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1 QUATERNARY AMMONIUM COMPOUNDS AND THEIR USE AS
ANTIMUSCARINIC AGENTS This application claims the benefit of US
Provisional Patent Application No. 60/348 930, filed 26 October 2001, US
Provisional Patent Application No. 60/361.979, filed 6 March 2002, and
US Provisional Patent 5 Application No, 60/391 521, filed 25 June 2002,
and the entire disclosures of which are herein incorporated by reference.
Technical Field 10 The present invention concerns a novel class of
guaternary ammonium compounds, pﬂarmaceutical compositions

c Tl he c nds for use as medicaments, and use of
e s e B A S
15 invention also concerns a method of treatment involving administration

of the cormpasndgcihie spyehcanpowuads e ysefetbas aptimuscarinic
ageRis.-inpagicylar, he poyel.sompeunds e usefukipy biedreaiment of .
asthma, a gr%ucpo(zf b@%tgln qlscirgggﬁhz_% tetry%d hrgnlc Obstructive
Pulmanary Diseasé (COPDY.” allergic minitts, Ahd MRSt tithe
cofmtiar Lol Badkgreting dfaRetnvettion B8P AiEnFEagbsamal Patent
distases(sabstituted) 38/ 251diphRany|dropylanzined wseful foRUeatiy the
urisaryi coptisenseulrepadiculats kdisclasesddiisaPiond 8p3nek ea. by
-1-phenylpronyl)-4-methylphenol, also known as
N,N-diisopropyl-3-(2-hydroxy-5-methylphenyl)-3- phenylpropylamine, with

the generic name of tolterodine, 30 as being useful to treat urinary

inca ine is he compound of Example 22 of US

5,382,600 present invention concerns a novel class of

quaternary ammdnium compounds, pharmaceutical
compositions containing the same, the compounds for use
as medicaments, and use of the compounds for the
manufacture of specific medicaments. The preszent
invention alsc concerns a method of treatment involving
administration of the compounds.

The novel compounds are useful as antimuscarinic
agente. In particular, the novel compounds are useful for
the treatment of asthma, a group of breathing disorders
termed Chronic Obstructive Pulmonary Disease (COPD),
allergic rhinitis, and rhinorrhea due to the common cold.

Background of the Invention

US Patent 5,382,600 discloses (substituted) 3,3-
diphenylpropylamines useful for treating urinary

incontinence. In particular, it discloses 2-[{lR}-2-
(dlisopropylamino) -1-phenylpropyl) -4-methylphencl, also
known asz N, N-diisopropyl-3-(2-hydroxy-5-methylphenyl) -3-
phenylpropylamine, with the generic name of tolterodine,
zg being useful to treat urinary incontinence.

Tolterodine is Lhe conpound of Exanple 22 of US §,352,600.
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It is preferred that tolterodine is prepared by the processes of international
Publication W098/29402 (US 5,922,914). H Postlind et al, Drug
Metabolism and Disposition, 5 26(4): 289-293 (1998) discloses that
tolterodine is a muscarinic receptor antagonist. It is presently being sold
in a number of different countries, for treatment of urinary incontinence
under the name Detrol(r), marketed by Pharmacia. When tolterodine is
used to treat-urinary 10 incontinence it is administered perorally as a
tablet. The major, active metabolite of #lterodine is the 5- hydroxymethyl

derivative of tolteroding, 43 Ratent 5 5b0:269:and H.Bogtisgatal, RUG ne
Metabolism and 'S%%S%'P:«f‘a 28(4). 289:233 (1398) 19455619361 02 (us

hydroxytolterodine atent 5,559,269 discloses this compound as .
befPdefbitth' treat urinary incontinence, Pharmacol. Toxicol., 81:

169-172 HLODTy tdisetbses that hiarekytitterddihe Hast kMG EEG/Mic - o -
actitys 20 Bhe irgemationad patein cpplieatiorhW038/38842 ddiselosesa
therapeytically activedisndpropylamines: whieh havefaverable being
antichalineraic Rigpeies, and; whlch.an be usediior Mo frealmgnhahe of
disorders rela|te(13l 0 urinary incontinence. 25 WO 02/34211 disclo estthg 5
use&ot RteFodiETOr HERGT B a,%@ﬁﬁrﬁ?}f Siergic rhinri\t?é‘??fl%ee Y
cuRbntlyrariketethadmimstraicniionm of ikabdife S¥Mhtcodtetdablets
contairing drmger 2 imgofidismiineradrrae corditended refezisés30.
cagsiles,containing2 g pe448g of teltesedine:l-Jadeatedos selense in

the gastrointestinal ragly ; GQOSWNELE cRastanty seguire alternative
deﬁlvery?oﬁns e .

“US Patent 5,559,269 and H Postlind et al, Drug
Metabolisn and Disposition, 26(4): 289-283 (1998)
disclose hydroxytolterodine. US Patent 5,552,263
discloses this compound as being useful to treat urinary
incontinence., Pharmacol. Toxicol., 8i: 168-172 {1997)
discloses that hydroxytolterodine has antimuscarinic
activiﬁy.

The international patent application W098/43942
discleses therapeutically active diarylpropylamines,
which have favorable anticholinergic properties, and
which can be used for the trsatment of disorders related
to urinary incontinence.

WO 02/34245 discloses the use of tolterodine for
treating asthma, COPD, and allergic rhinitis.

The currently marketed administration form of
rolterodine is film-coated tablets containing 1 mg or ?
mng of tolterodine L-tartrate, oX extendsd release
capsules containing 2 mg oxr 4 mg of tolterodine L-
rartrate for release in the gastrointestinal tract.
consumers constantly require alternative delivery forms
with favorable efficacy and/or which simplify the
treatment, thus improving thelr guality of life.

Atropine methonitrate and ipratropium are guatsrnary
ammonium derivatives of atropine., Ipratropium bromide is



with favorable efficacy and/or which simplify the treatment, thus improving
their quality of life, 35 Atropine methonitrate and ipratropium are
quaternary ammonium derivatives of atropine. Ipratropium bromide is 3
used by inhalation to produce bronchodilation. Ipratropium is
8-isopropylnoratropine methobromide and is disclosed in US Patent
3,505,337. Yono m et al, European Journal of Pharmacology 5 (1999)
368:223-230, is concerned with the pharmacological effects of
tolterodine, an antimuscarinic drug, in igolated human urinary bladder

Smoothy %‘gg@ﬁ%@g% R at al. The-lownal e iniematiopal Medical.

Research

6:317-330, reviews use of 10 flavoxate hydrochlori r,
altéRERvE WMPburits? éhﬁﬁ%%O?é’?vb’aﬁiﬁ% TOC eloﬁgag%fzgf gr%%%?o%%% e
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brothitle]l g HedinehtbFOFge intdhtinérce. Stewart BH at al, The
Journal of biielogy ££926) 1A.5:558&59isetosds terEipyorasid /oY
mogdesate) stress . 15uinaly inconiinense:with @ comkinatiphafmacological
phenylprapanclaming, hysrechloride, chloraheniamine. malegis, and
isopr}}z)gpgacrr%leﬁ6dr%£ﬁﬁ%%§s%%?n'?od&reé%ase ca(%)s%k?.n\{ylgc%%ﬂOZGQ and

WO B Bl the tie of R2 20 Ehd " S-16rodiling, respectively, as

drugs for Ke&fingeoriditénsfelafdefto i Emp SindS sREbiet

antichplinelgicageats; Despitesthelgboiie7adEhcesdHife arbifts o £

desirahle 4q develpp:novel phasmaseutioal eompolindsibap 25 fathesuch as
improve the quality of life far.a layge nuinhgof- dividuglssStamag ot ne
the Tnvention ) ,

traabtmenkt of urge incontinence.

Stewart BE et al, The Journal of Urology (12376)
11%1558-559 discloses therapy of mild to moderats stress
urinary incontinence with a combination of
phenylpropanclamine hydrochloride, chlorpheniramine
maleate, and isopropamide ilodide in a sustained release
capsule. '

WO 95/1026% and WO 95/10270 disclose the use of R-
and S-tercdiline, respectively, as drugs for treating
conditions related to the compounds‘_activitiea as
anticholinergic agents,

Despite the above advances in che art, it is
desirable to develop novel pharmaceutical compounds that
further improve the gquality of life for a large number of

individuals.

summary of the Invention '
for these and other purposes, it is an object of the

present invention to provide highly afficient
pharmaceutical compounds for treatment of asthma.

It is also an object ¢f the present invention to
‘provide highly efficient pharmaceutical compounds for
treatment of Chronic Obstructive Pulmonary Disease
(COPD) .



For these and other purposes, it is an object of the 30 present invention
to provide highly efficient pharmaceutical compounds for treatment of
asthma, it is also an object of the present invention to provide highly
efficient pharmaceutical compounds for treatment of chronic Obstructive
Pulmonary Disease 35 (COPD). a It is a further object of the present
invention to provide highly efficient pharmaceutical compounds for
treatment of allergic rhinitis. It is an object of the present invention to
provide 5 highly efficient pharmaceuticakcompounds for treatment of.

rhinorrhea.due to the.common 8886“1[:95 sc&gg o%geégeq{ghgxp‘ygsgnm to

|nvent|on (0] prowae plharmaceutl y effective 3

o.igHERY S pABHe BEfivaives nBYRG R mcresdct FTRSHERR: it
in et epospulmbnadl sdmiriserltion. 98 B an object of the present
_invention txproyiden achgwel class b2, 3ediphenylpiopydaminerdenvativeside

shaving f@/gr@l@z’@ﬁgasaleﬁhg%éw@caeﬂptw@m@ﬁ@éhawIhb@amem
: eV|d from the fgilom gdt%clos%%?g;g Rresgnt invention provides a

qua?ernar ammonlum compaound g ormula OR4 Re R4 H\ ~.~Rz
ccam V \ | Fﬁg/ﬁﬁso ar object of the present invention o

provide pharmaceutically effective 3,3-
diphenylpropylamine derivatives having an increased
10 residence time in lung upoanulmohary administration.
It ig an cobject of the preséht invention to provide
a novel class of 3,3-diphenylpropylamine derivatives
having favorable properties.
For these and other objects that will be evident
15 from the following disclosure, the present invention
provides a guaternary ammonium compound of the formula

7 OR,
] )
A
C _\ﬁ%
= i i
SN
Ré Ry

and any sterecigomers therecf, wherein
20 . R,, R; and R; indspendently represent C;-Cs; alkyl,
optionally substituted with phenyl or hydroxyl, or both,
and wherein any two of R:, Ry and R; may form a ring
together with the guaternary ammonium nitrogen;
Ry Tepresents
25 -H,
-CH,, or
-C0-Fy.; whereln Rs.: Yepresents
- {Cy-Cq alkyil),
~(Cy-Cy alkoxy}, or
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actRPERASSRIF K ah“dhB5aMTent ofthe compotin

and any stereoisomers thereof, wherein 20 R1, RZ and R3 independently
represent C1-C6 alkyl, optionally substituted with phenyl or hydroxyl, or
both, and wherein any two of R1, R2 and R3 may form a ring together
with the quaternary ammonium nitrogen; R4 represents 25 -H, -CH3, or
CO-R4.1 wherein R4.1 represents (C1-C4 alkyl), (C1-C4 alkoxy) , or 5
-NRy_2R4.3, wherein Rn_2 and R4.3 independently represent -H or
-(Ca-C4 alkyl) and R5, R6 and R7 independently represent -H, 5-OCH2,
-OH, CONH2, -S02NFTy, -F, -Cl, -Br%-l, _D -CF3, or (Ca-C4 alkyl) ,

optionally substituted with ope or tyo -Qk, (gﬂl -Cd.alkgxy), 15-COON,
or CQ-0-(C1-C3 alky % anofX represents an anion %L% armacgutlcally
acco

rdlngﬂto the 20
inventiorRtheTsarboR dteréSCEMEPELIF) Th ARBIRASHT

~H,
-0OCH;,
-0H,
~CONHaz,
- SO,NH,,
-®, ~Cl, -Br, -I,
-CFg, o .
- {Cy-Cy alkyll, optionaiiy substituted with one
oY Lwo .
-QH,
- {C1-Cy alkoxy),
-COO0H, or
~-CO-0~ (C1-Cs alkyl), and

% represents an anion of a pharmaceutically
acceptable acid.

Iﬁ an embodiment of the compound according to the
invention, the carbon stereocenter is (R} . In another
embodiment of the compound according to the invention,
the carbon stereocenter is {(S}. In vet another
embodiment, the compound according to the invention is a
mixture of stersoisomers.

In a preferred embodiment of the compound according

to the invention, at least one of Ry, R; and R; represents
C,;-C; alkyl. In a more preferred embodiment, at least one,

preferably at least two, of R, R and R; represents ]
isopropyl. In another more preferred embodiment, at least
one of Ry, R, and R, represents methyl. In yet ancthex
more praferred embodiment, at least one of Ry, R: and Rj
represents ethyl.

In one preferred embodiment of the compound
according to the invention, Ry and Ry jointly form a ring

together with the guaternary ammenium nitrogen. In a more
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embodiment of the compound according to the invention, the carbon
stereocenter is (S). in yet another embodiment, the compound according
to the invention is a mixture of stereoisomers. 25 in a preferred
embodiment of the compound according to the invention, at least one of
R1, R2 and R3 represents C1-C3 alkyl. In a more preferred embodiment,
at least one, preferably at least two, of R1, R2 and R3 represents
isopropyl. in another more preferred embodiment, at least 30 one of R1,
R2 and R,, represents methyl. In yet anether more preferred embodiment,
at R1 nd R3 represents ethyl. In gne preferred
o T e e ranes, rhnd 2 ¢
joi T fo7Ah & FiRG™ 35 together with the quaternary ammonium nitrogen. In
a more 6 IPrefe®eq ePABSENRIRoSaaig edmphses froprynd 6:caruiing
atoms the preferredcembadiment-ebtheceompoundBecosdingcto-the, |
iNueREeR RAXEPresants sblneeH3, & -GRRA 1. syvhergin B4l o rerreg
re%rIgSSgtf C%i—t,CA' Qlkyélélnr% more pr_q&erre embodiment, R4 represents
-H.'In"a prerr%rrebl er%boa?me_n’t’d?ﬁwe compound according to the
invention  RoFepFedsits ef, sBPREimesti3 afr tER2BRIRABRE prsteratsh 1o
-CH3, 1b4n arprefdried enfbodivivarstasithe coinpouin. actirding e ther
invertigry At teast opes marereferahly both, of R6 and R, represents -K.
in a prefeftedhembosimentiobihe.comparnd accading, 0408 Anyentions ;
X-is selggted fomthe.oroup 15, gonsisting of the anions of fie folowing
acids: tartaric, hydrochloric, ydefoﬁromlc, hyg‘rmodlg,

R; and Ry répresentz -H.

In a preferrsd embodiment of the compound according
to the invention, X  is selected from the group
conglsting of the anions of the following acids:
tartaric, hydrochloric, hydrobromic, hydroicdic,
sulfuric, phespheoric, nitric, citrie, methanesulfonic,
CHa- (CHp) n~COOH where n is 0 thru 4, HOOC- {CH;)n-COOH
where n is 1 thru 4, HOOC-CH=CH-COCH, and benzoic. In a
more praferred embodiment, X~ is selected from the group
consisting of iodide, bromide, and chleoride. In an even
more preferred embodiment, X  represents iodide. In
another even more preferrad embodiment, X~ represents
chloride. In yet another even more preferred embodiment,

- X7 represents bromide.

More agpecificzalliy, preferred embodiments of the
compound according to the invention include the title
compounds of the examples. Particularly preferred
embodiments are selected from the group consisting of

{3R) -3- (2-hydroxy-S-methylphenyl) -N,N-
diisopropyl-N-methyl-3-phenylpropan-l-aminium iodide,

{3R) -3- (2-hydroxy-S-methylphenyl; -N,N-
diisopropyl-N-methyl-3-phenylrropan-l-aninium bromide,
and

(3R} =3~ {2-hydroxy-5-methylphenyl) -I¥, N~
dilsopropyl-N-methyl-3-phenylpropan-l-aminium chloride.



sulfuric, phosphoric, nitric, citric, methanesulfonic, CT3-(CH2)"-000H
where n is 0 thru 4, HOOC-(CH2)n-000H where nis 1 thru 4,
HOOC-CH=CH-COON, and benzoic. In a 20 more preferred embodiment,
X- is selected from the group consisting of iodide, bromide, and chloride.
In an even more preferred embodiment, X- represents iodide. In another
even more preferred embodiment, X- represents chloride. In yet another
even more preferred embodiment, 25 X- represents bromide. More
specifically, preferred embodiments of tiie compound according to the
invention f;pclude tq:e tité%acom%oun s of the %ﬁaorplplerséggéticularly

oY 1 V
preferred em%%ﬁ?ménts are‘sreiggte from the grou conssﬁﬁg%f 30

(3ﬁ#@ﬁﬁﬁﬁaHi%ﬁgﬁnEﬁwﬂﬂﬁ%ﬁéﬁﬁJ@pmpris;ng-a_therapeutically

diisopFERH I emyL3piehyiprepand naruAtodiieum compound

(3R 2-aydroxysSuhethidphetyl)eN N and 2z suitable pharmacsutical
s diisopronyd:-N-methyk3sphenylpropan-l-aminium bromide, and 35

(3R)-3-(2:hydroxy-5-methylphenyl)-N,N- .

isoprop R oA e A RS e ™ TR e
preSERPIvERtiGATTWaEs FFaMace R aF 86mbBER @ mpAgingse 2= 2
a,therdpeatieally. effective amount of a quaternary ammonium compound
accordingrteghpdavention. ansha suitablecpliaiemoessical SCaftiet ernary
10 the&ﬁﬁ&nﬁ%p%gﬁ@@@@Mﬁ@r@#owge§@éqLi@{@g?ﬁﬁfoﬂwegm% -
compound according tq the invention foruse g 2 medicament The, .o ;
present mvenﬁon provides use of a quaternar 18 amﬁmnlum co’mpou'néllj
acc%‘?am*@%ﬁﬁg%@éﬂtwwéhfﬁaﬁaﬁac{&é?&)a niediERReht iR s,
Ueamﬁpagmhﬁg(ﬁw@nmo the common cold, or uwrinary disorder.

Finally, the present invention provides a method of

15 treating asthma, chronic obstructive pulmonary disecase
(CopD), allergic rhinitis, rhincrrhea due to the common
cold, oy urinary discorxder in a mammal, including mamn,
comprising administering to said mammal, in need of such
a treatment, a therapeutlcally effective amount of a

20 guaternary ammonium compound according to the invention.

Brief Description of the Drawings
. Figures 1-3 are diagramsg showing average enhanced
pause {lung resistance) as a function of time upon

w1

inhalation of guatermary ammonium galtes agceording to the

]

invention in Balb/c mica.

Filgure 4 is a diagram showing the effects of
inhalation of toltercdine and a compound according to the
invention, respectively, on the average enhanced pauss

30 (lung resistance) as a function of time in Balb/c mice.

Figure 5 is a diagram showing the effects of
inhalation of a compound according to the invention and
ipratropium bromide, respectively, on the average
enhanced pause (lung resistance) as & function of time in

a5 Balb/c mice.



obstructive pulmonary disease (COPD), allergic rhinitis, rhinorrhea due to
the common cold, or urinary disorder. Finally, the present invention
provides a method of 15 treating asthma, chronic obstructive pulmonary
disease (COPD), allergic rhinitis, rhinorrhea due to the common cold, or
urinary disorder in a mammal, including man, comprising administering to
said mammal, in need of such a treatment, a therapeutically effective
amount of a 20 quaternary ammonium compound according to the
invention. Brief Description of the Drawings Figures 1-3 are diagrams
showing average enhanced. pause (lun re,sista@ge) aia function of time
upon 25 fritafatiort of GuStePAa A RmohTuh Salts ScrdiRy to the

NS RRTHBEIBRIMIGS Figure s iSa ShaaH EheR R Eieds bre
inhal=tort 6btolterblineiard divcmpduntbadcording tosthesmbention,
respeativelys enctheraverage.enbascedpause 3th(lsag sesistanes) as a
function gf:time Jn-Balb/cmice, Figurehdg adlagram shouing the effects

- of inhalation of a compound.according to the mvgntion,and, i.pratropiu
brgﬁ]rlnﬁea,nrggsé:&?vréw(ﬁ&h\#) og %ogt pdine with tlmg %r%

i¢

20

RS
Ut

€ average eﬁﬁanced‘paus,e (ling resistanc
asiphuridRDIARNE 7P B35 BRI/ ETMice" B Eidire ‘B sl diagtantaidwig
the:ptasma concentration (pg/ml) of a compound according to the
invention with. time (hours) following aerosol administration of various

amunis. in palb/c mice,. 3 FgWe.{ is.a diagram 'showing the plasma

concentgton Q'%g“g"' oiterodine Ton time (hoyrsy; following aerosol

administratioR BFVaHOUEAmG NI mice = © Rt
terminology will be urilized for the sake of clarity.
Such terminoclogy is intended to encompass the recited
embodiments, as well as all technical =sguivalents that

operate in a similar manner for a similar purpose to
achieve a similar rssult. To the sxtent that any

pharmaceutically active compound is disclosed or <laimed,

it is expresgly intended to include all active
metabolites produced in vivo, and, is exprassly intended
o include all enantiomers, isomers or tautomers whers
the compound is capable of being present in its

enantiomeric, isomeric or tautomeric form.

