1 is a scanning electron micrograph of the known crystalline form of the hydroxy naphthoate sait of com-
pound A obtained by following the comparative Example set out below, and

Figure 2 is a scanning electron micrograph of the claimed form of the hydroxy naphthoate sait of compound A
obtained by following Example 8 sst out below. This figure also has an inset showing, in close up, the surface of
a spherical accretion obtained by the process described in Example B. '

w  (A) Preparation of the Hydroxynaphthoate Salt of Compound A
. Comparative Example

4-Hydroxy-o)-{[[6-(4-phenylbutoxy)hexyljaminojmethyl]-1,3-benzenedimethanol (compound A) was dissolved in .
hot (>60°) isopropanol. A solution of 1-hydroxy-2-naphthoic acid (1 equiv.) in hot (70°C) isopropancl was added. The
mixture was seeded, allowed to cool to 40°C (ca. 2hr) and then further cooled to 5°C (ca. 2hr). The solid product was
isolated by filtration, washed with cold isopropancl and dried in vacuo. The product obtained gave the scanning electron

" micregraph set out in Figure 1.

Example 1
Cold (ca. -15°C) isopropanol was added rapidly to a solution of the hydroxy naphthoate salt of compound A in hot

. (ca. 65°C) isopropanol. The resulting suspension was allowed 1o stand at ca. 5°C for thr and the product was then
collected by filtration, washed with cold isopropanol and dried in vacuo at 50°C.

Example 2

Cold (ca. -15°C) isopropanol was added rapidly to a solution of the hydroxy naphthoate salt of compound A in hot
{ca. 40°C) methanol. The resulting suspension was allowed to stand at ca. 5°C for thr and the product was then
collected by filtration, washed with cold isopropanol and dried in vacuo at 50°C.

Example 3

Compound A {4.63kg) and 1-hydroxy-2-naphthaic acid (2.10kg) were dissolved in hot (ca. 60°C)-methanal. The
solution was added to cold (ca. 5°C) isopropanol. During th.e addition the temperature of the “mixed" solution was
allowed to incraase until it reached 15°C, whereupon the mixture was maintained at 15°C (+2°C) for 30min., after
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.organic or cold aqueous organic solvent has a freezing point irom[err] to
[err] especially from[err] to [err] 19. A process according to claim17
characterised in that the organic solvent conprises a |lower [err] 4) alkyl
alcohol. a lower [err] alkyl ether or a lower [err] alkyl ester. 20. A
process according to claim|8 characterised in that the organic sol vent
conpri ses especially nethanol, ethanol Or isopropanol, nost especially
i sopropanol . 21. A process according to any one of clains 12 to 19
char act er iwh@thné plodudl ¥hs ibdifedbf nmsramﬁ wit{ coldMprBiahal BHaGAInadb atlab®, NOt aqueous
organic solution is fromJ[err] to [err] especially from40 to [err]

Example 4

A mixture of compound A (12.4kg) and 1-hydroxy-2-naphthoic acid (5.6kg) in hat (§7° + 3°C) methanol was added
to cold (below 15°C) isopropanol (optionally containing up to 6% (v/v) water). During the addition the temperature of
the mixturs did not rise abova 15-20°C. The rasulting suspension was stirred at about 20°C for about 1 hr. The solid
was then collacted by filtration, washed with cold isopropanal and dried in vacuo at about 40°C.

Example §

A solution of the hydroxy naphthoate salt of compound A in hot {ca. 70°C) isopropanol (9.5vol) was added over
an B min, period to cold (5-10°C) t-butyl methyl ether (25vol.) with stirring under nitragen. After 30min. (at ca. 5°C) the
solid material was isolated by filtration, washed with cold xsopropanol and dried. The product obtained had a meiting
point of 121.5-137.5°C.,

. Example

The hydroxy naphthoate saft of compound A was dissoived in hot (75°C) isopropancl (9.5vol.) under nitrogen and
the solution was allowed to cool slowly with stirring to 57°C. Cold (-30°C) isopropancl! (14vol.) was added to give a
mixture the temparature of which was ca. 17°C. After about 4hyr. the solid product was filtered, washed with cold iso-
propanol and dried in vacuo.

Example 7

Ahot (ca. 60°C) solution of compound A and 1-hydroxy-2-naphthoic acid (1 equiv.) in methanol (5.8vol.) was added
during ca. 1 min. to cold (-10°C) isopropanol (11.6vol) with stirring and the mixture was stirred at 0-5°C 1or 1.5hr. The
solid product was collected by filtration, washed with cold isopropancl and dried in vacuo.

Example 8 .

