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Alpha, agonists are known to decrease intraocular pressure (IOP). The first report of
the JIOP lowering effects of these therapeutic agents was published in 1966 [Makabe,
R. Dtsch. Med. Wochenschr., 91 (1966) 1686].

Prodrugs are pharmacologically inactive derivatives of drug molecules that after
chemical or enzymatic transformation release the active drug exerting the therapeutic
action. Prodrugs are designed to overcome various pharmaceutical or
biopharmaceutical problems associated with the parent drug. A prodrug with good
permeation across biological membranes should exhibit optimum lipophilicity. In
addition, a prodrug should be stable enough against chemical degradation and revert
to the active parent drug via enzymatic hydrolysis in the body during or after

absorption.

SUMMARY OF THE INVENTION
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It is to be understood that the foregoing general description and the following
detailed description are exemplary and explanatory only and are not restrictive of the

invention as claimed.
BRIEF DESCRIPTION OF THE DRAWING

Figure 1 shows the formation of MPV-2426 (O) upon hydrolysis of its pivaloyl ester
(A) in 80 % human serum at 37 °C.

DETAILED DESCRIPTION OF THE INVENTION
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4- (6-butyryloxy1ndan- -ylmethyl)-1H-imidazol-1-ium chloride. In the definitions of
R, the term “lower” denotes residues with a maximum of 10 carbon atoms, e.g. a
maximum of 6 carbon atoms. The term “alkyl” taken alone or in combination with
terms such as “cycloalkyl” or “alkylamino” denotes straight or branched chain
hydrocarbon residues. The term “aryl” denotes a carbocyclic aromatic group, possibly
a mono- or bicyclic group. The term “heteroaryl” denotes a mono- or bicyclic
aromatic group containing 1 to 3 heteroatoms being nitrogen and/or oxygen and/or
sulfur, e.g. 1 or 2 heteroatoms being nitrogen and/or oxygen and/or sulfur. The term
“substituted” in connection with various residues refers to hydroxy, cyano, nitro,
halogen, amino, lower alkylamino, di(lower alkyl)amino, lower alkoxy, aryl or
trifluoromethyl substituents. The substituted residues may contain 1 to 3 of said

substituents, e.g. 1 or 2 of said substituents. The term “halogen” denotes fluorine,

chlorine, bromine or iodine, e.g. chlorine or bromine.

Compounds of formula I may provide adequate lipophilicity and stability against

chemical hydrolysis and revert to the active parent drug via enzymatic hydrolysis.
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Hydroxyindan compound II, or a pharmaceutically acceptable salt or hydrate thereof,
is dissolved in a solvent, e.g. trifluoroacetic acid (TFA), and a carboxylic acid
chloride is added. The mixture is stirred, for example, at room temperature, for
example, for 24 h. The solvent is evaporated and product compound I is isolated
from the reaction mixture in a conventional manner. The compounds of the invention
may be converted, if desired, into their pharmaceutically acceptable salts or hydrates

using methods well known in the art.
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ether and the solution was saturated with dry HCI gas. The precipitate was filtered
and dried under vacuum. Yield 105 mg (82%) of a white hygroscopic solid. 'H NMR
(CDCls, TMS): & 1.72 (m, 1H), 2.18-2.26 (m, 4H), 2.72-2.87 (m, 3H), 3.17 (dd,
1H), 3.56 (qui, 1H), 6.85 (m, 2H), 6.92 (s, 1H), 7.16 (d, 1H), 8.61 (s, 1H), 14.44 (s,
2H). >C NMR (CDCl;, TMS): & 21.11, 29.60, 30.46, 31.68, 43.93,115.72, 117.00,
120.29, 125.33, 132.32, 132.40, 141.37, 146.32, 149.39, 170.11. HPLC-MS (EI):
m/z =257.2 (M+H)" - CI"). Anal. —Calc. for C1sH;¢N,0,-HC1-0.2CH,Cly: C 58.94,
H 5.66, N 9.04. Found C 58.66, H 5.78, N 8.83.