The compounds of the invention can be prepared by
one gkilled in the art sust by knowing the chemical
structure of the compound to be prepared. The invention

ig the compounds themgelves, not the process chemistry Lo
make them. The chemistry is known to those skilled in the

art.
| Accordingly, the compounds of the present invention
are guaternary ammonium compounds and are prepared by
means, well known to those skilled in the art, for
preparing guaternary ammonium compounds from tertiary
amines, wsing the tertiary amines of US Patent 5,38Z,600
and other known cempounds as starting materlials. The
general term "quaternary ammonium compound® relates Lo
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10 Description of the Invention In describing the preferred embodiment,
certain terminology will be utilized for the sake of clarity. Such

terminology is intended to encompass the recited embodiments, as well

as all technical equivalents that 15 operate in a similar manner for a

similar purpose to achieve a similar result, To the extent that any
pharmaceutically active compound is disclosed or claimed, it is expressly
intended to include all active metabolites produced in vivo, and, is

expressly intended 20 to include all enanfiomers, isomers or tautomers

where the compound is capable of being present in its enantiomeric,
isOﬁféﬁcQﬁWﬁﬁfﬁ?ﬁeﬁ@?&mﬁ%@@oﬁﬁ%ﬁﬁﬁ?%f #fe HARFeNtiBA caFFFe
preparedtibyrP 5 phecsikittel prtherarejustiy knosddy the chepillealement of
structurerehibersainpawrd o bepregarac T, nveiah, iseanic groups.
compoungg, themselyes NS pIAgess chemisiny g, make NeM. The s ng
chepisty Js known o those skled Inthe at, 50 Accordingly, e
compounds 8f the presen i.nvenﬁon “are quaternary ammoniam ,
corRFERYSaAd a7 préfaret B FAanE, well RAGWHNS thBEE skif@@ar+um" .
theiart, foe prepadng FoatemanpammdiaRinrgermpouyndsdram fertiary

amingshyskgheitertiary-amines of JiS1Ratent 81382.60Q R&rand ethesn - 1 -

- knoyn ompoynds as.starting materials, The oeneral term ‘quatgrnary-
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ammonium compqund” relates.to 9 _any compound that can be regarded
e BT TR SO o TSGR by RO R L
repRREMERAPER G SR 668N HSHEGRRENHATo P BY B §&nic groups.

The specific compounds are for nomenclature reasons 5 (see e.g.
Chemical hbstrastsdianed By aMiAkMhvent ion concerns quaternary

ammonium compounds of the formula:

and any steregisomers therecf, wherein Ry-Ry and ¥ are az
fecllows.

Ri, Ro and Rz independently represent Ci-C¢ alkyl,
optionally substituted with phenyl or hydroxyl, or both,
and any two of Ry, R: and Ry may form 3z ring together with
the guaternary ammonium nitrogen.

Ry represents -H, -CH:, or -CO-Ri.i, wheresin Rg;
represents - {C;-Cy alkyl), =-(C;-Cs alkoxy), or -NRi-zR4.z,
wherein R;.; and R,y independently represent ~H or - {Ci-C
alkyl).

Re, R; and R, independently represent -H, -0CHs, -OH,
-CONH; (carbamoyl), =30;NH: (sulphamoyl), ;F, -1, -Br,
-I, -CFy, or ~{C-Cy alkyl), optionally substituted with
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compounds, but it is possible to use the term "ammonium" in the names.
For example, (3R)-3-(2-hydroxy-5-
methylphenyl)-N,M-diisopropyl-N-methyl-3-phenylpropan-I- aminium
bromide can also be named as an ammonium 10 compound:
(3R)-[3-(2-hydroxy-5-methylphenyl)-3-
phenylpropyl)diisopropylmethylammonium bromide, More specifically, the
invention concerns quaternary ammonium compounds of the formula; 15
OR,, R'FR2 X"wR6 R~ and'any sterecisomers thereof, wherein R2 -R,
and X- are as, foIIo Ws. R% and R3 |n epe &Iy regresent C1-C

alt 20’5 optlonally sdbstl uted fuithprem I or hy roxyl, or both, A &Fénﬁ

twdORRY, R?aﬁdmfﬁw?&ﬁﬁ%ﬁ@t@&ﬁ& With atr@t‘mméﬁ%wmally

ananonivaRitroger R4 represents -H, -CH;, or -CO-x4.1, wherein R4_1
represents -(C1-C4 alkyl), -(C1-C4 alkoxy), or -NR,-7x4.3, 25 wherein

R4_2 and R %ﬂ»ngfpsﬁg gﬂg regreé@@hd;@g, (é}r?lge %'E@Az%im%wdus

respresen amo

RS AN, B A hreatt ks, SAACLCE I SoOAGRP e

,suﬁ@ﬁmwutﬁhﬁy ‘b‘??étélaﬁVo B@F-Fle(Gf o ARER, COORMISEr with an

-CO=gr(C I C81\adioptp rand &X'geprgsertg aniamidr bf dgpharmaceutically

acceptabig,acighhatrate containe a Cy-Cs aikyl, preferably a
Cy~Cy alkyl, opticnally substituted with phenyl, and =
leaving group. The identity of the leaving group is not
critical, but it iz preferred that the leaving group is a
kalide, such as iodide or bromide. Thus, exemplary
substrates include methyl iodide, methyl bromide, ethyl
iodide, propyl iodide, Dbenzyl bromide or benzyl i1odids.

“The regulting reacticen product is a quatsernary

amnonium compound, which is readily crvstallized in
suitable solvents, known to those skilled in the art. The
crygtals thus produced are guaternary ammonium salts.
Their identity ig confirmed by mtandard wmethods, such as
melting point determination, nuclear magnetic regonance
{NMR) analyvsis and masg spechbrometry.

The guaternary ammonium compounds of the invention
have at least one stereocenter, i.e. the carbon in
position 3 (Cy in the formula below), to which two
{substituted) arvl groups are attached. Optionally, there
may be a second stereccenter (when Ri, R; and R; all are
diffsrent), the pesitively charged guaternary ammonium

nitrogen atom. See the general formula:
R4

\V/Cz N2

C(/ \sRa
Al {n X
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5 By way of example, a tertiary amine according to US Patent 5,382,600,
or its salt, is dissolved in a suitable solvent. The tertiary amine is allowed
to react with an organic substrate, e.g. an organic halide. The substrate
contains a C1-C6 alkyl, preferably a 10 C1-C3 alkyl, optionally substituted
with phenyl, and a leaving group. The identity of the leaving group is not
critical, but it is preferred that the leaving group is a halide, such as iodide
or bromide. Thus, exemplary substrates include methyl iodide, methyl.
bromide, ethyl 15 iodide, propyl iodide, benzyl bromide or benzyl iodide.
The resulting reaction product is a quaternary ammanium compound,

whitHEE $&RdfiFerytallizea ife8aitiblé SRS HaT5n 16 tHosE Siiked ik -
theRart. Fheagrysthls ags prodiettarcagdaternafy apmdoRiurfssaitss 20
Theirddentity: sl canfirred by standatd thethodspgleh@snmeting prittrie .
determination ycleas magneliciesonapesnNMR) analysiy ghd mass
SPRGIEL HE dyaleinan: anmanun, ¢ompeunds Ll Iyention 25
have at least one stereocen er, I.e. the carbon In positon in %e
forhfiffa Beloh) -to'whith e (ShBERutddtar FytRips e it e use of
Optiafally: therorhagire asersndistéreocenters(WhemsR b R2vansd R3 all
are;ghifferent), the-pasitively sharged queieraansammenium 33 airoges c,
atom-$ee the general formulasR; A Nz RZ B3 rArsel b whgrein
Ar and Are dengte (Substituted) and aroups, Rl e in which the o
carbon stereocenter is in the (S).form have useful
activity. A mixkture ¢f gtereoisomers, comprising the
scereoigomers in which the O3 carbon stereocenter is in
the (R} form and the stersoisomers in which the Ty carbon
stereocanter is in the (8) form, algo hag usaful
activity.

The guaternary ammonium compounds of ths invention
ars preferably administered as salts with a
pharmaceutically acceptable avid. Where Ry is -H, the
compounds c¢an be isolated as internal salts, which have a
phenoxide anion to balance the positive charge on the
quaternized nitrogen. The preferred pharmaceutically
acceptable salts inglude salts of the following acids:
tartayxie, hvdrochloric, hydrobromic, hydreoicedic,
sulfuric, phosphoric, nitric, citric, methanesulfonic,

CHs - (CH2) 34~CO0H where n 12 0 thru 4, HOOU- {(JH;),-COCH where

n ois 1 thru 4, HOOC-CH=CH-COOH, and benzoic, For other.
acceptable galts, ges Int. J. Pharwm., 33, 201-217 (1886).
Particulaxly pkeﬁerred salts are chloride, lodide and
bromide salts, especially bromide aaits and iodide =alts.
Accordingly, X° represents an anicn of =

pharmaceutically acceptable acid, Preferably, X is

sglected from the following anicns: tartratse, chloride,
bromide, 1odide, sulfate, pheosgphate(g), nitrate, citrate,
methanesulfonate, carboxylates with from two to six



* R2, R3 and X- are as above, and C1, C2 and C3 denote individual carbon
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atoms in the propylammonium backbone. Accordingly, stereoisomers
(enantiomers and/or 5 diastereomers) are produced. All sterecisomers
have useful activity. Therefore, the invention includes use of each
stereoisomer separately, as well as mixtures thereof. Specifically, the
stereoisomers in which the C3 carbon stereocenter is in the (R) form
have useful 10 activity. Moreover, the stereoisomers in which the C3
carbon stereocenter is n the (S) form haye useful activity. A mixture of
stereoisomers, comprising the stereoisomers in which the C3 carbon

SteTRbEERteT T thE HRFFSIRTENE TRE StereBisbRmdtstrvitien $/hE rrbon
CarscNEs sterbogbnter foitnttec(S) fond, hfvedtasaseflt dativityeThered
quaternary ammesisn eempoisief, thedavention: ase pretesablore

adginistared.as; saltsiwith,a 2Q phasmaceutically acceptable acid. Where
R4 is -H, the compounds can be isolated as internal salts, which have a

phenoxide anion to balance the positive charge on the quaternized

nitrogen, e FrtERéd W hdteutfalyRactaptdie Shfs FidtdeBalts of
thelfgliowisg acidsr 2% tartarisshpdioed|dhicyhydisbremicrhydroiodic i ng
sulfyric; phosphaeric st ciistymethanesulfonie, GlrEEHIINKOOH

wherg uissthru4, HO0GA FQQB&EQEE&&@e#id&“bﬁé%§&4ax hydroxyl,
HOOC5C ZC%QO and benzoic, Eor other cegtable saltg, see Int
I ‘3 2n

J. Pharm ™ 33, 201221 7(1986). 3b AU V praterad RAE HE Roride -
iodfii&%hd BrHite: saifSREpetially Bibiide 8RS AR iodRE SAts,
AcEBRIIAGIYY X' réprasséntscan anidresta pherrhacnaticallysacoeptablesatid,
PreferablyhXris1selecteefrom,the fefowbighanions: tartrate, chloride,

It is preferred that at least one of the
gubstituents Ry, Rz, R; represents a C:-C; alkyl, straight
or brariched, i.e. methyl, ethyl, propyl, cor isopropyl. It
is particularly preferred that one of the substituents
Ry, R;, R; represents methyl or ethyl, preferably methyl.
It iz also preferred that at least one, more preferred
two, of the substituents X;, Rz, R represent (g)
isopropyl. It 1s especially preferred that R; and R: each
represent 1sopropyl, and R; represents methyl or ethyl,
preferably methyl., The substituents R;, Rz, and R;
together contain at least 3 carbon atomsg. It is preferread

- that the substituents R., R, and R; togethsr contain at
least 4 carbon atowms, more preferred at least 5 carbon
.aroms, even more prefefred at least 6 carbon atoms.

According to anothez gspect of the inventicon, any
two of Ry, R., and Ry may jeointly form a ring structure
.together with the positively c¢harged nitrogen. It is
preferred that the resulting ring structure comprises
from four to =2ix carbon atoms,

The substituent R; iz attached via an oxygen atom to
its aryl ring. The -OR, group is attached to the carbon
atom in position 2 in the ring, with respect to the



35 bromide, iodide, sulfate, phosphate(s), nitrate, citrate,
methanesulfonate, carboxylates with from two to six 12 carbon atoms,
dicarboxylates with from two to six carbon atoms, maleate, fumarate, and
benzoate. It is preferred that X- represents chloride, iodide or bromide,
more preferred iodide or bromide. 5 The substituents R1, R2, R3 may be
the same or different. They are selected from the group comprising

' C1-C6 alkyls, preferably C1-C5 alkyls, straight or branched, optionally
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substituted with phenyl or hydroxyl, 2.0-@r both. Thus, R1, R2, R3

independently represent methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
peRtyPFISOPEART, HEHGHRohERG, BtE Rl STstietdt il BRERFIGT

hy#eskgb I botmat ity preferredthat(atieat ane ovtsaréSsubstifuents Riges

R2:MR8 representsiaeCl=C3akylgstraghy lerdraoehed, i raetnt «thyl,

B R raany 1 ey o ens
represents methyl ar ethyl, preferably, methyl, it is_.also

prégng%ﬁ%ﬁgétolzéﬁgf one. r%()q@%rg}/rer%rdaﬁjﬁaflv%fo%%%lgﬁs%ﬁﬁgntgm, Eo

R2 R SHEEER (S RobropiFitiEEdBec Rty brerikd ARRRL 45d R2

eaéhdrsprasemisopdpyiatal Ry rsstesents metyl or ethyd i Preferably
methyk Thedsubstituents RbrR2nand R dogetbereontain aklesst 3

carhonatoms; 1tis preferceg 2Sithat the sulstitugMisRnR2..800 B3 of
ogsiereatiali gL least € carbon plodis; I Prelerien atieasl oc
ore d af leas E

. ’ -"Cd
carbon .atoms, even more prererre carbon atoms. Accordin

to BNBIHEY asFEERGPINe iRVertian AR martt RIFR2Rartd RERESBinty >

forfid fhgestfgefufe the same or different and rspresent -H or
- {C.-Cy alkyl), straight or branched. Thus, the
substituent Ry may represent any one of the following:
hydrogen, methyl or acyl, wherein the acyl group may be
acetyl (éthanoyl), propanoyl, butanoyl, isobutancyl,
pentancyl, isopentanovl, methoxycarbOnyl, ethoxycarbonyl,
propoxycarbonyl, isopropoxycarbonyl, butexycarbonyl,
iscbutoxycarbonyl, carbamoyl, N-methylcarbamoyl, N-
eéthylcarbamoyl, N-propylcarbamoyl, N-butylcarbamoyl, or
an N,N-dialkylcarbamoyl, wherein the alkyl groups,
straight or branched, are the same or different and have
from 1 teo 4 carben atoms each. Examples of N,N-
dialkylcarbamoyls in this positiocn include N,N-
dimethylearbamoyl, N,N-diethylcarbamoyl, N,N-
dipropylcarbamoyl, as well as N,N-diisobutyvlcarbamoyl,
and N-propyl-N-butylcarbameoyl., It is preferred that Ry
represents hydrogen, since such compounds can be isclated
ag internal salts, which have a phencxide anion to
balance the positive charge on the guaternized nitrogen.
Tt is also preferred that Ry represents alkylcarbonyl,
straight or branched, having from two to five carbon
atoms, e.9g. acetyl {(ethanoyl), propanocyl, butanoyl,
iscbutaneoyl, pentancyl, or isopentanoyl. Moresover, it ig
preferred that R, represents methvl.
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30 together with the positively charged nitrogen. It is preferred that the
resulting ring structure comprises from four to six carbon atoms. The
substituent R, is attached via an oxygen atom to 35 its aryl ring. The -OR,
group is attached to the carbon atom in position 2 in the ring, with respect
to the 13 propylammonium group. The substituent R, may represent
hydrogen, methyl or acyl (-CO-R4-1), wherein acyl includes any one of
the following: alkylcarbonyl, straight or branched, having from two to five
carbon atoms, 5 alkoxycarbonyl, straight or branched, having from two to
five carbon atoms, and amide, optionally mono- or independently
disubstifthed sWie sk sraidht SR HrRFcIREIRERTGHIEM 6R¥ to four

‘cathiomatone(S)pAcsordingly; thelsubstitbent RA<inrepresestsaanyl ona s -

194h@€algyvmgr& Caalkyd, sixaigbbarbeansheth CGiGA etkans staighin
o dcﬁéd}?g r@ d-NR3 2R3, %% %@héngﬁbédﬂéﬁ%the same

rent and represent - Hor * alkyl), straight or branched.

TH §r%]ep§i?r?ﬁﬁ&§m%lﬁfﬁygreﬁ}léﬂséﬁ a%?/n&n S oFthe Ritswitig ™15 °°
hyaeees’; Bfethyl aracyinwhefeif tfe BRYRMLEEINEY be %%Eﬁﬂn atoms
(ethanew),sprppandyly butanoyl, isobutanoyl, pentanoyl, isopentanoyl,

methoxy&am@pyis@ﬁg@@e@afbaaxi dHepexyeatbonyh isopropaxycaibenyn ,
#ﬁ%%xxcggbw' %Oxy&%%%% Qarb@&n%a%lwthwwgampyl N 20
car Icar amoyl N-but par
H&ﬁ%ﬁﬁrb%%w%ﬂ%@w&%’ﬂﬁyl glr%ﬁbg strald“ﬁ]t ortbran“ﬁtél e~
tr@saﬁq@xir QORI aPIEIREVES Fr PR TS ERASHN ROTHSEatRoEXEMPIES
of - diatkytecarsamoyls othispesdition intldde N, Ny25 group may be
dimetbylcatbamayl N:NedirathycaniBmoNd- with hydroxyl, with
an alkoxy group, straight or branched, having from one to
four carbon atoms, with carboxyl, or with alkoxycarbonyl
(-C0-0-{01-Cs alkyl)), straight or branched, having from
ocne to four carbon atoms. It is preferred that Rs .
represents any one of the followlng: hydrogen, bremine.
chlorine, methyl or hydroxymethyl. It is particularly
preferred that Ry represents methyl. IL Rg doss not
represent hydrogen, it is preferred that Rs is gituated
opposite the -ORy group, i.e, at the carbon atom in
position 5 in the wing, with respect to the
piopylammonium group.

The substituents Rg and R; are connected to the same
aryl ring, which is different IZrom the aryl ring to which
the substituents R; and Rs are connected. R¢ and R; may be
the same or different. R¢ and R; may independently
represent any one of the following: hydrogen, methoxy,
hydroxyl, carbamoyl, sulphawmoyl, halogen (fluorine,
chlorine, bromine, iodine), trifluoromethyl or an alkyl
group, straight or branched, having from one to four
carbon atoms. Optionally, this alkyl group may be mono-
or independentcly disubstituted with hydroxyl, with an
alkoxy group, straight oxr branched, having from one to
four carbon atoms, with carboxyl, or with alkoxycarbonyl
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dipropylcarbamoyl, as well as N,N-diisobutylcarbamoyl, and
N-propyl-N-butylcarbamoyl. It is preferred that R4 represents hydrogen,
since such compounds can be isolated as internal salts, which have a
phenoxide anion to 30 balance the positive charge on the quaternized
nitrogen. It is also preferred that R4 represents alkylcarbonyl, straight or
branched, having from two to five carbon atoms, e.g. acetyl (ethanoyl),
propanoyl, butanoyl, isobutanoyl, pentanoyl, or isopentanoyl. Moreover, it
iz 35 preferred that R, represents meth)il 14 The substituent R5 may be
connected to any, otherwise not substitu?ed, carbon atom in its aryl ring.

