WO 02/47829 Al

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

20 June 2002 (20.06.2002)

(10) International Publication Number

WO 02/47829 Al

(51) International Patent Classification’: BOSD 5/08,
C23C 22/34, A61M 15/00, C08J 7/04
(21) International Application Number: PCT/SE01/02749

(22) International Filing Date:
11 December 2001 (11.12.2001)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

0004610-2 13 December 2000 (13.12.2000) SE

(71) Applicant (for all designated States except US): AS-
TRAZENECA AB [SE/SE]; S-151 85 Sédertélje (SE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): BREWIS, Derek
[GB/GB]; AstraZeneca R & D Charnwood, Bakewell
Road, Loughborough, Leics. LE11 5RH (GB). BURNS,
Steve [GB/GB]; AstraZeneca R & D Charnwood,
Bakewell Road, Loughborough, Leics. LE11 5SRH (GB).
COLTHORPE, Paul [GB/GB]; AstraZeneca R & D
Charnwood, Bakewell Road, Loughborough, Leics. LE11
S5RH (GB).

(74) Agent: GLOBAL INTELLECTUAL PROPERTY; As-

traZeneca AB, S-151 85 Sddertilje (SE).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,

AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,

CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,

GM, HR, HU, ID, 1L, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,

LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SL SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent
(BE, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA4,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES,
FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JF, KE,
KG,KP, KR KZ,LC, LK, LR, LS, LT, LU, LV, MA, MD, MG,
MK, MN, MW, MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU,
SD, SE, SG, SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG,
UZ, VN, YU, ZA, ZM, ZW, ARIPO patent (GH, GM, KE, LS,
MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), Eurasian patent
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU,
MC, NL, PT, SE, TR), OAPI patent (BE, BJ, CE, CG, ClI,
CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG)

of inventorship (Rule 4.17(iv)) for US only

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: SURFACE MODIFICATION PROCESS

(57) Abstract: Provided is a method for modifying an internal surface of a container or closure, which method comprises contacting
the internal surface with a fluorine-containing silane conpound to form a modified surface, wherein the container is suitable for

storing a medicament.



WO 02/47829 PCT/SE01/02749

SURFACE MODIFICATION PROCESS
FIELD OF THE INVENTION.

The present invention relates to a process for modifying an inside surface of a container
and/or a closure and to a container and/or closure modified according to the process of the
present invention. In particular, the present invention relates to a process for modifying
an inner surface of a canister used for storing a medicament to prevent the medicament
from adhering to the camister. Generally the container, closure or canister is one

comprising a cap and a metering unit comprising a valve, for delivery of the medicament.
BACKGROUND OF THE INVENTION

Adsorption of drugs onto the intenial surfaces of aluminium cans, and onto the polymers
and metals utilised in valve construction, can be a problem in the development of
pressurised metered dose inhaler (pMDI) products. It is known that this adsorption, and
consequent reduction in emitted dose, may be to a degree countered by approaches such
as the addition of fluorocarbon polymer coating to the internal surface of the aluminium
can or, less favourably, the addition of a drug overage. However, there are problems with
known approaches. In order to justify the addition of a drug overage it must be shown
that adsorbed drug cannot be displaced from the device componentry, and therefore
present a risk of overdosing, whereas the addition of a polymer coating to an aluminium
can requires the development of a complex cdating process and increases the unit cost of
the componentry. 'Also, such coatings are not easily applied to the smaller surfaces of

polymer or metal valve components.

‘Modification of surfaces has traditionally been employed in fields such as textile
processing to improve characteristics including repellency, printability and adhesion. The
feasibility of modifying the surface of polyethylene terephthalate (PET) using both

monomeric ‘and oligomeric silanes with end-capped fluoroalkyl groups has been
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demonstrated (Kawase ef al., J. Adhesion Sci. Technol., Vol. 11, No. 11, pp 1381-1397,

1997). This resulted in a reduction in surface free energy, as measured by contact angles.

Fluorine-containing polymers are known to be useful as protective coatings for various
articles. For example, polytetrafluoroethylene (PTFE) has been widely used as a
non-stick coating for kitchen utensils, such as frying pans, and tools, such as saws. PTFE
and similar fluorine-containing polymers have also found use as hydrophobic protective
lajrers for protecting surfaces against moisture.  Published patent applications
EP A°0,565,743 and EP A 1,113,064 both disclose the use of fluorosilanes in the
formation of hydrophobic and/or non-stick coatings on ceramic surfaces, such as glass.
Both of these methods involve the formation of a polymeric layer on the surface, which is

useful when producing, for example, cooking utensils.

More recently, Teflon® (polytetrafluoroethylene, PTFE) and perfluoroethylenepropylene
have been used to coat the inner surfaces of aluminium canisters intended for use in the
storage and administration of pulmonary medicaments (see EP 0 642 992). Khaladar,
Mat. Performance 1994, Vol. 33 part 2, 35-9, discloses fluoropolymer coatings for use as
linings, whilst international patent applications WO 96/32150 and WO 96/32345 disclose
fluoropolymer coatings for use as linings in the storage and administration of
medicaments and in metered dose inhalers respectively. The above coatings are intended
to allow alternative improved propellant systems to be used, whilst preventing the

contamination of medicaments with, for example, aluminium.

In the process and products described in EP 0 642 992, there is still a requirement that the
process used to apply the coatings is improved, to reduce the roughness of the coatings.
Also, the coatings sometimes require the addition of an adhesive to the polymer,
otherwise the coating does not adhere sufficiently to the surface. Such adhesives may be
costly and time consuming to apply, and may be a source of contamination through

extractable organic compounds.
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It is an aim of the present invention to solve the problems associated with the prior art, in
particular with the known processes discussed above. It is therefore an aim of the present
invention to provide a simple, inexpensive, chemical process to modify the internal
surface of a container, especially the canister and valve surfaces of a pMDI, in order to
reduce drug deposition and hence eliminate the need for a drug overage or polymer coat.
It is also an aim of the present invention to provide an improved process for modifying an
internal surface of a medicine storage container, to provide a surface with improved

protective properties and which contains a minimum of extractable organic compounds.
- SUMMARY OF THE INVENTION

Accordingly, the present invention provides a method for modifying an internal surface of
a container, which method comprises’ contacting the internal surface with a
fluorine-containing silane compound to form a modified surface, wherein the container is

suitable for storing a medicament.

The modified surface is optically transparent, colourless, and Chemicaily stable. The
modification can be applied to metallic and polymeric canisters prepared in a commercial
manner. A superior modification can be realised by special surface treatment of the
container, by specific application of the modifying compound (including the amount and
| distribution of the silane) and by specific adaptation of the application equipment and test

Iﬁrotocols. It is these aspects that are the subject of this invention.
DETAILED DESCRIPTION OF THE INVENTION

The invention will now be described in further detail by way of example only, with

reference to the accompanying drawings, in which:
Figure 1 shows XPS (X-ray Photoelectron Spectroscopy) data for fluorine-containing
silane treatment of a number of test substrates, including unmodified polybutylene

terephthalate (PBT), PBT modified with 1H,1H,2H,2H-perfluoroooctyltrimethoxysilane
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(MFS) and PBT modified with 1H,1H,2H,2H-perfluorooctyliriethoxysilane (EFS),

unmodified aluminium and aluminium modified with MFS;

Figure 2 shows contact angle data for fluorine-containing silane treatment of a number of
test substrates, including unmodified PBT, PBT modified with MFS and PBT modified

with EFS, unmodified aluminium and aluminium modified with MFS (mean+SD, n=4);

Figure 3 shows XPS data for a control surface (untreated, degreased aluminium) and
aluminium surfaces treated, at either ambient temperature or 130°C, with four differing

fluorine-containing silane formulations, A, B, C, and D;

Figure 4 shows contact angle data for a control surface (untreafed, degreased aluminium)
and aluminium surfaces treated, at either ambient temperature or 130°C, with four

differing fluorine-containing silane formulations, A, B, C, and D; and

Figure 5 shows XPS and AES (Auger Electron Spectroscopy) data for a control (an
untreated, degreased, aluminium can) and aluminium cans treated at 130°C with

fluorine-containing silane formulation C.

