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Disclosed herein is a compound having a structure
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compositions, methods, and medicaments related thereto are
also disclosed.
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THERAPEUTIC COMPOUNDS

CROSS-REFERENCE

[0001] This application is a divisional application of U.S.
patent application Ser. No. 12/673,351, filed Apr. 6, 2011,
which is a national stage application under 35 U.S.C. §371 of
PCT patent application PCT/US2008/073110, filed Aug. 14,
2008 which claims the benefit of U.S. Provisional Applica-
tion Ser. No. 60/955,972, filed Aug. 15,2007, which is hereby
incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] There is a continuing need for alpha adrenergic
compounds for treating pain, glauco ma and other conditions.

DESCRIPTION OF THE INVENTION

[0003] Disclosed herein is a compound having a structure

Re

R R?
HN
R )\
~ \N = X
[
Re

wherein X is O, S, or NH;

nis 2 or3;

R“ R?, R¢, and R are stable moieties independently consist-
ing of: from O to 4 carbon atoms, from 0 to 10 hydrogen
atoms, from 0 to 2 oxygen atoms, from O to 1 sulfur atoms,
from O to 1 nitrogen atoms, from O to 3 fluorine atoms, from
0 to 1 chlorine atoms, and from 0 to 1 bromine atoms; and
ReisHor C,_, alkyl.

[0004] These compounds are useful for the treatment of
pain, glaucoma, and the reduction of intraocular pressure.
The compound is incorporated into a dosage form or a medi-
cament and administered to the mammal in need thereof. For
example, a liquid composition may be administered as an eye
drop for the treatment of glaucoma or lowering intraocular
pressure. A solid dosage form may also be administered
orally for any of these conditions. Other types of dosage
forms and medicaments are well known in the art, and may
also be used here.

[0005] For the purposes of this disclosure, “treat,” “treat-
ing,” or “treatment” refer to the use of a compound, compo-
sition, therapeutically active agent, or drug in the diagnosis,
cure, mitigation, treatment, prevention of disease or other
undesirable condition.

[0006] Unless otherwise indicated, reference to a com-
pound should be construed broadly to include pharmaceuti-
cally acceptable salts, prodrugs, tautomers, alternate solid
forms, and non-covalent complexes of a chemical entity of
the depicted structure or chemical name.

[0007] A pharmaceutically acceptable salt is any salt of the
parent compound that is suitable for administration to an
animal or human. A pharmaceutically acceptable salt also
refers to any salt which may form in vivo as a result of
administration of an acid, another salt, or a prodrug which is
converted into an acid or salt. A salt comprises one or more
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ionic forms of the compound, such as a conjugate acid or
base, associated with one or more corresponding counter-
ions. Salts can form from or incorporate one or more depro-
tonated acidic groups (e.g. carboxylic acids), one or more
protonated basic groups (e.g. amines), or both (e.g. zwitteri-
ons).

[0008] A prodrug is a compound which is converted to a
therapeutically active compound after administration. While
not intending to limit the scope of the invention, conversion
may occur by hydrolysis of an ester group or some other
biologically labile group. Prodrug preparation is well known
in the art. For example, “Prodrugs and Drug Delivery Sys-
tems,” which is a chapter in Richard B. Silverman, Organic
Chemistry of Drug Design and Drug Action, 2d Ed., Elsevier
Academic Press: Amsterdam, 2004, pp. 496-557, provides
further detail on the subject.

[0009] Tautomers are isomers that are in rapid equilibrium
with one another. For example, tautomers may be related by
transfer of a proton, hydrogen atom, or hydride ion. Examples
of tautomers are depicted below.
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[0010] Unless stereochemistry is explicitly depicted, a
structure is intended to include every possible stereoisomer,
both pure or in any possible mixture.

[0011] Alternate solid forms are different solid forms than
those that may result from practicing the procedures
described herein. For example, alternate solid forms may be
polymorphs, different kinds of amorphous solid forms,
glasses, and the like.