In oth€Pwords;:RS isshdtyédrinectse ad any of théxandre tomstbonghithom
thecOR4 graumer the-taibstitiiad) S phenylpropanammonium group is
connected,cbut-R5 ragy begonnggteddoanyane. ok the.remaining four, .,
0, B TRk o BTyt Fdlofeh Z6°: Bot,
(ﬂu%ﬁn%f hTBHHE, BroRRRESRUhd)Y HhfdsFoméathyl &r RERARTKGBUpRat the
straighesr BRmceRhavingFroms oreln) fow crbertadmseOptionadiypon
thissalkeyl groupomnay fzen mone- ahiwdependenty distbstiited withc he
%@Q&wmmm@?ﬁim&t%@méﬁg@me&ft'ck?@lgCR?%QEVE@ from-opg 1@

- n Wi rboxyl, or with alkoxycarpon C
(-C%%—I%%é gﬁgyﬁgsﬁésgéegf E)éancc{ﬁ%{:d, cﬁ%‘?’/in)%frgrgnu%%eetg fogr =€
carBOhERBns Wis PreRsrod- ik I@S.W@pr@%@h@%ﬁfcﬁ@ ot e FEIRVRRg ke
hydt®geREbroTAING, ichlBese trhetisy| br Hydrexyriethytdpspartiellarlyizo
prefered that, R representsmethyl. tHR5eesyininrepiesentpgen, it
is preferred that R5 is situated

The novel class of compounds according to the
present invention are antimuscarinic agents.
"Antimuscarinlc agenta' refer to muscarinlic receptor
antagonistg. Examples of known antimuscarinic agents
~include tolterodine, hydroxytolterodine, 2-
(diisopropylamine) ethyl-1l-phenyleyclopentanecarboxylate,
propiverine, oxybutynin, trospium, darifenacin, '
temiverine, iprabropium, and tiotropium.

Propiverine is l-methyl-4-piperidyl .alpha.,.alpha.-
diphenyl-.alpha.- (n-propoxy)acetate and is disclosed in
Ewst German Patent 106,643 and in CAS 82-185841g (1575).
Oxyburynin is 24~ {(diethylamino;-2-
butynylalphaphenyicyclohexaneglycolata and is discloased
in UK Patent £40,540. Trosplum is 3alpha-
hydroxyspiro{lalphaHl, Salphali-noxrtropane-
8,l'pyrrolidinium]chloride benzilate and is discleozed in
US Patent 3,480,623, Darlfenacin is 3-
Pyrrolidineacetamide, 1-[2-(2,3-dihydro-5-
benzofuranyl)ethyl]l -alphz, alpha~diphenyl-, and is
disclosed in U3 Patent 5,085,880, Temiverine is
benzensacetlic acid, .alpha. cyclohexryl-.alpha.-hydroxy-,
4~ {diethylamino) ~1,1-dimethyl-2-butynyl ester and is
disclosed in US Patent %,036,088. Ipratropium is 8-
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opposite the -OR4 group, i.€. at the carbon atom in position 5 in the ring,
with respect to the propylammonium group. 25 The substituents R6 and
R, are connected to the same aryl ring, which is different from the aryl
ring to which the substituents R4 and Rs are connected. R6 and R~ may
be the same or different. R6 and R7 may independently represent any
one of the following: hydrogen, methoxy, 30 hydroxyl, carbamoyl,
sulphamoyl, halogen (fluorine, chlorine, bromine, iodine), trifluoromethyl
or an alkyl group, straight or branched; having from one to four carbon
atoms. Optionally, this alkyl group may be mono- or independently

i H

diS RS R RYERBGT Wil BRI AIRD%F of8p, SradRESPEEhcRdlS

"hakirefronB oRé o our cHitsdrrawiis: Wigh darvodghcordviieta, 4-beta, 5-

alkoxyearhomd d6) (CQ-OKErdS3rakkyl)), -sttaightyan araerchetohading, -
from e {q foprcarben aloms. s prefeged that ableast Apgapeeferadly: s
both,_of R6 %1%§7E%Jept£§§eqtféﬁydrogen. When one, but not both, 5 of
RE4AG ?epresen s hydrbgen, it is preferred that the other (R, or R6,
respectively) is attached to the carbon atom in position 2 in the ring, with
respect tBttke corapyladmorfurntgroip v iitereneitieeR 8ot Rnclinergic
represent diyekogenuit is preferragddhal-eiieis ditachaktocthesttheatbart
atqrn.posifion: 2 anduthe; other 49 a0y Qne,of the £athonatoms inthey - are
posmogs 3, f4, ort5, re%pectlvael%llln althecril‘in , r\{\s(;ltch g%sgper% Ct:% Rtlre \monar
profyiafmSMmant Hfotp. Fhe RoVEI tass of Eompounds according to e Y
159 resafeinleRRbh ard BhtRiistafficagdrts. *RRAtRHRAFREEg&MmE" &0

refento muscannieiegteptor antagonists. Examples of known

antimuscesigic:agentsefers to a chronic lung disease causing
broncheconstriction (narrowing of the airways) due Lo
inflammation (swelling) and tightening of the muscles
zround the airways., The inflammation alsc causes an
increase in mucus production, which causes coughing that
may continue for extended periods. Asthma is
characterized by recurrent episodes of breathlessness,
wheezing, coughing, and chest tightness, termed
exacerbations, The severity of exacerbations can range
from mild to life threatening. The exacerbations can be a
result of exposure to e.g. respiratory infecticons, dust,
mold, pollen, cold alr, exercise, stress, tobacco smoke,
and air poliutants.

"COPDM refers to Chronic Obstructive Fulmonaxry
Disease, primarily associated with past and present
cigarette smoking. It involves airflow obstruction,
mainly associated with emphysema and chronic broachitis.
Emphysema causes irreversible lung damage by weakening
and breaking the air sacs within the lungs. Chronic
Bronchitis is an inflammatory disease, which increases
mucus in the airwavs and bacterial infections in the
bronchial tubes,resulting in ohstructed airflow.

"Allergic rhinitis" refers to acute rhinitis or
nasal rhinitis, including hay fever. It is caused by
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include tolterodine, hydroxytolterodine, 2-
(diisopropylamino)ethyl-I-phenylcyclopentanecarboxylate, 20 propiverine,
oxybutynin, trospium, darifenacin, temiverine, ipratropium, and tiotropium.
Propiverine is 1-methyl-4-piperidyl .alpha.,.alpha.-
diphenyl-.alpha.-(n-propoxy)acetate and is disclosed in East German
Patent 106,643 and in CAS 82-155841s (1975). 25 Oxybutynin is
4-(diethylamino)-2 butynylalphaphenylcyclohexaneglycolate and is
disclosed in UK Patent 940,540. Trospjum is 3alpha-
hydroxyspiro(lalphaH,S.alphaH-nortropane- 8,Irpyrrolidinium}chloride
behkifaesitl B discSedt BBUSPAIERAE 3,480,623, DAFERERIN is 3-

" Pymedidineacetamigies 1i[24(2, 3udilygdrose , and itchiness in the

blegggfurgw}gtgyl]@&l,@ga alpha-diphenyl-, and is disclosed in US Patent
5,096,89 miverine epzeneacetic ac Vi-2lphag
hydron S &iéﬂ i At
AR AU ST ReNES, G35 608 P ATSHAT A 16 0 & virus
iSopFepyIhBRatroHIRE MéthbbeofiRenaRd fedRcloSed iRUSPRBRE may be
3a05337 bliotiepiimis (Salpha2-betai4beta biection (such as the
alphawsbeta)r 4 (hydroxydi-(2-thienyl)acetyl)oxy)-9,9-

dimethyl- 3.3,10 d
dimet 8y7§1 % ﬁgya@lrggtu&g;gg[ 302 Apenane andis = @&LQE@ n

e com the invention have agtl chollne
OFSPEHISE. Trids C%ﬁef/'?é %%Sﬁucf‘f&f’ﬁle FEgment ‘of
aéé@@mﬁéﬁﬁédléﬁd’aﬁd‘aéﬁaﬂ? paffttiF&s Hey' gﬁéﬁl’(? i&%eful for
treating asthmazckirohid 6bhstedctiveciulargriary ndisease{€OPD): allergic
rhipitis ; and £hinorhes-due 1'3be sommon«£Dldic Astmaryefers to a
Cg%gmﬁggghg§ga8%§§3§@gby e.g. unstable or overactive

urinary bladder.

Overactive urinary bladder encompasses variants of
urinary disorders, including overactive detrusor
(detrusor inmstability, detrusor hyperreflexia) and
sensory urgency, &g well as symptoms of detrusor
cveractivaty, e.g. urge incontinence, urgency, urinary
frequency, and LUTS (Lower Urinary Tract Symptoma) ,
including obstructive urinary symptoms, such as slow
urination, dribbling at the end of urination, inability
to urinate and/or the need to strain te urinate at an

-~ acceptable rate, or irritating symptoms such as
frequency, dry overactive bladder, and/or urgency).

other conditions are also included, which give rise
to urinary fregquency, urgency and/or urge incontinence.
overactive bladder disorders also include nocturia and
mikxed incontinence. While overactive bladder is often
zssociated with detrusor muscle instability, gisordera of
bladder function may also be due to neuropathy of the
central nervous system (detrusor hyperreflexia),
including spinal coxrd and brain lesions, such as multiple
sclerosis and stroke. Overactive bladder symptoms may
also result from, for example, male bladder outlet
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bronchoconstriction (narrowing of the airways) due to 15 inflammation
(swelling) and tightening of the muscles around the airways, The
inflammation also causes an increase in mucus production, which causes
coughing that may continue for extended periods. Asthma is
characterized by recurrent episodes of breathlessness, 20 wheezing,
coughing, and chest tightness, termed exacerbations, The severity of
exacerbations can range from mild to life threatening, The exacerbations
can be a result of exposure to e.g. respjratory infections, dust, mold,
pollen, cold air, exercise, stress, tobacco smoke, i5 and air pollutants,
"COPBT RIS ChIdHIL Bbstfctive Pamforidry SDISERSET prRTaFly
associted Withadast et present cigaretiiesmoking. RipvGiods airfldwe to

. obstruigtion, Sarivly associated:willi eoiplysemacand ehgaic tsonchitis.

30 Emphysemacauses ineversible Jung, damage by weakening and

breaking the air Sacs within the lungs. Chroni¢ Bronchitis is an
inflammatory disease, which increases mucus in the airways and
bacterialTRRCABAE TR BdnERRI RIS ufmGSH obst RS B fiowt©
35:Walkergicaimitls! refersltochicuge Hamitsgy pasakrhiditis liackdifehaypd

fevers i is gausaehhy 1l % allergemrssuch as pollen or dust. It may produce

sneezing, congestion, runny nose, and itchiness in the nose, throat, eyes,
and ears, "Rhinorrhqa' ue to therﬁorgm%n c%lgle rgfg__&szt} \ivgrtleryiS c
dlscharggt?Forﬁ & REEE T 33E8EEt0N with & virus Intection. such ash’[%e
cofmRBN oI TR ARFGTABa Py Bevealiset By TRIFRIS dG& 14 virus
infectiep {sticheas thelcommoncdoldfions thereof, ¢an be brought
into suiltable doéage forms, such as compositions for
administration through the oral, rectal, transdermal,
parenteral, nasal, or pulmonary route in accordance with
accepted pharmaceutical procedures. In pérticular, the
compositions may be administered via inhalation or
insufflation., Such pharmaceutical compeositions according
te the invention comprise the compounds according to the
invention in assoclation with compatible pharmaceutically
acceptable carrier materials, or diluents, as is well
known in the art. The carriers may be any inert material,
organic or inorganic, suitable for administraticn, such
as: watexr, gelatin, gum arabicum, lactose,
microcrystalline cellulose, étarch, godium starch
glycolate, calcium hydrogen phosphate, magnesium
gtearate, talcum, colleoidal silicon dioxide, and the
like. Such compositions may alsc contain other
pharmaceutically active agents, and conventional
additives such as stabilizers, wetting agents,
emulsifiers, f£lavoring agents, buffers, bindexs,
disintegrants, lubricants, glidants, antiadherents,
propellants, and the liks.
The novel compounds acccrding to the present
invention can be administered in any suitable way. The

compounds acecoxding to the inverntion can be made up in



"Urinary disorders" and symptoms thereof include 10 some or all of the
following: urgency, frequency, incontinence, urine leakage, enuresis,
dysuria, hesitancy, and difficulty of emptying bladder. In particular,
urinary di‘'sorders include urinary incontinence, caused by e.g. unstable or
overactive 15 urinary bladder. Overactive urinary bladder encompasses
variants of urinary disorders, including overactive detrusor (detrusor
instability, detrusor hyperreflexia) and sensory urgency, as well as
symptoms of detrusor 20 overactivaty, e,g. urge incontinence, urgency,
urlnar uency, an UTS (Lower Urinary Tract Symptoms), includin
obsTTich \r‘iqﬁ né éﬁ“r

of UFITEHBS  inabify: %6 Lﬁﬁ%té%?\d?‘éﬁ‘me FEEPRPFaiNBRiERe at an.

25 acceptabisTateywrpmitatiog symptemsisuchras freguertoy, dijke. They
ovesactivediladear @ndlarurgency) » Qthercenditions ale alsginsluded,
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mu$de SistaBinS dissriaredf Bladd@cifetion may also be due to
neuropathy of the central nervous system (detrusor hyperreflexia),
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malehtblad er o?btlet 1B obstruction (usually due to praostatic H

|nter
rad%ﬁbﬁ%ﬁ@ﬁmsﬁhéﬁéfrhea due to the common celd, or urinary
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disorder, Thes terms “therapy" and "therapeutically®
encompass all kinds of treatments, including prophylaxis.
In particular, "therapeutically effective" means thar it
is effesctive for anti-cholinergic treatment. )

The dogage of the specific compound according to the
invention will vary depending on its potency, the mode of
administration, the age and weight of the patient and the
severity of the condition to be treated,

Doses administrated by inhaler, such as a dry powder
inhaler {(DPI) or =z metered-dose inhaler (MDI), are

. preferably given asg one or twe puffeg, prefersbly

comprising the total daily doss. For a human subject, it
is preferred that the dosage ig in the range of from 1
microgram (1 pg) te one milligram (1 mg).

Doges administrated by nebulizer solution are
generally higher than doses administrated by inhalexr, For
a human subject, it is preferred that the total dosage
given by nebulirzer solution is in the range of from 1
microgram (1 pg) to ten milligrams (10 mg).

Thus, a clinically effective amount of the compounds
according to the invention is from aboutb 1 upg to about 10
mg. It 1s preferred that the effective amount ig from
about 1 pg to about 1 mg, preferably from about 0.01 mg
to about 1 mg.



radiotherapy to the pelvis, and cystitis, 5 The compounds of the present
invention are used to treat mammals, including man and horse. It is
preferred that the mammal is a human. i0 The compounds according to
the invention, in the form of free base or salts with pharmaceutically
acceptable acids, or solutions thereof, can be brought into suitable
dosage forms, such as compositions for administration through the oral,
rectal, transdermal, 15 parenteral, nasal, or pulmonary route in
accordance with accepted pharmaceutical procedures. in particular, the
compositions may be administered via idRalation or insufflation, Such
pharmacetitieakcomposifions acdoedingytothissinve atoh EORNISE thee rea

' comgpernds:acerdingto H18-2@ iRention iprassgciationauith compatible
- Prameceleal accepials Al MAleHale gLtz el
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known | %zirt he carrieérs may be any inert material, ‘or anicor
mo?ganlc “StabIE o a(ﬁﬁljf‘&é{ratlon such as: water, gelatin, gum

S arabicum, lactose, 25 microcrystalline cellulose, starch, sodium starch
glycolate, Waicidm=laydr offenmp HosphateaMaghesiumrstearaie, tadctiac]. .
colirigalsilicon sioxideaapddhes like.sSueh oBposiops May Alsa,coptain
other, pharmageytically ss%%égealgs%g}ogryﬁvsem@ 3Q adgitives such

as stablllzers Wettlng r#s emuls avorin ents buﬁers
blnaers ST RSgENS TubAaTRGRIRNE, Affad P‘?é‘?éﬁ@opf:d“ﬁ’elléﬁ’l’semmn

¥ andfive ke YT HeEn&FEIC GHip BB S BEEdr My e theo Brezerr Bodnvéntored
can bewidnministeied intanrsyitableavayndiive Tonlpeumdsacesrding to

thedovertionscam befpadeuRiNimount . It is well known to those
skilled in the art that if the concentration ig higher,
one gives a smaller dose to deliver the same effective
amounkt . |

The non-active ingredisnt or carrier can be just

{sterile) water with the pH adjusted to where the active
pharmaceutical agent is very soluble. It is preferred
that the pH be at or near 7. Alternatively and
preferably, the non-active carrier agent should be
physiological galine with the pH adjusted appropriatsly.
Aercosols for iphalation of various pharmaceutical agents
are well known to thoge gkilled in the art, including
many aercsols for treating asthma. '

Alternatively, the dosage form for imhalation can be
a powder. Powders for inhalation of various
pharmaceutical agents are well known to thoses skilled in
the art, including many powders for treating asthma. When
the dosage form is a powder, the compounds according to
the invention can be administersd in pure form or diluted
with an inert carrier. When an inert carrier is used, the
compoundg according to the invention ars compounded such
that the total amount of powder delivered delivers an
"effective dmount’ of the compounds accerding to the

invention. The actual concentration of the active



19 solid or liquid form, such as tablets, capsules, powders, syrups, elixirs
and the like, aerosols, sterile solutions, suspensions or emulsions, and
the like. They are advantageously administered via inhalation or 5
insufflation. when the administration form is inhalation or insufflation, the
compounds are preferably in the form of either an aerosol or a powder.
The term "effective amount” refers to a 10 therapeutically effective amount
for treating asthma,. chronic obstructive pulmonary disease (COPD),
allergic rhinitis, rhinorrhea due to the ¢ inmon cold, or urinary disorder,
The terms "therapy" and ,therapeutically” encompass all kinds of
treaePAEeEsIhchadinyargphylaxish 2 SAapNSRTENAE "tHerapedntaly, then

- effeetive’ poedas thakit i5efieelivedardnti-Cholinergictieatment: Ihe ig
. dosage ef-the gpacific compaingaceording-todheskwvepton Wil yak¥-ovide
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dependipa on s polengy. Ihe pade. ol Adnistalign, e age and wgiobhl
of the patient an the 20 severity 0? the congltlon t0 be treated. Dose
adifistr At by Fhaler, such as a dry powder inhaler (DPI) or a-
metered-dose inhaler (MDI), are preferably given as one or two puffs,

preferablyceompesingdhe total daily tose, Fonagumarsubjecthi 254s e -
prefeueddhatibedasage isdndhe ¢aageoffom 4= micregramyl @doene

milli 0). Doses administrat ehulizer solytion.are. generally
ooy T Tha e A S Fy o8 A SO e

préfefRdMECHR Bt tosage 30 give By RabHIiZeT Eoiutffiis in the

rarfRCOrEGRERIRICrOGfapR €1 FY 00 1 Milligharas (0TGN IhiD a

clinipalhsefectiveramosiat of thencampounds tment of rhincrrhea due
o the common cold.

The invention will be Zurther illustrated by the
following non-limiting examples and pharmacological

tests.