The process of the present invention will now be described in more detail. The silane
modifying agent is reacted with the surface by contacting the surface to be modified with
the silane. The method of contacting the surface with the silane is not especially limited.
It may comprise plasma coating, immersion of the surface in a bath comprising the silane,
spraying the silane onto the surface, or applying the silane to the surface with an
applicator, such as with a brush in the manner of painting. Preferably, hoWever, the
surface is contacted with the silane by plasma coating or by immersion. Plasma coating is

particularly preferred for plastics surfaces.

Plasma coating has been used in the past for forming a thin-layer polymer coating on
surfaces. For example, GB 2,355,252 discloses a 'cold plasma' coating procedure for

forming a polymerised silazine, siloxane or alkoxysilane layer on a surface of drug
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. delivery device components. This procedure can be adapted for use in the present
invention to modify aluminium or plastics surfaces with fluorine-containing silane

monomers.

It is preferred that a cold plasma technique is employed, particularly when coating plastics
materials such as PBT and acetal, since plastics can be coated without causing any
damage due to heating. This is because in a cold plasma treatment, the temperature of the
plasma is at around the ambient temperature. The treatment is carried out in a vacuum,
and the surface to be modified is placed within the vacuum, preferably inside an
evacuated chamber. The strength of the vacuum is not especially limited, provided that it
is sufficient to allow plasma coating to occur, but preferably the vacuum is at a pressure of
0.667 Pa (0.005Torr) or less.  The fluorine-containing silane compound (or
fluorine-containing carbon compound in some embodiments) is introduced at a controlled
rate into the vacuum chamber in which the surfaée to be modified is situated.' A radio
frequency signal is applied via an external antenna to form the plasma. It will be clear to
the skilled person that the appropriate' frequency may be selected, depending upon the
particular fluorine-containing silane compound employed. Generally frequencies of the
order of 10 MHz are useful in the present invention, ;although lower or higher frequencies
may be employed, depending upon the substance being employed to modify the surface.
The power of the RF signal is not especially limited, provided that it is sufficient to 'ignite'
the plasma and promote coating. Typically a power of from 50 to 100 W is employed.
The plasma is 'ignited' within the chamber and maintained for a selected time af a
pre-selected power sétting. Once the treatment is compléte, the radio frequency is
switched off to 'extinguish' the plasma. The chamber is then flushed, and the products
retrieved. As a result of the procedure, a thin layer of monomer is attached to the surface
to be modiﬁed; The layer thickness that can generally be achieved is from about 0.005 to
0.5 pm.

In other coating methods, the silane may be provided in any form appropriate for surface
modification to occur. Generally, and in particular when applied by immersion, the silane

is provided as a solution in a solvent composition. The solvent composition is not
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especially limited, provided that it does not prevent the modification of the surface from
taking place. Typically the solvent composition comprises an organic non-polar solvent,

preferably having a low boiling point. Preferred solvents include fluorocarbons and

perﬂuorocarboné (e.g. Freons®), hydrofluoroalkanes (HFAs), chlorinated hydrocarbons
" (e.g. ftrichloroethylene, tetrachloromethane, trichloromethane, and dichloromethane),

ethers (e.g. dibutyl ether), ketones (e.g. methylethylketone), and alkanes (e.g. hexane).
The most preferred solvents include inért fluorocarbon solvents, such as Freon® 22,

Freon® 112 and/or Freon® 113. The solvent composition may optionally also comprise
one or more polar components. Without being bound by theory, it is believed that such
components help to solubilise the hydrolysed silane intermediate before it reacts with the
surface to be modified. Such polar components include polar solvents, such as methyl
ethyl ketone (MEK), acetone, ether, alcohols (e.g. methanol or ethanol), acetonitrileiand
even water. The polar component may be present in larger quanﬁty than the organic non-
polar solvent, if desired. The solvent composition may further comprise mild acids, such
as mineral and organic acids, if required. Preferred acids include dilute acetic acid, and/or
dilute hydrochloric acid. The presence of acids is preferred (especially for modifying
metal surfaces) since acids hydrolyse the silane compound, activating it for reaction with
the container surface. The solvent composition may optionally comprise still further
additives for improving the modification process, such as wetting agents and/or

surfactants, where these are believed to be beneficial. -

The concentration of the silane in the solvent composition is not especially limited,
provided that the modification process is not adversely affected. Preferably, the solvent
composition comprises from 0.01-25 vol.% of silane, more preferably from 0.1-5 vol.% of

silane.

In some embodiments of the present invention (especially when the solvent composition
does not comprise an acid) it is preferred to allow the solvent composition to stand for a
time, after it has been prepared. Without being bound by theory, it is believed that this

allows some hydrolysis of the silane compound to occur, which promotes attachment to
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the surface. Generally, it is preferred that the solvent composition is allowed to stand for

from 10-60 minutes, most preferably for about 30 minutes.

The time period over which immersion is carried out is not especially limited, provided
that the degree of ‘modification ié suitable for achieving the desired advantages outlined
above. Immersion times may be varied dependent on the type of surface, the type of
silane and the solvent system employed. Typically, however, the immersion is carried out

for 10 mins or less.

In some aspects of the present invention, the modification step may be repeated one or
more times. Repetition of the modification step may help to further improve the degree of

modification of the surface, ensuring that the properties of the surface are optimised.

Preferably, before the modification step is carried out, the surface to be modified is
prepared for modification. The preparation step has the effect of freeing the surface from
unwanted species that may interfere with, or hinder the modification step, or prevent the
modification taking place at all. Preparation typically involves cleaning the surface, for
example with a cleaning composition comprising a solvent, a detergent and/or a
surfactant. Solvents which do not leave a residue are preferred, especially volatile
solvents. Preferred solvents include methylethylketone (MEK), acetone, and iso-propyl

alcohol (IPA). Preferred detergents and surfactants include sodium lauryl sulphate and

the Tweens®. Other preparation steps may also be caﬁied out, in addition to or instead of
cleaning, such as contacting the surface with an acid. Acid treatments, as well as having a
cleaning function, typically also provide some degree of activation of the surface to be
modified, facilitating the modification step. Mineral acids, such as sulphuric acid and
nitric acid are preferred, in particular dilute acids, such as aqueous hydrochloric acid and
aqueous sulphuric acid. Further preparation steps may include agitation to remove debris,

such as ultrasonic agitation.

In the method of the present invention, after the modification step the modified surface is

preferably washed. This helps to remove unwanted substances, such as unreacted silane.
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Preferably the surface is washed with a liquid comprising a solvent used in the modifying
step. Agitation may also be employed during the washmg step, if desired, e.g. using

ultrasonic agltatlon methods.

It is also preferred that“the modified surface is heated after the modifying step. Heating
may also Be carried out after the washing step, if a washing step is employed. This heat
treatment has a number of advaﬁtageous effects, including a drying function, ensuring that
volatile substances such as éxcess solvent are removed from the modified surface. In
some embodiments of the present method, the heating step may also help to ensure that
the modification reaction runs to completion. The degree of heating is not especially
limited,' provided that the heating is not deleterious to the advantageous properties of the
modified surface outlined above. Typically the modified surface is heated to a
temperature of 50-200°C. More prefefably the modified surface is heated to from
100-150°C.

