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It is essential that the prescribed dose of aerosol medication delivered from the MDI to

the patient consistently meets the specifications claimed by the manufacturer and
comply with the requirements of the FDA and other regulatory authorities. That is,
every dose delivered from the can must be the same within close tolerances. Therefore
30 it is important that the formulation be substantially homogenous throughout the
administered dose at the time of actuation of the metering valve.
In the case of suspension formulations, to control aggregation of fine particles and
thereby influence the dispersability of the suspension, it is well established in the art
that fluorinated surfactants may be used to stabilise micronised drug suspensions in
35 fluorocarbon propellants such as 1,1,1,2-tetrafluoroethane (P134a) or 1,1,1,2,3,3,3-
heptafluoro-n-propane (P227), see for example US4352789, US5126123, US5376359,
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or a salt or solvate thereof, wherein:
15 x represents 0 or 1;

y represents 0 or 1,

R' and R? independently represent —Cq alkyleneCq fluoroalkyl, which fluoroalkyl

moiety contains at least 1 fluorine atom and not more than 3 consecutive

perfluorocarbon atoms and wherein said R' and/or R moiety is optionally interrupted by
20 an ether link.

Examples of R' include —Cy alkylene-O-Cy fluoroalkyl, such as —(CH,),-O-CF3 or

—(CH)-O-CF,CF; and —C,s alkylene-O-Cq3 alkyleneC,.; fluoroalkyl such as

—~(CHy)2-O-CH,CF3 or -(CH)>-O-CH2CF,CFa.

Examples of R? include —Cq alkylene-O-Cy.3 fluoroalkyl, such as —(CH,)-O-CF3 or
25 —~(CH,)-O-CF.CF; and -C,; alkylene-O-C15 alkyleneCi.3 fluoroalkyl such as

—(CH,)-O-CH,CF3 or —(CH,)-O-CH,CF,CFa.
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3 wherein R and R2 are as defined above. In another aspect the invention
provi des a conpound of forrmula (l11l) O OHO(lIIlI) OR25 wherein RL and
R2 are aswoaBioesgek above. I n the enbodi mnents of the inventipeh/gBodhessabl y Rl
and R2 independently represent -Cl_ 9 al kyleneC _6 fluoroal kyl, which
fluoroal kyl noiety contains at |east fluorine atomand not nore than 3
consecutive perfluorocarbon atons. M preferably RL represents -Cl.6

al kyl eneCl_3 fluoroal kyl nore preferably -C1_3 10 al kyl ened _3
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al kyl eneCl_2 fluoroal kyl, particularly -CH2CH2CF2CF3. 15 Most preferably
R represents the same as R2. Prefgrably x represents 1. . Preferably vy

represents’ Preferably X represents|the same as y. Salts include alkali
nmetal salts such as sodi um and gotassi and tertiary alkyl 20 amoni um

salts such as tert-butyl anmmonium Pre¢ferably conp@iipds of fornula (1),
(rr) or (11'1) will be present as the freerAci d. Compounds of fornula (1),
(1) or (I'll') contain one or nore chiral centres. It will be understood
t hat compounds of formula (1), (Il) or (IIl) include all optical isoners of

t he 5 conpopngsin®d' narRPYré a6 bibfindd dbover (111) and nixtures thereof,
including racem c m xture
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—CH,CH.CF.CFs.
More preferably R? represents —C1 alkyleneC,.3 fluoroalkyl more preferably -Cis
alkyleneC,.; fluoroalkyl, especially -C, alkyleneC., fluoroalkyl, particularly
~CH,CH,CF.CFs.
15 Most preferably R' represents the same as R?,
Preferably x represents 1.
Preferably y represents1.
Preferably x represents the same as y.
Salts include alkali metal salts such as sodium and potassium and tertiary alkyl
20 ammonium salts such as tert-butyl ammonium.
Preferably compounds of formula (1), (I1) or (lll) will be present as the free acid.
Compounds of formula (1), (1) or (ill) contain one or more chiral centres. It will be
understood that compounds of formula (1), (1) or (lll) include all optical isomers of the
compounds of formula (1), (1) or (lll) and mixtures thereof, including racemic mixtures
25 thereof.
In a further aspect the invention provides a pharmaceutical aerosol formulation which
comprises  particulate medicament, a fluorocarbon or hydrogen-containing
chlorofluorocarbon propellant, or mixtures thereof, and a compound of formula () as
described above.
30 The compounds of formula (1), (I1) or (Ill) employed for the preparation of formulations
according to the present invention are effective stabilisers at low concentrations relative
to the amount of medicament. Thus, the amount of compound of formula (1), (Ii) or (il)
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acid addition % esters) or a
(e2§. hydriadsbromisle formoterol (e.g. as fumarate), lsoprenallne metaproterenol,

phenylephrine, phenylpropanolamine, pirbuterol (e.g. as acetate), reproterol (e.g. as
hydrochloride), rimiterol, terbutaline (e.g. as sulphate), isoetharine, tulobuterol, 4-
hydroxy-7-[2-[[2-][[3-(2-phenylethoxy)pro-pyl]sulfonyl]ethylJaminolethyl-2(3H)-
benzothiazolone; diuretics, e.g. amiloride; anti-cholinergics, e.g. ipratropium (e.g. as
30 bromide), tiotropium, atropine or oxitropium; hormones, e.g. cortisone, hydrocortisone
or prednisolone; xanthines, e.g. aminophylline, choline theophyllinate, lysine
theophyliinate or theophylline; therapeutic proteins and peptides, e.g. insulin or
glucagon. It will be clear to a person skilled in the art that, where appropriate, the
medicaments may be used in the form of salts, (e.g. as alkali metal or amine salts or as
35 acid addition salts) or as esters (e.g. lower alkyl esters) or as solvates (e.g. hydrates) to
optimise the activity and/or stability of the medicament and/or to minimise the solubility
of the medicament in the propellant. It will be further clear to a person skilled in the art