Example 2
4-(6-Butyryloxyindan-1-ylmethyl)-1H-imidazol-1-ium chloride

4-(6-hydroxy-indan-1-ylmethyl)-1H-imidazol-1-ium chloride (100 mg, 0.399 mmol)
and butyric acid chloride (510 mmol) were reacted in TFA (1 ml) and purified as
described in example 1. Yield 90 mg (77%) of a white hygroscopic solid. 'H NMR
(CDCls, TMS): 5 1.02 (t, 3H), 1.70-1.79 (m, 3H), 2.18-2.24 (m, 1H), 2.52 (t, 2H),
2.73-2.86 (m, 3H), 3.18 (dd, 1H), 3.53 (qui, 1H), 6.84 (dd, 1H), 6.87 (s, 1H), 6.92 (s,
1H), 8.66 (s, 1H), 11.28 (s (broad), 2H). °C NMR (CDCI3, TMS): § 13.66, 18.45,
29.68, 30.52, 31.68, 36.24, 43.98, 115.79, 117.05, 120.36, 125.36, 132.32, 132.59,
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Exanpl e 3

A prodrug with good permeation across biological membranes should exhibit

optimum lipophilicity (generally described as octanol-water partition coefficient, lo g
Papp). In addition a prodrug should be stable enough against chemical degradation and
revert to the active parent drug via enzymatic hydrolysis in the body during or after

absorption.
Experiment 1. Lipophilicity

The lipophilicity was evaluated by determining apparent partition coefficients
(log Papp) between 1-octanol and phosphate buffer pH 5.0 or 7.4 at room temperature.
Generally log P,y value in the range of 2-3 is considered optimal for absorption and

membrane penetration in general.
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Method

An appropriate amount of the test compound (initial concentrations were

0.1-0.4 mM) was dissolved in pre-heated phosphate buffer (0.16 M, p=0.5, pH 7.4 or
pH 5.0). The solution was placed in a thermostated water bath at 37°C and aliquots
were taken at suitable intervals and analyzed by HPLC to determine the degradation
rate of the compound. The pseudo-first-order half-life (;,) was calculated from the

linear slopes of semi-logarithmic plots of remaining compound over time.
Results

The degradation of the compounds in aqueous solution at pH 5.0 and 7.4 followed
pseudo-first-order kinetics. The half-life (t;/,) for the degradation is shown in
Table 2. The stability of the compounds was substantially higher at pH 5.0 than at
7.4,
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ﬂ%ﬁ&ﬂedmﬁhqpafemm Thergtope) 26 susceptibility of the compounds to serum

esterases was evaluated.

Method

An appropriate amount of the test compound was dissolved in one volume (e.g. 1 ml)
of phosphate buffer (0.16 M, u=0.5, pH 7.4) at 37°C. Four volumes (e.g. 4 ml) of
pre-heated human serum were added and the solutions were mixed in a water bath at
37°C (initial concentrations were 0.2-0.5 mM). At suitable intervals, 300 pl aliquots
were withdrawn and deproteinated with 600 pl of acetonitrile. After mixing and
centrifugation, 600 pl of the supernatant was evaporated to dryness under a stream of
air at 40°C. The residue was re-dissolved in 300 pl of the mobile phase and analyzed
by HPLC. The pseudo-first-order half-life (t;,,) was calculated from the linear slopes
of semi-logarithmic plots of remaining compound over time. Also the formation of

the parent drug was determined.
Results

The hydrolysis of the prodrugs in 80% human serum followed pseudo-first-order
kinetics. The half-life (t1,) for the degradation is shown in Table 2. All the prodrugs



and its esters. Conpound |og Papp at pH 5.0 | og Papp
at pH 7.4 WMV-2426 0.01 0.02 1.87 0.00 exanple 1
wW®23/05@300 2.05 0.01 exanple 2 1.25 0.01 3pdWF12003020933