In some aspects of the present method, the modification step itself may be carried out at
an elevated temperature. This may be useful in decreasing the reaction time required for
the modification step and ensuring that the modification reaction is as efficient as
possible, requiring the minimum quantity of silane for achieving suitable levels of
modification. The degree of heating employed is not strictly limited, and is dependent on
the method of modification, the type of surface, and the particular silane compound
employed. The heating may include heating the surface, or heating the silane, or heating
both. When a solvent is employed, the soluﬁon of silane and solvent may be heated. In a
preferred embodiment, when the method of modification employed involves immersion,
the modification step is carried out by heating the silane solution to the desired
temperature, and immersing the unheated surface in the solution. Typically, the
modification step is carried out at a. temperature of 10-200°C. More preferably, the
modification step is carried out at from ambient temperature to 100°C, such as from
15-100°C, from 20-100°C or from 25-100°C. When the surface to be modified is a plastic

surface, it is preferred that the modification step is carried out at no more than 80°C.
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When the surface to be modified is formed from a plastics material or a polymeric
material, such as PBT or acetal, it is preferred in some embodiments of the invention to
coat the plastics surface with aluminium before in turn modifying the aluminium surface.
Aluminium can be deposited onto plastics materials using a sputter coating method, (e.g.
with an Edwards S105B DC sputter coater). An aluminjum layer a few nanometres thick
can be deposited in this way. Such thicknesses are sufficient for the vpurposes of the

present invention.

The fluorine-containing silane compound is not especially limited, provided Athat it is
capable of modifying the surface to reduce the affinity of the surface to ’suBstances, such
. as pharmaceuticals, which may come into  contact with | it. Generally, the
fluorine-containing silane compound comprises -at least one fluorine-containing group.
which has a fluorinated region at some position within the group. Preferably, the group
has a fluorinated terminus. By ﬂﬁorinated, it is meant partial or complete substitution of a
region of the group with fluorine atoms. By terminus, it is meant that portion of the group
which contains the carbon atom that is furthest from the silicon atom of the silane to
which the group is attached (furthest may mean furthest in absolﬁte distance, or furthest
when measured in number or length of bonds). The terminus need not consist onfy of the
furthest carbon atom, and should merely comprise this atom. Thus the terminus may also
be a group or region of carbon atoms, such as the last two, three, four, five or more carbon
atoms in the group. If the group is branched it may have two or more terminal carbon
atoms, each either equally distant or at differing distances from the silicon atom of the
silane.A In this case one or more of the terminal carbon atoms may be fluorinated.
Preferably, the most distant terminal is fluorinated.

Groups comprising a fluorinated region are preferred, since the fluorinated region can
form an inert barrier on the surface after modification has taken place. Generally the
groups- having a fluorinated region comprise hydrocarbon groups (preferably alkyl
groups). When the fluorinated region is at the terminus of the group, it is preferred that
the group is one in which at least the terminal carbon atom is fully substituted by fluorine

atoms, i.e. the terminus comprises a -CF3 group. Irrespective of whether the fluorinated
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region is at the terminus of the group or elsewhere, the other carbon atoms in the group

may also be substituted with fluorine atoms, if desired, either partially or fully.

Preferred fluorinated termini comprised in the fluorine-containing group include those of

the type -(CF2)nCF3. Typically n is an integer from 1-20, more preferably 3-10.
Particularly preferred termini include -CF3, -CFoCF3, CFaCFCF3, -CFyCFoCF)CF3
and CFyCFCFCF,CF3. ’

Provided that the silane compound is capable of achieving the desired effects, the degree
or pattern of fluorination is not limited. Thus, as already mentioned above, in some
embodiments, the fluorine atom or atoms need not be situated at the terminus of the
fluorine-containing group. The fluorinated region may, for example be at any point
between the terminus of the group and the silicon atom fo which the group is attached.
Thus the fluorine-containing group may also comprise non-fluorinated termini attached to

the silicon atom via moieties comprising, for example, the following groups: -CFs-,

-CFpCF3-, -CFpCF2CF7- or -CFCF7CF,CFp-.

Moreover, the fluorinated region need not be fully substituted with fluorine atoms, and
may be interspersed'with hydrogen atom substituents, or other substituents, if desired.
Thus, the fluorine-containing group may also ‘comprise termini such as the following:
-CHF2, -CHF, -CHFCF3, -CHFCHFj, -CHFCH)F, -CFCHF» and -CFpCH5F; and/or
may be attached to the silicon afom via moieties comprising groups such as the following:
~CHF-, -CHFCF3-, -CHFCHF-, or -CFCHF-.

In addition, further substituents other than fluorine atoms may be present in the
fluorine-containing group, either within the fluorinated region, or elsewhere in the group.

These further substituents are not particularly limited and may comprise any organic

group.
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When the further suBstituent comprises an organic group, the organic group preferably
comprises a hydrocarbon group. The hydrocarbon group may comprise a straight chain, a
branched chain or a cyclic group. Independently, the hydrocarbon group may. comprise an
aliphatic or an aromatic gfoup. Also independently, the hydrocarbon group may comprise

a saturated or unsaturated group.

When the hydrocarbon comprises an unsaturated group, it may coinprise one Or more
alkene functionalities and/or one or more alkyne functionalities. When the hydrocarbon
comprises a straight or branched chain group, it may comprise one or more primary,
secondary and/or tertiary alkyl groups. When the hydrocarbon comprises a cyclic group it
- may comprise an aromatic ring, an aliphatic ring, and/or fused ring derivatives of these
groups. The cyclic group may thus comprise a benzene, naphthalene, anthracene, indene,

and/or a fluorene group, as well as regioisomers of the above groups.

In respect of such further substituents, the number of carbon atoms in the hydrocarbon
group is not especially limited, but preferably the hydrocarbon group comprises from 1-40
C atoms. The hydrocarbon group may thus be a lower hydrocarbon (1-6 C atoms) or a
higher hydrocarbon (7 C atoms or more, e.g. 7-40 C atoms). The number of atoms in the
ring of the cyclic group is not especially limited, but preferably the ring of the cyclic

group comprises from 3-10 atoms, such as 3, 4, 5, 6 or 7 atoms.

In addition, any further substituent may comprise a combination of two or more of the

substituents and/or functional groups defined above.

Without being' bound by theory, it is believed that the barrier of fluorine-containing
groups reduces the free energy of the surface, in turn reducing the affinity of the surface
for other species.” In other words, the barrier reduces the availability of 'free bonds' on the
surface, as well as reducing less direct attractive forces, such as van der Waals forces
(dispersion forces) which could otherwise provide a mechanism for attaching or éttracting
molecules to the surface. The free energy of the surface thus provides a useful measure of

the 'attractiveness' of the surface to other species, and may be employed in the present
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invention as a guide to the effectiveness of modification. The contact angle of water and
organic hydrophobic droplets on a surfabe is related to the free energy of the surface, and
is useful as an indiréct measure of the free energy of a surface. This provides an effective
test for the suitability of a particular modification. This will be discussed in more detail

~ below.

In particularly preferred embodiments of the present invention, the fluorine-containing

silane compound is a compound of the following formula (I):

R3
l
Rl—?i—OR4

2
R )

wherein Rl comprises a substituted or unsubstituted straight chain or branched

hydrocarbon group containing one or more fluorine atoms; and R2, R3 and R4 are

independently substituted or unsubstituted stréighj: chain or branched hydrocarbon groups.

~“In the above formula, R1 may be the fluorine-containing group already discussed in detail

above, and may comprise a fluorine-containing region or regions as defined above.