optimse the activity and/or stability of the nedicanent and/or to m nimse
the solubility of the nedicanent in the propellant. It wll be further
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25 render them effective as propellants. Preferably the propellant will be a non-solvent for
the medicament. Suitable propellants include, for example, C1.4hydrogen-containing
chlorofluorocarbons such as CHoCIF, CCIFoCHCIF, CF3CHCIF, CHF2CCIF,
CHCIFCHF», CF3CH,Cl and CCIFoCHg; Cq_ghydrogen-containing fluorocarbons such
as CHFoCHFo, CF3CHoF, CHF2CH3 and CF3CHFCF3; and perfluorocarbons such as
30 CF3CF3 and CF3CFoCFa.
Where mixtures of the fluorocarbons or hydrogen-containing chlorofluorocarbons are
employed they may be mixtures of the above identified compounds, preferably binary
mixtures, with other fluorocarbons or hydrogen-containing chlorofiuorocarbons, for
example, CHCIF9, CHoFo and CF3CHg. Particularly preferred as propellants are C4.
35 4hydrogen-containing fluorocarbons such as 1,1,1,2-tetrafluoroethane (CF3CHoF) and
1,1,1,2,3,3,3-heptafluoro-n-propane (CF3CHFCF3) or mixtures thereof. Preferably a
single fluorocarbon or hydrogen-containing chlorofluorocarbon is employed as the



exanple, CHCIF2, CH2F2 and CF3CH3. Particularly preferred as propellants
are C. 35 4hydrogen-containing fluorocarbons such as
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quantltles uvant re required and the
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di ssol ve tlh&a umwhuch lﬁwwvdie'ﬁirearwe mwbe.raaéd mtocmstfmmula@ns escortihgrio 1%

ww, _e. bout 1% w.w of r adj uva
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(1) 3 LD 30y ) e AEMISEET ety gt e s

obvi at ed. a‘dw\sant$ axeveaqusrg@ow dbe pusearof aayaniing s'ne%@ﬁ?ﬁapf >/'~J’°/et WéWlo'Tnaér e
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conmpound o ormil a
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(1), (11) ¥ ekhinple, bignhe fristinad aédcrived mcEaogdéary Patent Applnatise fubiicatientNaon may
optionally In one or nore 30 further ingredients conventionally used
in the artO%%%BZarnaceutlcal aerosol fornulation. Such optional ingredients
i ncl ude, bHowever awthe compacds of fomsla (Hadki erg(lblgaie: adeasigtpiir soluble in the

fluorocarbon or hydrogen-containing chlorofluorocarbon propellant the need to use a
25 polar adjuvant is obviated. This is advantageous as polar adjuvants especially ethanol
are not suitable for use with all patient groups. Formulations containing a compound of
formula (1), (1) or (lll) which avoid use of a polar adjuvant are preferred.
In addition to one or more compounds of the general formula (), () or (lll) the
formulations according to the present invention may optionally contain one or more
30 further ingredients conventionally used in the art of pharmaceutical aerosol formulation.
Such optional ingredients include, but are not limited to, taste masking agents, sugars,
buffers, antioxidants, water and chemical stabilisers.
A particularly preferred embodiment of the invention provides a pharmaceutical aerosol
formulation consisting essentially of one or more particulate medicament(s), one or
35 more fluorocarbon or hydrogen-containing chlorofluorocarbon propellant(s) and one or
more compound(s) of formula (1), (I1) or (I1).



buffers, antioxidants, water and chem cal stabilisers. A particularly
preferred enbodi nent of the invention provides a pharmaceutical aerosol
formul at iwo 0soeRst i ng essentially of one or nore parti culP@TaB03/00547

medi canent (s), one or 35 nore fluorocarbon or hydrogen-containi ng

chl or of | uorocar bon propellant(s) and Qne or nore conpound(s) of formula
(1), (1) or (111). W 03/068722 PCT/ @B03/00547 7 A further enbodi nent of
the invention is a seal ed contai ner capable of w thstanding the pressure

required to maintain the ellapt as a suc

i nﬂal er, doirhene O‘E"H@lnégf t%gh%veg PSS Sqaeerdﬂ%qrg?'f]%r Caggg%eogﬁ %‘35&% ove The
term " met eﬂr@%u@@&@qulmatoem;lrﬁaml\»ﬂbb mmmnaaamtllquumucelasgaan@afﬁg dOEéﬁetr:]ured
cap 5 coverin e. can, an situated in the
o D adreotenfiindh Be FRIH BRI desiiosalifed, 1 12 B

channel | i rithedtewrh ¢esterecrposesishalesor MXangans, a iy 6oRNG 8 £88r2 8efyred cap

cyl ' ndrical olv?ﬁrz]gc%ecéri KRd %?ﬁ)?ﬁg%tlérﬁ‘h%ﬂ&fhg\ﬂml\‘i&sntméh ‘i?ratﬁénéaﬂmwmesyd@m ver ed

fro the fi canister via e neterin m)Uth]gr

patient, fioeludssampsuitables P"t‘lﬁ‘j‘n&”'ﬁﬁﬁ%tﬁ?ec§%5%9?%§$3P”e"i'19 ﬂ@"'&‘?? 8%'88%‘?6
invention {Balf ahevaNe Qchia®dt 884 aorcylmaaasmf @bnéike praspagetthrongofwhich

conpounds of formula The ring
a corrpoundm%@’'C‘E!“B?'Pﬁ,n‘@g %’ }jelﬁvgr%jrﬁemé "iﬂq C@H'S O%ﬁﬁg&@g’céﬁfﬁ?ﬁéﬁ&h??\ §§é€lof a
conpound oy rﬁ@]tﬁbl'apétléﬁt fot Bxdbnplelisigda RoathRiecglagjuateroy or a salt or

sol vate t her eof ,o,ﬁl@}
deplibt ect i BnaBroRRael TRinidl nete B AR boGLEr AR HEpaRiiof &

car boxy! i cconamriuidgobimmiita (br ADeEflIBY. 20 I n process (a) nethods for

oxi di Sing. , Refoferzy g«%&e@oﬂm {@ebdigcar cgandi o0 fermiLkoxy| iscproaided, whish ng
strong OXI i'SIrng agent are wel nown to persons skilled in the art.
Sui t abl e redQEIe8: i ncl ude chromc acid as described in Chem Pharm Bull.