[0012] Non-covalent complexes are complexes that may
form between the compound and one or more additional
chemical species that do not involve a covalent bonding inter-
action between the compound and the additional chemical
species. They may or may not have a specific ratio between
the compound and the additional chemical species. Examples
might include solvates, hydrates, charge transfer complexes,
and the like.
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[0013] X is O, S, or NH. Thus, compounds of any of the
structures depicted below are contemplated.
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[0014] Sincen is 2 or 3, compounds according to either of
the structures depicted below are contemplated.
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[0015] The part of the compound:

A2

attaches to one of the non-aromatic carbons of the ring sys-
tem. In other words, the compounds having the structures
depicted below are contemplated.
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[0016] R“ R? RS, and R¥are stable moieties independently
consisting of: from 0 to 4 carbon atoms, from 0 to 10 hydro-
gen atoms, from 0 to 2 oxygen atoms, from 0 to 1 sulfur
atoms, from 0 to 1 nitrogen atoms, from 0 to 3 fluorine atoms,
from O to 1 chlorine atoms, and from 0 to 1 bromine atoms.
[0017] Subject to the constraints described herein (e.g. lim-
its on the number of atoms), examples of R%, R”, R, and R?
include, but are not limited to:
[0018] Hydrocarbyl, meaning a moiety consisting of car-
bon and hydrogen only, including, but not limited to:

[0019] a. alkyl, meaning hydrocarbyl having no double

or triple bonds, including, but not limited to:

[0020] linear alkyl, e.g. methyl, ethyl, n-propyl, n-bu-
tyl, etc.,
[0021] branched alkyl, e.g. iso-propyl, t-butyl and

other branched butyl isomers, etc.,
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[0022] cycloalkyl, e.g. cyclopropyl, cyclobutyl, etc.,
[0023] combinations of linear, branched, and/or
cycloalkyl;

[0024] b. alkenyl, e.g. hydrocarbyl having 1 or more
double bonds, including linear, branched, or cycloalk-
enyl

[0025] c. alkynyl, e.g. hydrocarbyl having 1 or more
triple bonds, including linear, branched, or cycloalky-
nyl;

[0026] d. combinations of alkyl, alkenyl, and/or akynyl
[0027] alkyl-CN, such as —CH,—CN, —(CH,),—CN;
—(CH,);—CN, and the like;

[0028] hydroxyalkyl, i.e. alkyl-OH, such as hydroxym-
ethyl, hydroxyethyl, and the like;

[0029] ether substituents, including —O-alkyl, alkyl-O-
alkyl, and the like;

[0030] thioether substituents, including —S-alkyl, alkyl-S-
alkyl, and the like;

[0031] amine substituents, including —NH,, —NH-alkyl,
—N-alkyl'alkyl” (i.e., alkyl and alkyl are the same or differ-
ent, and both are attached to N), alkyl-NH,, alkyl-NH-alkyl,
alkyl-N-alkyl‘alkyl?, and the like;

[0032] aminoalkyl, meaning alkyl-amine, such as aminom-
ethyl (—CH,-amine), aminoethyl, and the like;

[0033] ester substituents, including —CO,-alkyl, —CO,-
phenyl, etc.;
[0034] other carbonyl substituents, including aldehydes;

ketones, such as acyl (i.e.

hydrocarbyl),

and the like; in particular, acetyl, propionyl, and benzoyl
substituents are contemplated;

[0035] fluorocarbons or hydrofluorocarbons such as
—CF;, —CH,CF;, etc.; and

[0036] —CN;

[0037] combinations of the above are also possible, subject

to the constraints defined;

[0038] Alternatively, a substituent may be —F, —Cl, —Br,
or —1L.
[0039] In particular, alkyl having from 1 to 4 carbon atoms

is contemplated;

[0040] R? R% R° and R stable, i.e. they must be stable
enough to be stored in a bottle at room temperature under a
normal atmosphere for at least 12 hours, or stable enough to
be useful for any purpose disclosed herein.