Preferably Rl comprises a hydrocarbon group in which the terminus (e.g. first, second

and/or third most distant carbon atom from the silicon atom) is substituted entirely by

fluorine atoms. It is especially preferred that R1 comprises an alkyl group. When RI
comprises an alkyl group, the alkyl group may be a perfluoroalkyl group, i.e. a group in
which all the hydrogen atoms are substituted with fluorine atoms. The alkyl group may be

straight chain, or branched and thus may be a primary, secondary or tertiary alkyl group.
The size of the Rl group is not especially limited, provided that the silane compound is
capable of successfully modifying the surface. Preferably R! comprises from 1-40 carbon

atoms, and more p_referably from 1-20 carbon atoms. More preferably still R1 comprises

from 3-15 carbon atoms, most preferably from 3-10 carbon atoms.
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In the present invention R2 and R3 are not especially limited, provided that the silane

compound is capable of .successfully modifying the surface. Thus, in one embodiment of
the invention R2 and R3 may independently be selected from the ﬂuorine-containing
groups as defined above in respect of R1. In other embodiments of the present invention,
only one of R2 and R3 comprises a fluorine containing group. Alternatively, and
preferably, R2 and R3 independently comprise alkoxy groups or alkanoyloxy groups.
When modifying an acetal surface, it is preferred that R2 and R3 both comprise alkoﬁcy

groups. The size of the R2 and R3 groups is not specifically limited. However, typically

these groups independently comprise from 1-40 carbon atoms, preferably from 1-15
carbon atoms and more preferably from 1-10 carbon atoms. Preferably, when R2 and/or
R3 comprise fluorine-containing groups, they are the same as R1, and when they comprise

alkoxy groups, they are the same as OR4.

The R4 group of the above formula is attached to the silicon atom via an oxygen atom.
Without being bound by theory, it is believed (particularly for metallic surfaces) that the

oxygen attached to this group serves as a linker from the silane compound to the surface.
Generally, therefore, R4 is selected such that the OR% group is capable of reacting with
the surface to form such a linkage. Preferably R4 comprises an alkyl gfoup. The size of
_the R4 group is not especially important in the present invention, although preferably R4

comprises from 1-10 carbon atoms. It is particularly préferred that R4 comprises methyl
(Me) or ethyl (Et). In some embodiments, it is desirable to promote further hnkages from
the Si atom to the surface, in whlch case one or both of the RZ and R3 groups may

comprise an oxygen atom attaching them to the silicon atom. In these embodiments the -

RZ, R3 and OR4 may be identical, if desired.

In partiéularly preferred embodiments of the present invention, the fluorine-containing
silane compound is selected from 1H,1H,2H,2H-perfluorooctyltrimethoxysilane (MFS)
1H,1H,2H,2H-perfluorooctyltriethoxysilane (EFS),
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1H,1H-perfluoroheptyltrimethoxysilane, 1,H,1H-perfluoroheptyltriethoxysilane,
perfluorohexyltrimethoxysilane, perfluorohexyltriethoxysilane,
perfluoropentyltrimethoxysilane perfluoropentyltriethoxysilane,

perfluorobutyltrimethoxysilane, and perfluorobutyltriethoxysilane.

In the present invention, the container is a container suitable for stoﬁng a medicament.
Thus, the container may be formed from any type of substance or material which is
suitable for this purpose. The container may, for example, be formed from a metal; a
plastic (polymeric) material, a glass or a ceramic, or other inert substance. Preferably the
container is formed from a metal or a plastics material, such as a polymer. Typically,
when the container is formed from a metal, the metal comprises aluminium or stainless
~steel. Typically, when the container is formed from a plastics material or a polymer it is
formed from a polyformaldehyde resin (acetal), a polybutylene terephthalate (PBT), or a

. polyethylene terephthalate (PET). Preferably the container comprises a metal canister.

The above-discussed aspects of the present invertion are particularly favoured for use
with metal surfaces. The aspect of the present invention concerning modification of
polymeric surfaces or plastics surfaces will now be discussed in more detail. Without
being bound by theory it is believed that when the surface to be modified is comprised of
a plastics or polymeric material, hydrogen bonding is important for attaching the
fluorine-containing molecule to the surface. It is also likely that some chain entanglement
is responsible for attaching molecules to a polymeric surface. Thus, when the surface to
be modified is plastics or polymeric, it is desirable to employ a modifying agent which
comprises a group capable of hydrogen bonding to the surface. Accordingly, the present
invention provides a method for modifying an internal polymeric surface of a container or
closure, which method comprises contacting the internal surface with a
fluorine-containing silane compound or a fluorine-containing carbon compound, which

silane or carbon compound comprise a group capable of hydrogen bonding to the surface.

The group capable of hydrdgen bonding is not especially limited, provided that the
hydrogen bonding is strong enough to hold the modifying group on the surface. In a
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preferred embodiment, the group capable of hydrogen bonding to the surface (group Z in

the Formulae below) comprises a hydroxy, carboxy and/or amino group. -

In this aspect of the present invention, typically the fluorine-containing silane compound

is a compound of Formula (II):

R (D)

R* ()

wherein Z comprises the group capable of hydrogen bonding to the surface, R1 comprises

a substituted or unsubstituted straight chain or branched hydrocarbon group containing
one or more fluorine atoms; and R2 and R3 are independently substituted or unsubstituted
straight chain or branched hydrocarbon groups. Preferably R1 is a group as defined above
in respect of the other aspects of the present invention. In the present invention R2 and
R3 are not especially limited, provided that the compound is capable of successfully

modifying the surface. Thus, in one embodiment of the invention RZ -and R3 may

independently be selected from the fluorine-containing groups as defined above in respect
of Rl. In other embodiments of the present invention, none, or only one of R2 and R3

comprises a fluorine containing group. The size of the R2 and R3 groups is not
specifically limited. However, typically these groups independently comprise from 1-40

carbon atoms, preferably from 1-15 carbon atoms and more preferably from 1-10 carbon
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atoms. Preferably, when R2 and/or R3 comprise fluorine-containing groups, they are the

same as R1, and when they comprise groups capable of hydrogen bonding, they are the
same as the -CHyCH»-Z group. '

- The most preferred fluorine-containing carbon compounds employed in this aspect of the
present invention are C1gF21C(CHpCHoOH)3 and CgF17C(CHpCHpNH)»)3.

In this aspect of the invention, any coating method can be employed, including the plasma

coating and direct coating (e.g. immersion) methods already discussed above.

In an additional aspect of the present invention, it is possible to modify a surface
(generally a plastics or polymeric surface) with a fluorine-containing carbon compound
which may or may not comprise a group capable of hydrogen bonding. In this aspect of
the invention, the process must involve a plasma coating method, as discussed above with
reference to coating with fluorine-containing silane compounds. Accordingly, the present
invention provides a method for modifying an internal surface of a container or closure
formed from a plastics or polymer material, which method comprises contacting the

internal surface with a fluorine-containing carbon compound in a plasma coating step.

As mentioned above, in this aspect of the invention, the surface is usually a plastics’
surface (generally a polymeric surface) and the coating method is then preferably a cold
plasma coating method as described above. In this aspect of the invention, thé
fluorine-containing carbon compound is preferably a gas or a liquid, such as a
fluorine-containing solvent. Fluorine-containing compounds such as this may be partially
fluorinated or fully fluorinated. These compounds preferably comprise from 1-10 carbon

atoms, and are typically C1-Cq¢ hydrocarbon compounds in which one or more of the

hydrogen atoms have been substituted with fluorine atoms. More preferably, the
compounds comprise from 1-6 carbon atoms and most preferably 1 or 2 carbon atoms.
This is because these smaller compounds more easily form plasmas. Preferred

compounds include CF4, CHF3, CH)Fp, CH3F, CH3CF3, CH3CHF5, and CH3CH;F.
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In this aspect of the invention, the radio frequency used to generate ‘{he plasma is selected
based upon the fluorine-containing carbon compound employed. For the preferred
compounds mentioned above, Such frequencies may be in the range 1 kHz to 1000 kHz,
and are preferably from 10-100 kHz.