21 (10) 2ff50xdd4ibn(ck 9 cdmponad bBfoganiat(®/)e. g. pot assi um per manganate, nitric
acid, acidic chromun trioxide and 2,2, 6, 6-tetranethyl -1-pi peridinyl oxy
fre§ radi cal (TEMPO . 25 Permanganate is preferred for use in process (a),
especi al |l y potassi um pernmanganate. The oxidation will generally take place
in water at a non-extrenme tenperature r exanple, 0 to 100C such 70C.

HO/\[O <R’
] ) )

thIS

or a salt or solvate thereof, wherein R', R?, x, and y are as defined above; or
(b) deprotection of a derivative of a compound of formula (1) in which the carboxylic
acid group is protected.
20 In process (a) methods for oxidising a primary alcohol to the corresponding carboxylic
acid, using strong oxidising agents, are well known to persons skilled in the art.
Suitable reagents include chromic acid as described in Chem. Pharm. Bull. 21 (10)
2265-2267 (1973), permanganate e.g. potassium permanganate, nitric acid, acidic
chromiun trioxide and 2,2,6,6-tetramethyl-1-piperidinyloxy free radical (TEMPO).
25 Permanganate is preferred for use in process (a), especially potassium permanganate.
The oxidation will generally take place in water at a non-extreme temperature, for
example, 0 to 100°C such 70°C.
In process (b) examples of carboxylic acid protecting groups and means for their
removal can be found in “Protecting Groups In Organic Synthesis” by Theodora Green
30 and Peter G.M Wuts (John Wiley and Sons Inc 1999). Suitable carboxylic acid



In process (b) exanples of carboxylic acid protecting groups and nmeans for
their renoval can be found in "Protecting G oups In Organic Synthesis" by
Theodor a wo®a06873D and Peter G MWits (John Wl ey and Son®CIrrgBo3ogRy .

Sui t abl e carboxylic acid WO 03/068722 PCT/ GB03/ 00547 8 protecting groups
include but are not Iimted to carboxylic acid esters e.g. t-butyl esters,
2,2,2-trichloroethyl esters, aryl estefs, benzyl esters including
p-nitrobenzyl esters. Protecting groups may be renoved by acid or base

aci d | o probisshedowspa NsbBAU S5 Bt MRS CPORULEP S G- Ve P Broved.
for gxa”F| Q,Qtzbt)ﬁcm&ﬁk%yﬁéﬁébé,shﬁll edMBel Beridllessteralidniuding e-ndmbdnzytegierst ect ed as
a t-butyl ester, the protectin roup._ n e.r Y ;
s L S R R W e
prot ected hafogendlydis2- e @ xylees eid, [ e
remogved, for . exanple Ln i L cr-acdd, I O,
pr otect | ngpré’F%:ﬁB% HPHR u%éyc eoiée'ﬂ&{e??gﬁ@&%%hg%ocqﬂggg%gﬁﬁ%zﬁ%eI \g{:h[[ei?’e%/ghe

. . ¢ b \/
renoved. Acgboxylis scilds pratested 8919 tRubbapeitie PIACHRGEAP(MY PRFemnp BfoPEct ed
derivati Veg&si(]ﬁéllaeégt RS 3R trifuptodRERP A6 NV Fers ME BaMEXIL dorrisptdedted) or

a protecte _ ereof (in which R2 l[n%zéesents ?e sane, as iRgi 15
by react i ngs gid@atihlorgethy eglar e re/ecindareth ?é‘?’ﬂo%led[p P DPI B By
group i s phetRatRAtic Weidh Wheesrpppiodriate droteatingagioups Wl be IchesdRLto #suer ei n
R1 and x are as gefi eg bove agd L1 represents a | eaving group or -CH, or
20 1) reaft®isg" eéSP?ﬁ P8y mula (V) OH HO- RZ (VI1) OY or a

deri vat i ve At precessffonpesparing eheorpdumerof foryeiiaxly) o @ petsctast derivatieetnerael R2
and y are I;;Iseefsi ned above, with a conpound of fornula (V) as defined
above; or f@?preatti ng a conpound of fornmula (V2) 25 R2 lgvzz) L2l O Y WO
03/ 068722 KT/reEEBing@sepmpound of formula (IV) or a protected derivative thereof (in which R

represents the same as R")
15 by reacting glycerol, or a derivative thereof wherein a primary hydroxyl group is

protected, with a compound of formula (V")

A xR’ V')

wherein R' and x are as defined above and L' represents a leaving group or -OH; or

20 (d) reacting a compound of formula (V')

OH
Hc)/\[()\b'j/l?2 (V|1)
0]
y

or a derivative thereof wherein the primary hydroxyl is protected, wherein R?and y are
as defined above, with a compound of formula (V1) as defined above; or
(e) reacting a compound of formula (V3

