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1

SELECTIVE AGENTS FOR PAIN
SUPPRESSION

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a reissue of U.S. patent application
Ser. No. 12/779,449, filed May 13, 2010, now U.S. Pat. No.
8,835,424, which application claims priority from U.S.
Provisional Patent Application Ser. No. 61/177,818, filed on
May 13, 2009, 1n addition to being a continuation-in-part of
U.S. Non-Provisional patent application Ser. No. 12/684,
845, filed on Jan. 8, 2010, which 1s a continuation of U.S.
Non-Provisional patent application Ser. No. 11/929,860,
filed on Oct. 30, 2007 now abandoned, which 1s a divisional
of U.S. Non-Provisional patent application Ser. No. 11/438,
855, filed on Jul. 20, 2006 now abandoned, which 1s a
continuation of U.S. Non-Provisional patent application Ser.
No. 10/402,538, filed on Mar. 28, 2003, now U.S. Pat. No.
7,119,196, which claims priority from U.S. Provisional
Patent Application Ser. No. 60/368,408, filed Mar. 28, 2002,
the enftirety of which are each expressly incorporated by
reference herein.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with United States government
support under NIMH grant number MH46851. The United
States government has certain rights to this invention.

BACKGROUND OF THE INVENTION

In certain aspects, the present invention relates to com-
positions including a class of benzodiazepine derivatives
that are subunit-selective GABA , receptor agonists. Such
compositions are usetul for the treatment ol neuropathic
pain, migraine related pain and intflammatory pain, with
reduced sedative, hypnotic, and ataxic side eflects. In other
aspects, the present mvention relates to methods of treat-
ment or prevention of neuropathic pain, migraine related
pain and inflammatory pain, using such benzodiazepine
dertvatives that are subunit-selective GABA | receptor ago-
nists.

Inflammatory diseases and neuropathic insults are 1ire-
quently accompanied by severe and debilitating pain, which
can become chronic and often unresponsive to conventional
analgesic treatment. Pain usually results from activation of
nociceptive alflerents (pain receptors) by actually or poten-
tially tissue-damaging stimuli. Pain may also arise by activ-
ity generated within the nervous system without adequate
stimulation of 1ts peripheral sensory endings. For this type of
pain, the International Association for the Study of Pain
introduced the term neuropathic pain, defined as “pains
resulting from disease or damage of the peripheral or central
nervous systems, and from dysfunction of the nervous
system.”

Neuropathic pain encompasses a range of painful condi-
tions of diverse origins including diabetic neuropathy, post-
herpetic neuralgia, nerve injuries after surgery, pain follow-
ing paraplegia, hypersensitivity to non-painful stimuli
(allodynia), e.g. after surgery or during migraine attacks,
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spontaneous pain, hyperalgesia, difluse muscle tenderness
of myofacial syndromes, sensory abnormalities of the gas-
tromtestinal tract, e.g. in 1rritable bowel disease, or chest
pain and a large proportion of back pain. Cancer pain and
AlDS-associated pain also quality as neuropathic pain. The
most commonly prescribed drugs for the treatment of pain
include tricyclic antidepressants, anti-epileptic drugs, opioid
analgesics and, 1n case of local pain, cream and patches
delivering analgesics. These analgesics are of limited use 1n
the treatment of neuropathic pain. Currently prescribed
drugs for neuropathic pain are not effective for all patients,
have various side eflfects and frequently provide only modest
pain relief. Accordingly, there 1s a significant unmet medical
need for drugs to specifically treat neuropathic pain.

Inflammatory pain 1s triggered by nerve endings that
become 1rritated when surrounded by inflamed tissue.
Inflammatory pain 1s most commonly associated with con-
ditions such as trauma, osteoarthritis, rheumatoid arthritis,
post surgery recovery and some forms of cancer pain. The
most significant innovation 1n the treatment of intlammatory
pain over the last years has been the introduction of selective
cyclooxygenase inhibitors (COX-2 inhibitors). However,
the eflicacy of current COX-2 inhibitors 1s less substantial
than first suggested, and the side eflect profile causes con-
cern. The treatment of inflammatory pain requires new
therapeutic means with an improved side eflect profile.