In the present method, an internal surface of the container or closure is modified.
Naturally, this is because the pharmaceutical will contact at rleast one internal surface of
the container. It is preferred, however, that the internal surface subjected to the
modification step comprises substantially the entire internal surface of the container. This
ensures that even if the pharmaceutical in the container contacts a surface that would not
normally be contacted (e.g. through incorrect storage) there is no build-up of the

pharmaceutical on this surface, nor is there any contamination of the pharmaceutical.

Preferably all internal surfaces which the pharmaceutical may come into contact with are
modified. Generally the container, closure or canister is one comprising a cap and/or a
metering unit comprising a valve, for dispensing a pharmaceutical. Thus, if the container is
part of ~such a larger apparatus (a drug delivery system) then typically all internal surfaces
in the system are modified, including passages designed to allow flow of the
pharmaceutical, as well as valves, inlets, outlets and nozzles. Typically, containers
modified according to the present method are employed in drug delivery systems such as
dry powder inhalers (DPI), metered dose inhalers (MDI) and especially pressurised
metered dose inhalers (pMDI). It is preferred that all of the internal surfaces of the DPI,
MDI and pMDi systems which may come into contact with the pharmaceutical are
modified. MDI systems generally comprise valves for regulating flow. These valves
comprise valve components and rubbers, which are included in the valves to form seals.
The valve components are generally formed from similar materials to the surfaces to be
modified. Typically, the valve components are formed from metal (e.g. stainless steel
and/or éluminium); acetal polymers (such as polyoxymethylene (POM)); acetal/PTFE
(polytetrafluoroethylene) blends; acetal/PTFE/silicone blends; acetal/anti-static additive
blends; PBT (poly-butylene terephthalate; PBT/PTFE blends; PBT/PTFE/silicone blends;
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PBT/anti-static additive blends; polyamides (such as nylon); and polyethylenes. Rubbers
are typically formed from nitrile rubbers (e.g. butadiene-acrylonitrile); nitrile/PTFE

blends; chloroprene (Neoprene®) rubber (polychloroprene); Neoprene®/PTFE blends;
EPDM rubbers (ethylene-propylene-diene monomer terpolymers) or thermoplastic
elastomers. In the present invention, the valve component and valve rubber surfaces may

be modified in accordance with the present method if desired.

The present invention further provides a container obtainable according to a method as
defined above. Also provided by the present invention is a container for storing a
medicament, which container comprises' a modified internal surface, which surface
comprises fluorine-containing hydrocarbon groups attached to the surface via a
silicon-containing group, or via a group capable of hydrogen bonding to the surface. ‘The

fluorine-containing hydrocarbon‘ groups may be groups as defined above in respect of the

methods of the present invention, and in particular the groups R1. The group capable of
hydrogen bonding to the surface may be a group Z as defined above in respect of the

methods of the present invention.

. The container may be formed from any suitable material, including the materials listed
above for the containers employed in the present methods. Typically the container is
- comprised of a metal and/or a polymer. Preferably, the container is comprised of
aluminium, stainless steel, a polyformaldehyde resin and/or a polybutylene terephthalate.
The containers are typically metal canisters produced using a deep drawing or impact
extrusion operatién. If the canisters are to be anodised, aluminium alloy 5052 is
preferably used to facilitate this. Stainless steel canisters are also available and may be
modified with the agent addressed herein. Following deep drawing or impact extrusion,
canisters are cleaned with an aliphatic hydrocarbon degreaser and surfactant, followed
with a series of rinses with deionised water. In some processes, the canisters are then
lightly anodised to produce a specific surface condition and high degree of cleanliness,

without a trace of extractable organic compounds.
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Anodising is preferably conducted using an electrochemical sulphuric acid Forest Products
Laboratory (FPL) process with a carbon electrode. The canisters are connected to an
alternating current source through a titanium clamp secured to the exterior surface of the neck.
Anodising may take place with an applied current of 10 V AC, for a period of 5 minutes
following - immersion in sulphuric acid to produce an oxide layér with a specific
microstructure approximately 0.8 pm iﬁ thickness. The preferred range is 0.6-0.9 pm. The
canisters are next heat-sealed through immersion into a water bath at 90°C, then rinsed in
controlled purity water and dried with forced heated air convection. The thickness of the
anodised layer may be measured by ultraviolet/visible light spectroscopic absorbence,
calibrated against metallographic examination of representative anodised canister

cross-sections.

Further provided by the present invention is a system for delivery of a medicament,
comprising a container with a modified internal surface as defined above. In a preferred
embodiment of the present invention the system comprises a metered dose inhaler (MDI
or pMDI) for delivery of a medicament, such as a pulmonary or nasal medicament. Thus,
an advantageous metered dose inhaler has been developed in the present invention for
delivery of e.g. an active pulmonary or nasal medication. . The system generally comprises.
a modified container obtainable using the process of the present invention described
above. - The inhaler is thus preferably comprised of a deep drawn aluminium alloy
cylinder, modified with a silane added to limit drug adhesion, potentially adverse

interaction with the aluminium canister and residual materials used for its production.

Characterisation techniques
In the present invention, a number of techniques for characterising the modified surfaces
and the containers produced have been employed. These techniques are discussed in more

detail below.
X-ray photoelectron spectroscopy (XPS)

In XPS a sample is irradiated with non-monochromatic X-rays, normally from aluminium

or magnesium. characteristic X-rays (e.g. Al K, X-rays). The X-rays excite
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photoemission from the core levels of the-atoms present in the sample and the resultant |
photoelectrons emerging from the sample surface are collected and energy analysed to
yield the photoelectron spectrum. Since the kinetic energy of the photoelectron‘ depends
on the binding energy of electrons in the core levels from which photoemission is excited,
each element gives rise to a set of peaks at characteristic energies in the photoelectron
spectrum. Measurement of these energies therefore allows the elements present in the
sample - surfabe to be determined. Quantitative analysis is then obtained from the

measurement of the relative intensities of the photoelectron peaks.

The inelastic mean free path of photoelectrons generated in a solid is typically 2-5 nm.
This means that only those photoelectrons generated in the outermost atomic layers of the
sample are likely to escape the surface, and be detected, with their initial kinetic energy
intact. XPS is thus an analysis technique specific to. the surface of solid materials,

allowing routine analysis of the species present in amounts as small as 0.1 of a2 monolayer.

In addition to providing quantitative analysis of the outermost atomic layers of the sample,
XPS may also be used to prove the chemistry of the surface. The binding energy of a core
level depends principally on the charge on the nucleus of ‘the atom concerned and to a
lesser extent on the bonding between the atom and its neighbours. The change in binding
energy due to chemical bondin'g'is often referred to' as the ‘chemical shift’. Comparison
between measured chemical shifts and published values for a wide variety of chemical
compounds may ‘allow the chemistry of the surface to be inferred and the functional

groups present to be identified.

Auger Electron Spectroscopy (AES)

Auger electrons are produced by irradiating the surface of a material with a beam of
electrons. The primary beams can ionise a surface atom leaving a hole in a core shell
which is then filled by an electron from an outer shell; the excess energy of the atom can
néw be lost by two possible processes; the emission of a photon or the emission of an

electron from an outer shell, the Auger electron. The energy of the Auger electron is
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determined by the difference in energy of the levels taking part in the process and is

characteristic of the parent atom.

Auger electrons typically have energies in the range 0 to 2 keV. The escape depfhs of the
clectrons of this energy are only of the order of nanometres and consequently only
electrons from the atoms in the top one or two atomic layers can escape from the surface
without losing energy; Auger electrons originating from atoms in the bulk material
interact with the surface atoms, thus losing energy, before escaping to add to the

background. It is this property which gives the technique its surface sensitivity.