25

12 R? (V%)



9 wherein R2 and y are as defined above and L2 represents a | eaving group
or -OHwith a conpound of fornmula (V12) HOO X RL (V12) OH 5 or a

deri vat i weotobe6sgef wherein a prinmary hydroxyl is protecteddcCaraBoersei n RL
and x are defined above; or (f) preparing a conpound of formula (I1V) or a
protected derivative thereof in which R2 represents the sanme as Rl, by
reacting a conpound of formula (VII) 3 HO- (VI1) L4 10 or a derivative
thereof in which the primary hydroxyl is protected, wherein L3 and L4

i ndependently represent a |leaving group with an acid of fornmula (V) wherein
L1 represents -OH, as defined above, or a salt thereof; or (g) reacting a
conpound ofyhérein A @nd(Warkl ak)defifed BEbV® andRf répredgnts adeavingagrdep pue@Hwéthtener eof

in which the primary hydr | is protected, wherein RlL and x are as
def i ned abBQ}BgoéWgﬁqféorpégarmnts a | eaving group, with an acid of fornula
(V2) wherein L2 represents -CH, as defined above, or a salt thereof; or
(h) reacting a conmpound of formula (M112) 20 - - COLG6 (VII12) R2 O
rv Y WO 03/068722 PCT/ GB03/ 00547 O\or a derivative thereof in which the
primary hydroxyl is protected, whereifh R2 and y are as defined above and
L6 represents a | eaving group Wlé id of formula (V) wherein L1
represents -OH, as defi nedH@@E, or a*salt the(\ﬂm)f; or (i) deprotecting a
protected conpound of fornula ( }9_1
5 or a derivative thereof wherein a primary hydroxyl is protected and wherein R' and x are
defined above; or
(f) preparing a compound of formula (V) ,or a protected derivative thereof in which R?

represents the same as R’, by reacting a compound of formula (VI1)

HO“[Ls (VI1)

L4
10
or a derivative thereof in which the primary hydroxyl is protected, wherein L® and L*
independently represent a leaving group with an acid of formula (V') wherein L’
represents —OH, as defined above, or a salt thereof; or
(g) reacting a compound of formula (VIII")

o) xR’ 1
Ho/\[ vin'

or a derivative thereof in which the primary hydroxyl is protected, wherein R' and x are
as defined above and L°® represents a leaving group, with an acid of formula (V?)
wherein L? represents —~OH, as defined above, or a salt thereof, or

15

(h) reacting a compound of formula (VIII?)

Ho ™t (VI
T .

20



5 In each process the non-reacting hydroxyl group(s) wll preferably be
protected, for exanple, as the benzyl or THP ether, especially wherein the
non-r eactwogslggienxyl is a primary hydroxyl as it nay bePCh&GRIBOOANT ed
site of reaction. Exanples of protecti ng groups (e.g. for hydroxyl) and
means for their renoval can be found "Protecting Goups In Organic

Synt hesi s" by Theodora G een and PeterIOG M 10 Wits (John Wl ey and Sons

I nc 1999). Suitabl e hydr oxyl protecting groups include, but are not limted

to, carboxI| ste acet ate, ester |, es £

esters, ‘5%“"@ A tﬁﬁ'@ﬁi&'f‘l@?’h&e pém?%h@?’% fﬁét\r(?gteﬁ INE %r%fn REGFPLR
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ether. Prefe Log tect benzyl ether or the

tetrahydr o‘ﬁ?/%rg %III[E%IIQ 9 Qé'Eéﬂr%rdeaq%I/S% °g?“ 5faagrre Ihg t he benzyl 15

ether. Pr o(n)eﬁtﬂproigct@g@mgt%m Q@@Wﬁ@@é@rmwaé%d or base catal ysed
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uoride or tetrabu

f i de a roxyl is
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et her, the protect be re Yy
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t hey can ﬂmanﬁm %Rrbteamg/Grcmm\Aed)rgamcrﬁyoﬁess” by Theedarakireen @adifeterde Mips

or iar ea, TAIELOR VII@V’aSE?gﬁg?ﬁ%%g%?mt?‘“é [rBRA proiB e drihs MALER LY, °°

acid usi ngarﬁmohtm@d)@y carpoydis acidrsiers ¢ QF@P?t&F?e%ﬁt?fm a%g@tersli)eng@te ﬁt%rﬁer abl y
L1 represeghsrs &t bJrIE?l Bthef ahé p PeBRRAeALY eta! tarampdroppday e and silyl

conditions, for triethyl amne or |ne in

a suitabl eetg%IS\Fegrtte”T%eg?‘Ié’i‘ﬁII‘% SII)V? eﬂmfcﬁ’r‘%? Sgr&tIIIIEII?é(yI( s’arteeo[r?tgﬁ% g

(THF), di npérryl étaenainirdete(rBMdromyrasil fTHR) ethat. Eapedallyeprefesred iséhq)@eazyure,

f or, exanpl Cihet 0 to 50C such as roomtenperature. \Were 30 conpounds of

formul a (\ﬁ’ &re carboxylic acids i.e. where L1 represents -OH a courlln
Y

agent, for P“mt‘pg@m‘“gﬂd”m@b“wﬂ’eq’ bycAcsl pHOBTY catvesd |IyHesbAcar Belaliei de
ﬁrﬁ | t
( ) o ¥10$% %%nZH%{J) %QIS eta¥ pegDirdN: h%robIen f%ﬁé@ﬂirhﬂéhﬁlﬁlﬁlﬁhhhﬁhmum

hexaf | ! |
5o be. pr Buaise. tOAﬁeaq:I?@ﬁﬁIat .Vv/gerepg ngwyw'ﬁ :progﬁgg é’%gl%ygreeéé%ﬁ ) e

al so be pr
descri bed éro@fﬁn@@%ﬂp rﬁgﬁﬁe rémovéd, fr exdinpli¥) ey I@Brdgembwsent\ﬂhér’em E)admxyhs R2

| | I I f I
sougl v o 5SRO IRl S R ol o PERYIE e )
be used. V\exi0Byioygia2 Vﬂﬁé’b@ﬁﬂ)‘pﬁé@ﬂotemﬂng groppovilbecshofel) taensu(eethey can

condi tions ose enployed I n process (c) are suitable.
Suitable | gg\g%n&%&%h&lég i ncl ude .t hose described above for L
In process (c) swtable Ieavmg groups for L' include halogen, for example, chloride and

anhydride, which may be prepared, for example, using the triethylamine salt of a -C1.3

25 alkyl acid using methodology as described in Tetrahedron 1960, 11, 39. Preferably L'
represents -OH. The process is generally performed under basic conditions, for
example, in the presence of triethylamine or pyridine, in a suitable solvent, for example,
dichloromethane (DCM), tetrahydrofuran (THF), dimethylformamide (DMF) or similar, at
a non-extreme temperature, for example, 0 to 50°C such as room temperature. Where

30 compounds of formula (V') are carboxylic acids i.e. where L' represents —OH a coupling
agent, for example, hydroxybenzotriazole (HOBT), dicyclohexylcarbodiimide (DCC) or
o-(7-azabenzotriazol-1-yl)-N,N,N’,N'-tetramethyluronium hexafluorophosphate (HATU)
together with diisopropylethylamine (DIPEA) may also be present. An alternative
process which may provide stereocontrol is described J Org Chem, 1998, 63, 6273.