A hot (60°C) solution of compound A and 1-hydroxy-2-naphthoic acid (1 equiv). in methanol (5.6vol). was added
during ca. 0.5h to cold isopropanol. Throughout the mixing process, the temperature of the mixture was maintained in
the range 12°-17°C. The mixture was stitred for 1 hr. at 15°C and the solid product was then eol|ected by filtration.
The filter cake was washed with cold isopropanol and dried jn vacuo at 40°C.

The product obtained gave the scanning electron mlcmg:aph set out in Figure 2. The microcrystalline nature of
this novel form can be seen from the inset of Figure 2 ‘which shows in close up, the surface of one of the spherical

accrations obtained.
{8) PMsical Properties of Two Forms of the Hydroxynaphthoate Salt of Compound A

The table set out below compares the physical properties of the known form of the hydroxy naphthoate salt (as
. prapared in the above comparative example) with the same properties of the present novel form of the hydroxy naph-
thoate salt (as prepared by the process deseribed in Example 8),

TABLE
Physical Property Comparative Example | Example B

Butk Density {gmi-1) : 0.18 0.30
Comprassibility (%) 40 8.0
Cohesivity (%) 82 1.3
Angle of Repose (Degreas) 65 41
Mean Particle size (um) (Laser Analysis) 26. 156
Mean Surface Area {m2gm!) (BET analysis) 1.9 9.8
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.22. A process according to any one of clainms 12 to 20 characterised in that
the tenperature of thecold organic or the cold aqueous solvent is from
[err] to [err] especially from[err] to [err] 23. A process according to
any one of clainms 12 to 21 characterised in that, during the quenching of

t he hot organi c orhot aqueousorgani csol ytion of the hydroxynaphtoate salt
with the cold organic or col daqueous organic sol vent, the tenperature of
the mxture is nalntalned at a tenperature belom/about [err] especial from
[err] t ote] Mereni pl¥ielHyd gie Salt gurdA 24 A process according

to any one Qf IC altlg'rL trarfes :;l:-lgcetu? a l%% ggehfgayrm ron ser 0% Enown Qpe g@!tabls @gmaﬁtafa%ﬂmb anﬁlfus-hOt
aqueous Qof m i:emmgmﬂ 's Pharmacaulical Sciances, 1985, 17th Edition, at p. 1588, the contents of which disclosure are

L
haraby incorporated by way of reference. During micronisation, raw drug passes through a hopper and is carried
through a venturi by a jet of air into a cyclone where the shearing action of air jets and collisions of drug particles break
up the crystals. Micronised drug falls from the cyclone into a container; "fines” leave in the exhaust and ara trapped in
large “vacuum cleanac® bags.

(f) Micronisation of Comparative Example Material

During the micronisation of this material, a waxy depasit of drug built up on the wall of the venturi bringing the
process to a halt after only a few minutes.

(i) Micronisation of Example 6 Material

During the micronisation of this material, It flowed smocthly from the hopper, through the venturi and into the
cyclone. No waxy material adhered to the venturi in a running time of ca. 20 min.
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solution of the hydroxynaphthoate salt is prepared by m xing
1- hydr ox yrhid SheayHis Bedn®eplededd and [err] (4- phenyl but oxy) hexyl [ am no] net hyl]-1
, 3-benzeng a hot organic or hot aqueous organic solvent 25.
‘Use of the oate in the formof spherical ageretions as clained
in any one of clalm 0 16 in the pregaration of nicrplHSeSHEET HAS BEEN

hydr oxynapht hoate salL 26. Use as clained in claim?24 for ”FFEPPAGﬁbar atign
of m croni sed hydroxyrapht hoate salt having a particl e sTze—rarge-Suitablle

for pharnBleeWtical dosage torms to be delivered by inhalation or
insufflatj‘o : Use as clained in either claim?24 or claim?25

. Q-Hy£ L o th 1 .
char actor s O M A sy ren s i e bt

fystals, the spherical accrations baing frae-flowing, friable and micranisabla.

2. Hydroxynaphthoate salt accarding to claim 1 characterised in that the sphaerical accrations of microcrystals have
a mean particia size from 70 to 300um. especially from 100 to 200um.

3. Hydroxynaphlhoata salt according to either claim 1 or claim 2 charactarised in_that the spherical accrations of
micracrystals have a mean surfaca area from 4 to 12m2g-!, especially from 6 to 10m2g-!.