[0041] IfR% R®, R< or RY is a salt, for example of a car-
boxylic acid or an amine, the counter-ion of said salt, i.e. the
ion that is not covalently bonded to the remainder of the
molecule is not counted for the purposes of the number of
atoms in the moiety. Thus, for example, the salt —CO, Na*
consists of 1 carbon and 2 oxygen atoms, i.e. sodium is not
counted. In another example, the salt —NH(Me),*Cl™ con-
sists of 2 carbon atoms, 1 nitrogen atom, and 7 hydrogen
atoms, i.e. chlorine is not counted.

[0042] Inanother embodiment, R%, R?, R, and R?are inde-
pendently —H, alkyl having from 1 to 4 carbon atoms, —F,
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—Cl, —Br, —CH,OH, an amine having from 0 to 4 carbon
atoms, —CH,CN, —CF;, or acyl having from 1 to 4 carbon
atoms.

[0043] Inanother embodiment, R%, R?, R¢, and R” are inde-
pendently —H, —F, —Cl, —Br, —CH,;, —NHCH,, or
—CF;.

[0044] R°is Hor C,_, alkyl, i.e. methyl, ethyl, n-propyl,
iso-propyl, and the butyl isomers. R? attaches to one of the
non-aromatic carbons of the ring system. Thus, compounds
having any ofthe structures depicted below are contemplated.

Re Re
R R4 R2 R
HN O HN
¢ A/ R
\N/ X \N/ X

R Re
[0045] In one embodiment n is 2.
[0046] In another embodiment n is 3.
[0047] In another embodiment X is O.
[0048] In another embodiment X is S.
[0049] In another embodiment X is NH.
[0050] Inanother embodiment R% R? R¢, and R? are inde-

pendently selected from H, methyl, ethyl, C; alkyl, and C,
alkyl, F, Cl, Br, —CH,OH, —CH,NH,, —CHNH(C, _,
alkyl), —CN(C,_, alkyl),, —CH,CN, and CF;.

[0051] Inanother embodiment R% R? R¢, and R? are inde-
pendently selected from H, methyl, ethyl, F, Cl, Br,
—CH,CN, and CF;.

[0052] In another embodiment R® is H.
[0053] Inanother embodiment R® is methyl.
[0054] In another embodiment, the compound has a struc-
ture
RC
RS R4
H
N N
R® \( 7
\ X
Re
[0055] Another embodiment is method of reducing

intraocular pressure comprising administering a compound
disclosed herein to a mammal in need thereof.

[0056] Another embodiment is method of treating pain
comprising administering a compound disclosed herein to a
mammal in need thereof.

[0057] Some hypothetical examples of useful compounds
are shown below.
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[0058] Other useful compounds include:

[0059] (4,5-Dihydro-1H-imidazol-2-y1)-(1,2,3,4-tetrahy-
dro-naphthalen-1-yl) amine,

[0060] [(1S)-(4,5-Dihydro-1H-imidazol-2-y1)-(1,2,3,4-
tetrahydro-naphthalen-1-yl)]amine, and
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[0061] (4,5-Dihydro-1H-imidazol-2-y1)-(5,7-dimethyl-1,
2,3 4-tetrahydro-naphthalen-1-yl)-amine.