35 When R' represents the same as R’ usually at least two molar equivalents of
compound of formula (V') will be used in this process. Preferably a excess of
compound of formula (V") will be used.



In process (f) the reaction will generally take place in the presence of a
base, for exanple triethylam ne or 1,8-diazabicyclo[5, 4, 0]undec-7-ene
(DBU), irnwaoswet7abl e inert 5 solvent, for exanple, dichl ecorasobaesa7( DCV) ,
di met hyl f ormam de (DMF) or acetonitrile at non-extrene tenperatures, for
exanple, -10 to 80C such as roomtenperature. Suitable |eaving groups for
L3 and L4 include hal ogen, for exanpl Tchioride or bronm de, -0-tosyl,
-0-mesyl or -O-triflyl. In processes (g) and (h) conditions anal ogous to

th | d f
L5 and LB Pripesel (Ssae fellithps afigobf P Trosserh@lce logeead @ ongs for
hydroxyl gsuitables )Suitatble IéwmgrgyomﬂfedL%J@Judaéh@smzwedﬁb%’e'fwﬁ- ether. Wiere
R np{if ot nv\})'ﬂfe Eé?ﬂ:h&ﬁ%ﬁ B erléwjé&%@’blagé G RnP"RE BRI of £368e,NRR-

reacting hydfoxy rotecte fer ent pr ot ect | nrgégr ou

facilitat eewmttriamlam@mﬂ 8-giagabiexdiolamhivnsiesr’apRa (HEYP) t%tﬁglﬁdﬂerbenzyl
ether. It éo‘ivé?fpf%fcé@rﬁde @ctﬂ%ﬁf@ﬂ%@q%wha«hmﬁrm&md@qma@'rabétgmhjl'@.lr oxyl
a

is aprimry cohol rotect ed referen ly to the

desired si @@%‘re’ﬁt@ﬁ@tt?@ﬁer feer EXAA %t |18r§% Q@é’c ?Lﬁci‘]s tﬂn(?ﬁéat\?\rlﬁer e the

| eavi ng gr sumbiEalig grems tiomg’ arthn@dydie balegm\mm@mnb@/cmbm trebromide,

cont enpl at i r be used as necessary in these reactions.
iR BRI

20 Conpount or a protected derivative thereof nay be
pr epar ed bl procgssesdgk amﬂu(bhc@’cmtmnsmlqg@a@tt@ Apse evpiowethd FFooess r@ilaée (V2)

a sel Qﬁltabféeléﬁltaﬂéq’éagﬁr{ge%ogﬁsr foy @ éN@L@ﬁcl@dé’t@n%é’Heﬂmréﬁoﬂe td}e_3unr eacting

hy roxyl groups are he reaction can

condi t i onsPeaigrieblyoes- f?é""tﬂ@d%"%b@ﬁ“ﬁ@d "‘QbB@é’rOt‘PQ}fegﬁr% b(383ylll(?é§c-FH%ed
above. 25 Alpger V\#fefé/@\bbé @Qﬁa@unﬁsoﬁé néerandting l(\ydréxylrgsodmoreﬁemw eathimona

B Chea coneHes GrorP il &6 iatp e van e RIS ol (Bt L ARAGG °
above, 86 Eengi\{ag eés .Genetedhydeopeirahl) (Tlea):tethq tahe perwwfth@"f Sgle'p (%jsgeomlltglg
or O]S{mt \ﬁaé]tﬁqgggg Hi Rfief ltr?ng&firelé@ >§| gc RS lafcoR BNl or&BSted A

of @ ron can be con olce’of the nucleophile and
reaction cdmmhytrlea¢t$>ref¢mtlalb’vf9r’ilﬂéag%SWeéfSlta§f F?@C&W epi hal ohydrin is that the

three car bgeﬁeﬁ} gé}%tléﬁs’”&f'tﬂgséméé‘éﬂoﬁ!s \m%feblﬁe Qbfnfw@r Upaérﬁéﬂ theU&Qﬁitlhg

reaction O erfornmed in a suitabl L i @Bﬁ q
t et r ahydr oPYdraw! 2% S("’?PF?‘]' é‘ﬂayaa'%rpeeﬁ?’?t%'??ﬁ'afeéjnp PRI é’mprc?rW fPed @810 to
50C such apeftssh i HREE résvtipes.at ure. WO 03/ 068722 PCT/ GB03/ 00547 12

Compounds af for il & (VAAk ERY, Bea RrGiBREE UeHiiid RORLP ARSI TBIRAR fyPat hose
process which comprises reacting a compound of formula (V®) with a selectively
protected derivative of glycerol wherein the unreacting hydroxyl groups are protected.
The reaction can be performed under conditions analogous to those described above
for process (c) described above.

25 Alternatively compounds of formula (VI"Y may be prepared by a process which
comprises:
(j) reacting epibromohydrin or epichlorohydrin with a compound of formula (V?) wherein
L2 represents —OH, as defined above, or a salt thereof; and
(k) reacting the product of step (j) with water.