exanple 3 1.75 0.01 3.59 0.03 Experinment 3.
Enzymati c hydrolysis To exert9 t he pharmacol ogi cal
effect in the body, a prodrug should be enzymatically
deadleieRhtt of hiyteolpsis @Nshodphige buthes6hulbes (pH$0 and 7.4) and in
susceptibility of the conmpounds to serum esterases
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hydrol ysis of the prodrugs in 80% human serum fol | owed
pseudo-first-order Kinetrcs. Tne nart-rite (rirzy—ftor
the degradation is shown in Table 2. Al the prodrugs
WD 2004/ 050635 PCT/ F12003/ 000933 9 Table 2. Rate of
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ﬁycﬂé)ly@gqn .867% human serum (pH 7.4). The formation of MPV-2426 upon

hydrolysis of its pivaloyl ester in 80 % human serum at 37 °C is illustrated in

Figure 1.
Experiment 4. IOP study in rabbits

The IOP study was performed to prove that the present prodrugs are able to release
the parent drug and are thereby pharmacologically active in vivo. The IOP lowering
effect of the prodrug was also compared to the effect of MPV-2426.

Method

To perform the IOP test, a rabbit was placed in a plastic restraining box located in a
quiet room. A single drop (25 pl) of the test solution was instilled unilaterally into its
left eye on the upper corneoscleral limbus. During installation, the upper eyelid was
pulled slightly away from the globe. IOP was measured using a BioRad (Cambridge,
MA) Digilab Modular One Pneumatonometer. Before each measurement one or two
drops of oxybuprocaine (0.06%) were applied to the cornea before tonometry to
eliminate discomfort. The upper and lower eyelids were then gently retracted, and the

applanation sensor was brought into contact with the center of the cornea. For each



80% human serum (pH 7.4) at 37C. Conpound t1/2 (d)
t1/2 (d) t1/2 (m n) phosphate buffer phosphate buffer
w@osstlsnsen serum pH 5.0 pH 7.4 (pH 7. 4) exanpP@I/ER288/000933
1.1 0.18 exanple 2 49 2.5 0.20 exanple 3 310 31 30
of MPV-2426 rel eased the partht drug, MPV-2426,
guantitatively via enzymatic hydrolysis in 80% human
Sables. (pirholuld} prefhige (IOPYelidngss @healYmB26SBRPA 5-6) at
hydrol ysis of its pjvaloyl ester in 80 % human sérum.
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in vivo. The 10P lowering effect of the prodrug was
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per%%?mthe IIOP test, a rabbit was a aced ih a pl dsti 3
restraining box located in a quiet room A sinpgle

drop (25 1) of the test solution|was instilled
unilaterally|into itfs lefit eye on the upper

Teaedgel eral [T1 nbus| During i nstalration, the upper
eyelid was pulled slightlly away|fromthe globe. 10P

Ufcd HeAe Bi nde /f‘ﬁm)ri rln::’ l\v/IA\ DPlLg ah
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one ar two drops of oxybuprocaine (0.06% were
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di sconfort. The upper and|l ower ¢yelids|were then
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brought intojcontact with|the center of |[the cofnea.
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Intraocul ar pressurfe ﬁ 3p) ¢ ainges {nmean gl’:cj Z‘ﬁ L3+1.9
5-6) at

3.4 pug of PIV? 0.0£0.0 |-0.9+0.9 | -2.9+0.5 | -6.5%1.1% | -5.2+1.7 | -3.240.9 {-1.4+0.7

2.5 ng of MPV-2426 | 0.0£0.0 | 0.1x1.0 | -2.6x1.1 | -3.0£0.7 | -2.440.5 | -0.4+1.2 |-0.1£0.8

Untreated eye

pH 5.0 buffer 0.0£0.0 | 0.2£0.5 | -0.5+04 0.8£1.5 | -1.3x0.7 | -0.7%1.2 |-0.8+1.3
0.1 pg of PIV 0.0£0.0 | 1.4+0.1 0.9+0.5 1.3+0.2 1.3£0.7 1.0£0.9 | 2.4+1.3
1.0 pg of PIV 0.0£0.0 | 0.0+1.4 | -2.1£1.2 | -2.0+1.8 | -0.9+2.4 | -1.4+0.7 [-0.8+2.1
2.5 pg of PIV 0.0£0.0 |-0.2+0.9 | -0.6+0.7 0.0£1.5 0.1x1.0 1.0£1.8 | 0.3x1.6
3.4 pg of PIV® 0.0+0.0 | 0.4+0.7 | -2.7+0.8 | -1.3+0.6 | -2.8+0.8 | -0.8+0.7 |-0.8+1.0