The instrument used in obtaining AES data for the present invention was the Varian

Scanning Auger electron spectrometer. Its main features are as follows:

10 keV, cylindrical mirror analyser system with 5 micron resolution.
Multiplex ion beam—depth profiling system (8 channel).

Scanner sample positioner with video display.

o

Auger chemical mapping system. This involves scanning the primary beam over
the surface areas of interest and displaying the Auger signal of the element of
interest on an oscilloscope screen as a function of beam position on the sample.

5. Multiple sample handling facilities.

Contact Angles And Surface Energies

When the contact angle of a liquid on a solid (0) is to be used to measure the surface
energy of a solid, there are certain criteria that the solid must meet in order for the
thermodynamic equations used in the calculation to be valid. For example, the sample
must be atomically flat and chemically homogeneous. In reality, few samples meet this
criteria and as a result there is not one unique contact angle for a particular solid. It is
possible to measure an advancing angle and a receding angle. This difference between the
two measured angles is called the hysteresis and is dependent on the deviations from

ideality.
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When dealing with real surfaces this hysteresis can yield some interesting information.
For example, on relatively smooth but chemically heterogeneous samples with a
significant hysteresis, e.g. >10° the advancing angle is indicative of low surface energy

regions whereas the receding angle is indicative of higher surface energy regions.

With samples exhibiting hysteresis and when 6 is used for a surface energy calculation, it
1s important to state whether © was an advancing or receding angle and the resulting
surface energy be regarded as an estimation. When the hysteresis is much greater than

10° the estimation is not reliable at all.

In the present invention, contact angles were measured using a ‘Kriiss contact angle -
syétem’ G40 (version 1.0 1987). A polar liquid (water) and an organic liquid
(diiodomethane (DIM)) were employed. Water was triply distilled and diiodomethane
was high purity grade. These liquids have surface tensions (y) as shown in the following
Table 1:

Table 1

L. Surface tension at 20°C
Liquid -y " Nml | v 9mNeme! | 7, PNmn-1
Water 728 21.8 51.0
DIM 50.8 49.5 1.3

A drop of liquid is placed on the horizontal sample. An advancing contact angle is
measured by increasing the volume of liquid via a syringe until the periphery moves along
the sample surface. Immediately that the drop comes to rest the contact angle is

measured.

A receding angle is.taken when volume is extracted from the drop causing the periphery

to retreat back along the surface. Immediately at rest, the angle is measured.

An average is taken from 4 separate drops. Typical errors are +2°,
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On a chemically heterogeneous surface the advancing contact angle is representative of
the least wettable regions within that surface, whereas the receding contact angle is

representative of the most wettable regions.

From known reference values of the polar and dispersion components of surface energy of
water and diiodomethane, and the contact angle 6 of each liquid (I} on the unknown solid,

aplot of x against y for the two liquids is made thus:

x = (Pmd)’s
y = (1+cos0)/2-Y)/(V1d)"2

where 'YIP = polar component of liquid’s surface energy;
714 = dispersion component of liquid’s surface energy;

Y1 = liquid surface energy.

From the linear plot the square of the gradient value is equivalent to YP, the polar
component of the surface energy, and the square of the intercept value is equivalent to

st, the dispersion of component of surface energy. The total surface energy, s, 1s given

by Vd + VP

For the thermodynamic equations used in this method to be valid, surfaces must be
atomically flat, chemically homogenous and there must be no chemical interaction
between the solid and liquid. In reality, the two former conditions are very rare and

therefore, any surface energy calculated on common surfaces is only an estimation.
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(See D.K. Owens and R.C. Wendt, J. Appl. Polym. Sci. 13, 1741, 1969, and R.J. Good, .
Adhesion Sci. Terminol., Vol. 6, No. 12 pp 1269-1302 (1992) for further contact angle

- and surface energy details which may be applied in the present invention).

The invention will now be described in further detail by way of example only, with

reference to the following specific embodiments.
EXAMPLES

A study demonstrating the advantages of incorporating fluorine-containing silanes onto

aluminium, acetal and polybutylene terephthalate (PBT) surfaces was‘performed.

The methodology for coating aluminium surfaces was then further optimised and applied
to pMDI cans, which were filled with a hydrofluoroalkane (HFA) based suspension of a
model drug. Adsorption of the drug onto the modified can walls was, quantified and

compared with adsorption onto unmodified cans.

Aluminium, acetal and PBT were identified as ‘suitable test substrates, since they are

commonly used for the construction of pMDI componentry.

Example 1
- This Example intends to demonstrate the effect of modifying metal and plastics surfaces
with fluorine-containing silanes. Sheets of aluminium and polybutylene terephthalate

(PBT) were decontaminated by ultrasonic agitation in 1,1,2-trichloro-1,2,2-trifluoroethane
(Freon® 113). Silane solutions were prepared by dissolving 0.5 g of fluoroalkyl silane in

1ml of Freon® 113. The silane moieties used for surface modification were
1H,1H,2H,2H-perfluoroooctyltrimethoxysilane " (MFS) and
1H,1H,2H,2H-perfluorooctyltriethoxysilane (EFS). The Freon® 113 solutién was diluted
with 94 ml methanol, followed by 5 ml 1M acetic acid. The substrate was immersed in
the solution for 5 min, after which it was removed at a rate of 0.5 mm/min. The polymers

and aluminium were then heated for 10 min at 120°C and 130°C respectively, washed with
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Freon® 113 for 5 mins with ultrasonic agitation to remove unreacted silane, and allowed

to air dry. A fresh fluoroalkyl silane solution was prepared for each sheet of substrate.

X-ray photoelectron spectroscopy (XPS) analysis using Al Ky, X-rays (VG ESCALAB

spectrometry) and advancing and receding contact angle measurements using triply
distilled water (G40 Goniometer) were used to characterise substrate surfaces. Results are

shown in Figures 1 and 2.

It is apparent from Figures 1 and 2 that some ﬂuordalkyl silane groups were incorporated
into the surfaces of the PBT substrates. This is indicated by a general increase in contact
angles and in atom % of F by elemental analysis, when compared to untreated substrates.
Treatment of aluminium appeared to be more effective, with a greater uptake of F and
higher contact angles, indicating a lower surface energy. Because of the large hysteresis
(the difference between advancing and receding contact angles) it was not meaningful to
quantify surface energies. The observed hysteresis may have been caused by factors such

as heterogeneity and roughness of the substrate surface.

Example 2
This Example is intended to demonstrate optimised conditions for the surface
modification of aluminium. 30x10x0.47 mm aluminium strips were treated with the

silane formulations detailed in Table 2, utilising the process described in Example 1.

Table 2
Formulations
Components N B C D
MFS (g) ' 0.5 0.25 0.25 0.25
Methanol (ml) 94.0 94.0
1M acetic acid (ml) 5.0 :
Deionised water (ml) 6.0 90
0.1M hydrochloric acid (ml) 10
Toluene (ml) 100
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Surfaces were characterised by XPS and contact angle measurement with water. Results

are shown in Figures 3 and 4.

Figures 3 and 4 indicate that a high drying temperature and the presence of 0.01 M
hydrochloric acid to bring about acid hydrolysis of the fluoroalkyl silane and to activate
* the aluminium surface (Formulation C, as described in Table 2), produces the highest

contact angle values and elemental F content.