30 Epoxides can be cleaved under acidic or basic conditions. The product of the reaction
can be controlled by choice of the nucleophile and reaction conditions. The advantage
of using an epihalohydrin is that the three carbons in the starting material may be

differentiated.
Usually reaction (j) will be performed in a suitable solvent, for example, tetrahydrofuran
35 (THF) at a non-extreme temperature, for example, -10 to 50°C such as 0°C to room

temperature.



descri bed above for the preparation of conpounds of formula (VI').
Compounds of fornula (V) can be prepared fromglycerol by converting the
desired W@dBoss7ks i nto | eaving groups using known mnet hod®PCTRRIQOO43 f Or
converting hydroxyl 5 groups into good |eaving groups include hal ogenating
agents such as carbon tetrabrom de ang tri phenyl phosphi ne, thionyl chloride
or phosphorus pentachloride or my b 2effect ed by treatnment with nethane
sul phonyl chloride or p-toluene sul phonic chloride. Protecting groups wll

be used as necessar n the react, ons d r I y be
pr epar ed f(F‘Em’P tﬁ’émH{% agr)nﬁ‘?ﬁ Re\/fﬁpare%gw %nea?é%)lug %{h%d% \e{éttbéserm
derivati Vedésbﬁb@ébovu%rrtge pfeparatioap cempaurits|ob femata vy )agent to convert

e cesen S AR S U gy ot
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known or Xu@? dﬂfoe§36@dleQV inéf NG\M0ps 1150![]3& hl@éjégen’bﬁrﬁg edg"ﬁmé %ucac hslscaraon be
prepared b

he correspon i n%% ol 1o nh acid ga 'ord(g an be
prepar ed bigtralaetidegnd iphenylPRIROHE: ?H’ aP RRTYYR RPN 2Rt such
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PCT/ GB03/ 08&dt 7acid Shalides can be prepared by reactlng the corresponding acid with a
halogenating agent such as thionyl chloride.
Variations of the above methods which are common in the art are within the scope of
this invention.

20 Alternatively compounds of formula (I) may be prepared by a process which comprises:

(L) reacting a protected derivative of glycidic acid, for example wherein the carboxylic
acid moiety is protected as the benzyl ester or p-nitrobenzyl ester, with an acid of
formula (V) wherein L? represents —~OH, as defined above, or a salt thereof to give a
compound of formula (IX)
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wherein R? and y are as defined above and P' represents a protecting group;
(m) reacting the product of step (L) with an acid of formula (I"y wherein L' represents
—OH or a salt thereof; and
(n) followed, if necessary, by deprotection.
30 Process (L) may be performed using one molar equivalent of an acid of formula (V3

which may be in the presence of a catalytic amount of, for example, sulphuric acid,



t ol uene sul phonic acid or a Lewis acid such as BF3 etherate, Fed 3 or ZnCl 2
optionally in the presence of an appropriate solvent, for exanple DCM DV
or THF, awoOa3feT22 extrene tenperature, for exanple, 0 to POCOCEBOIS4AS room
tenperature for between 1 and 24 hours. 5 Process (n) may be perforned
under standard conditions in the pr esegce of a coupling agent as described
above in process (c). Alternatively prigdcess (m may be performed under
conditions as described for process (L) above however the reaction wll
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The chemical and physical stability and the pharmaceutical acceptability of the aerosol
25 formulations according to the invention may be determined by techniques well known to
those skilled in the art. Thus, for example, the chemical stability of the components
may be determined by HPLC assay, for example, after prolonged storage of the
product. Physical stability data may be gained from other conventional analytical
techniques such as, for example, by leak testing, by valve delivery assay (average shot
30 weights per actuation), by dose reproducibility assay (active ingredient per actuation)
and spray distribution analysis.
The suspension stability of the aerosol formulations according to the invention may be
measured by conventional techniques, for example, by measuring flocculation size
distribution using a back light scattering instrument or by measuring particle size
35 distribution by cascade impaction or by the "twin impinger" analytical process. As used
herein reference to the "twin impinger" assay means "Determination of the deposition of
the emitted dose in pressurised inhalations using apparatus A" as defined in British
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surfactant. suspension Is m xed recirculation to a
filling mawellkeoandn the agrqmmjmdugtfy ffpreexample, from Valois, France (e.g. DF10, DF30,

DF60), Bespak plc, UK (e.g. BK300, BK357) and 3M-Neotechnic Ltd, UK (e.g.
25 SpraymiserTM).
A further aspect of this invention comprises a process for filling the said formulation into
MDls.
Conventional bulk manufacturing methods and machinery well known to those skilled in
the art of pharmaceutical aerosol manufacture may be employed for the preparation of
30 large scale batches for the commercial production of filled canisters. Thus, for
example, in one bulk manufacturing method a metering valve is crimped onto an
aluminium can to form an empty canister. The particulate medicament is added to a
charge vessel and liquefied propellant is pressure filled through the charge vessel into a
manufacturing vessel, together with liquefied propellant containing the surfactant. The
35 drug suspension is mixed before recirculation to a filling machine and an aliquot of the
drug suspension is then filled through the metering valve into the canister.



drug suspension is then filled through the netering valve into the

cani ster. WD 03/068722 PCT/ GB03/00547 15 In an alternative process, an
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vaporise, and then a netering val ve cr'érrped onto the canister. Typically,

I n batches prepared for phar maceut i call use, each filled canister is check-
5 wei ghed, coded with a batch nunber and packed into a tray for storage
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or m xtureg il @afly d8sckeshsy B8 for example, in the range 50 to 200 micrograms of

salmeterol, 100 to 1000 micrograms of albuterol, 50 to 2000 micrograms of fluticasone
propionate or 100 to 2000 micrograms of beclomethasone dipropionate, depending on
the severity of the disease.