Tolterodine refers to 2-[(1R)-3-(diisopropylaminc)-1-
chenylpropyl] -4-methylphenol, also known as N, N-
diisopropyl-3-{2-hydroxy-3-methylphenyl) -3~
phenylpropylamins, a compound of the formula:

HaG  ch,
OH \(
H
N_ _CH
A

CHa

(R)-stereoisomer

Hydroxytalterodine refers to 2- [(IR)-3-
(diisopropylamino) -1l-phenylpropyl] ~4-
(hydroxymethyl)phenol, a compound of the formula:
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‘amount. it is well known to thoseg

according to the invention is from about 1 pg to about 10 mg. Itis
preferred that the effective amount is from 35 about 1 pg to about 1 mg,
preferably from about 0.01 mg to about 1 mg. 20 The compounds of the
invention can be administered from one to four times daily. It is preferable
to administer the compounds once or twice daily, more preferable once
daily: 5 The dosage form for inhalation can be an aerosol. The minimum
amount of an aerosol delivery is about 0.2 ml and the maximum aerosol
delivery is about 5 ml. The concentration of the compounds according to
the invention 10 may vary as long as the t amount of spray delivered
is within the about 0.2 to about 5 ml amaun *and ib;_%elivers an effective
Kiffed,in thg™art that if the concentration
is higher, one gives a smHR o-detiverthe. Sdime effective 15
amount. The non-active ingredient or carrier carbpe just ;sterile) water
with the pH adjusted to where the ac pharmacgutical agent is very
soluble. It is preferred that the pH beXat-0r near 7. Alternatively and 20
preferably, the non-active carrier agg_g;émg,ge physiological saline
with the pH adjusted appropriately. Aerosols for inhalation of various
pharmacesicakagents-ane well knovey i those sidlled- iy thegyt including

s for. treating. ast . lternatively, t osage.f f ‘
R A Cor ba FOWEe PORSse ol RS0t of yarpuar o o cne

patient Irom a pharmacological/toxicclogical point of

view and to the manufacdturing pharmaceutical chemizst from

a physical/chemical point of view regarding composition,
formulation, stability, patient acceptance and

© bicavailability.

Examples

Without further elaboration, it is believed that cne
skilled in the art can, using the preceding description,
practice the present invention to ite fullest extent. The
following detailed examples describe how to prepare the
various compeounds and/or perform the varicus processes of
the invention and ars to be construed az merely
iilustrative, and not limitations of the preceding
disclosure in any way whatscever. Those skilled in the
art will promptly recognize appropriate variaciong Irom
the procedures both as to reactants and as to reaction
conditions and technigues.

All temperatures are in degrees Celsius, .

Bther refsrs to diethyl ether.

Physiological saline refers to an 0.%% agusous
sodium chloride solution.

When solvent palrs are used, the ratics of solvents
used are volume/volume (v/v).
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pharmaceutical agents are well known to those skilled in the art, including
many powders for treating asthma. When 30 the dosage form is a powder,
the compounds according to the invention can be administered in pure
form or diluted with an inert carrier. When an inert carrier is used, the
compounds according to the invention are compounded such that the
total amount of powder delivered delivers an 35 "effective amount” of the
compounds according to the invention. The actual concentration of the
active 21 compound-may vary, If the cencentration is lower, then more
powder mlIJ]Set beg if the concentratiqQn is higher, less total

eIiverrfd' .
material HUSE b Helivarea o provide an Eﬁ%&tﬁlelﬁm%uﬁ?%ﬁ”ﬁ%a&tﬁ/é‘sed

cohBourRiFaclingf® Sthénientiore Pt tretineh of fHigits/ rplume

partisdar) rhinitis due to the common cold, the compounds according to
the invention can advantageously be administered in 10 combination with

st%r%ﬁorpogchat%la{gq_,cgj&fggg%@t%&(glgha agonists), Such

combina%’oq ther%ojes are useful in the treatment of rhinorrhea due to the

common Cotd. *5 ThE Tnvértiorikifl be furtifer itdstPdraa by the” feifing 4
NORHIMATG SRHISRE ahfl SharhacoiGgical” t6&E > TBRER IR Pefees tdl
2_KERPQ-(eHisopropslaming)- 1520 pire myfpropylsé niethy mherbl lsd ) 1s

kngwmeas. NiNe digopropyl-342eraxtcadmetpdphenyl:3- with toluene

pheqylpropylaming. 2 campound oftheifounulay O HI,CCHA H AN
NYCH3 CH3 o ,
carbonate is added to the organic phage disgelve the
toltercdine tartate, giving the title compound in
golution. ' h
EXAWMPLE 2 (3R) -3 - (2-Hydroxy-5-methylphenyl} -N,N-
diisopropyl~m4methyl~3-phe%ilpropan-l—amimium ledide
Yo
N >/
To toltercodine fres bagse (from Example 1, ¢.5 M, 2.5
ml) in teluene is added methyl iodide (1 wl).
Acetonitrile (5 ml) is added to the mixture and stirred
ovar hight at 20-25°C., The solvent is removead by blowing
dry nitrogen., Acetone {1 ml) and hexane (2 ml) are added
and the mixture ls filtered at 20-23°C to give the titcle
compound. Anal Calcd for CpH.,INO: C, 58.10; H, 7.33; N,
3.00. Found: ¢, 5%.00; H, 7.44; N, 3.00. The identity of

the compound has been further verified and characterised
by NMR analysis, mass sgpectrometryy, and melting point

determination,
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(R)-stereoisomer Hydroxytolterodine refers to 2-[(1R)-3 25
(diisopropylamino)-i-phenylpropyl]-4- (hydroxymethyl) phenol, a
compound of the formula: 22 H3C OH CH3 H HO N""CH3 TCHS3
(R)-slereoisomer Pharmaceutically acceptable refers to those properties
and/or substances which.are acceptable to the patient froma
pharmacological/toxicological point of view and to the manufacturing
pharmaceutical chemist from a physical/chemical point of view regarding
composition, formulation, stability, patient acceptance and bioavailability,
10 Examples Without further elaboration, it is believed that one skilled in

th&eEHE (Fsing the prBeeding Aescdiptivy - practidetehsmgeht N, N~

'imﬂemhmpmmmﬂtesmatgm.—‘ﬂh@ﬁ@ﬂgwﬁa@ﬁatauedammm{as desakbe

, dnd or perform the various
processes of the invention & etb be co sﬁuedags merely illustrative,
and not limitations of the pt » any way whatsoever.
Those skilled in the art will promptl recognizejappropriate variations from
20 the procedures both as to rea and as to reaction conditions and

techniques. All temperatures are i grees Celsius, Ether refers to

diethyl ether.
A sealed mixture of methyl bromide (100 g) and 2~ [(1R)-3~
(diisopropylamino}~1~§henylpfcpy1}}4-methylphenol (14 g)
in acetone {100 ml} is stirred at 20-25°C for 4 days. The
mixture i3 cooled to -10°C and the precipitate is
filtered off znd washed with ether and dried to give the
title compound, mp 189-121°C (dec}. Anal Caled fox
C:3H3,BxNO: ¢, 65.71; H, 8.15; Br, 15.00; N, 3.33. Found:
C, 65.61; H, 8.34; Br, 19.12; N, 3.32. [als {o=1, MeOH)
+25°C. "H MMR [(CD;),301 & 1.25, 2.18, 2.48, 2.81, 3.08,
3.8%, 4.22, 6,70, 6.83, 7.08, 7.1i9, 7.33, and 9.3.

EXAMPLE 4 (3R) ~N-Bthyl~3- (2-hydroxy-5-methylphenyl) -
N,N-diisopropyl-3-phenylpropan-l-aminium icdide

O A

N\/
Following the general procedure of Bxample 2 and making

non cxitical variations, but starting with ethyl iodide,
the title compound is obtained.



25 Physiological saline refers to an 0.9% aqueous sodium chloride
solution. When solvent nazrs are used, the ratios of solvents used are
volume/volume (v/v). 23 When the solubility of a solid in a solvent is used
the ratio of the solid to the solvent is weight/volume (wt/v), 5 EXAMPLE 1
Tolterodine Free Base Tolterodine tartrate (2.1 g) is mixed with water (45
ml) and toluene (2,5 ml). Sodium carbonate (800 mg) is added to the
slurry. Sodium hydroxide (2.0 N, 1.5 ml) is added. The mixture is
extracted three times with toluene 10 (3 ml), saving the organic phase..
Anhydrous potassium carbonate is addéd to the organic phase dissolve

theZiGHER3GING tartate, givingahe Ziteenrapguind ins wQion 2451 ) -, N-

- EXAMRIID 24BR)-3 (2rkbyaroxy SymetipdphendiNiNa oo+ Logide

diisopropyl-N-methyl-3-phenylpropss-l-aminiym iodide O Y Hr C

, 0.5M, 2.5 mt) in toluene is added

1 ed to the mixture and

tolterodine free base (from
methyl iodide (1 ml). 20 A¢

nitrogen. Acetone (1 ml) and hexane{2 ml) are added and the mixture is
filtered at 20-25C to give the titlg npound. Anal Calcd for C23H34INO:
C, 59.10; H, 7.33; N, 25 3.00. Fourrd: C, 59.00; H, 7,44; N, 3.00. The

identtyiefwthescempoyaddias been futherverified and characterised, by,

gfﬂNﬁggn@b§EﬁggﬂS%% %%%%gEgY’gg%rg%gggfggﬂﬁith propyl iodide,

10

20

the titie compound is obtained.

EXAMPLE & {3R) -N-Benzyl-3- {2-hydroxy-5-
methylphenyl) -N,N-diisopropyl-3-phenylpropan-~1-aminium

iodide
O
H ey
N\]/\
Following the general procedure of Bxample 2 and making

non critiecal variaticns, but starting with benzyl iodide,
the title compound i1z obtained.

EXAMPLE 7 {3R) -N- (tert-Butyl)-3- (2-hydroxy-5-
methylphenyl) -N,N-dimethyl-3-phenylpropan-i-aminium

bromide
L gH \\#/
N h -7

//\\//N\\

Following the general procedure of Example 2 and making
non critical varlations, bur starting with methyl bromide
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determination. 30 24 EXAMPLE 3
(3R)-3-(2-Hydroxy-5-methylphenyl)-N,N-
diisopropyl-N-methyl-3-phenylpropan-l-aminium bromide OH HBr/~IT A
sealed mixture of methyl bromide (100 g) and 2-[(1R)-3- 5
(diisopropylamino)-i-phenylpropyll-4-methylphenol (14 g) in acetone (100
ml) is.stirred at:20-251C for 4 days. The mixture is cooled to -10C and the

. precipitate is filtered off and washed with ether and dried to give the title

compound, mp 189-191C (dec) . Anal Calcd for 10 C 3H3AarNO; C, 65.71;
E, 8.15; Br, 19.00; N, 3.33. Found: C, §§.61; H, 8.34; Br, 19.12; N, 3.32.
(aFfc2t, Me&H) 3 +I5€x t HINMRL ((BRRZEIYE. 4:75; 2- 18,2 #Bp 21 | -
3.05,m8: 8% 2226 70, 6188, 7i08,¢/.39mpS3nand 9.315 EXAMPLE 4
(3R)-N-Ethyl-3-(2-hydroxy-5-methylphenyl)-

N N-{gqﬁgjpéo |-3- phen ro - - ium iodide OH\7/ jH I /\ \ Nom/
Following the general p#)% gurl %xgamp 2 and making non critical

#.Eﬁéﬁ?"ﬁﬂ‘ﬂ@s‘f&aﬁ%b%ﬂ%my%a{ a8 DermERelcdmpeaha s 3 -
ot@é\ﬁéa“ 25 BXAMPERSBR)-3¢2aroxy-5-methylphenyl)-N,N-
diisopropyl-3-phenyl-N-propylpreps %|n|W|de /| OH H /~

H o F
: N

Following the general procedure of Example 2 and making
non critical variations, but starting with 2-[(1R)-3-
{diisopropylamino) -1-phenylpropyl] -4-
{hydroxymethyl)phenol, - the title compcund is obtained.
Anal Calcd for CoaHs INOz: C, 57.14: H, 7.09; N, 2.80.
Found: C, 86.323; H, 7.33; N, 2.76. HRMS Calcd 356.258¢9,
Found: 356,2586. H NMR [(CD;),S0] 8 1:25, 2.48, 2.81,
3.05, 3.88, 4.26, 4.35, 4.%4, .75, £.88, 7.20, 7.33, and
8.5,

EXAMPLE 9 {3R} -3- (2-Hydroxyphenyl) -N,N-diisopropyl-
N-methyl-3-phenylprepan-l-aminium bromide

H
g \\L;%:/ Br’

Follbwing the general procedure of Example 3 and making
neon critical variations but starting with Z-[{1R)-3-
{(diisopropylamine) -1-phenylpropyllphencl, the title
‘compound iz obtained.
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Following the general procedure of Example 2 and making S non critical
variations, but starting with propyl iodide, the title compound is obtained.
EXAMPLE 6 (3R)-N-Benzyl-3-(2-hydroxy-5- methylphenyl) -N;
N-diisopropyl -3-phenylpropan-1-aminium 10 iodide OH Following the
general procedure of Example 2 and making non critical variations, but
starting with benzyl iodide, the title compound is obtained. 15 EXAMPLE

. 7 (3R)-N-(tort-Butyl)-3-(2-hydroxy-5-

methylphenyl)-N,N-d_methyl-3-phenyI£JJ}opan-I-aminium bromide OH \ I~
/' \'N\ 6s 20 Following the general procedure of Example 2 and making
n&eNEéd Vifiations | Bt startiRg btraretmi Promidé’ 28 - dad sopropyl -

2%{(1:@&3{{3%5bpﬁyda(n}eipyk)@mm]-hmmﬂymr@py:lbni/&énethylphenol, the
title compound is obtained., 3-[2- Hydroxy-5 5

with 2-[(1R)-3- 10 (diisopropyla
(hydroxymethyl)phenol, the title iggmpound is obtained. Anal Calcd for
C23H342N02a C, 57.14: H, 7,09; N, 2.90.

Following the general procedure of Example 3 aznd making

1-phenyloropyl]-4-

non critical variations, but”starting with 2~[(18}) -3~
(diisopropylaminoe) -1-phenylipropyllphencl, the title
compound 1s obtained,

EXAMELE 11 (3R) -3~ (5-Chloro-2-hydroxyphanyl} ~N, N-
diigopropyl-N-methyl-3-phenylpropan~l-aninium bromide

OH
HoOOT
lilm ' N:T/faf

Following the general procedure of Example 3 and making

-

Cl

non critcical variations, but starting with 4-~chloro-2-~
[{1R}) -3~ (diisopropylamine) -1l-phenylpropyliphencl, the
title compound 1is obtained.

EXAMPLE 12 (3R) -3~ (5-Brome-2 -hydroxyphenyl) -N, N~
diisopropyl -N-methyl-3-phenylpropan-i-aminium bromide

o
HoOT
Eiln : NLT/’BF

U

Following the general procedure of Example 3 and

Br

making non critical variations, but starting with 4-
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Found; C, 56.33; H, 7.33; N, 2.76. HRMS Calcd 356.2589, Found:
356,2588. 'H NMR ((CD3)2S0] S 1.25, 2.48, 2.81, 15 3.D5, 3.88, 4.26,
4.35, 4.94, 6.75 6.98, 7.20, 7.33, and 9.5. EXAMPLE 9
(3R)-3-(2-Hydroxyphenyl)-N,N-diisopropy!
N-methyl-3-phenylpropan-I-aminium bromide OH H\ | N*~ Br tt 20
Following the general procedure of Example 3 and making non critical
variations but starting with 2-[(1R) 3
(diisopropylamino)-i-phenylpropyl]pheggl, the title compound is obtained.
2527 EXAMPLE 10 (3S)-3-(2-hydroxyphenyl)-N,N-diisopropyl-

NEFRTR 1B PHeRY I prop st EARTHERY brothide) O™ RRRAY BE PB4 Fieme

g&herat precediraptExdnipiedandmaaking 5 non critical variations, but

starting with 2-[(IS)-3- (di isopropyl amino) -1-phenylpropyl]-phenol, the

t(gmﬁ) 3;1@08 C%'Fd IS Ogt@ﬁ@@dﬁE)@MfJﬁ%é}ilooxy ) -5-methylphenyl] -N, N-
(- 0 Q— - [£0),4 E %n - - . - ; ,

e R N e AR LA TR R &g B Y68 -

Br Following the general procedure xample 3 and making non critical

variations, but starting with 4-ch|or00 - [(1R)-3-(diisopropylamino)
-1-phenylpropyllphenol, the

(a) 2~ [(1R)-3- (diisopropylamino)-1l-phenylpropyl] -4-
methylphenyl =cetate -

& solution of 2~[{1R)-3-{diisopropylamino)-L-
phenylpropyll ~4-methylphencl (0.9 g) in acetylchloride
(20 ml) is stirred at room temperature for 18 h. The
acetyl chloride ig evaporated, ether is added, and the
precipitate of 2~ {(1R)-3- (diiscopropylamino)-1-
phenylipropyl] -4-methylphenyl acetate hydrochloride is
filtered off; mp 126-130°C. Anal Calcod for CuHi;:NO;-HCL:
C, 71.35; B, 8.48; 1, 8.78; W, 3.47. Found: C, 71,02; H,
§.30; Cl, 8.84; W, 3.43. [alp {(c=1, MeOH) +11°.

The hydrochloride salt is partitioned bestween ether
and saturated sodium bicarbonate sclution. The ether
phazse is separated and evaporated to obtain the free base
of compound (A).

(B) (3R)~3-[2-{acetyloxy)-S-methylphenyl] -N, N~
diiscpropyl~N-methyl-3-phenylpropan-l-aminium. iodide

Folloﬁing the general procedure of Example 2 and
making non critical variations, but starting with (2): 2-
[{1R) -3- {diigsopropylamine) -1-phenylpropyl] -4-methylphenyl
acetate, the title compound (B) is obtained.



15 title compound is obtained. EXAMPLE 12
(3R)-3-(S-Promo-2-hydroxyphenyl)-N,N-
diisopropyl-N-methyl-3-phenylpropan-l-aminium bromide / OH H N,~// gr

Br\ 20 Following the general procedure of Example 3 and making non
critical variations, but starting with 4 28

bromo-2-[(1R)-3-(diisopropylamino) -1- phenylpropyl]phenol the title
compound is obtained. EXAMPLE 13
(33R)-3-[2-(Acetyloxy)-5-methylphenyl]-N,N- 5
diisopropyl-N-methyl-3-phenyloropan-I- a?rr%mlum iodide 0 oY \(NY (A)

2- [(@WWIséﬁropylaﬁﬁﬁo)-lmmﬂmmbvﬂﬁrﬁﬂhymh@w&@g%éﬁﬂ] )

A solutieaidf B3 (disaptogulaming)Lyahenyiaropyll:4-meth XJPESQ

10

15

(0.9 g) in acetylchloride (20 ml) is stigged at room temperature for 18
The acetyl chloride is evaporated, ethﬁﬂzadded and the precipitate of

2-(1R)-3-(diisopropylamino) -1 l p enylprQQP;A-methylphenyl acetate

hydrochloride is filtered off; $#30C. Arjal Calcd for Cz
47-Fdund: C, 71,02; H,
OH) +11 he hydrochloride salt is
ated sodium bicarbonate solution.
orated to obtain the free base of

M33NOa,HCI! C, 71,35; H,848;«
8.30; Cl, 8.64; bT, 3.43. [a]0-(c=1, M
partitioned between ether 20 and
The ether phase is separated andigvay
compound (A)

.Following the general procedure of Example 2 and making
non critical variations, but gstarting with 2-[(iR)-3:
(dllsopropylamlno) 1-phenylprepyl] -4-methylphenyl 2-
methylpxopanoate, the title compound is obtained.

EXaMPLE 15 {3R) -3- (4-Fluocrcphenyl) -3~ {2-hydroxy-5-
methylphenyl) -N,N-diisopropyl-N-methylpropan-1-aminium

bromide
OH
° \\r/
-~ -
liln ' N\T,/ Br

F

Following the general procedure of Example 3 and making
non critical variations, but starting with 2-[(1R)-3-
{diigopropylamino} ~1- (4-fluorcphenyl) propyl] -4-
methylphenel, the title compound is obtained.