Synthetic Methods

[0062]
O

NaCNBH;,
_—
NH,OAc, i-PrOH

Intermediate 4

NH, N\
>—SO3H
N
H

2-Butanol

Intermediate 5

Intermediate 6
904

[0063] A solution of 5,7-dimethyl-3,4-dihydro-2H-naph-
thalen-1-one (commercially available, 12.3 g, 28.3 mmol)—
(Intermediate 4) in isopropanol (100 mL) was treated with
sodium cyanoborohydride (9.01 g, 143.5 mmol) and ammo-
nium acetate (47.4 g, 615 mmol), and the reaction mixture
was refluxed for 16 hours. The mixture was basified with
sodium hydroxide (10 mL). The residue was isolated in a
typical aqueous workup to give (6.5 g, 37.1 mmol) (Interme-
diate 5). A mixture of (500 mg, 5.7 mmol) (Intermediate 5)
and 4, 5-dihydro-1H-imidazole-2-sulfonic acid (940 mg, 6.3
mmol) in 2-butanol (30 mL) was refluxed for 24 h. The
mixture was evaporated under reduced pressure. This mate-
rial was purified by chromatography on silica gel with 5%
NH;-MeOH:CH,Cl, to give (90 mg, 3.7 mmol, 36%) of (4,5-
dihydro-1H-imidazol-2-y1)~(5,7-dimethyl-1,2,3,4-tetrahy-
dro-naphthalen-1-yl)-amine (904).

[0064] Following a procedure similar to that for 904
afforded the following compounds.

(4,5-Dihydro-1H-imidazol-2-y1)-(1,2,3,4-tetrahydro-
naphthalen-1-yl)amine, 639

[0065] 'HNMR (CD,0OD, 300 MHz): 5=7.26-7.14 (m, 4H),
4.65 (t, 1=6.0 Hz, 1H), 3.74 (s, 4H), 2.65-2.90 (m, 2H),
1.86-2.08 (m, 3H), 1.42-1.47 (m, 1H).
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[(1S (4,5-Dihydro-1H-imidazol-2-y1)-(1,2,3,4-tet-
rahydro-naphthalen-1-yl)]amine, 323

[0066] 'HNMR (CD,OD, 500 MHz): 5=7.06-7.37 (m, 4H),
4.65 (t, 1=5.0 Hz, 1H), 3.74 (s, 4H), 2.72-2.98 (m, 2H),
1.77-2.23 (m, 3H), 1.44-1.48 (m, 1H).

(4,5-Dihydro-1H-imidazol-2-y1)-(5,7-dimethyl-1,2,3,
4-tetrahydro-naphthalen-1-yl)-amine, 904

[0067] 'HNMR (CD,0OD, 500 MHz): 5=6.94 (d, 2H), 4.61-
4.67 (m, 1H), 3.90 (s, 4H), 2.63-2.60 (m, 2H), 1.82-1.98 (m,
4H), 2.28 (s, 3H), 2.28 (s, 3H).

Biological Data
[0068] Receptor Selection and Amplification Technology
(RSAT) Assay
[0069] The RSAT assay measures a receptor-mediated loss

of contact inhibition that results in selective proliferation of
receptor-containing cells in a mixed population of confluent
cells. The increase in cell number is assessed with an appro-
priate transfected marker gene such as -galactosidase, the
activity of which can be easily measured in a 96-well format.
Receptors that activate the G protein, GGq, elicit this response.
Alpha?2 receptors, which normally couple to Gi, activate the
RSAT response when coexpressed with a hybrid Gq protein
that has a Gi receptor recognition domain, called Gq/i5.
[0070] NIH-3T3 cells are plated at a density of 2x106 cells
in 15 cm dishes and maintained in Dulbecco’s modified
Eagle’s medium supplemented with 10% calf serum. One day
later, cells are cotransfected by calcium phosphate precipita-
tion with mammalian expression plasmids encoding p-SV-f3-
galactosidase (5-10 pg), receptor (1-2 pg) and G protein (1-2
ng). 40 ng salmon sperm DNA may also be included in the
transfection mixture. Fresh media is added on the following
day and 1-2 days later, cells are harvested and frozen in 50
assay aliquots. Cells are thawed and 100 ul added to 100 pl
aliquots of various concentrations of drugs in triplicate in
96-well dishes. Incubations continue 72-96 hr at 37° C. After
washing with phosphate-buffered saline, f-galactosidase
enzyme activity is determined by adding 200 pl of the chro-
mogenic substrate (consisting of 3.5 mM o-nitrophenyl-p-D-
galactopyranoside and 0.5% nonidet P-40 in phosphate buft-
ered saline), incubating overnight at 30° C. and measuring
optical density at 420 nm. The absorbance is a measure of
enzyme activity, which depends on cell number and reflects a
receptor-mediated cell proliferation. The efficacy or intrinsic
activity is calculated as a ratio of the maximal effect of the
drug to the maximal effect of a standard full agonist for each
receptor subtype. Brimonidine, also called UK14304, the
chemical structure of which is shown below, is used as the
standard agonist for the alpha, ,, alpha,; and alpha, - recep-
tors. The EC,, is the concentration at which the drug effect is
half of its maximal effect.