25 Thus, for example, each valve actuation may deliver 25 microgram salmeterol, 100
microgram albuterol, 25, 50, 125 or 250 microgram fluticasone propionate or 50, 100,
200 or 250 microgram beclomethasone dipropionate. Doses for Seretide™, which is a
combination of salmeterol and fluticasone propionate, will usually be those given for the
corresponding individual component drugs. Typically each filled canister for use in a

30 metered dose inhaler system contains 60, 100, 120, 160 or 240 metered doses or puffs
of medicament.
An appropriate dosing regime for other medicaments will be know or readily available to
persons skilled in the art.
The use of the compounds of formula (1), (I) or (Ill) or mixtures thereof as described

35 above as a surfactant, especially in the preparation of a pharmaceutical formulation;
use of a formulation as described above in inhalation therapy e.g. for the treatment or
prophylaxis of disease, particularly respiratory disorders; and use of a metered dose
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tetrahydro a*ng oV er en nin

stilfed at es@Cobpry Robitive and ndgative modei(RG+ed 4rdedveb cool to 20C. The
reaction m xture was partitioned between nethyl tert-butyl ether (2.36L)
and 1M hydrochloric acid (2.36L). The aqueous | ayer 30 was di scarded and
t he organi Ee@P&1 washed sequentially with water (2.36L) and saturated

sodi um bi cardBRALS, 5glsLﬁeinmme)p@htbnowmy]@ﬂgﬁnbi@ deldase was distilled out and
di | uted V\nth)rrethyl r]olpbt{t ethar 2.56L). This was washed with brine

(2.56L), i um sul phate and the sol vent
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silica gel (BLOLAYRY flhbRAnt ddb, $036s-364.
(b) 2-[(4,4,5,5,5-Pentafluoropentanoyl)oxyl-1-{[(phenylmethyhoxylmethyllethyl
4.4.5,5,5-pentafluoropentanoate
The product of step (a) (118g) and carbonyl diimidazole (98.8g) were dissolved in
25 tetrahydrofuran (1900mL) and stirred at 50°C for 1 hour. A solution of D/L benzyl
glycerol (50.0g) and 1,8-diazabicyclo[5.4.0]lundec-7-ene (92.7g) in tetrahydrofuran

(230mL) was added over ten minutes and the reaction stirred at 50°C for 2 hours,
before being allowed to cool to 20°C. The reaction mixture was partitioned between
methyl tert-butyl ether (2.36L) and 1M hydrochloric acid (2.36L). The aqueous layer
30 was discarded and the organic layer washed sequentially with water (2.36L) and
saturated sodium bicarbonate solution (2.0L). The organic phase was distilled out and
diluted with methyl tert-butyl ether (2.56L). This was washed with brine (2.56L), water
(2.56L), dried over magnesium sulphate and the solvent removed in vacuo. Purification
of the residue by column chromatography on silica gel (Biotage) eluting with 10:1
35 cyclohexane:ethyl acetate gave the title compound (110g) as an orange/yellow oil.
Mass spectrum m/z 548 [MNH,4']




35 cycl ohexane: ethyl acetate gave the title conpound (110g) as an
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Experimental Data
Salmeterol xinafoate formulations in HFA 134a, of strength 25pg per actuation, and
25 10% wiw (relative to drug) of the relevant surfactant compound of formula (1) were
prepared in crimped glass bottles using salmeterol xinafoate (8.7mg), HFA 134a (189)
and the relevant compound (0.87mg). The control was prepared without the addition of
a surfactant.
Particle Size
30 Table 1 shows mean particle size data determined by image analysis using a Galai CIS-
100 particle size analyser for sample formulations prepared as described above. In this
measurement, particle size is represented as the equivalent diameter of a circle of
equal area to the object. The mean is the average of 4 determinations. The particle
size measurement was obtained by transferring the suspensions to a pressurised cell,
35 and video-imaging the sample under shear via a microscope objective.
The equivalent diameter is defined as the diameter of a circle of equal area to the
object.
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and the relative standard devngtlon for the formulations incorporating the compound of

Example 1 are advantageously reduced.

15 Table 1
Particle Size Data

Mean Length Standard Deviation Relative

weighted pm Standard

diameter um Deviation
Control 29.3 1.7 5.7
Example 1 21.5 1.1 5.3

Andersen Cascade Impaction Data
20 The formulation, the preparation of which is described above, was profiled using an
Andersen Cascade Impactor. Ten actuations at “beginning of use” (BoU) were
collected in the impactor from an inhaler after 4 priming actuations were fired to waste.
The drug delivered was then quantified by HPLC analysis. Testing was performed at
the initial timepoint (following sample preparation). The results, in Table 2 are shown as
25 the mean analysis of 3 cans/inhalers.
The profile obtained was used to determine total dose emitted dose (ex-valve and ex-
actuator) and the fine particle mass (FPM, defined as the sum of stages 3-5). The
percentage fine particle mass expresses the FPM as a percentage of the total dose
emitted (ex-valve). The FPM is used as a measure of the proportion of the drug likely
30 to reach the therapeutic target in the lungs.
The data shows, that in the presence of the surfactant compound of Example 1, there is
an increase in both the absolute doses emitted and the absolute FPM. There is also a
significant increase in the percentage FPM.
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Assessment of content uniformity was performed at the initial timepoint (following
sample preparation). Mean results from the two BoU actuations (1+2 for 10 inhalers)
and the two EoU actuations (119+120 for same 10 inhalers) together with the
percentage relative standard deviation (% RSD) for the 10 cans are shown in Table 3.
The data shows, that in the presence of the surfactant compound of Example 1, there is
in increase in the emitted BoU dose and a reduction in the EoU %RSD. The presence

devi ati on

15

20

25

of the surfactant therefore improves the content uniformity of the inhaler.

Furthermore

the formulations containing the compound of Example 1, advantageously, show a
reduction in the relative standard deviation at the BoU and EoU.