5

is

(3R

(B) (3R)-3-[2-(acetyloxy)-5-methylphenyl]-N,N 25
diisopropyl-N-methyl-3-phenylpropan-l-aminium. iodide Following the
general procedure of Example 2 and making non critical variations, but
starting with (A) 2-
[(1R)-3-(diisopropylamino)-1-phenylpropyl]-4-methylphenyl acetate, the
titte compound (B) is obtained. 30 29 EXAMPLE 14
(3R)-3-[2-(Isobutyryloxy)-5-methylphenyl]-
N,N-diisopropyl-N-methyl-3-phenylpropan-l-aminium iodide H N'/~ ~
.Following the general procedure of Exafple 2 and making 5 non critical
vasakes,bul starting(with 2:KIR)-35aroxy - 5-

- (d'@@OPEQB)E'M@%}JHW{{]}@PY&%”’@EQBQBE%}?-I 'Beme/é%yfagoate

the title ¢ ound is obtain

%y’?, 821 Emo}r)of)jheny%“ér&uhy roxy-é_‘
methylphenyl)-N,N- dnsopropy ﬂylprob:@mlnl_um bromide OH H
N+~ Br Following the generaligrocec of E le Brand making non
critical variations, but sta tPr?g wi

Y
2 [(R)-3 1*{6
(diisopropylamino)-1-(4-fluorophen .no pyl)- 4 methylphenol, the title

compound is obtained. 30 EXAMP (3R)-3-[2-Hydroxy-5-
(trifluoromethyl)phenyl]-N,N-diisopropy+N-methyl-3-
phgnx!loropan i- akrlnlnlum broTide OH

wing the genera procegtre of Example 3 and making
non critical variations, but starting with 2-[{(iR)-3-
(diisoprepylamine) ~1-phenylpropyl] -4 -
(trifluoromethyl)phenol, the title compound is obtained.

EXAMPLE 17 {3R} -3-[2-(Izsobutyryvloxy) -5~
hydroxymethyirghenyl] -N, ¥-diisopropyl~N-methyl-3-
phenylpropan-1-aminium bromide

OH
O
sy =r

{3R) -3~ [2-hydroxy-5- (hydroxymethyl) phenyl] -N, N~
diisopropyl-N-methyl-3-phenylpropan-l-aminium bromide is

Ot

acylated with isobutyryl bromide to give the title
compound.



P3C 5 Pollowing the general procedure of Example 3 and making non
critical variations, but starting with 2-[(1R)-3-
(diisopropylamino)-1-phenylpropyl)-4- (trifluoromethyl)phenol, the title
compound is obtained. 10 EXAMPLE 17 (3R)-3-(2-(Isobutyryloxy)-5-
hydroxymethylphenyl)-N,N-diisopropyl-N-methyl-3-
phenylpropan-1-aminium bromide o, f H NY Br OM
(3R)-3-[2-hydroxy-5-(hydroxymethyl)phenyl]-N,N- 15
diisopropyl-N-methyl-3-phenylpropan-l-aminium bromide is acylated with
icobutyryl bromide to give the title compgund. 31 EXAMPLE 18
(SRm(2rtbeenion) 5

-I(acqt{lao&g)_n@ Dpher :i} NN |so;8rop)ﬁ-lf\%-?ﬁ§é‘fhylss-

propan-Lariniin Blormier st } o A= &iisopropyl - -methyl-3-

ahen
| (3Rﬁ¥2-‘?§ GRS (hyairs ety phedsl)-N, N-

phenylpropyl}4 methylbenze olaté/ ® H N~,— g

5

15

20

diisopropyl-N-methyl-3-phenylpropan-Raminium bromide is acylated with
acetyl bromide, to gave the title compoxnd. EXAMPLE 19

2-{(1R)-3- [Dusopropyl(methyl) Afo]-1- 1

(3R}~3-f2»hydroxy-5~(hydroxymethyl)phenyl]—N,N—
dllsopropylmN~methy1—3-phenylprmpanwl—aminium bromide ism
acylated with a¢etyl bromide, to give the title compound.

EXAMPLE 1% 2-{{lR)-3w[DiiSOPrapy&(methyl)ammonio]w1~
phenylpropyl}-4-methylbenzenolate

(3R}—3-(zﬂﬁydroxy~S—methylphenyl}-N,N-diisopropyl—N—
methyl~3 -phenylpropan-l-aminium bromide from Example 2 is
passed through an ion exchange column so as to remove the
bromide lon and generate the title compound.
Reacting the above compound with an equivalant

amount of an acid, such as methamesulfonic acid,
hydxochloric acid, acetic acid, or succinic acid,
‘generates other salts of the title compound,



15 passed through an ion exchange column so as to remove the bromide
ion and generate the title compound. Reacting the above compound with
an equivalent amount of an acid, such as methanesulfonic acid,
hydrochloric acid, acetic acid, or succinic acid, 20 generates other salts of
the title compound. 32 EXAMPLE 20
(3R)-N,N-Diisopropyl-3-(2-methoxy-5-
methylphenyl)-N-methyl-3-phenylpropan-i-aminium iodide 0 H | Following
the general procedure of Example 2 and making 5 non critical variations,

but starting with (3R)-N,N 32

diisppromylsS8- @?omethoxyﬁym@tﬂylmg@ﬂg;s@g@qnylprpp_argeghgc&rges the

: tltle{mg%g@%@p@n%ﬂyﬁg §*§gg%iﬁﬁ a(égl d for.C,4H

10

C.59.87 H N, 2.91. Found: ﬂ‘Jg’éiFrTDl 1‘fe
McOH) 10 +13. EXAMPLE 21 (3R)-342-(B tyryI xy) -5- methylphenyl]
N,N- dusopropyl -N- methyl -3-p prepan- -l-a m jodide O~ /OH \

ii i 0 yl‘] 4- methylphenyl

hy@{&%l&w@ﬁg}s&4&”&9@&&?%&&%&%& %’?'a@%&d{or G2RH3 QA .,

non cxitical wvariations, but starting with (3R)-N,N-
diisopropyi-3- (2~methoxy-5- -methylphenyl) -3-phenylpropan-
l-amine, the title compound is obtaindd; mp 211 °C (dec).
Anal Calcd for CuHi;eINO; ¢, 58,87; H, 7.54: N, 2.81.
Found: C, %8.78; H, 7.5¢; N, 2.99. [aip {c = 1, MeOH)

+13°.

EXAMPLE 21 (3R} -3-[2- {(Butyryloxry) ~-5~methylphenyll -

W,N-diisopropyl-N-methyl -3-phenylpropan-1-aminium iodide
O

<
O oo
e
{A) 2-[(1R}-3-(diisopropylaminc}-l-phenylpropyl] -4~
methylphenyl butyrate '

B mclution of 2-[{1R)-3-(diisopropylamine) -1~
phenylpropyl] -4-methylphenol (1.0 g) in butyryl chloride
(5 ml} i1s heated under reflux for 20 min. Ether is added,
and the precipitate of 2-[({1R}-3-{diisopropylamino) ~1-
phenylpreopyl]l -4-methylphenyl bupyrate hydroechloride is
filtered off; mp 116-119 °C. Anal Calcd for CzH;.NO,;-ECl:

£, 72.28; H, 8.86; Cl, 8.21; N, 3.24. Found: C, 72.2%; H,
8,71; Cl, 8.17; N, 3.25. lalp (¢ = 1, MeQH) +20°,
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LE

- 20

C, 72.2.8; H, 8.86; Cl, 8.21; N, 3.24. Found: C, 72.25; H, 8,71; Cl, 8.17;

N, 3.25. [a]0 (c = 1, McOH) #20. 33 The hydrochloride salt is partitioned
between ether and saturated sodium bicarbonate solution. The ether
phase is separated and evaporated to obtain the free base of the title
compound (A), 5 (B) (3R)-3-[2-(butyryloxy)-5-methylphenyl]-N,N-
diisopropyl-N-methyl-3-phenylpropan-l-aminium iodide Following the
general procedure of Example 2 and making non critical variations, but
starting with (A) : 2- 10 [( -

R)-3-(diisopropylamino)-1- phenylpropylf4 methylphenyl butyrate, the title
compoufids BPEIRcHIwpiEES ealiec) s Aral CatfcibforC 2A44@EN02 G

'68:33; ¢ AN 268 icaund; G637t &, 782iN o2.58715 EXAMPLE

22 {3R3-34(2-KHyde | O i ]
i ot BN, i 1 oo >

(3R)-3-|2- (butyryﬁoxﬁ 5 et yl enyl] N,N-diisopropyl-N-
methyl-3-phenylpropan-I-aminium iodide (from Example 22) 20 was
hy&rolysed with hletembl rerduiting 15 thve titte Ledmpolind G4 -EXAMPLE
281(3Ry ey drexy=a1mathyphleayDINMNpan- 1 -aminium 1od1de
dllSOpfOﬁM'x‘?ﬂdﬂ@H}y@th%%ﬂQw &@%@H%C*&J@ﬂﬂﬁ% Yol A

hyd 5 thylph I -N,N
- SR&SQ?R IX%%) %y? r?)% ok genl\é bro?‘m‘éé“g with {R): 2-

||sopro -N- enypropan S
dllsopropylamwno -i-phenylpropyl] -4-methylphenyl

butyrate, the title compound is obtained; wp 173 °C
(deC). Anal Caled for CysHaINO,: C, B0.33; H, 7.50; XN,
2.61. Four*d C, 60.37; H, 7.82; N, 2.58,

EXAMPLE 22 (3R) -3- (2-Hydroxy-B-methylphenyl) -N,N-
diisopropyl-N-methyl-3-phenylpropan-l-aminium iodide
OH

(3R} -3-[2- (butyryloxy) -S-methylphenyl] -N,N-diisopropyl -N-
methyl-3-phenylpropan-l-aminium iodide (from Example 22)
was hydrolysed with methanol, resulting in the title
coﬁpound.
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(4.2 g, 0.01 mol) in water (50 ml) is neutralized by addition of 1 equivalent
of 2 N sodium hydroxide solution (5.0 ml). The solvent is evaporated, and
the residual oil is chromatographed to separate 2-((ZR)-3 10
(diisopropyl(methyl)ammonio]-l-phenylpropyl}-4- methylbenzenolate from
the sodium bromide. The product is reconstituted in acetone, and a
solution of hydrogen chloride in ethyl acetate is added to give a
precipitate of the title compound. 15 EXAMPLE 24
5-Hydroxy-N-[(3R)-3-(2-hydroxy-5-
methylphenyl)-3-phenylpropyl)-N-isopréfyl-N- methylpentan 1- amlnlum
|0&8@M§HEOHSU N-~ & Faflewingiihi-grpensl Rggdys Eél{yEl f

2 mwﬁ"@r i Mwaiq%%%g%%?gpylg4 ITrgi(bett:'ﬁ pheﬁ%fjfﬁge

VIPLE 25
N \(
r‘-l-amlnlu odide ©H Followmg the

rMiaking.40 Ron critical variations, but
ino) _
itle compound is obtained. )

ylphenyl)-N,N- 15
niodide OH H

-1-phenylpropyl3-5-methylpheno
EXAMPLE 26 3,3-bis(2-Hydroxy
diisopropyl-N-methylpropan-l-amiri,

A solution of (3R)—3~(2-hydroxy-sfmethylphenyl)~R,N-
diisopropyl~N—methylwB-phénylpropén L-aminium bromide
(4.2 g, 0.01 mol) in water (50 ml) is neutralized by
addicion of i equlva]ent of 2 N sodlum hydroxide solution
(5.0 ml) . The sclvent is evaporated, and the residuasl oil
is chromatographed to ssparate 2-{{1R) -3~
[diisgpropyl(methyl)ammonio]-1-phenylpropyl}—4—
methylbgnzenolate from the sodium bromide. The product is
recenstituted in acetone, and a solution of hydrogen
chioride in ethyl acetats iz added to give a precipitate
cf the title compound.

EXAMPLE 24 S-Hydroxy-N-[ (3R) -3- (2-hydroxy-5-
methylphenyl)~3—pheny1propyl}—N—isopropylwN—methylpentan—

Jd-aminium iodide
O




OH Following the general procedure of Example 2 and making non
critical variations, but starting with 2-[3-
(diisopropylamino)-1-(2-hydroxy-5-methylpheny2)propylj-4 20
methylphenol, the title compound is obtained. 36 EXAMPLE 27
(38)-3-[5-(Aminocarbonyl)-2-
hydroxyphenyl]-N,N-diisopropyl-N-methyl-3-phenylpropan-I- aminium
iodide OH H O N+ NH2 5 Following the general procedure of Example 2
and making- non critical variations, but starting with 3-[(1R)-3-
(diisopropylamino)-1-phenylpropyl]-4-hyelgoxybenzamide, the title

ComROLIISbINgd 10 EXAME)

- 3,3;his ‘é:d"% hen éagh%dﬁsoprogyﬁ\l metﬁf?l%% 4 BRsinftvFing

|od|de RS proced e ST ERgmple-2: abd (makings 15.(5 -
nonhé’ E%;F’Vgﬁg‘ﬁ-(y MWWEMWMN3 -1l-phenylpropyl)-4-

diisOpropslS@uyisy 2- mhmaxzytphenybﬁ.mﬁml aming; ¢he title compound

5is obtained. 37 EXAMPLE 29 Large scale productlon of (3R)-3-(2-

10

15

20

oheu I SEae gt 64 O OH P 1 KAOHH G

ecotone - yl-3-phenylpropan-1-aminium iodide

14,/ & r

: NY

Following the general procedurs of Example 2 and making
non critical variationz, but starting with 2-[(1R)-3-
{diisopropylamino)—l-phanylpropyl}»5-methy1@henol, the
title compound is obtained.

EXAMPLE 25 3-biz (2-Hydroxy-S-methylphenyl) -N, N-
diisopropyl~N—methylpropan—1-aminium iodide

OH
SR
NY
OH

Following the general procedure of Example 2 and making
non c¢critical variations, but starting with 2-[3-
(diisopropylaminoc) -1- (2-hydroxy-5-methylphenyl)propyl] -4-
methylphenol, the title compound is obtained.



1G

15

/ OH kO 5 COOH ~ A 5 1 erlenmyer flask was charged with 250 g (526
mmol) tolterodine tartrate; water (2000 ml) and methylene chloride (2000
ml). A solution of 84 g of 50% NaOH diluted with 200 ml of water was
added, and the 10 mixture was stirred for 1 hour. The pH was kept in the
range of 5-9. Both of the two resulting phases are clear and colorless,
The phases were separated, and the agueous phase was washed with
methylene chloride (1000 ml). The combined 15 organic phases were
concentrated on the rotovap (60C bath). The weight of the residue was
determined. The residue was dissolvéd in acetone (1000 ml) , and 263 ml
(2:841p0h methyl iodide was-addeddlhpr-ere-pagtion, 2Fhe mixture was

- stired atreqmutemneraiilg overni yaQﬁhsé'éﬁwng.%we@m?gggﬁda-

V\é%&hed with oaaceé%r}e (250 ml) and dried in the vacuum oven at

oveméﬁp This %rowded 230 g of th§ esired product, (3R)-3-

(2-hydroxy-5-methylpheny)-N;N-d ropylFN<magthyl-3-' 25
phenylpropan-l-aminium i8 ]
SN¢

XAMPLE}3Q.€ycliciamine

intermediates The feligwitg:generalfreductive Blmination procedure was
employed: OH 0 OH Nlt\l-l' R Pd/C, H2 (50psi) R RiMcOH,50C Ph R
2

following the generxal ?rocedure of Bxample 2 and making
non critical variations, butb starting with 3-[{1lR)-3-
{diisopropylamino) -1-phenylpropyl] -4 -hydroxybenzamide,

the title compound is obtained.

EXAMPLE 28 3,3-bis (2~Methoxyphenyl) -N,N-diisopropyl~
N-methylpropan-1-aminium iodide

|
(]

O
\C/t]-
N\T//
o .

Following the gensral procedure of BExample 2 and making
non critical variationg, but starting with N, N~
diiscpropyl-3,3-bis{2-methoxyphenyl)propan-l-aming, the
title compound is obtained.



5 wherein Ph represents a phenyl group, and R represents an alkyl group
according to the following Table I. Briefly, palladium on activated carbon
(1.76 g, 5% by weight, Aldrich 20,565-0) was charged to a hydrogenation
vessel under nitrogen, followed by a McCH 10 (20 mL) solution of a
racemic lactol (6-methyl-4-phenyl- 2-chromanol, see formula above) (4 g,
16.64 mmol) and a secondary amine (a2 mmol, 2.5 equiv). The vessel
was filled with hydrogen (50 psi), and the reaction mixture was stirred
vigorously at 50C overnight. The 15 heterogeneous reaction mixture was
filtered through celite. The resulting me¥anolic solution was

fog@%%%d @gd_er vaﬁf%&rg{é%%wcg%agu%% aﬁcze;éin%lﬁg Itme*fpélowing
able Lwere optaine r il | ItN. nexanes e
et hona ity m%"é*é%&g’&%ﬁ%fg o -

4R SR ECEREY- R By R oRSn1©71 %5Ipropyl)phenol (CH2)5 -
4-methyl-2- }T-phenyl-B-piperidin-I- 33 ylpropyl)phenol (CH2)6
2-(3-azepartl-yl-bpiienylpropyl)-4- 29 methylphenol Characierizatibn r
4-met -0 -' pyrrolidifi+¥%ipropyl)phenol: 39 'H @‘ Y 612:/
(CDC 90 (Mm,{4H¥o09 (3 Mkip@:25-2.45 (m, 2H), 2.57 (m, 2H),
2.63-2.78H),.4h55 "1H, J=12 Hz, J=3 Hz), 6.47 (s, iH 5 (s,

_2H), 7.19-726 (m, 2ﬁ),c§o§o (m, 3H), 11.23 (a, 1H). .

A % 1 erlenmyer £lask was charged with 250 g (B26
mmol) tolrerodine tartrate, water (2000 ml), and
methylene chloride (2000 ml). A solution of 84 g of 50%
NaoH diluted with 200 ml of water was added, and the
mixture was stirred for 1 hour. The pH Was'kept in the
range of B-5. Both of the two resulting phases are clear
and colorless. .

The phases were separated, and the aguecus phase was
washed with methylene chloride (1000 wl). The combined
organic phases were concentrated ©n the rotovap (&60°C
path) . The weight of the residue was determined. The
residue was dissolved in acetone (1000 ml}, and 263 wl
(2.84 mol) methyl iodide was added, all in cne purtion,
The mixture wag stirred at room temperature overnlight.
| The resulting slurry was filcered, washad with
acetone {230 ml) and dried in the wvacuum oven at 50°C
overnight.

Thig provided 230 g of the desired product, [(3Rj~3-
(2—hydroxy~5~methy1phenyl)—N,N—diisopropyl—Nmmethyl-3-'
phenylpropan-1l-aminium iodide.



(93]

20

5-"C NMR (CDC13) : 6 19.8, 26.0, 33.5, 39.9, 53.5, 54.3, 125.8, 127.3,
128.1, 128.4, 128.7, 131.2145.0, 153.0. ESI mass spectrum: 296 [M+1"],
297 [M+27]. Characterization of 4-methyl-2-(1-phenyl-3-
piperidin-l-ylpropyl)phenol 10 'H NMR (CDC 13): 5 1,52-1.53 (m, 2H),
1.62-1.81 (m, 4H), 1.98 (t, 1H, J=10 Hz), 2.09 (s, 3H), 2.26-2.60 (m, 6H)
4.46 (dd, 1H, J=13 Hz, J=3 Hz), 6,47 (s, 1H), 6.85 (d, 2H, J=0.9 Hz),
7,19-7.24 (m, 2H), 7.30-7.35 (m, 3H), 11.24 (s, 1H). 15 13C NMR
(CDC13): 5 20.9, 24.4, 25.4, 31.3, 38. 23,8, 54.7,61,0,102.2, 117.9,
126.3, 126.1, 128.4,128.6; 129.3, 129.4, 131.4, 145,2, 154.3. ESI mass
SPEEWERFB P M +1C3¢1 M+ iCRarbetertmaidhaoie® (3-azepan-1-yl-1-

20 phenyipeomid)-demethy|pherota H NMR (GDE 13)1 Sat 66n] Shdaedie

, 165-1e65 (kD) 1.95-2.10 (M, 414), 2.30-2.67 (m, 6H), 2.70-2.80 (m,
2A). "3C NMR (CDC13): S 19.6, 26.6, 26.7, 32.0, 40.7, 55,4
115. { 2H.3, 128.0, 128.1 128.7,.25131.4 153.0
1452, 192.8 JESI mass sp@@ﬁum:]ﬁgﬁg’?ﬁ%p@% M+ 2T EXAMPLE 31,
1-[3-(2Aydfoxy-5-methylphéhyl)-3- 'ﬂﬁgﬁﬁﬁr pyl]-1-methylpyxedlidinic
iodide OH RiY 30 40 Methyl iodide (10 equivalents) was ad
solution of the free base 4-methyl-2-(1-phenyl-3-
pysralidin-d -waropyhiphesect of Example, 804039, 1.024 mimelin acetone an
(4k),1The reaction iy, is stingd. Savarpighy gt faam temperature.