2.5 pg of MPV-2426 | 0.0£0.0 | 0.3%1.0 | -1.3+0.7 | -1.6£0.9 | -1.7£0.6 | 0.4%1.1 | 0.4=1.1

* equimolar to 2.5 pug of MPV-2426

* data significantly different from values for MPV-2426, at a 95% confidence level
(ANOVA, Fisher’s PLSD test)



predetermned tinmes (h) in the treated and untreated
eyes of nornotensive rabbits after unil ateral

wa@elouisess ati on of 25 | of MPV-2426 or its pi vetDyI2003/000933
ester (PIV) solutions in phosphate buffer pH 5.0.
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1.30.7 1.00.9 2.41.3 1.0 g of PIV 0.00.0 0.01.4
-2.11.2 -2.01.8 -0.92.4 -1.40.7 -0.82.1 2.5 pg of PIV
Besdtn -0.20.9 -0.60.7 0.01.5 0.11.0 1.01.8 0.31.6
3.4 g of Plva 0.00.0 0.40.7 -2.70.8 -1.30.6 -2.80.8
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basel i ne value. Al studies were set up using a nmasked
and random zed crossover design. At least 72 h
wor®hoste3s i mre was al l owed for each rabbit bet weenFRaasin00933
dosing. Results The change in intraocul ar pressure
(10P) after topical unilaterd® adm nistration of
three different doses (0.1 g, 1.0 g, and 2.5 g) of the
WIvaIMgl ester of MPV-2426 is shown in Table 3. The
ICP | owering effect lasted from1l h through the
t|on of he experiment. Less significant
é@gHVBP%°%$§- gﬁmpﬁ‘ he untreated eyes. The
plvaloyl ester of MPV-2426 showed increased | OP
| owering potency as conpared top@an equi nol ar dose of
MPV-2426 (Table 3). Also a prol duration of

action vvasv\%gser ester of
MPV- 2426. 00933 1B CLAIMs
1. A conpound @f ge

lal, N RYONH O or
phar maceut i cal Oy ac e/salts or hydrates thereof,
wherein R represents unsubstituted or substituted

| ower al kyI unsubst ituted or substituted aryl,

EPS&S’?‘Q na ut fed éé?gage; %’ﬂt?g E%’(ﬁ%tgﬁh%%oté JH‘[@?HH%I‘GH&&RS

s ubstsilbstitwad bDMsmateldyd)\am alloylpunsabstiated at ebstituted apyl,

ter cont ai ni one.or two
ot S e PR T il RS aier 5" bt Pl ferosr,
wh Qﬁﬁhlﬁhtl'ﬁlté@ B &dsithed l!&%ith?lﬁ 148 br Qlsatuslstivd ('a&t £ membered
| ower al kyl or unsubstituted or substituted aryl . A

c orséripRyChe EErRicABaiNEInE antwo nijhagesaton®. r epr esent s
unsubstituted or substituted |ower alkyl. 4. A

§OMR Qﬂgoﬁﬁf&%wdﬂ% i %la‘iﬁﬁqi, Whgreinsﬁirgprgé%%%ggbs%%tg or

substituted lower alkyl or unsubstituted or substituted aryl.

3. A compound according to claim 2, wherein R represents unsubstituted or
substituted lower alkyl.

4. A compound according to claim 3, said compound being

4-[6-(2,2-dimethylpropanoyloxy)indan-1-ylmethyl]-1 H-imidazol-1-ium chloride

5. A compound according to claim 3, said compound being

4-(6-acetoxyindan-1-ylmethyl)-1H-imidazol-1-ium chloride

6. A compound according to claim 3, said compound being

4-(6-butyryloxyindan-1-ylmethyl)-1H-imidazol-1-ium chloride

7. Use of a compound of formula I,



4-[6-(2, 2-di met hyl propanoyl oxy)i ndan-1-yl nethyl]-1Him

i dazol -1 -iumchloride 5. A conpound according to
W@ b@it15@35 sai d conmpound bei ng PCT/F12003/000933
4- (6- acet oxyi ndan- 1-yl nmet hyl ) - 1Hi m dazol -1 -i um

chloride 6. A conpound accoﬁming to claim3, said
conpound bei ng

4- (@Mmehwnyrad@aptabmmbhwdratéﬁnefeo@ adifdreih R iérﬁls deﬁned
chlorlde 7. e of compound_of forrmula I, N

