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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 probléms 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.
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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 (0) upon hydrolysis of its pivaloyl ester

(A) 1n 80 % human serum at 37 °C.

DETAILED DESCRIPTION OF THE INVENTION
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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 2 mono- or bicyclic
aromatic group contaiﬁing 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)amjﬁo, 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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: : solvent w

Hydroxyindan compound I, or a pharmaceutlcally 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 the1r pharmaceutically acceptable salts or hydrates
using methods well known in the art.
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of trifluoroaceti CS@Ci d (TFA). and acetic acid chloride
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Meatkd8ts were dried (Na;SO4) and evaporated. The residue was dissolved in diethyl
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
(CDCl3, TMS): 8 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 (CDCls, 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 C;5H;6N,0,-HC1-0.2CH,Cl,: 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-hydro${y-indan-l-ylmethyl)-lH-imidazol-l-imn chloride (100 mg, 0.399 mmol)
and butyric acid chloride (510 mmol) were reacted in TFA (1 ml) and purified as
described n example 1. Yield 90 mg (77%) of a white hygroscopic solid. "H NMR
(CDCl3, TMS): 6 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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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 (t;,;) was caiculated 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.



concentration of the conpound in the buffer phase was
determ ned by HPLC. Results The | og PaPp val ues of
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8 Table 1. Apparent parfrtron coefrrtrcremnts—ttog Papp,
mean SD, n = 3) of MPV-2426 and its esters. Conpound
I]% H 5.0 1og Papp at pH 7.4 MPV-2426 0.01
efimsvt3£ yymagiehydrelygis 0. 13+-0. 00 2. 05 0. 01
exanple 2 1.250.01 3.170.02

To exert the pharmacological effect in the body, a prodrug shouid be enzymatically

degraded to the parent drug. Therefore, the 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, p=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 ul 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 ul of the mobile phase and analyzed
by HPLC. The pseudo-first-order half-life (tir2) 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 (t,,) for the degradation is shown in Table 2. All the prodrugs
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Loytorpsi inPs 0o nu@A B i P4 The Tiriition 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 irz 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 comneoscleral limbus. During installation, the upper eyelid was
pulied 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
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mnistration |of ZSQP of |vrrv-2426 or its
‘p?ﬁ%?f&)yﬂ est ar B0y 0659 ult 28HE3 i n-pHesSphatelBuf fes2pH 1.321.9
5.0. TIME (h)] 0 0.5|/1 23145 Trieated eye pH 5.0

btifg PG, 00. ( 0050, 9-0-920.21] 2.980.1 1. B5= T L-53:070132505 [T 4507
0.32.0 0.1 d of PIV 0.00./0 1.70.[9 0.21.]3 0. 81.|2

Vs PotMPl-BI269 204849 Y 0.1£1.0 | -2.621.1 | 3.0207 | 24505 | 0413 -0.1£0.8

Untreated eye

pH 5.0 buffer .0.0+£0.0 | 0.2£0.5 | -0.5+0.4 0.8+1.5 | -1.3%0.7 | -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 1.0x0.9 | 24%1.3
1.0 pg of PIV 0.0+0.0 | 0.0+1.4 | -2.1£1.2 | -2.0£1.8 | -0.942.4 | -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 | 04+0.7 | -2.7£0.8 | -1.3%0.6 | -2.8+0.8 | -0.8+0.7 |-0.8+1.0

2.5ug of MPV-2426 | 0.0£0.0 | 0.3%1.0 | -1.3%0.7 | -1.6+0.9 | -1.720.6 | 0.4+1.1 0.4£1.1

* equimolar to 2.5 ug of MPV-2426

* data significantly different from values for MPV-2426, at a 95% confidence level
(ANOVA, Fisher’s PLSD test)
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-0.41.2 -0.10.8 Untreated eye pH 5.0 buffer 0.00.0
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conpared to an equi nol ar dose of MPV-2426 (Table 3). LLOYD WISE
Al so a prolonged duration of action was observed with
wonophinesoyl ester of MPV-2426. LLOYD W SE  WOCT/F12003/000933
2004/ 0- 50635 PCT/ F12003/000933 12 CLAIMS 1. A
conpound of general formula I]2N R ONH (1) O or
phar maceutically acceptable salts or hydrates thereof,
WOBAIMISR represents unsubstituted or substituted
| ower al kyl, unsubstituted or substituted aryl,
fsubstltuted or substituted cycloal kyl, unsubstituted
<4 BSTPPRRARS Benaralrformyla L, unsubstituted or
substituted | ower al kylam no or a saturated five or
si x nmenbered heterocyclic group ontalnlng one or two
nitrogen atoms. 2. A conpound ac kﬂlng to claim1,
wherein R repfesents unsubst : substituted
| ower al kyl Eﬁarn , d b¥H t ut ed agyl . 3. A
compound accordi ng t|p , Wherein R represents
unsubstituted @ suk uted |l ower alkyl. 4. A
conpound according to €laim3, said conpound being
4-[6- (2, 2-di net hyl propanoyl oxy)i ndan-1-yl nmethyl]-1Him

I daég#%&niaﬂ éf&gl!}pz{clcgpetablg g?lFAFggr% oalflens,dthg'ggfor ﬂ!&:rnegn {{?'epresents

4- ( ﬁnsaﬂ:eﬂlmkeﬁj di’rdam;t futyd 1oREeh Wiyl Wishodifesal

chl ori ﬂ A conlglound accordi ng k{ﬁéﬁc alrr%hbé,d&sﬂg‘li&ryl

co an dﬁ)@ substituted cycloalkyl, unsubstituted or substltuted heteroaryl

4- (Gndaut ? 1H-im da

chl or i det\{t'i7%|dQ))f ¥ﬁ6§ﬁ ﬁgedg%)wnﬁggﬁ%}/ ? O ?‘rfﬁt"ga 8 ﬁye OFQS’G‘ IRgbered

~| ) heterocyclic group containing one or two nitrogen atoms.

2. A compound according to claim 1, wherein R represents unsubstituted 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}-1H-imidazol-1-ium chloride

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

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

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

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

7. Use of a compound of formula I,

R 0 \NH

T

()
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phar maceutically acceptable salts or hydrates thereof;
wo WhesBLR R is as defined in claiml, for thepcT/F12003/000933
manuf acture of a nedi cament to be used in the
treatment of hypertension, ;glaucoma, m graine.
di arrhea, ischem a, addiction to chem cal substances,
hy . _ : . Ut At )
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or pharmaceutically acceptable salts or hyvdrates thereof, wherein R is as defined

()

in claim 1, and optionally a pharmaceutically acceptable excipient.

10. A pharmaceutical composition according to ciaim 9, wherein the compound 1s

4-[6-(2,2-dimethylpropanoyloxy)indan-! -yimethyl}-1H-imidazol-1-ium chloride.