The solution i .
Brie%ly, palladium on activated carkbon (1.76 g, 5%
by weight, Aldrich 20,568-0} was charged to a

hydrogenation vessgel under nitrogen, followed by & MeCH

{20 mL) solution of a racemic lactol (6-methyl-4-phenyl-
Zwchromanol, sse formala above) {4 g, 16.£4 wmol}) and a
secondary aming {42 mmel, 2.5 eguiv). The vessel was
filled with hydrogen (50 psi), and the reaction mixture
was stirred vigorously at 30°C overnight. The
heterogéneous reaction mixture was filtered through
celite. The resulting methanclic solution was
concentrated under vacuum.

| Pure cyclic amines according to the following table
I were obtained after trituration with hexanes.

—

Table T Intermediate compounds

R ]Resulting compound - _ Yield

_ (%)

{CH,}s [4-methyl-2- (l-phenyl-3-pyrrolidin-1- 71
yipropyl)phenol ,

(CHp)s |4-methyl-2- (i-phenyl-3-piperidin-i- 33
vipropyl)phencl

(CHa) s 2-(3-azepan-l-yl-l-phenylpropyl) -4- 29
methylphenol

Characterization of 4-methyl-2-(1l-phenyl-3-
pyrrolidin-l-ylpropyl) phenol:
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20

25

concentrated to initiate the precipitation of the resulting quaternary
ammonium salt. The white precipitate is filtered, washed with diethyl ether
and dried under vacuum to give a quaternized salt. 10 White crystals
were obtained with a yield of 79%. The resulting compound was
characterized: 'H NMR (MeOH-d4) : 8 2,05-2.18 (m, 4H), 2.20 (s, 3H),
2,46- 2.62 (m, 2H), 3.08 (s, 3H), 3.14-3.40 (m, 2H), 3.40- 3.62(m, 4H),
4.40 (t, 1H, J=7:3 Hz), 6.68 (d, 1H, J=8Hz), 15 6.85 (d, 1H, J=8 Hz), 6.98
(d, IF, J=1.5 Hz), 7.16-7.23 (m, 1H), 7,30 (t, 2H, J=7 Hz), 7.37-7.42 (m,
2H). 18C NMR (MeOH-d4): S 19,3, 21. 5 28.2,41,5, 46.8, 63.6, 64.5,

118 206 SPH3)g: 126.0292878, 12815, 2699, 199 2543 3-2525; 26

‘Elementa analysis, G21H28INC: .Rouml(%6): O5754) H 6.4% |(Z8771N,

3.23: 9 3189: Theopk%): %0 £757.67, k6.456 29,02, N23:20, 8 3,66.£3k

Iméﬁills‘il)ﬁ trug;]gcgrgﬁ/;g' %nég\l O;IFIp%l%SZI) éé |oE E%MP::)E;)Z rrolldlnlum
iodide"th (§% |(’)d|d(—:‘:L 1 éqw?/ea e’ntg)aw%é ad%eg'togag solutfon’ of the
fréé bale 4I-FhEtﬁyI 24 pheny<F 30 pytrdlidin:1-44gropyHphémofer® - © -

EXampte=36 (8:3=gr1:02: nmol) in-arttone $4 miy+ IHe reaction mixture is
sti:red 4@@%@@&@%@4@9@@%p@%ﬁ@a@wmﬂ%&l}@nﬁenﬂaﬁd to
initi re ng quaternary ammonium sa e
E é%gé%iglta%p is filte r8 %%ve\?gs%?é%&w%hqdlethyl e%er and drleg under 5
%o B8 wedualorkii o
1 ap (c, 1H J=10 Hz}, 2 09 {8, 23H), 2.26-2.60 (m, sH},
4.46 (ad, 1H, J=13 Hz, J=2 Hz), €.47 (s, 1H), £.85 (&,
24, J=0.% Bz), 7.15-7.24 {(m, 2H), 7.30-7.35 {m, 3H),
11.24 (g, 1H).
e NMR (CDCls): B 20.9, 24.4, 25.4, 31.3, 38.4, 53.8,
s4.7, 61,0, 102.2, 117.%, 126.3, 128.1, 128.4, 128.s8,
128.3, 128.4, 131.4, 145,2, 154.3.
ESI mass spectrum: 310 [M+1"], 311 [M+27]
Characterization of 2~ (3-azepan-i-yl-1-
phenylpropyl) -4-methylphencl;
Y NMR (CDClz): & 1.60~1.65 (m, 4H), 1.65-1.85 (m, 4H},
1.95-2.20 (m, 4H), 2.30-2.67 (m, €H), 2.70-2.80 (m, 2H).
Be NMR O (CDCla): 8 19.6, 26.6, 26.7, 32.0, 40.7, 55.1,
55.7, 1i5.3, 125.8, 127.3, 128.0, 12B.1 128.5, 128.7,
131.4, 145,1L, 153.C, 145.2, 152.8.
ESI mass spectrum: 324 ([M+17], 325 [M+27].

EXAMPLE 31 1-[3- (2~Hydroxy-5~methylphenyl) -3~

phenylpropyll-1- methylpyrrolldlnlum iodide
OH
[
e
N

N\ 7/



White crystals were obtained with a yield of 81%. The resulting
compound was characterized: H NMR (MeOH-d4): 5 1.24 (t, 3H, a=7 Hz) ,
2.0-2.18 (m, 4H), 2.20. (s, 314), 2.40-2.63 (m, 2H); 3.08-3.25 (m, 2H), 10
3.35-3.60 (m, 6H), 4.38 (t, 1H, L7=7.5 Hz), 6.70 (d, 1H, J=8 Hz), 6.85 (d,
iH, 3=8 Hz), 7.0 (d, 1H, J=1.4 Hz), 7,16-7.23 (m, 1H), 7.30 (t, 2H, J=7
Hz), 7.37-7.42 (m, 2H) 1'C NMR (MeOH-d4): S 8,0, 19.5, 21.5, 28.0,
41.9,54.7, 1558.0, 64.5,117.8, 126.4, 127.9, 128.1, 128.4, 128.7,

128.9, 129.2, 143,6, 152.8. Elemental analysis, C22H30TNOt Found(s): C
58.17,H6.65, T 27.79, N 3.10, 0 3.6f";al'heory(%): C 56.54, H 6.70, |
28.11, NM8;1I0yD 3.641 268 EST neassispecinim fonE224BHND'£824.2.
EXAMREESIE[312-Hydroxyhsmeihylpbrpyl)-3- (1 -phenyl-3-

%?J}%B@Paﬂwem%@@gp%m 0didsOkLis 25 Mesfay' ledigle(3.42 9
pé&i

24 mol)'was solution of the free base

4Wé°$§/l érflapar‘ig‘erﬂﬁ% I’Idln I yl?propy hengl &llfxampl 50 ?6131'9,ed
5 097eRImBH N ar nﬁ?ﬂfﬂe%%}&%ﬁrﬁfﬁﬂf@(ea ”Fr?t aift5Cdne’® mL) . The
reactionmixtiredvas stirrgd iﬁ@migheapmnm@mwauﬁretﬁhe
SQ'HEQJT! YasConcaniratag o dnitialeid: pretipitating ofthe segitingritate
dudleray @Omgnsea& wERg Wuerecinltaie was fiteied Qut, washed

with oroform and diethyl ether and, dried under vacuum to give 0.397 g

(QWCJ%/CjJHfTihECht%lé’&nﬁoﬁﬁa t?%ﬁarﬁ@te‘?‘lzdat‘ ion of the obtained
10 compoulBiti NWEERALOEHT : SPEBFRESAhT BH), Pied fs CELHP® -

2™W6e resulting compound was characterized:

‘M NMR (MeOH-d4) : & 2.05-2.18 (m, 4H), 2.20 (s, 3H), 2.46-
2.82 {(m, 2H), 3.08 {8, 2H), 3.14-3.40 {(m, 2H}, 3.40-
1.62{m, &H), 4.40 (t, 1H, J=7.3 Hz}, 6.68 (&, lH, J=8Hz),
6.85 (4, 1, J=8 Hz), 6.9%8 (4, 1E, J=1.5 Hz), 7.16-7.23
(m, 1H), 7.30 (¢, 2H, J=7 Hz), 7.37-7.42 {(m, Z2H).

13c NMR (MeOH-d¢): & 19,3, 21.5, 28.2, 41.5, 46.8, 63.6,
_64.5, 115.2, 126.5, 127.8%, 128.0, 128.4, 128.5, 128.5,
129,2, 143.4, 152.5.

20 Elemental analysis, CpHzgINC: Found(%): C 57.64, H 6.43,
I 28,77, M 3.23, O 3.88; Theory (%): % C 57.67, H 6.45, I
29,02, N 3.20, 0 3.66.

ESI mass spectrum for CaHapNO+: 310.2.

26  EXAMPLE 32 1-8thyl-1-{3-{2-hydroxy-5-methylphenyl) -3~
phenyvlpreopyl]pyrrolidinium iodide

O OH
@
@
O | i®N

Echyl iodide (10 eguivalents) was added to a
solution of the free base 4-methyl-2-(l-phenyl-3-
30 pyrrolidin-l-ylpropyl)phencol of Exampls 30 (0.3 g, 1.02
mmol) in acetone (4 mL). The reaction mixture is stirred



2. 64 (m, 2H) , 3.06 (s, 3H), 3.14-3.4 (m, 6H), 4.39 (t, let, J=7.3Hz), 6.68
(d, 1H, J=8 Hz), 6.85 (dd, 1H, J=8 Hz, J=1.5 Hz), 7.0 (d, IV, J=1.S Hz),
7.18 (t, 114, J=BHz), 10 7.29 (t, 1H, J=7.4 Hz), 7.37-7.4 On, SH), 13C
NMR MeOH-d4) 8 19.5, 19.7, 19.8, 20.7, 26.7, 41,5, 60.9, 61.2, 114.0,
115.1, 126.3, 127,9, 128.0, 128.4, 128.5, 129.9, 129.2, 143.4, 152,4. 15
EXAMPLE 34 1-(3-(2-Hydroxy-5-methylphenyl)-3-
phenylpropyl]-l-methylazepanium iodide flOH N \/)(r)o Methyl iodide (10
equivalents) was added to a solution of the free base 2-(3-azepan-1-yl-1
20 phenylpropyl)-4-methylphenol of Example 30 (0.3 g, 1.02 mmol) in
CHyClz{ @l TheaeactenyaiRurensas St ed Covidrhfght i room

- tefopesates dae satutieﬂm&oanenpsa&ditpﬂaﬁiai&preﬂpﬂﬁi@n of the

. resilting. { qg@ nmoi@ﬂuaahsamite @E?é:iﬁiiﬁé%él@%aéﬂ_%@e
with dlet
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fa2

£

15%95 12893908

out Xl %:[ ‘{alé’a}l;ldddl’é ql '{;ﬁ@gugg‘ d%lfi._;?a/under

quaternlzea sait’ Wiite'e e Crystals were obtained with a yleld The

(ST CEMpBHTE viaSERAFIREAZEH:SA4 NMR (MeO14-d4): 6 1.6-2,0
(m, SH)W2.D1e(a B 2 14O mmﬁﬁx ingy) v8iib (& 3HE 153, @@%m
Otihed :Sés(tm«;iﬂéﬁ I5ikodzh P .68« dc kR l=Bdiz) 7668 (d, 1H, J=8 Hz),
g%g g 512%}»«;2%% %(@0112%97@5 2»,4:0 (msézgzéscgm@ggomd@
s i }22§,§9, Be 5%1)434 % 2‘55 %%l gw“assgn)’
sPectRur f6PCHHITRIox B3 (£, 15,
J=8 Hz), 6.85 (4, iH, J=8 Hz), 7.0 14, 18, J=1.4 Hz),
7.16-7.23 {(m, 1H), 7.30 (t, 28, J=7 Hz), 7.37-7.42 (m,
2H) . _ ) _
B0 NMR (MeOH-d ) : 8 8.0, 19.5, 21.5, 28.0, 41.9, 54.7,
58,0, 64.5, 117.8, 126.4, 127.9, 128.1, 128.4, 128.7,
128.9, 129.2, 143,6, 182.8,
Elemental analyeis, CaaH30INO: Found(%): C 58.17, H ¢.65,
I 27.79, W 3.10, O 2.62; Thecry (%¥): C 58.54, H 6.70, I
28.11, N 3.10, O 3.54.
EST mass spectrum for CpaHiNCO™: 324.2.

EXAMPLE 33 1-[3- (2-Hydroxy-S-methylphenyl) -3-
phenylpropyll -1-mechylpiperidinium ipdide
| OH

Methyl iodide (3.42 g, 1.5 wl, 0.024 mol) was added
to a soluticn of the free base 4-methyl-2-(i-phenyl-3-
piperidin-1-ylpropyl)phenol of Example 30 (0.3 g, 0.57
mmol) im a mixture of acetonitrile (6 mb) and acetone (2
mL} . The reaction mixture was stirred overnight at room
remperature. The sclution was concentrated to initilate
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The usefulness of the"compounds according to the 10 invention is further
illustrated by the following examples. EXAMPLE | Binding data 15
Muscarinic receptor subtype M1-M5 binding assays were carried out,
Briefly, [3]H-methylscopolamine was allowed to bind to membranes from
various recombinant mammalian cell lines, each with an over-expression
of a particular receptor subtype. An equilibrium radioligand displacement
20 assay was performed using the title compound of example 2,
(3R)-3-(2-Hydroxy-5-methy|phenyl)-N,Iyidiisopropyl-N-
methyl-3-phenylpropan-l-aminium iodide (a quaternary ammonium

compéumt aeéoriihgPlo tHesinveRtS Y Ren G fsTC BERRTAYisemtha foliowmgt -

“arfticholiérigic pgents: 25:toitevading . hydroxgtalierodines ipsdtrepitim,

angh BSepL-d henesutinghk, \wues: displayed ia Table.lh Weuum to
averages ohdyplicatg semples at gach.dosep an. 11:;point

dose-res&plgsg cg{[:vq, %Sé?_% halfijog |nter\£/3als.,3944 Table 1l KI values
(n%? rs::tp- for DISplacing compound“e W G T CSFIRCES4 rd a a) 4
N & oMo MRBEEES UAud RV L 0B OB i.FEB R x EMPBE.33 6.875 -

1.8.(246 0125 M2 .0.3506.78:0.33H).170.43-3 .4 (m, €H), 4.39 (¢,

1H, J=7.3Hz), 6.68 (d, 1H, J=8 Hz), 6.85 (dd, 1, J=8 Hz,
S J=1.5 Hz), 7.0 {4, 1H, J=1.5 Hz), 7.18 {t, 1H, J=8Hz),

7.28 (t, 1H, J=7.4 Hz), 7.37-7.4 (m, SH),

B¢ NMR MeCH-dg): & 19.5, 19.7, 19.8, 20.7, 26.7, 41,5,

60.9, €1.2, 114.0, 115.1, 126.3, 127.9, 128.0, 128.4,

128.5, 12B8.9, 129.2, 143.4, 152.4.

EXAMPLE 34 1-[3-(2~Hydroxy-5-methylphenyvl) -3~
phenylptdpyl] -l-methylazepanium iodide

OH
sl
e

Methyl iodide (10 eguivalents) was added to a
" soluticon of the free bhase 2~ (3-azepan-l-yl-1-
phenylpropyl) -4-methylphencl of Example 30 (0.3 g, 1.02
mmol) in CH,Cl, (2 mbL). The reaction mixture was stirred
cvernight at room temperature. The sclution was
concentrated to initiate precipitation of the resulting
guaternary ammonium salt. The white precipitate was
filtered out, washad with diethyl ether and dried under
vaouum to give a quaternized =zalrt.
White crystals were obtained with a vield of 77%.
The resulting compound was characterized:
*H MMR (MeCH-ds): § 1,6-2.0 {(m, 8H), 2.01 (s, 3H), 2.40-
2.70 {m, 2H),), 3.10 (s, 3H), 3.15-3,60 (m, 6H), 4.38 (t,



Ma 0.202.11.40.380.87 N40.391.51.40.420.48 L Ms 0.25 0,55 0.48
0.54 0.47 Thus, the title compound of example 2, (3R)-3 (2-
hydroxy-5-methylphenyl)-N,N-diisopropyl-N-methyl-3 5
phenylpropan-l-aminium iodide, according to the invention has high

affinity and little or no selectivity for any of the muscarinic receptor

M,,-MS subtypes. Obtained K; values for
(3R)-3-(2-Hydroxy-5-methylphenyl)-N,N-diisopropyl!-N-
methyl-3-phenylpropan-1-aminium iodide are in the same 1.0 range as K;.
values for tolterodine, hydroxytolterodiné,3 ipratropium, and atropine.
EXANPLE-T Bienchadikgoriceffatt,ofdabHled, geatesnary, armmonjum wz)

* salty iBalhéc mige 15/Femaje BALB(C miee, weight rangg 18:22 g yere

obtainedfram; zhades ives L@@%@t%?wi%@ﬁ@?’ %g.? gThey receiyed
food.and w er gd .Iétglltljsm. ,jb_\ll roceq‘ures in these'studies’'were’ in’ ‘
5comp?iémt:e With the Animal” Welfare A&t Regutafion CoCERPPARs 14Rd £;

Pubtiédtidn 3¢ BNftt) 85:232 19842 45 CERRpdunds for aerosol
adrifistratien weregneparddin SielilerDibered's2Phosphate Buffered
Saline. Mice were placed in a carousel-style, nose only, exposure
chamber and allowed to inhale aerosols for five 5 minutes, using an ICN
SPAG-2 nggglizer. }"Q enerates @ mean aerosol particle size

is nebulizer
of 1,3 microns at & ratll"engfs gpﬁzﬁgx"i‘f%%t&?r@%ﬁnﬁﬁ?@rﬁéﬁ%iﬁﬁte%l,"ﬁ

L0 ourE RO 24shFELBE ok F “28 HodirSiatehehd alitewars.
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movetktuwhsle body 3.0 plethysmograph.chambers. Bronchocoristriction
was induced in mice by administration of an 80" mg/ml methacholine

EXAMPLE I Binding data

Muscarinic receptor subtype M:-M: binding assays wers
carried ocut, Briefly, (2]1H-methylscopclamine was allowed
to bind to membranes from various recombinant mammalian
cell lines, each with an over-expressicn of a particular
receptor subtype, An equilibrium radicligand displacemenc
assay was performed using the title compound of example
2. (3R)-3-(2-Hydroxy-5-methylphenyl) -N, N-diisopropyl ~N-
methyl-3-phenyipropan~l-aminiom iodide [(a guaternary
ammonium compound according to the invention), and for
comparlison the fellowing anticholinerxigic agents:
tolterodine, hydroxytelterodine, ipratropium, and
atropine. The resulting X; valuss, displayed in Table 11,
are averages of duplicate samples at each dose in an 1%1-
point dose-response curve, using half-log intervals.
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(MC) aerosol into the plethysmograph chambers for 5 minutes. The mice
were allowed to inhale an aerosol containing 80 mg/ml methacholine
following inhalation 15 treatment with vehicle, or 80 mg/m1 methacholine
following inhalation treatment with 0,072, 0.144, or 1.44 mg/ml of the title
compound of example 2, i.e. (3R)-3-(2-
hydroxy-s-methylphenyl)-N,N-diisopropyl-N-methyl-3
phenylpropan-l-aminium iodide, or 80 mg/ml methacholine 20 following
inhalation treatment with 1.24 mg/ml 4pratrop|um bromide. The average
enhanced pause (lung resistance) was determined. In order to determine
the baseline, saline aerosol (without methacholine) was also separately
administered to the micea2beT el results-ageasiownnn fig 1 (1.44 mg/ml of

tlggcrg }pound of example Zﬂ@%igﬁg@/@&%gggglum bromlde)

mg mI Gt the it compound of example 2), 30 I%crea5| g doses of the

tltle Compou o[gofex ple 2 produce increas ng; durations of action. In fig
.inhalation o’g:ae;o S ge r@‘tej from a sojutton containing 1.44 mg/ml
of the title compgound gf exa@‘plg 2 pgoduced aeomple e block of
methacholing-ifiduged 3. brgnchogonistriction tkgough 6-fours fofloying
administration. Jpratopjun bfsnide (E24 mg/mikdid not 48 display g

equally sustaingd gctfén. dnhalation ot aerosgls@enerated from sglugons

144 grml of Tt e Title com}ounn of example 2y andfig 3(0-:072

<

containing 0144 nfg/Ml ig2) gr 0.2 mg/mil (&g 3), respectively| ofthe
title compound of Exafnpfe 2%révented methdcHoline 5jinduced | =
bronaloconstriction throyugh 24 or B hougs;, respectively, fllawing ¢ .25
admigjstration. 0.45 0.73 0.33 | 0.17 0.43
My T 0.20 2.1 1.4 0.38 0.87
Mq I 0.39 1.8 1.4 0.42 0.48
Mg | 0.25 0,55 0.48 0.54 0.47

Thus, the title compound of example 2, (3R)=3-(2-
hydroxy-5S~methylphenyl) -N,N-diisopropyl -N~methyl-3-
phenylpropan-l-aminium iodide, according to the invention
has high affinity and little or no sslectivity for any of
the muscarinic receptor M;-Mg; subtypes. Obtained K; values
for (3R}-3-{2-Hydroxy-5-methylphenyl)-N,N-diisopropyl-N-
methyl-3-phenylpropan-l-aminium icdide are in the same
range as K; values foxr toltsrodine, hydroxytolterodine,
ipratropium, and atropine.