4, Hydroxynaphthoate salt according to any one of claims 1 to 3 characterisad in that the spherical accrations of
micrecrystals have a particla size distribution from 100 to 1000um.

s. H;_(dro:qnaphthoate salt according to any cne of claims 1 1o 4 characterised in that the spherical accrations of
microcrystals have an aerated bulk density from 0.2 to 0.5gmi*!, especially from 0.3 to 0.4gmit,

6. Hydroxynaphthoate salt according to any one of claims 1 to 5 characterised in that the spherical accrations of.
microcrystals have a cohesivity from 0 to 20%, especially from 0 to 5%.

7. Hydroxynaphthoate salt according to any one of claims 1 to 6 characterised in that the spherical accretions of
microcrystals have a uniformity coefficient from 1 to 5, especially about 3. h

8, Hydroxynaphthoate sait according to any one of claims 1 to 7 characterised in that the spherical accretions of
microcrystals have an angle of repose from 25 to 50°, aspecially 40 to 50°.

9. Hydroxynaphthoate salt according to any ane of claims 1 to 8 characterised in that the spherical accretions of
microcrystals have a comprassbility from 5 to 25%, especially 8 to 20%.

10. Hydroxynaphthoate salt according to any one of claims 1 to 9 characterised in that the spherical accretions of
microcrystals each comprise thin crystalline plates arranged radially about a central cora or void.

11. Aprocess forthe micronisétfon of the 1-hydroxy-2-naphthalenecarboxylate (hydroxynaphthoate) salt of 4-hydroxy-
c’-[[[6-(4-phenylbutoxy)hexyl]amino]memyl]-1.s-benzened'unethanol as defined in any of claims 1 to 10 charac-

terised in that the hydroxynaphthoate salt of 4-h 1 : : -

; = ydroxy-a' {[[6-(4-phenylbutoxy)hexyllaminc]methyl]-1,3-benzen-
.edwn:‘than_ o} in t':a i;ofz ?f'sphed:al accretions of micracrystals, the spherical accretions being 'mey.nql] wing, lriable
and lclu_usab into a microniser, the h hthoat is microni . N t
and the micronised matecial is collectad. Vromap o sk ls micranised to give & micn:_:msad material -

12. Aprocass for the Praparation of the 1-hydro:
Xy-2-naphthalenecarboxylate (hydroxynaphthcate)

by ] salt of 4-h -
: {[!: ls(i-:henylbtgtoxy)hexyg]ammo!methyl]-I.s-benzenedimethanol in the form of spherical accretions ofv::i:xrz-
o:y:ot » the sphencal. accretions being free-flowing, friable and micronisable characterised in that a hot organic
organ iﬁ:f::; fofg:.mc aso'l:au‘::al of the h;foxynapMoate salt is quenched with a cold organic or cold aqueous

: ive sphe accrations of microcrystals of the h droxynaphth

accretions of microcrystals are collected. Y PHoHe salt and said spherial '

13. Aprocass accarding to claim 12 characterised i i
i n that a hot arganic solution of hydroxynaphthoate salt i
with a cold organic soivent to give spherical accrations of microcrystals of the hyr:r:yxyn:phthoale sa;: quanched

14. A process according 1o either claim 12 or claim 13 characterised in that the érganic solvent employed in the hot-

organic or hot aque i i
lrotm 60° 1o IZOSC. ous organp solution has a boiling point (at 1 bar or 760mm Hg) from 40° to 150°C, espaecially

15. A process according to claim 14 characterised in that the i '
charactensed in that the organic sol
lower (C,_,) alky! ather or a lower (C14) alkyl aster, ¢ solvent compriaes a lowar (CraJalkyl alcahal, a

18. A process according o claim 15 characlerisad in that th -
o .
or Isopropanal, most especially methanol. organic salvent comprises especially mathanol, athanol
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17. A procass according to any one of claims 12 o 16 characterised in that the organic solvent employed in the cold
organic or cold aqueous organic solvent has a {reezing point from -150° to -20°C, especially from -13Q° lo -50°C.

18, A process according to claim 17 characterised in that tha organic solvent comprises a lower (C,.,) alkyl alcohol,
a lower (C,_,) alkyl ether or a lower (C,_,) alkyl ester.

19. A process according to claim 18 characterised in that the organic solvant comprises especially mathanol, ethanal
or iscpropancl, most especially isopropancl.

20. A process according to any ona of claims 12 to 19 charactarised in that the temparatura of the hot organic or the
hot aqueous organic solution is from 30° to 80°C, especially from 40° to 70°C.

21. A process according to any one of claims 12 to 20 characterised in that the temperature of the cald organic or the
cold aqueous solvent is from -35° to +15°C, especially from -25° to +10°C.