Migraine-associated pain attacks affect about 10 to 20%
of the middle European population. Pain attacks are believed
to originate from the sensitization of meningeal nociceptors
by neuropeptides and/or their excitation by dilated menin-
geal blood vessels. At present migraine pain 1s usually
treated with cyclooxygenase inhibitors and 5S-hy-
droxytryptamine (serotonin) agonists (so called triptans).
Pain relietf 1s often unsatisfactory and treatment with both
groups ol agents bares significant gastrointestinal and car-
diovascular risks.

Gamma-aminobutyric acid (GABA) 1s the major 1nhibi-
tory neurotransmitter in the central nervous system. GABA
receptors are heteromeric, and are divided into three main
classes: (1) GABA , receptors, which are members of the
ligand-gated 1on channel superfamily; (2) GABA ; receptors,
which may be members of the G-protein linked receptor
supertamily; and (3) GABA . receptors, also members of the
ligand-gated 10n channel superfamily, but their distribution
1s confined to the retina. Benzodiazepine receptor ligands do
not bind to GABA , and GABA . receptors. Since the first
cDNAs encoding individual GABA |, receptor subunits were
cloned the number of known members of the mammalian
family has grown to 21 mcluding a, {3, and v subunits (6,
413, 4v, 10, 1e, 1m, 10, and 3p).

A characteristic property of GABA , receptors 1s the
presence of a number of modulatory sites, one of which 1s
the benzodiazepine (BZ) site. The benzodiazepine binding
site 1s the most explored of the GABA , receptor modulatory
sites, and 1s the site through which benzodiazepine-based
anxiolytic drugs exert their effect. Before the cloning of the
GABA , receptor gene family, the benzodiazepine binding
site was historically subdivided into two subtypes, BENZO-
DIAZEPINE] and BENZODIAZEPINE2, on the basis of
radioligand binding studies on synaptosomal rat membranes.
The BENZODIAZEPINE] subtype has been shown to be
pharmacologically equivalent to a GABA , receptor com-
prising the a1 subunit 1n combination with a § subunit and
v2. It has been indicated that an o subunit, a 3 subunit and
a v subunit constitute the minimum requirement for forming
a Tunctional GABA , receptor.

Receptor subtype assemblies for BZ-sensitive GABA |
receptors include amongst others the subunit combinations
alp2g2, a2p2,3g2, a3p2,3g2, a2pg3, and ad5p3g2,3. Sub-
type assemblies containing an ol subunit (a12y2) are
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present 1n most areas of the brain and are thought to account
tor 40-50% of GABA , receptors 1n the rat. Subtype assem-

blies containing .2 and a3 subunits respectively are thought
to account for about 25% and 17% GABA , receptors 1n the
rat. Subtype assemblies containing an o5 subunit (a533v2)
are expressed predominately in the hippocampus and cortex
and are thought to represent about 4% of GABA , receptors
in the rat. Two other major populations are the a232/3v2 and
a3p2/3v2/3 subtypes. Together these constitute approxi-
mately a further 35% of the total GABA , receptor popula-
tion. Pharmacologically this combination appears to be
equivalent to the BENZODIAZEPINE?2 subtype as defined
previously by radioligand binding, although the BENZODI-
AZEPINE?2 subtype may also include certain a.5-containing,
subtype assemblies.

The present pharmacology of agonists acting at the BZ
site of GABA , receptors suggests that al containing recep-
tors mediate sedation, anticonvulsant activity and antero-
grade amnesia, while a2 and/or a3 GABA , receptors medi-
ate anxiolytic activity. The a5 containing GABA , receptors

are involved 1n memory functions (U. Rudolph et al., Nature
1999, 401, 796; K. Low et al., Science 2000, 290, 131;
McKernan Nature Neurosci. 2000, 3, 587; F. Crestam et al.,
Proc. Nat. Acad. Sc1. USA 2002, 99, 8980; M.S. Chambers
et al., J. Med. Chem. 2003, 46, 2227).