EXAMPLE IT Broncbodilat@ry effect of inhaled
guaternary ammonium salts in Balb/¢c mice

Female BALE/c mice, welght range 19-22 g, were
obtained from Charleg River Laboratories (Kinéston, NC) .
They received food and water ad libkitum. All procedures
in thege studies were in compliance with the Animal
Welfare Act Regulation, 9CFR Parts 1 and 2, Publication
(NTH) 85-23, 1985,
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EXAMPLE Il Eronchodilatory effect of inhaled quaternary ammonium
salts in Halb/c mice 10 Female BALE/c mice were obtained and fed as in
example Il. Compounds were prepared and administered to the mice
(aerosol) as in example Il. Ten minutes, 30 minutes, 1 hour, 2 hours or 4
hours later, the mice were placed in plethysmograph chambers, 15 and
bronchoconstriction was induced in the mice by administration of an 80
mg/ml methacholine aerosol. The mice were allowed to inhale an aerosol
containing 80 mg/ml_methacholine fajlowing inhalation with vehicle, or

80 mg/ml methacholine following inhalation treatment with 20 1.46 m /mﬁ
tolterodiTRTBr SORA G BRTE Bhine FobbAG M RISR fRbMERT A

1144 gl dEtHe kiflesh Po i P BREM pha S © p& @BRH23-{2hydroxy-5-

methylphieayl) M dediseprepyk:N-metat3:phény propan-kesainury ,
iadide. 25-Thegsults-are.ghawndndig 4Jt is-ehvieus &ropa fig:4 hat theve
tiye gompound.gfexample & has g, pronaunaed glfectan bingissisiance.
In aa Jbrf)?nc I {] 0

ifion, the odilatory eftects of the title compoun f_exaénég e?t
0

T

2EHHITE& FFoNBEE 1 ASAGH 30 BXAMPLE R/ BFofchatlimtdty &R
inhated %uaiearpy MR saks fn BalBrefiHice -Female BALE/C mice
were obtained and:fed, ag imexamplé |h@ompodrdswere préparecizmd ox
2@@“@1%&%(1 1%t%§$h%w0§£%@0§@9@sn@v@@male&dﬂxﬁ7e Tamgpinutes, 2
Qur ours ours or ur. ice w Nz
RO O S T ) b T A DA bacyes
nﬁ@eﬁ§ce by administration of an 80 wg/ml methacho,

(MC) ~ aercsol into the plethyswograph chambers for 5

ine

minutes. The mice were allowad to inhale an asrosocl
containing 890 mg/ml methachoflne following inhalation
treatment with vehicle, or B0 mg/ml methacholine
following inhalation treatment with 0,072, 0.144, or 1.44
ma/ml of the title compound of example 2, i.e. (3R)-3-(2-
hydroxy-5-methylphenyl) -N,N-diisopropyl-N-methyl-3~-
phenylpfopan»l-aminium iodide, or 80 mg/ml methacholine
following inhalation treatment with 1.24 mg/ml
ipratropium bromide. The average enhanced pauge {lung
resistancs) was determinsd. In order to determine the
baseline, saline zerosol (without methacholine) was also
separately administcersed to thes mice. ]

The resulte are shown in fig 1 {1.44 mg/ml of the
title compound of éxample 2 and 1.24 mg/ml ipratropium
bromide), £ig 2 (0.144 mg/ml of the title compound of
example 2), and fig 3 (0.072 mg/ml of the title compound
of example 2), ’

Tncreasing doseg of the title compound of example 2
produce increasing durations of action. In fig I,
inhalation of aercsols generated from a scoluticn
containing 1.44 wg/mi of the title compound of example 2
produced a complete block of methacholine-induced
hronchocenstriction through 36 hours following
administration. Ipratopium bromide (1.24 mg/ml} did not



administration of an 80 mg/ml methacholine aerosol. The 5 mice were
allowed to inhale an aerosol containing 80 mg/ml methacholine following
inhalation with vehicle, or Bo mg/ml methacholine following inhalation
with 1,44 mg/ml of the title compound of example 2, i.e. (3R)-3-(2-
hydroxy-S-methylphenyl)-N,N-diisopropyl-iv-methyl=3 10
phenylpropan-l-aminium iodide, or 00 mg/ml methacholine following
inhalation with 1.24 mg/ml-ipratropium bromide. The results are shown in
fig 5. It can be concluded that the bronchodilatory effects of the title.
compound of example 2 have a longer #léiration when compared to 15
ipragropiam, bromide., EXAMBLE Y Rharmacokineticsofinhaled, of
quatemnary, ammonium.saltsdn Baible,miqe Blood samples Wete 1aen g /vy
from The mice in example 50 via cardiac puncture un_oﬁar i2oflurane

ane&iighid ht 95 nhite@H Fmiddtts, 30 mMates FRSGY 4 KdurkhB
hours torel Zhoprsiaflepderosuttivy BeRURERL TR S@hprewerae-
scollestedindubescontaiBingERE AL andwerdiitigerkatclk? 00 Qws@for four

minutes, Plasmanwas 25 temoved andisiored-gt 79.C until assay.

Plasma samples were extracted via a liquid/liquid extraction. technique.
Plasma levels of the title co%und of example 2 were determined by

ESEPFRIRTSAS sing PR GE APPABOTHASS sPéction@tétin

positivetieragtte 280 @Hromategiadhicalfa s’ arialyge and the internal
1ostandard werezresolvekor an? Benemesexttiamddexyd cadmnsusing an

isocratc.ehdiopy T@o‘#ﬂ?ﬁ&ﬁd%u@@*}%“?%&\ﬁ?&%ﬁ PRl BlasMestered to

congggtratlons gf the tit %S:oglgoygd of 35.example 2 following aerosol

miC eXrosQ Sxamn v .
exposure finﬁal ﬁon?are summarlzeéln?albﬁe and fI%G.
Tern minutes, 30 minuteg, 1 hour, 2 hours or 4 hours

later, the mice were placed in plethysmograph chawmbers,

15 and bronchoconstriction was induced in the mice by
administration of an 80 mg/ml methacholine aercsol. The
mice were allowed to inhale an aesrosol centaining 80
mg/ml methacheline following inhalation with vehicle, orx
80 mg/ml methacheline following imhalation treatment with

20 1.46 mg/ml tolterodine, or 80 mg/ml methacholine
following inhalation treatment with 1.44 mg/ml of the
ritle compound of example 2, i.,e. (3R)-3-(2-hydroxy-5-
methylphenyl)~N,N—diisopropyl—xwmethyl~3-pheny1propanml—
aminium iodide.

25 - The results are shown in fig 4. It is obvious from
fig 4 that the title compound of example 2 has a
proncunced effsct on lung resistance. In addition, the
bronchodilatory effscts of the title compound of example
2 axhibit a prolonged duration. ’

30
EXAMPLE IV Bronchodilatory effect of inhaled
quaternary ammonium salts in Balb/c mice

Famale BALE/c mice were obtained and fed as in
example I1. Compounds were prepared and administered to

35 the mice {aercsol) as in example II.
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48 Table Il Plasma concentration Time Plasma concentration std dev
(pg/mi) following inhalation of various conc. 0.072 mg/ml 0.144 mg/m1
1.44 mg/ml 2.5 min 136 t 38 264 21 2675 389 10 min 90 1162 + 11
1395* 163. P30 min81 8112t101120 422h41 655 7245 3 4h
14 140i3157f2 Bh 121802 12 h--42i-2 The doses given to the
lungs were proportional to the concentrations-appearing in the plasma.
Importantly, 5 the systemic (plasma) exposure was very low, which
indicates that the title compound of ex T]p|e 2 resides for a prolonged
time in the lung. This correlates well with its long duration of action. 10
EXAMPLRY| feampatativk) Rharsnacbkirmtics of inbatetistolterédinbdn r s

‘Batbfetnjce-Eemale- & Aldtic mice-were abtairethasadesastin cﬁ&&meies ,

11, Jolteroding Lstatiraia foragrogols admipistration was prepared.in
stegflilﬁi%rao%phag buffer IS soé |on Ztcloncer%;atlgoﬁ of O 1 0 5 a 0%

mInIStGTECﬁO the mi aeroso as in examp

sd‘ﬁ”rﬁl%s"\’ﬁé?% coliecttfal 9 5 ifdies 2 Es HRhaRR! 3%%%&8&1113 h88r or

2 hedrslafisrtderoboldny fadairiehnsBlbodsbnipies weretprepafatl.as irpr

example Ml 20:8amples wverefanalyzedhusingresPECIGH XA 3000

ma%sﬁmegtfomﬁéertmgn@é&g@\m@!w the.aRalyze and the ipjemal . (5 -

sandardyee (esalverl ena £omax ACE Bhenv colun usiiga gradient
phenylprouaﬂ l-aminium iodide, or 80 my/ml methacheline -
following inhalation with 1.24 mg)mi ipratropium bromidas.

The resulta are shown in fig 5. It can be concluded

that the bronchodilaetory effects of the title compound of
example 2 have z longer duration when'compared to

ipratropium bromide.

EXAMPLE V Pharmacokingtics of inhaled quaternary
ammonium salts in Balb/c mice

Blood samples were taken from the mice in example IT
via cardiac puncture under isoflurane anesthesia at 2.5
minutes, 10 minutes, 30 minutes, 2 hours, 4 houxs, 8
hours, or 12 hours after aercscl drug treatmsnt,

The samples were collected in tubes containing EDTA
and centrifuged at 12000 x g for four minutes. Plasma was
removed and stored at ~70 °C until assay.

Plasma samples were extracted via a liguid/ligquid
extraction technigue. Plasma levels of the title compound
of example 2 were determined by ESI-LC/MS/MS using a FE
SCIEY APTI 4000 mass spectrometer in positive ion mods.

' Chromatographically, the analyte and the internal
standard wexe resolved on a Phenomenex FPhenyl-Hexyl
column using an isocratic elution. The limic of
guantitation was 24 pg/ml.

Plasma concenctrations of the title compound of
example 2 following aexééol exposure (inhalation) are
surmarized in table III and fig 6.
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guantitation was l0opg/md. 49 Figure 7 shows plasma concentrations of
tolterodine following inhalation of nebulized solutions at 0.1, 0,5, or 1.0
mg/m1. Plasma levels for the 0.1 mg/ml concentration were at or below
detection limits. Clearly, 5 tolterodine is rapidly absorbed into the
circulation. The plasma level of tolterodine is approximately one order of
magnitude higher than the corresponding level of the the title compound
of example 2 (example V, fig 6). This demonstrates that while tolterodine
is rapidly 10 spread systemically, the compounds according to the
invention have an increased duration of action, with implications locally
(i.e. for treating asthma, chronic obstructive pulmonary disease (COPD),

- allergic rhinitis, orrhistosriiga due st shengommar cokh 16:EXAMPLE VI

Binding data Muscainicregeptorsubtype Ml-Ms bindingagsayswere. )

~ performed, K; values We£e ﬁtermlned f%@ et|IIe c:o%npounds of

at Lo various onc.
examples 3, 8 and 31 3 %ua]’fl nary Ammoniim compounds

according to the invenfioR)’ ZHeS 4Byt is
V. Table IVl values ml\z)s Receptor Title étﬁrﬁpdstuﬁd of Exarapleeng 289

oo

SUbtypeos 831 32 33 34 by @3;0.86 1.2 1.1cb 14 Mz 0.52 1,082,2 1,23

[7T Y UAI097 3IILF2A7 MQUTZLO7A238362,9 fsD.25

0-68-1+61+20-9-1+8Fhusthe uuc compounds of 8
2 41 £ 6 | BB &7 20y T3
4 h 141 .| 40 % 3 157 % 2
8 h - 12 + 1 80 % 2
12 h - - 42 + 2

The doses given to the lungs were proportional to
the concentrations appearing in the plasma. Importantly,
the systemic (plasma) exposure was very low, which
indicates that the title compound of example 2 residgs
for a prolenged time in the lung. This correlates wall
with its long duration of action.

EXAMPLE VI {(comparative) Pharmacokinetics of inhaled
tolterodine in Balb/c mice
Yemazle BALB/c mice were cobtained and fed as in
example II. Tolterodine L-tartrate for aeTosol
Cadministration was prepared in sterile phosphats buffer
solution at concentrations of 0.1, 0.5, and 1.0 wg/ml,
and administered to the mice (aercsol) as in example II.
Blood samples were collectad at 2.5 minuces, 15

minutes, 30 minutes, 1 hour or 2 hours after asercsol drug

treatment. Blood samples were prepared as in example VI.
Samples were analyzed using a PE SCIEX API 3000 mass
spectrometsr. Chromatographically, the analyte and the
internal standard were resolved on a Zorbax ACE Phenyl
column using a gradient elution. The limit of
guantitation was 100pg/wl.
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25 31-34 according to the invention have high affinity and little or no
selectivity for any of the muscarinic receptor M1-Ms subtypes. 50
EXAMPLE VIII Bronchodilatory effect of inhaled quaternary ammonium
salts in Balb/c mice Bronchoconstriction was induced in BALB/c mice by
administration of methacholine. The title compounds of 5 Examples 3, 8,
and 31-34 (all quaternary ammonium compounds according to the
invention) were administered to the mice via inhalation of 1 mg/mL (free
base equivalents (PBE)) of each compgund. The resulting inhibition of
methacholine-induced bronchoconstriction 10 was determined at 10 min
as well 44 §4¥fard ﬁ%%%rpﬁ@waaffé?maﬂfé’?é%ﬁ§ drefdispiagdde
infihel foltopdng Tadble: Vi Jabtef ViEile Toragowwd kinkibikioawfo . 1, ©.5,

. beanchogonstyiation aftes~ef exaraple 74000k 24 h 3G hdB h (1 mg/mL

FEE) 3100 93, 8,82,60.45, §10110%Qz%% 19017 é’%%ﬂa.o%m?fééo%eéily,

E 1P ear old f male wit lstop/ hronic CQPD ,with
E@ﬁ” Ff@l?ersu trea?é&ive’th %i{] © the circulation. The
hydiR%es- %ﬁwpﬁényswwaﬁé@mebm RERBRTAB2ORLY one order of
phegylptopsn-kagiduntivedide ican aeresgldodnotatibayel of the the
title compound of sxample 2 (example V, f£ig &).

This demonstrates that while toltercdine ig rapidly
spread systemically, the comﬁoundsfaccording to the
invention have an increased duration of action, with
implicationsg locally (i.s. for treating asthma, chromic
obstructive pulmonary disease (COPD), allergic rhinitis,
cr rhinorrhea due to the common cold).

EXAMPLE VII Binding data

Muscarinic receptor subtype M;-Mg binding assays were
performed, XK; values were determined for the title
compounds of examples 3, 8, and 21-34 (all guaternary
ammonium compounds according to the invention). The
resulting K; values are displayed in Table IV.

Tshle IV Ki values {oM)

rRecaptcr Title compound of Example no

subtype 2 8 31 32 T 33 34
18 0.3 0.86 L.2 1.1 1.1
M 0.52 1.08 2.2 1.7 1.7
M, C.43 0.92 3.3 3.1 3.2 4.7
M 0.72 1,07 4.2 3.8 3.6 2.9
M: 0.26 C.68 1.6 1.2 0.9 1.8

Thus, the title compeounds of Example nos 3, 8, and
31-34 according to the inventiom have high zffinity and
liteie or no selectivity for any of the wuscarinic
receptor M:-Ms subLypes.



1 mg every 12 hr continuously for dyspnea. After two weeks of therapy,
dyspnea tolerance is improved. EXAMPLE B 25 A 50 year old male with
a history of chronic COPD with FEV1/FVC of 60% is treated with
(3R)-3-(2-h.ydroxy-S 51
methylphenyl)-N,N-diisopropyl-N-methyl-3-phenylpropan-I- aminium
bromide in an aerosol formulation, 2 mg every 8 hr continuously for
dyspnea: After a week of treatment, the FEV1/PVC ratio improves to
about 65%. 5 EXAMPLE C A 25 year old female with a history of asthma
with a morning peak flow of less than S 1/sec is treated with
(BR)Be(Bhydroxy-Bmethilphishsl ciyNafisegropFNi nhaled
ragthyls3:phenyiprapandraniaivs iedidespeydermdckmg every a hr
continu %S'X AL t&%i@@&%\f@wg pegkflow to4Htisee EXAMBLE

" D15A ear old male with a |st9r of sgr\fleretltri@a with a m gn@g

iR
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20

compoun

p%%‘k‘lﬁb”v\"f'%if%tflé’é‘c R SRS
Fegmpdioky S-nethspReRd) M, N SR ERIAGHyRETonLun
phenylprepan-taminitimadremidépowdesns: irponte asl B ebhinGEasId
After ajuegk of treatment. the pesk flow 2eiipovested Hisee.
EXAMPLE fﬁ ﬁfﬁf old ferpale.with a history ofﬁsvg@s%%thm@g with a

morning

3 1/sec is treated 25
(ﬁ?ﬂﬁtﬂﬁﬂo%s@%%ﬁﬁ%ﬁ%ﬁﬁfﬁ%‘ aﬁlrse%%pﬁ%V%Ocons triction

methy R pHenyisrépan- 1L anTHitiddite in &% atfoddl 2ofmbfaton, P mg®
threedimes daty cantinuous|yeAftdra week &f sphavedt te &k flow

inproves e b Hsete v,

Y

Table V
Title compound |% inhibition of bronchocongtriction after
of example no 10 min 24 h 36 h 48 h
(1 mg/mL FBE) .
3 100 : 93
8 B2 £0 15
3L 100 Q
32 100 17
33 100 0
N 34 100 '
EXAMPLE A

A €5 year old female with a history of chronic COPD
with FEV; of 1.5 liters is treated with (3R) ~-3-(2-
hydxoxy—Swmethylphenyl)—N,N»diisoprcpylvN—methyl—3—
phenylpropan-1-aminium iodide in an aeroscol formulation,
1 mg every 12 hr continuously for dyspnea. After two
weeks of therapy, dyspnez tolerance is improved.