Example 3
This Example aims to demonstrate the advantages of modifying the surface of an
aluminium pMDI can. Rectangles (20x10 mm) were partially cut from the walls of 19 ml

cans (Presspart, UK), leaving a bridge in place. These cans were decontaminated,

together with additional intact cans, by ultrasonic agitation in Freon® 113. After drying, a
sample can was taken as a control, and the remaining cans were submerged in

Formulation C for 30 min. The cans were then remo{/ed, dried at room temperature, and

then placed in an oven at 130°C for 10 min. They were then immersed in Freon® 113 for
5min with ultrasonic agitation, and the partially cut rectangles removed for surface
analysis by XPS (using an ESCALAB 5 device) and Auger Electron Spectroscopy (AES)

(using a Varian Scanning Auger electron spectrometer).

Figﬁre 5 indicates that pMDI cans were successfully treated with Formulation C, with
both XPS and AES data indicating higher levels of F in treated cans compared to controls.
AES results indicated lower F levels than XPS and data was more variable. This may be a
result of decomposition of the fluoroalkyl silane, induced by the higher energy density of
electrons used in this process, compared to the X-rays used in XPS analysis.
Decomposition of organicA materials during AES analysis has been reported previously

(Briggs, 1985).

Example 4
This Example illustrates the effect of modification on drug storage. The silane treated

pMDI cans of Example 3, together with untréated controls, were crimped with a metering
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valve (Valois, UK) and filled with an HFA based suspension formulation of a model drug
(Drug A) using a pressure fill process. After a 28 day equilibration period the pMDI units
were cooled to below the boiling point of the propellant, and the valves removed. The
contents of the pMDI were emptied, and the cans washed with aliquots of propellant to

remove unbound drug. The remaining, adsorbed drug was then dissolved in a suitable

27

solvent and assayed by reverse phase HPLC.

Thé amount of Drug A deposited on the walls of treated aluminium pMDI cans (expressed
as a percentage of total drug ﬁlléd into cans), was less than that deposited onto untreated
controls following a 28 day post filling equilibration period (6.75+2.34 % and
10.73+£3.64 % respectively; meahsi SD, n=4). This confirms that modification of the

PCT/SE01/02749

aluminium can surface is an excellent means of reducing drug deposition.

Example 5

This Example is intended to illustrate the different effects of utilising different coating
methods on plastics surfaces. ‘The effects of direct coating (immersion), direct coating
after aluminium deposition and plasma coating were investigated. For comparison with
the results of Examples 5a and 5b, it should be noted that the surface composition (in
atom %, excluding H) and average advanced water contact angle (WCA) in degrees for

the untreated acetal and PBT are as follows:

Table 3 - non treated materials ~

@)

Material C 0 Si F WCA
Acetal 59.3 40.7 0 0 78
PBT 80.4 19.6 0 0 84

the same plastics after aluminium deposition

In this test, solutions of 0.5 g or 1.5 g of 1H,1H,2H,2H-perfluoroethyltrimethoysilane in
94 m] and 93 ml methanol respectively were employed. Each solution also comprised
5ml 1 M acetic acid. The silane solutions were aged for 30 minutes at room temperature.

Strips of acetal and PBT were then immersed in the solutions for 5 minutes. The plastics
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- were then dried with a tissue, prior to heating to 80°C or 120°C in an oven for 30 minutes.
On cooling, the strips were placed in a beaker containing 1,1,2-trichlorotrifluoroethane

and cleaned by ultrasonic agitation for five minutes.

For aluminium coating, aluminium was deposited onto acetal and PBT strips using a DC
sputter coating device (Edwards S150B). The aluminium coating achieved was a few
nanometres in fchickness. The presence of aluminium was confirmed with a zero water
contact angle, which compared with values of 78° and 84° for the untreated acetal and
PBT respectively. The coated plastics were then treated with the silane solutions as

described above.
The C, O, Si and F content (in atom %, excluding H) of the resulting surfaces were
measured using XPS. In addition, the average advanced water contact angle (WCA) in

degrees was also measured. The results are shown in Tables 4 and 5 below.

Table 4 - direct coating

Material Solution C 0 Si F WCA
strength/baking
temp
Acetal 0.5 %/80°C 61.6 359 0.3 2.1 84
Acetal 0.5 %/120°C 63.1 354 0.4 1.0 103
Acetal 1.5 %/80°C ~58.8 33.9 1.0 6.4 95
Acetal 1.5 %/120°C 59.4 34.1 0.4 6.2 86
PBT -1 0.5 %/80°C 76.6 18.7 0.7 | 29 90
PBT 0.5 %/120°C 77.0 17.4 0.9 4.6 90
PBT 1.5 %/80°C 702 | 159 1.3 12.6 105
PBT | 1.5 %/120°C 69.5 15.7 1.8 12.9 108
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Table 5 - direct coating after aluminium deposition

Material Solution C 0] Si F WCA
strength/baking
~ temp
Acetal 0.5 %/80°C 45.4 274 2.9 - 14.0 142
Acetal 0.5 %/120°C 48.6 26.8 2.1 11.8 141
Acetal 1.5 %/80°C 34.6 29.0 2.0 25.8 138
Acetal 1.5 %/120°C 45.6 28.4 2.3 13.6 140
PBT 0.5 %/80°C 45.0 22.5 2.9 20.5 112
PBT 0.5 %/120°C 42.8 24.3 3.5 18.9 128
PBT . 1.5 %/80°C 32.6 27.0 4.3 26.7 132
PBT 1.5 %/120°C 44.8 23.8 3.4 19.4 151

In the above tests it can clearly be seen that the surface is modified by the introduction of
fluorine-containing silane, which leads to an increase in average advanced water contact
angle (WCA). The degree and effectiveness varies according to the strength of solution
used and temperature of baking. Addltlonally, coating the plastics with aluminium can

also be seen to increase the effectiveness of modification.

(b) | Illustration of plasma coating onto acetal and PBT

Acetal and PBT strips were taken and a 1 mm diameter hole was drilled into a corner of
each strip. The strips were then cleaned with isopropanol in an ultrasonic bath and dried
under an infra-red lamp. A copper wire (approximately 50 mm long) was attached to each

strip via the holes, and the strips were then wrapped in aluminium foil.

The strips were treated the following day at Hybrid Technology Ltd. (Bristol, UK) using
an Advanced Plasma Systems model B6 (2.5 kW RF at 40 kHz). The chamber size of the
plasma’ unit was 960 mm x 760 mm x 720 mm. Parallel plate electrodes
(600 mm x 300 mm) were used, the top one being powered and the bottom one earthed.
The strips were suspended from the copper wires to an aluminium jig with insulated feet.

The gas used was 100 % CF4. The time, power input and pressure of the treatment were

varied, and the results are shown in Table 6 below.
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Table 6 - plasma coating
Material | Pressure/Power/Time C o) F WCA
Acetal 28.7 Pa/133 W/2.5min | 50.8 25.8 22.4 44
Acetal 28.7 Pa/133 W/5.0 min | 20.5 22.6 25.3 55
Acetal 28.7 Pa/600 W/2.5 min | 46.4 19.2 34.3 98
Acetal 28.7 Pa/600 W/5.0 min | 45.5 15.1 39.4 116
Acetal 20.0 Pa/133 W/2.5 min | 49.9 25.2 23.2 60
Acetal 20.0 Pa/133 W/5.0 min | 49.3 20.5 29.7 84
Acetal 20.0 Pa/600 W/2.5 min | 46.5 17.2 36.2 127
Acetal 20.0 Pa/600 W/5.0 min | 44.3 15.0 38.9 117
PBT 28.7 Pa/133 W/2.5min | 59.4 20.3 20.4 17
PBT 28.7 Pa/133 W/5.0 min | 53.2 18.2 26.5 0
PBT 28.7 Pa/600 W/2.5 min | 47.7 12.6 39.7 31
PBT 28.7 Pa/600 W/5.0 min | 45.4 11.1 43.5 98
PBT 20.0 Pa/133 W/2.5 min | 52.2 16.8 29.0 0
PBT 20.0 Pa/133 W/5.0 min | 494 16.2 34.3 0
PBT 20.0 Pa/600 W/2.5 min | 47.7 11.4 40.9 117
PBT 20.0 Pa/600 W/5.0 min | 44.8 10.5 43.0 131

From these results it can be seen that plasma coating using small fluorine-containing
carbon compounds can be effective in reducing the surface energy of a plastics surface,
especially when a power of 600 W is employed. For this reason using higher power of

500 W or more is particularly preferred in the present invention.

In summary, the utility of modifying the surfaces of ~materials utilised in pMDI
- componentry with fluoroalkyl silanes, or fluorine-containing carbon compounds, such that
surface energies are reduced has been demonstrated. XPS and contact angle measurement
have been successfully used to characterise the substrate surfaces in these studies. The
treatment process has been optimised for aluminium pMDI cans and it has been:

demonstrated that this results in reduced deposition of a model drug.