The demonstration of the pharmacology of GABA
receptor subtypes has been achieved in vitro by studying
ligand 1induced currents in oocytes that express mRNA for
specific GABA , receptor subunits, or in vivo, by studying
mice 1n which either the a1, a2, a3 or a S GABA | receptor
1s rendered diazepam-insensitive by a histidine to arginine
point mutation, respectively al(HI101R), «2(HI101R),
a3(H126R), or a5(H103R). In the point-mutated mice the
benzodiazepine pharmacology related to the respective
receptor 1s absent as compared to wild type mice. In the
tollowing, the point mutated mouse mutants are referred to
as GABA , receptor mutant mice, receptor mutant mice or
mutant mice.

It 1s believed that agents acting selectively as benzodiaz-
epine agonists at GABA /a2, GABA /a3, and/or GABA /
a5 receptors, possess desirable properties. Compounds
which are modulators of the benzodiazepine binding site of
the GABA , receptor by acting as benzodiazepine agonists
are referred to hereinafter as “GABA , receptor agonists.”
The GABA ,/al-selective (al32v2) agonists alpidem and
zolpidem are clinically prescribed as hypnotic agents, sug-

gesting that at least some of the sedation associated with
known anxiolytic drugs which act at the BENZODIAZ-

EPINE]1 binding site 1s mediated through GABA |, receptors
containing the al subunit.

There have been suggestions that some compounds that
are selectively GABA /a2 and/or GABA /a3 receptor ago-
nists rather than GABA ,/al receptor agonists may be
cllective 1n the treatment of pain with a reduced propensity

to cause sedation. An indication of this can be found in PCT
published application W0O2006061428, published Jun. 16,

2006, which discloses the use of are GABA /a2, or
GABA /a3 receptor agonists including 1,2,4-triazolo[4,3-
blpyridazines, e.g. L-838,417, TPA 023 or CL-218,872,
1H-pyrido[3.,4-b]indole dernivatives, e.g. SL 651498, and
pyrazolo[1,3-a]pyrimidines, e.g. ocinaplon, for the preven-
tion and treatment of neuropathic, nflammatory and
migraine associated pain. However, no disclosure was made
of benzodiazepine derivatives that might be useful for the
suppression, alleviation or prevention of neuropathic pain,
migraine related pain and intflammatory pain.

SUMMARY OF THE

INVENTION

In preferred embodiments, the present invention provides
methods of treatment and pharmaceutical compositions for
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the suppression, alleviation and prevention of the often
chronic, severe and debilitating pain that can accompany
inflammatory diseases and neuropathic insults, pain that 1s
often unresponsive to conventional analgesic treatment. The
preferred embodiments of the present invention further
relate to methods of treatment and pharmaceutical compo-
sitions using benzodiazepine dertvatives that provide sup-

pression, alleviation and prevention of neuropathic pain,
migraine-related pain and mnflammatory pain with reduced

sedative and ataxic side eflects.

In certain aspects, the present invention provides methods
for the treatment and prevention of neuropathic pain, inflam-
matory pain and migraine-associated pain comprising
administering to a patient 1n need of such treatment a
GABA , receptor agonist, such as an agonist or partial
agonist acting at the BZ site of the a2 GABA , receptors
and/or 0.3 GABA |, receptors, for the preparation of a medi-
cament for the prevention and treatment of neuropathic and
inflammatory pain, and to a method of prevention and
treatment of neuropathic and intflammatory pain using a
GABA , receptor agonist.