22. A process according to any one of claims 12 to 21 characterised in that, during the quenching of the hot organic
or hot aqueous organic solution of the hydroxynaphthoate salt with the cold organic or eold aquecus organic soivent,
the temperature of the mixture is maintained at a temperature below about +20°C, especially from -10° to +20°C,
most especially from 0° to +20°C.

23. A procass according to any one of claims 12 to 22 characterised in that the hot organic or hot aqueous organic
solution of the hydroxynaphthoate salt is prepared by mixing 1-hydroxy-2-naphthoic acid and 4-hydroxy-c1-{[[6-
(4-phenylbutoxy)hexyllamino]methy(]-1,3-benzenedimethanci in a hot organic or hot aqueous organic solvent.

24. Use of the hydroxynaphthoate in the form of spherical accrations as claimed in any one of clams 11t 1€in the
preparation of micronised hydroxynaphthoate sait. .

25. Use as claimed in claim 24 for the preparation of micronised hydroxynaphthoate salt having a particle size range
suitable for pharmaceutical dosage forms to be delivered by inhalation or insuffiation.

26. Use as claimed in aither claim 24 or claim 25 characterised in that micronisation is effected using a fluid energy mil.
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REPLACEMENT SHEET

- BENEZENEDIMETHANOL SUITABLE FOR MICRONISATION
ABSTRACT

1-Hydroxy-2 -naphthalene carboxylate (hydroxynapthoate)
‘salt o f 4 -hydroxy-a-~[[1[6-(4-
phenylbutoxy)hexyl] amino]methyl] -1, 3-benzenedimethanol in
the form of sph_erical accretions of microcrystals, the
spherical accretions being free-flowing, f£friable and
micronisable and preferably having a mean particle size
from 70 to 300 mm and a mean surface area from 4 to 12 m?g-
1, The hydroxynaphthoate salt (in the claimed form) may be
prepared by quenching a hot organic/aqueous organic
solution containing the salt with a cold organic/aqueous
organic solvent.

' FIGURE 1 | REPLACEMENT bHEhT
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" . nolmethyl]-1,3-benzenedimathancl characlerised in that the salt is in the form of spherical accretions of microc-
- rystals, the spherical accrations being lrae-flowing, Iriable and micronisable.

-Hydroxy-z-naphthalenecamoxyme (hydroxynaphthcate) salt ot &hydmxy-c'-{[[ﬁ -{4-phenylbutoxy)hexyllami-

Hydroxynaphthoate sait according to claim 1 w the spharical accrations of microcrystals have
a mean particie size from 7Q to 300um, ospactally from 100 to 200um.

Hydroxynaphthoate salt according to either claim 1-or claim 2 characterised in thgt the sphencal accrations of

- microcrystals have a mean surface area from 4 to 12m?gt, ospeclany from § to 10m2g-t.

4.

7.

Hydroxynaphthoaté sait according to any one of claims 1 to 3 characterised in that the sphencal accretions of
microcrystals have a particie size distribution from 100 to 1000um.

Hydroxynaphmoate salt according to any one of claims 1 o 4 characterised in that the spherical accretions of
mncrocrystals have an gerated bulk density: ﬂom 0.2 to 0.5gmi*, especially from 0.3 to 0.4gmit.

Hydmxynaphthoﬁe sait acoardhg to any one of ciaims 1 to § characterised in that the spherical accretions of
mlcrocrystals have a echesivity from O to 20%, ospccallymomsss. )

Hydroxynaphthcatesauamrdngtcanymofclam1 tosgwm_g_thsphmalmthnsd
mcmc:ystals have a umfermuy coefficient from 110 5, aspecuany about 3.

Hydroxynaphthaate salz according to any one of claims 1 to 7 characterised in tha: the sphmzl aecretlons of

E mmcrystalshaveanangleofrepe«fmzstosc}' upochllywws&r

1e. Hydroxynaphthcate salt amordhg to any one of claims 109 eharactensed in that the sphcdal_mlicns of =
. microcrystals each eompnsa thnn crystauhc plam: artanged radial!y about a eentral core o void. £

11. Aprocessforthe mncromsation of uu 1 -hydroxy-z-naphma!enecarbcxylate mydroxynaphmoata) saltof 4-hydroxy-

- Hydroxynaphthoate sait accerding to any one ofclaims 1to BMMW» sphorical accreticns of
' mncrocrystalshaveacompressbllnyfmsmzs%.ospccianyabm o _ - B