EXAMPLE E
A 50 year oid male with z history of chreomnic ‘COPD
with FEV,/FVC of 60% ig treated with (3R}-3~{2~- nydroxy 5 -



30 52 CLAIMS 1. A quaternary ammonium compound of the formula oR,
R6 R, Xc Ra S Rs R7 and any sterecisomers thereof, wherein RI, R2
and R3 independently represent C1-C6 alkyl, optionally substituted with
phenyl or hydroxyl, or both, and wherein any two of R, R2 and R3 may
form a ring 10 together with the quaternary ammonium nitrogen; R4
represents -H, -CH3, or -CO-R4-1, wherein R4_, represents 15 - (C3-C4
alkyl) , (Cy-C4 alkoxy), or -NR4_2R4.3, wherein R4_2 and R4.3
independently represent -H or -(C1-C4 alkyl) R5, R6 and R7
independently represent 20 -H, -OCM3 ,530H, -CONH2, S QZNHZ , 25

. CleRin g 08 (Gl G gl onlonly substipied wilh ong ortwe,
aminium bromide in an asroscl formulation, 2 mg every 8§

hr continuously for dyspnea. After a week of treatment,
the FEV,/BVC ratio lmproves to about 65%.

EXAMPLE C

A 2% year old female with a history of asthma with a

morning peak flow of less than 2 1/sec is treated with
(3R) -3~ (2~hydroxy-5-methylphenyl)-N,N~diigsopropyl -
18 merhyl-3-phenylpropan-li-aminium iodide powder, 0.1 mg

every 8 hr continuously. Treatment improves the peak flow

re 4-% 1l/sec,

N

EXAMPLE D

15 ' A 35 year old male with a history of severe asthma

with a morning peak flow of 5 l/sec 1is treated with (3R)-
3~ (2-hydroxy~-5-methylphenyl) -W, N-diisopropyl-N-methyl-3-

phenylpropan-~l-aminium bromide powder, § mg onge a day
continuously. After a week of treatment, the peak flow
20 improves to 9 1l/sec.

EXAMPLE E

A 45 year old female with a history of severe asthma:
with a morning peak flow of lesg than 3 l/sec is treated

8
2]

methyl~3-phenylpropan-l-aminium iodide in an aerocsgol

with (3R)-2- (2-hydroxy-S-methylphenyl) -N,N-diisopropyl-N-

formulation, 2 mg three times daily continuously. After a

week of treatment the peak flow improves to 6 l/sec,

taf
<



53 (C1-C, alkoxy), -000H, or -Co-O-(c1-(:3 alkyl); and X- represents an
anion of a pharmaceutically 5 acceptable acid. 2. A quaternary '
ammonium compound according to claim 1, wherein the carbon
stereocenter is (R). 3, A quaternary ammonium compound according to
claim 1, wherein the carbon stereocenter, is (S), 10 4. A quaternary
ammonium compound according to claim 1, which is a mixture of
stereoisomers. 5. A quaternary ammonium compound according to. claim
1, wherein at least one of R1, R2 and R¥fepresents CI-C3 alkyl. 156. A
guaternary ammonium compound accordln? to claim 5, wherein at least
one of R1, R2 and R3 represents is =7, A quaternary ammonium
"compound according to claim 6, wherein at least two of R" Ry and R3
represents: 20 ASQRIQPY - A (uaiethdryramsgiunicanpatad sseatding
to claim .5, wherein at least one of R1, R2 and R3 represents methyl. 9_
A quaternary ammonium compo ing to claim 2S 5, wherein at
least one of R1, R2 and R3 repfesents ethyl. 10. A quaternary ammonium
compound according to d&im L_whetein R1 and Rafjointly form a ring
together with the quaternary ammoniu hﬂqg\{l&aﬁ"quatemary
ammonium compound according to 30 claim 10 he}e;@ said ring

comprises from 4 to 6 carbon atoms.

Lot

= ‘ Rg s

and any sterecisomers therecf, whersin

Rz, Rz and R; independantly represent (-l alkyl,
optionally substituted with phenyl or hydroxyl, or both,
and wherein any two of Ry, R, and Ry may form a ring
10 vogethey with tha guaternary ammonium nitrogen;
R4 representd

-H,

~CHs, or

~CO~R@4,Wherein Ry, represents

3.5 - (cl‘C4 alkyl) 7

-(C1~Cy alkoxy), or
~NR4.3R4.2, wherein Re.; and Rg.s
independently represent ~H or - (Ci-Cp alkyl)
Rs, Rg and R; indepsndently represent

20 - -H,

~QCH;,
~-QOH,
~CONH, ,
- 50sNHs ,

2% -F, -Cl, -~Br, -I,

-CF:, or
- {C1~Cy alkyl), optionally subscituted with one
or two '
-0,
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12. A quaternary ammonium compound according to claim 1, wherein R4
represents -H, -CH3, or -CO-R4_1, wherein R4 _, represents C1-C4 alkyl,
35 13. A quaternary ammonium compound according to claim 12,
wherein R4 represents -H. 54 14. A quaternary ammonium compound
according to claim 1, wherein R3 represents -H, -Hr, -Cl, -CH3, or
CH20H . 15. A quaternary ammonium compound according to 5 claim
14, wherein R_ represents -CH3. 16. uaternary ammonium compound
according to claim 1, wherein at least one of R6 and R7 represents -H,

.17, A quaternary ammqeilu_rgac%rypggggi ’according to claim 1, wherein

both Re and R7 represent -H. 10 18, A quaternary ammonium compound

“according to claim 1, W erein X is selected from the group consisting of

the anions of the followWiRgcids: ey droéRidric, hydrobromic,
hydroiodic, swifurissepliesphoris; hitric oditrdc, mhethaaesulfdrait Ly
CR3($343)p 156 GOOK where n is 0 thru 4, HOOC-(CH2)n-000H where n

is 1 thru,4, HOQGCHECH-CQQOL, And Renzoic, 19 AgUAEIIA% o c1aim
ammonium comp _léng: arcgo_rdln%t%eclglé%%%whgrem X- is selécted from
the’grous consisting o?lod?&e,sor%ml €, E chfbrldé. &0 20. A guaternary
ammonidm @orAp8aERERRESr ARG LHBINT A0P AifeTe AR CrshiBgee c1aim
iodidewR2érAiquatenargdmmoriumasorpod aecdidling to claim 19,
wherein X; repegseinis-ghleFiden@dn Akl aleria - Bepiia-aampeund aim
accordingdg 23 claim 19, whegain X-Jepreseits bromide. 23. A

quaternary ammonium compound according to . T ,
57 A cuaternary amnonium compound according to claim

1, wherein at least one of R;, R; and R; represents Ci1-C
kyl,

6. A quaternary ammonium compound according to claim

Q
[RE I

%, wherein at least one of Ri, R; and R; reprasgents
isopropyl.

7. A guateynary ammonium compound accerding to claim
g, whersin at lesast two of Ri, R; and R; represents
isopropyl. '

8. 2 quaternary ammonium compound according to claim
5, wherein at least one of E;, R; and R; represents
methyl.

9. B guaternary ammonium compound according to claim
5, wherein at lsast one of Ry, Ry and R; represents ethyl.

10. A guaternary ammonium cowpound according to
¢laim 1, wherein R; and R; jointly form a ring together
with the gquaternary ammonium nitrogen.

11. A quarernary ammonium compound according to
claim 10, wherein said ring comprises from 4 to & carbon
atoms. '

12. A guaternary ammonium compound according to
¢laim 1, wherein Ry represents -H, -CH;, or -CO-R4-1,
wherein R, represents Ci-C; alkyl.

13. A guatermary ammonium compound according to
claim 12, wherein R, represents -H,
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35

claim 1, which is selected from the group consisting of
(3R)-3-(2-hydroxv-5-methylphenyl)-N,N
diisopropyl-N-methyl-3-phenylpropan-l-aminium iodide, 30
(3R)-3-(2-hydroxy-5-methylphenyl)-N,N-
diisopropyl-N-methyl-3-phenylpropan-I-aminium bromide,
(3R)-N-ethyl-3-(2-hydroxy-5-methylphenyl)-N,N-
diisopropyl-3-phenylpropan-l-aminium iodide,
(3R)-3-(2-hydro._y-5-methylphenyl)-N34 35
diisopropyl-3-phenyl-N-propylpropan-I-aminium iodide, 55
(3R)-N-befzyl23-@ayermars-rachyiphanydompeund according to

diisopmpyk3-phesytropra--amiriseriodide, -pr, -C1, -CHs, or

(RN Atert-butyl)-3-(2- hydroxy -5-

methylphenyl):N,N-djmet an: m, 5 brom )
o ooy b o e L P

dii oﬁrﬂ’ﬁy?‘f’\ltm‘é]ﬁ?ﬁ%*-ﬁh%nyﬁBﬁﬁ?%Tﬁlnuﬁﬁﬁodlde

(3R)-3-(ZRydroxgphésiy-AE N-diigaprépyl-Igompound according to
methykd-phenylpsepan-lamibisahronide,£ 18; and Ry represents -~H.

(35)-3- (ZEHydrgX%%@@LM diseRraRM-Nompound sccording te

en pan- I a ide,

(3|S§I -C IOF%J{:E) dnox %}xﬁ]g 'represent -H.
diisopropyN- ﬁweﬁﬁ&ﬂ%ﬂ%ﬁ%ﬁﬁ&ﬂ%.ﬁﬁ%\%ﬁ qgoording to
(3R}-Bi(B-Bromd:2upyidroXyphenyyNencad from the group consisting
diis@proipy|-dmethy |3 pheaylpripanb-aminidiibromigdes axric,
((j3B%§ﬁ3&?§%@£ﬁ)’%i§/ﬁ?ﬁ)ﬁi@ﬁ§Ey|]'%’ﬁfhlro:L odic, sulfuric,

ISQRIC me en an-l-aminium,i ic - (CHy) ae
Rty E %Qhﬁpﬁénﬁ% Liodidey i, cm,- ()

Sobut ryfloxy
duggﬁr‘ﬁ)p‘v RERethyi - hEHﬁbré‘paﬁ{PQ G lodlfOH RT3 3% *

lucrbphenyl) Z3qQ= %@Ry@%etmé?%zolc
-N,&7-diisepropyb=metimdpropamebamimunonpound accoxrding to
claim 18, wherein ¥~ is selected from the group
congisting of iodide, bromide, and chloride.
20. A guaternary ammonium compound according to
claim 19, wherein X repregents iodide.
21. A quaternary ammonium compound according to
claim 19, wherein X~ represents chlorids.
22. A quaternary ammonium compound according to
claim 1%, wherein X represents bromide.
23. A quaternary ammonium compound according to
claim 1, which is selected from the group consisting of
(3R) -3~ (2-hydroxy-5-methylphenyl) -, N~
diisopropyl-N-methyl-3-phenylpropan-1-aminium iodide,
(3R)—3~(2whydroxy-SFmethylphenyl)-Nva
diisopropyl-N-methyl-3-phenylpropan-l-aminium bromide,
(3R} -N-ethyl-3- (2-hydroxy-5-methylphenyl) -N, N-
diiscpropyl-3-phenylpropan-1l-aminium iodide,
(3R) -3~ (2-hydroxy-S-methylphenyl) -N,N-
diisopropyl—B—phenyl-N—propylpropan—l—aminium icdide,



bromide, (3R)-3-(2-hydroxy-5-(trifluoromethyl)phenyl]-
N,N-diisopropyl-N-methyl-3-phenylpropan-l-aminium 25 bromide, (3R) -3-
[2-- (isobutyryloxy) -5- hydroxymethylphenyll -N,N-diisopropyl-N-methyl-3-
phenylpropan-l-aminium bromide, (3R)-3-(2-(acetyloxy)-5- 30
[(acetyloxy)methyl]phenyl}-N,N-diisopropyl-N-methyl-3-
phenylpropan-l-aminium bromide, 2-( (1R) -3- fdiisopropyl (methyl)
ammonia] -1- phertylpropyl}-4-methylbenzenolate,
(3R)-N,N-diisopropyl-3- (2 methoxyr -5

methylphenyl)-N-methyl-3-phenyl propan -|- amlnlum iodide, 5

(3R 3[2(bunﬁﬁ%§ } I%é) nﬁf droxy=-5- methylphenyl) -, N~

diiSBiprBpPENRY @T%%ﬁﬂﬁﬁﬁﬁ?rﬁamewmm;de,

. (3R)-3-(2-hydroxg&: migthydphe AN N> -3 - (2-hydroxy-5-

15

20

30

3E

diiseanepybNanethyl:3-phenvierapan-kagiay ide.
5- @gg%)égl ((3?{) 3-(2- hydroxyt%gr?ethylgghen%ggggheﬁnﬁp%%zﬁwm

-N-isopropylI-N- ethy enta minium |0d|de
(3R)-3-(2- hydrozén mget rhéagﬂ?ﬂ’ R~ (hydroxymethyl) phenyl] -N, N-

d||§dﬁf%®9FNRﬁéW%e§%ﬁw9rdﬁﬁ?ﬂVéﬁﬁﬁme&d@l 2dum iodide,
3,3-bis(2-hydroxyz BimethyiphemdeiyiNhenyl) -N, N-diisopropyl -N-
diismr@pyl-Nmsmr@ﬁ@ﬁa%amimrﬁiqqidsmmde, :

é?lsc))s - (aLnI;%%%rPOQYI 22jt}%c()“rgopan,- -amll‘lijl!}lml\ll‘{) g +isopropyl-N-
3, 3Bk gtﬁ%?%%g@ﬁ)% RPN diiBprEpyRND F'Som%?rﬁflpropan 1-aminium

iodide, 1- [3 (2-h{eifoxy25-rRefisremA) By droxyshenyl ) -N, N
phénylprapmdpivihethyipyirelidiniurhdoditieropan-1l-aminium bromide,

(3R) -3-{E-bromo-2-hydroxyphenyl) -N,N-
diisopropyi-N-methyl-2-phenylpropan-Li-aminium bromids,

{(3R) -3-[2- (acetyloxy) ~S-methylphenyl] -N, N~
diigopropyl-N-~methyl-3-phenylpropan-i-aminium iodide,

| (BR) -3-[2- {isobutyryleoxy) -5-methyliphenyl] -N,N-
diisonopyl—N—methyl~3-phenylpropan~l—aminium lodide,

(3R) ~2- {¢-flucrophenyl) -3- {2-hydroxy~5-
methylphenyl) -N, N-diisopropyl-N-methylpropan~1-aminium
bromide,

(3R) -3~ [2~-hydroxy-5- (triflvoromethyl)phenyl] -
N,N-diisopropyl-N-methyl-3-phenylpropan-i-aminium
bromide,

(3R)-3-[2~ (isobutyryloxy) -5~
hydroxymethylphenyl! -N,N-diigopropyl-N-methyl -3~
phenylpropan-1l-aminium bromide,

(3R} -3~ {2~(acetyloxy)

[ (acetyloxy)methyliphenyl}-N, K- dxlsopropyl N-methyl-2-
phenylpropan-1-aminium bromide,

2-{ (1R) -3~ [diisopropyl (methyl) ammonic) -1~
phenylpropyl}-4-methylbenzenclate,

(3R) -M,N-diisopropyl-3-~{2-methoxy-8-
methylphenyl) -N-methyl-3-phenylpropan-l-aminium icdide, -
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1-ethyl-1-[3-(2-hydroxy-5-methylphenyl)-3 phenylpropyl)pyrrolidinium
iodide, 20 1-[3-(2-hydroxy-5-methylphenyl)-3-
phenylpropyl)-1-methylpiperidinium iodide, and
1-[3-(2-hydroxy-5-methylphenyl)-3 phenylpropyl]-1-methylazepanium
iodide. 24, A quaternary ammonium compound according to 25 claim 23,
which is selected from the group consisting of
(3R)-3-(2-hydroxy-5-methylphenyl)-N I§I6
diisopropyl-N-methyl-3-phenylpropan-l-aminium iodide,

3R)-3-(2-hyd thyl
lt(jusc))prépylyll\lrr?]et% Ime Ei%/p e%&aﬁ% IoaPﬁlnlum rﬁ’%i@hw&AdN N-

ﬁ&%ﬁ@?ﬁ?& yﬂiﬁ%ﬁhy ﬁ% Weropan- 1 ~aminium iodide,
diisopropyl -N-methyk3-phenygropan-isamitibmichlensd, 28, W~
phay Maseutisslicompesiton -CorppEsinTa-theiapeutically effe ciNeArmaunt
of a quatemarysa'ﬂym 1\35[(‘{%@P°§“‘€'za‘}§9&1'89}0 ANNEPLEADS ) -

1- §4 gn sunabf rms%ceuc'}[m cgrrier Eﬁ,refor 57 26. A gLuaternary
armntonitm Hd accor&}ﬁg%’ ny one oF claims i"z& Side sl a
méaitafTent. 27 Use of a quaternary ammonium compound according to

any one of clainm3RL-23-f0e #rey darfaétune ot gl hmdicamBniifor treating
asthmac@Bopse -of anguater nansasepikst somposnd-aceardiagi tany -

one of claims 1524 for; the;manufactyre oggtw?t yfog theating
chcgonlc obstru r%ve pul ona 6% disea se COP u)m 10 Use of a
ou

quatemary ammoniuni Eom r?c’f‘accordnng %0 any one of claims 1-24 for

the manufacturéta InéaicAATEmIorHRATKG i orreacru@ et | - N, N~
cohmerpropyl -N-methyl-3-phenylpropan-1l-aminium iodide,

3,3~bis(2-methoxyphenyl} -N,N-diisopropyl-N-
methylpropan-i-aminium iodide,

1-[3-(2-hydroxy-5-methylphenyl) -3-
phenylpropyl] -1-methylpyrrolidinium iodide,

i-ethyl-1- 13- (2-hydroxy-5-methylphenyl) -3~
phenylpropyl}pyrrolidinium iodide,

- (3~ {(2-hydroxy-5-methylphenyl) -3-
phenylpropyl}—1wmethy1piperidinium iodide, and

1-{3»(2~hyﬁroxy-5—methyiphenyl)»3~
phenylpropyl]—1—methylazepan1um iodide.

24, A quaternary ammonium compound acceording to

claim 23, which is gelected from the group gongisting of

(3R) -3~ (2~hydroxy~-5-methylphenyl) -N, N~
diisoproﬁyl—N~methyln3—phenylpropan-l-aminium iodide,

(3R) -3- (2 -hydroxy-5-methylphenyl) -N,N- '
diisopropyl-N-methyl-3-phenylpropan~1-aminium bromide,
and '

(3R} -3- (2 -hydroxy-5-methylphenyl) -N, N-
diisopropyl-N-methyl-3-phenylpropan-1-aminium chloride.
25, A pharmaceutical composition comprising a
therapeutically effective amount of a quaternary ammonium

compound according to any one of claims 1-24, and a
suitable pharmaceutical carrier therefor.



- cold. 30. Use of a quaternary ammonium compound according 15 to any
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one of claims 1-24 for the manufacture of a medicament for treating
allergic rhinitis. 31. A method of treating asthma in a mammal, including
man, comprising administering to said mammal, in need of such a
treatment, a therapeutically effective 20 amount of a quaternary
ammonium compound according to any one of claims 1-24. 32. A method
of treating chronic obstructive pulmonary disease (CUPD) in a mammal,
including man, comprising administering to said mammal, in need of such
25 a treatment, a therageutically effective amount of a quaternar

ammonidh camBEETE FeeoriRTTS AR e 6 F 8%?%5%5&?%?% M&theaY

‘ofareatitg &llerdiesrhinifié i 8¥ nisffinaf iAcRiafCRHERTEomprising
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29. Use of a guaternary ammonium compound according
to any one of claimas 1-24 for the:manuﬁagture of a
medicament for treating rhinorrhea dus to the common
cold. _ )

30. Use of a guatsrnary ammenium compound according
to any one of claimg 1-24 for the manufacture of a
medicament for treating allergic rhinmitils.

3i. A method of treating asthma in a mammal,
including man, comprising administering to said mammal,
in need of guch a treatment, a therapeutically effective
amount of a guaternary ammonium compound according to any
one of claims 1-24.

32, A method of treating chronic cobstructive
pulmonary disease (COPD) in a mammal, including man,
comprising administering to said mammal, in need of such
a treatment, a therapeutically effective amount of a
guaternary ammonium compound according to any one of
claims 1-24.

33, A method of treating allergic rhinitis in a
mammal, including man, comprising administering to said
mammal, in need of such a treatment, a therapesutically
effective amount of a guaternary ammonium compound
according to any one of claims 1-24.

34, & method of treating rhinorrhea due to the
common cold in a mammal, including man, <omprising
administering to said mammal, in need of such a
treatment, a therapeutically sffective amcunt of a
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guaternary ammonium compound according to any one of
claims 1-24.