Table 3
Control Example 1
Timepoint BolU dose EoU dose BoU dose EoU dose
Hg ng ng Ky
Initial 20.1 24.8 21.2 25.1
(2.6 % RSD) (5.6 % RSD) | (1.7 % RSD) | (3.5 % RSD)




2.69RSD (5.6 % RS(1.7 % RSD(3.5 % RSD 25 WO 03/068722 PCT/ GB03/ 00547 20
Clains: 1. A conmpound of formula (I) OO HOOXx RLRR (I) OOy 5 or a
salt or swbwawes7ehereof, wherein: x represents 0 or 1; yPCE@BISEN43 O or
1;, R1 and R2 independently represent -Cl1.9 al kyl eneCl_6 fl uoroal kyl, which
fluoroal kyl noiety contains at |east éofluorine atom and not nore than 3
consecutive 10 perfluorocarbon atons and wherein said RL and/or R2 noiety
is optionally interrupted by an ether link. 2. A conpound according to
claim1l, %ﬁhg Rl -C1_6 al kyleneCl_3 fluoroal kyl nore preferably -Cl_3
al kyl eneC1 l'uor oal kyl , especially -C2 al kyl ened _2 fl uoroal kyl,

particul arfy AGH@EH@GFE@ﬁ%mU%dD3. A conmpound according to claim1 or 2,
wherein R2 -Cl.6 al kyl ened _3 fluoroal kyl nore preferably -Cl.3

al kyl eneCl_3 fluoroal kyl, especially -C2 al kyl eneCl1_2 fl uoroal kyl,
particularly -CH2CH2CF2CF3. 4. A conpound according to any one of clains 1
to 3, wherein x represents 1. . 5. Ac ound according to any one of clains
1 to 4, wherein y represents I 20 6. conpound according to any one of
claims 1 to 5, which is 2,Bi b, R

pent af | uor opent anoyl ) oxy] propanoi c acid, 7.,A ph@{naceutical aer osol
formul ati on which conprises partrca@ Bi cament, a fluorocarbon or
hydr ogen- cont ai ni ng chIorofIuorocarboﬁﬁjropelIant, or m xtures thereof,
and a conpound of fornula (1) according/fo any one of clains 1 to 6. 25 8.
A pharmaceutical formulation according to claim7, wherein the anount of
conpound of fornmula (1) is in the range 0.5%to 5%wWw, relative to the
medi ganment i ler containing a fornulation according to
claiﬁ17 orO%?S?@?pﬁggﬂgg“g8?§Wﬁ§F§fion according to claim7 or 8 or a

net ered do¥é&eRrasRteP oAdcording to claim9 in the treatnent of prophylaxis
of respirayespresiriz®o@ens. 30 11. Use of a conpound according to any one of

claims 1 t?@ an%s R@ i% ége%%te%rll)} represent —C, alkyleneC,¢ fluoroalkyl, which fluoroalkyl

moiety contains at least 1 fluorine atom and not more than 3 consecutive

10 perfluorocarbon atoms and wherein said R’ and/or R? moiety is optionally interrupted by
an ether link.

2. A compound according to claim 1, wherein R' —C,.s alkyleneC;.; fluoroalkyl more
preferably -Cis alkyleneC,; fluoroalkyl, especially -C, alkyleneC,, fluoroalkyl,
particularly —CH.CH,CF.CFs.

15 3. A compound according to claim 1 or 2, wherein R* —=C,5 alkyleneC,.; fluoroalky!
more preferably -C,; alkyleneC,3 fluoroalkyl, especially -C, alkyleneC,., fluoroalkyl,
particularly —CH,CH,CF,CFa.

4. A compound according to any one of claims 1 to 3, wherein x represents 1.
5. A compound according to any one of claims 1 to 4, wherein y represents 1.

20 6. A compound according to any one of claims 1 to 5, which is 2,3-Bis[(4,4,5,5,5-
pentafluoropentanoyl)oxy]propanoic acid.

7. A pharmaceutical aerosol formulation which comprises particulate medicament, a
fluorocarbon or hydrogen-containing chlorofluorocarbon propellant, or mixtures thereof,
and a compound of formula () according to any one of claims 1 to 6.

25 8. A pharmaceutical formulation according to claim 7, wherein the amount of

compound of formula (1) is in the range 0.5% to 5% w/w, relative to the medicament.

9. A metered dose inhaler containing a formulation according to claim 7 or 8.

10. Use of a formulation according to claim 7 or 8 or a metered dose inhaler according
to claim 9 in the treatment of prophylaxis of respiratory disorders.

30 11. Use of a compound according to any one of claims 1 to 6 as a surfactant.



WO 03/ 068722 PCT/ GB03/ 00547 21 12. A process for the preparation of
conpounds of formula (1) conprising (a)oxidation of a conpound of formula
(1v) O He@mweR12Ra (1V) OV 5 or a salt or solvate theceaBosmwarei n: x
represents O or 1; vy represents O or 1; Rl and R2 independently represent
-C1_9 alkylened _6 fluoroal kyl, which $4uoroalkyl noiety contains at |east
1 fluorine atomand not nore than 3 consecutive 10 perfluorocarbon atons
and wherein said RL and/or R2 noiety is optionally interrupted by an ether

link; or (hbd%r@&@@tfbpmeqire@ar%nlaf%bm\éeums&f&&ﬁm&w%rﬁénsﬁﬁg mula (1) in
V\:hIChtheCI’bOX |ic acid L% [? pr.ot ect ed
(a)oxidation of a compound of ormula (IV)

0
HO O/(qu\ﬁ
/\EO " (V)
\(Z)r)/
y

5 or a salt or solvate thereof, wherein:
~ X represents 0 or 1;
y represents 0 or 1;
R' and R? independently represent —Ci.q alkyleneC, fluoroalkyl, which fluoroalkyl
moiety contains at least 1 fluorine atom and not more than 3 consecutive
10 perfluorocarbon atoms and wherein said R’ and/or R? moiety is optionally interrupted by
an ether link; or

(b)deprotection of a derivative of a compound of formula (1) in which the carboxylic acid
group is protected.