{[8-¢-shenyibutaxy hexyllaminojmedhy(-1.3-benzenedimethancl as defined i any of csims 1 10 10 charac-

lamed in that the hydroxynapmhoato sarof 441yd:oxy—c‘-[[{6—(4-ph h ino -
imethanoi in the form | of spherical accretions of microcrystals, the m acjcr:xvuoltl:n Mmlgﬂ;m.m

and micronisable is fed into a micronisar, the hydroxynaphthcato salt is mmonmd to
@ 3 micron
_andihe mmmsed material .seonected. _ . gw el e

12, A pharmaceutical dosage form to be dellvered by inhalation or msufﬂation comprismg mlcromsed 1-

hydroxy-2-naphthalenecarboxylate {hydroxynaphthoate) salt of 4-h
-hydroxy-a*-[[[6-(4-phen Ibuto.
hexyl]ammo]methyl]-1 3-benzenedimethanol prepared according to claim 11. pheny ol

43, A process for the preparation of the 1-hydroxy-241aphmalomcarhoxylata (hydroxynaphﬂwate) salt af 4-hydroxy-

14

15.

«{[[6-(4-phenylbutoxy)hexyljaminojmethyl]-1,3-benzenedimethancl in the form of spherical accretions of micro-
crystals, the spharical accrations being free-flowing, friable and micronisable characterised in that a hot organic
or hot aqueous organic solution of the hydroxynaphthoate salt is quenched with a cold organic or cold aquecus
organic soivent to give spharical accretions of microcrystals of the hydroxynaphmoate salt and said spherical
accretions of microcrystals are collected. :

A process accarding to claim 12 characterised in that a hot organic solution of hydroxynaphthoate salt is quenemd
with a cold arganic solvent to give spherical accrations of microcrystals of the hydroxynaphmoatc salt,

. A process according to either claim 12 or claim 13 characterised in that the organic sclvent employed in the hot
;:rgansfg ::r hot aqueous crgamc solution has a bailing point (at 1 bar or 760mm Hg) lrom 40° to 150°C, especially
rom to 120°C.
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48, .

7.

18. -

19.

20.

21,

22.

23,

- the temperature of the mixture is maintained ata temperature below about +20°C, especlally from -10' to +2o'c '

25,

26.

27.
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A

A process according to claim 14 characterised in that the arganic solvant comgprises a lower (C,_)alkyl alcohol, a
'hW'Of (C1 ) alkyl ather or a lowar (Cy) alkyl ester,

A procass according lo ctanm 15 gh_g_a_ei_ﬂjam_! the organic solvent comprisas ospeoiatty mathanol, sthano

or isapropanel, most espacially methanal.

A process according to any one of claims 12 to 16 ggggaﬁt_e_v'_igg___tiirtmat the organic scivent empioyed in the cold
organic or cola aqueocus organic soivent has a freezing point lrom ~150° to -20°C, especially lrom -130° to -50°C.

A process accordmg to claim- 17 charactarised in that the organic solvent comprises a !ower {C1.4) alkyl alcohol,

alower (CH) alkyi ether or a lower (C,_) alkyl ester

A process according to olanrn 18 oharaotensed in that the Qrganic saivent compnses aspecially mathancl, ethano!
or isopropanol, most especially iscpropanol.

A pmcess according to any cne of claims 12 to 19 characterised in that the temperature of the hot organic or the
hot aqueous organic solution is from 30° to 80°C, ospecially from 40° to 70°C.

A process aocoroing to any one of claims 1210 20 oha@ensed in that the temperature of the coid organlo or the

cold aqueous solvent is from -35° to +15°C, ospecially from -25° to +10°C.

A process according to any one of claims 12 to 21 characterised in that. during tho'quonohing of the hot organic
or hot aqueous organic solution of the hydroxynaphthoate saft with the cold organic or coid aqueous organic solvent,

most espectally from 0° to +20°C.

A process acoord'mg to any one of claims 12 to 22dnaractorised in that the hot organio or hot aquoous orgamo' =
solution of the hydroxynaphthoate salt is prepared by mixing 1-hydroxy-2-naphthoic acid and 4~hydroxy-a‘-[[[6-- o

(4-phenylbutoxy)hexyl]ammo]methyl]-1 3-benzonedlmethanol ina hot orgamc or hot aqueous orgamc solvent.

Use of the hydroxynaphmoate in the tonn of sphencal aocrations as olamed in any one of oialns ! to 1€in tho
praparanon of mncromsed hydroxynaphthoate sait .

Use as clatrned in clalrn 24 for the preparanon of micronised hydroxynaphmoate salt havmg a pamole size range '
. suitable tor pharmaoeuttoal dosago forms to be delivered by inhalation or hsutﬂauon .

Useas olatmed in either daum 240r clalm 25 m_m_m_m mu:romsanon is effected using a fluid snergy mill.
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