(~)in cdpipgd f@fgﬁ shmﬁmz@e@n@n@@@euseﬂsn&etreannem of
h
Y al'i}ﬁﬁ%%tl(%lg @ ggy q’ﬁ > ﬁla%?xgﬁ srinsc?EmP% g&c?%t?c% B0
nammfoatammseh}@btea&mchhodqwmtdelmmm edudcitati®rg micturition

tre nt of ert nsi on, ucpna, raine,

o SRS, PR G ondERi Brrenplut S ondiEsen
hy pefuedls giedl, mﬁM‘l‘d"skel@ﬁ[ , P I HD Bﬁédgrﬂtﬁ)%qﬁéﬁr&cﬁ% bPAs a sedative
mcturition disorders, wthdrawal “syndrones,
corgjestanglgesie agant, masal deeongesixiter gs ar adjinidt éo smesthesia,

neurol ogi cal, nuscul oskel etal, psychiatric or

@OQQ'uEé Q&ofﬁlﬁ%{odc%ﬁl Pluiidreif g c%%mt o, jsOr  an anal gesi ¢

nasa stant or as &N adj’unct to

an aﬁbéﬁi tib%—tdmetBylpﬁpuﬁ@lc&QK)mdm- ng/hhéthylﬂdHlinﬁdamﬁltﬁhﬂchlonde.
t he conpound is

- 2, 2-di me | pr gpanayl.oxy)indan-1-yl methyl]-1Him
B 3 B B FPIRIBIon RS n et AHP 268t & compound
COMgrasiniil®n Whi ch conprises as an active agent a
conpound of formulal, N RYONH O or

pharmaceutical ly accept abl e salts or hydrates thereof,
wherein Ris as defined in clailpgl, and optionally a
pharmaceutically acceptable %

NH 0

or pharmaceutically acceptable salts or hydrates thereof, wherein R is as defined

in claim 1, and optionally a pharmaceutically acceptable excipient.

10. A pharmaceutical composition according to claim 9, wherein the compound is

4-[6-(2,2-dimethylpropanoyloxy)indan-1-ylmethyl]-1 H-imidazol-1-ium chloride.

11. A method for the treatment of diseases or conditions, wherein alpha, agonists are
indicated to be useful, said method comprising administering to a mammal in

need of such treatment an effective amount of a compound of formula I,

N
Y
YO NH 0

o)

R

or pharmaceutically acceptable salts or hydrates thereof, wherein R is as defined

in claim 1.



10. A pharmaceutical conposition according to claim?9,
wherein the conpound is

W@ 2(08/058@32- di met hyl pr opanoyl oxy) i ndan- 1- yl net hpdT/F2bé3/000933
i dazol -l -iumchloride. 11. A nethod for the treatnent
of di seases or conditions, wherein al pha2 agonists are
i ndi cated to be useful, said nethod conprising
adrnh mheshet dcogrding ta cieamimel, whereinhe dopowidcis t r eat rrent
an effg%élye nmount of a_caonpound of formnula |
YO i$- S}mﬁ YPTPRARRIM P BaIndgo-Aodaphyiié- geﬂd@%oldrlwn chloride.
hydrates thereof, wherein Ris as defined in claim1l.
WD 2004/ 050635 PCT/ F12003/ 000933 14 12. A net hod
according to claim1l, wherein the conmpound is
4-[6-(2, 2-di met hyl propanoyl oxy)i ndan-1-yl nethyl ] -1H i m
i dazol -1 -ium chl ori de.