The above results demonstrate that the processes of the present invention produce
containers having superidr internal surfaces. This leads to the advantage that container
contents, such as medicaments, adhere less to the containers. Surface modification
therefore presents an alternative, improved approach to known methods of reducing drug

adsorption onto pMDI componentry.
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CLAIMS:

1. A method for modifying an internal surface of a container or closure, which
method cbmprises contacting the internal surface with a fluorine-containing silane
compound to form a modified surface, wherein the container is suitable for stofing a

medicament.

2. A method according to claim 1, wherein prior to modifying, the surface to be

modified is prepared for modification.

3. A method according to claim 2, wherein preparation comprises cleaning the

surface to be modified.

4. A method according to claim 2 or claim 3, wherein preparation comprises

contacting the surface to be modified with hydrochloric acid.

5. A method according to any preceding claim, wherein after modifying, the modified

surface is heated.

6. A method according to claim 5, wherein the modified surface is heated to a

temperature of 50-200°C.

7. - A method according to any preceding claim, wherein modifying is carried out at a

temperature of 15-100°C.
8. A method according to any preceding claim, wherein modifying comprises

immersing the surface to be modified in a solution of the fluorine-containing silane

compound.
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9. A method according to claim 8, wherein the immersion is carried out for 10 mins

or less.

10. A method according to any of claims 1-7, wherein modifying comprises applying a

plasma coating step to the surface.

11. A method according to any preceding claim, wherein the modifying is repeated

one or more times.

12. A method according to any preceding claim, wherein the ﬂuoriﬁe—containing silane
compound comprises a group attached to the silicon atom of the silane, which group is
fluorinated at its terminus.

13. A method according to claim 12, wherein the fluorinated terminus comprised in

the fluorine-containing group has the formula -(CF),CF3, wherein n is an integer

from 1-20.

14. A method according to any preceding claim, wherein the fluorine-containing silane

compound is a compound of the following formula (I):

1’(3
Rl—ISi——OR4
R2

wherein Rl comprises a substituted or unsubstituted straight chain or branched

hydrocarbon group containing one or more fluorine atoms; and R2, R3 and R4 are

independently substituted or unsubstituted straight chain or branched hydrocarbon groups.
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15. A method according to claim 14, wherein Rl comprises a hydrocarbon gtoup in
which the first, second and/or third most distant carbon atom from the silicon atom is (are)

substituted entirely by fluorine atoms.

16. A method according to claim 14 or claim 15, wherein R! comprises an alkyl

group.
17. A method according to claim 16, wherein R! cémprises a perfluoroalkyl group.

18. A method according to any of claims 14-17, wherein R2 and R3 independently

comprise alkoxy groups or alkanoyloxy groups.

19. A method according to any of claims 14-18, wherein R2 and R3 independently

comprise from 1-10 carbon atoms.
20. A method according to any of claims 14-19, wherein R4 comprises an alkyl group.
21. A method according to claim 20, wherein R4 comprises from 1-10 carbon atoms.

22. A method according to any of claims 14-21, wherein the R2, R3 and OR4 groups

are identical.

23. A method according to any of claims 14-22, wherein R1 comprises from 1-20

carbon atoms.
24. A method according to claim 12, wherein the fluorine-containing silane compound

is selected from 1H,1H,2H,2H-perfluorooctyltrimethoxysilane (MFS) and
1H,1H,2H,2H-perfluorooctyltrimethoxysilane (EFS).
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25. A method according to any preceding claim, wherein the container comprises a

metal canister, or is comprised of a plastics material or a polymer.

26. A method according to claim 25, wherein the container is comprised of a plastics
material or a polymer and prior to modifying the surface to be modified is coated with

aluminium.

~27. A method according to claim 25, wherein the container is comprised of metal and

the metal comprises aluminium or stainless steel.

28. A method according to any preceding claim, wherein the internal surface subjected

to modifying comprises substantially the entire internal surface of the container or closure.
29. A method for modifying an internal plastics or polymeric surface of a container or
closure, which method comprises contacting the internal surface with a
fluorine-containing silane compound or a fluorine-containing carbon compound, which

silane or carbon compound comprise a group capable of hydrogen bonding to the surface.

30. A method according to claim 29, wherein the group capable of hydrogen bonding

to the surface comprises a hydroxy, carboxy and/or amino group.

31. A method according to claim 29 or claim 30, wherein the fluorine-containing

silane compound is a compound of Formula (II):

R (ID)

or the fluorine-containing carbon compound is a compound of Formula (III):
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R3 7
e
Ijiz ()

wherein Z comprises the group capable of hydrogen bonding to the surface, R1 comprises

a substituted or unsubstituted straight chain or branched hydrocarbon group containing

one or more fluorine atoms; and R2 and R3 are independently substituted or unsubstituted

straight chain or branched hydrocarbon groups.

32. A method according to claim 31, wherein Rl is a group as defined in any of claims
14-17 and 23.

33. A method according to claim 31 or claim 32, wherein R2 and/or R3 are identical to

the -CHpCH2-Z group in Formula (IT) or Formula (1.

34. A method according to any of claims 31-33, wherein the fluorine-containing
carbon compound is C1Fp1C(CHpCHpOH)3 or CgF17C(CHpCHoNH»)3.

35. A method for modifying an internal surface of a container or closure formed from
a plastics or a polymer material, which method comprises contacting the internal surface

with a fluorine-containing carbon compound in a plasma coating step.

36. A method according to claim 35, wherein the ﬂuorihe—containing carbon

compound is a 6ompound as defined in any of claims 29-34, or is a C1-Cy( hydrocarbon

compound in which one or more of the hydrogen atoms have been substituted with

fluorine atoms.
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37. A method according to claim 36, wherein the fluorine-containing carbon

compound comprises a compound selected from CF4, CHF3, CHpFy, CH3F, CH3CF3,
CH3CHFj, and CH3CH;F.

38. . A container for storing a medicament, which container is obtainable according to a

method as defined in any preceding claim.

39. A container for storing’ a medicament, which container comprises a modified
internal surface, which surface comprises fluorine-containing hydrocarbon groups

chemically bonded to the surface via a silicon-containing group.

40. A container according to claim 39, wherein the fluorine-containing hydrocarbon

groups comprise groups R1 as defined in any of claims 14-17, 23, 31 and 32.

41. A container according to any of claims 38-40, which container is comprised of a

metal and/or a plastics or polymer material.

42. A container according to claim 41, which. container is comprised of aluminium,

stainless steel, a polyformaldehyde resin and/or a polybutylene terephthalate.

43. . A system for delivery of a medicament, comprising a container with a modified

internal surface as defined in any of claims 38-42.
44. A system according to claim 43, comprising a metered dose inhaler (MDI) or a

pressurised metered dose inhaler (pMDI) for delivery of a pulmonary or nasal

medicament.
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