TS

Brimonidine
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[0071] The results of the RSAT assay with several exem-
plary compounds of the invention are disclosed in Table 1
above together with the chemical formulas of these exem-
plary compounds. EC,,, values are nanomolar. ND stands for
“not determinable” at concentrations less than 10 micromo-
lar. 1A stands for “intrinsic activity.”

TABLE 1

Structure Alpha 2B Alpha 2C

N 37 179 nd
D (84) (50) 25)

Alpha 2A

HN X
639
N 49 308 nd
)l\ (102) (42) 12)
HN X
33

N 68 nd 1622
)|\/> (80) ] G3)

HN N

904

[0072] Methods of formulating these compounds are well
known in the art. For example, U.S. Pat. No. 7,141,597 (espe-
cially column 10, line 27 to column 14, line 47) contains
information that may be used for general guidance. Similar
relevant information is also available in numerous other
sources. The biological activity of the compounds disclosed
herein (e.g. Table 1) may be used for additional general guid-
ance on dosage, depending on the particular use of a com-
pound.

[0073] The foregoing description details specific methods
and compositions that can be employed to practice the present
invention, and represents the best mode contemplated. How-
ever, it is apparent for one of ordinary skill in the art that
further compounds with the desired pharmacological proper-
ties can be prepared in an analogous manner, and that the
disclosed compounds can also be obtained from different
starting compounds via different chemical reactions. Simi-
larly, different pharmaceutical compositions may be prepared
and used with substantially the same result. Thus, however
detailed the foregoing may appear in text, it should not be
construed as limiting the overall scope hereof; rather, the
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ambit of the present invention is to be governed only by the
lawful construction of the claims.

What is claimed is:

1. A compound having a structure

R¢

R2 R?
HN
Ra )\
N
~ X
[N
Re

wherein X is O, S, or NH;

nis 2 or3;

R% R?, R°, and R¥ are each independently a stable moiety
or H, and at least one of R%, R%, R®, and R? is a stable
moiety having: 1) 1 to 4 carbon atoms; and 2) 0 to 10
hydrogen atoms, 1 to 2 oxygen atoms, 1 sulfur atom, 1
nitrogen atom, 1 to 3 fluorine atoms, 1 chlorine atom, 1
bromine atom, or a combination thereof, and

R?isHorC,_, alkyl.
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2. The compound of claim 1 wherein R%, R?, R°, and R are
independently selected from H, methyl, ethyl, C; alkyl, and
C, alkyl, F, Cl, Br, —CH,OH, —CH,NH,, —CHNH(C, ,
alkyl), —CN(C,_, alkyl),, —CH,CN, and CF;.

3. The compound of claim 1 wherein R” is H or methyl.

4. The compound of claim 1 having a structure

R

R2 R?
H
N N
R \Y 7
\ X
Re

5. A method of reducing intraocular pressure comprising
administering a compound of claim 1 to a mammal in need
thereof.

6. A method of treating pain comprising administering a
compound of claim 1 to a mammal in need thereof.
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