In particular, the mvention relates to such a use, wherein
the GABA , receptor agonist 1s an agonist or partial agonist
of the a2 GABA , receptors and/or of the a3 GABA,
receptors and preferably has less binding aflinity to ol or
less eflicacy of receptor activation at al compared to a2 or
a3 GABA , receptors, and further mayor may not have
binding athnity to a5 or eflicacy of receptor activation at o5
GABA , receptors. The GABA , receptor agonist may also
act at the GABA binding site and on modulatory sites other
than the benzodiazepine binding site of GABA , receptors.
Preferred are GABA , receptor agonists having anxiolytic
cilicacy of the classmal non-selective benzodiazepines, but
which are not sedating, amnesic or ataxic, and preferably
displaying less other side eflects than Classwal non-selective
benzodiazepines.

Diminished pain control by glycinergic and y-aminobu-
tyric acid (GABA)-ergic neurons in the spinal cord i1s a
major contributing factor to chronic pain of mflammatory
and neuropathic origin (Zeilhoter, 2008). Restoring synaptic
inhibition should therefore be a rational strategy for the
treatment of such conditions. Previous work from several
groups has shown that local spinal (intrathecal) or systemic
application of BDZ-site agonists alleviates inflammatory or
neuropathic pain 1 animals (Kontinen and Dickenson,
2000; Knabl et al., 2008; Knabl et al., 2009), and labor pain
in human patients (Tucker et al., 2004). However, the
wide-spread expression of GABA , receptors throughout the
CNS and various central side eflects including sedation,
memory 1mpairment, and addiction strictly limit or even
preclude the use of classical BDZs 1n chronic pain patients.

Advances 1n our understanding of the molecular diversity
of GABA , receptors have raised hopes that a separation of
desired and undesired actions of classical BDZs could
become possible through the development of subtype-selec-
tive or partial BDZ-site agonists. BDZ-sensitive GABA
receptors contain at least one of the following o subunits al,
a2, a3 or a5, together with a 3 subunit and a y2 subunit 1n
a 2:2:1 stoichiometry (Wieland et al., 1992; Barnard et al.,
1998; Barnard, 2001). Work in GABA , receptor point-
mutated mice, 1n which the different subtypes of o subunits
have been rendered diazepam-insensitive, has shown that
the sedative action of BDZs 1s mediated by GABA , recep-
tors containing an o1 subunit (a1-GABA , receptor) (Ru-
dolph et al., 1999), whereas a2-GABA , receptors were
found to be responsible for the anxiolytic properties of
classical BDZs (Low et al., 2000). Using these GABA ,
receptor point-mutated mice, we could recently demonstrate
that a.2- or a3-GABA | receptors are largely responsible for
the spinal anti- hyperalgesw actions of classical BDZs, while
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a.1-GABA |, receptors do not contribute (Knabl et al., 2008).
Conversely, pronounced analgesia against formalin imnduced
pain has also been observed after systemic treatment with
diazepam m ol-GABA , receptor point-mutated mice,
which are protected from the sedative eflects of diazepam.
These results suggest that al sparing (non-sedative) BDZ-
site agonists should exert a genuine analgesic eflfect after
systemic treatment (Knabl et al., 2009).

In rats, we have previously tested such a non-sedative
BDZ-site ligand, 1.-838,417, which has been developed 1n
the quest for non-sedative anxiolytics (McKernan et al.,
2000). L-838,417 showed good antihyperalgesic activity 1n
a rat neuropathic pain model without losing eflicacy after
repeated treatment (Knabl et al., 2008). However, this com-
pound possesses poor pharmacokinetics 1n mice with very
low bicavailability and very short hali-life (Scott-Stevens et
al., 2003). Recently, a class of novel 8-substituted triazolo-
and 1midazobenzodiazepines has been synthesized with the
aim to develop novel anticonvulsant BDZ-site ligands with
a better side eflect profile (Rivas et al., 2009). One of these
compounds (HZ166, ligand 2 mm Rivas et al., 2009) 1s a
non-sedative partial BDZ-site agonist with preferential
activity at a.2- and a3-GABA , receptors. It exhibits good
anticonvulsive activity at non-sedative doses with minimal
toxicity and suitable pharmacokinetics 1n mice and rats after
intraperitoneal (1.p.) application. Here, we have evaluated
potential antihyperalgesic eflects of HZ166 1n mouse models
ol neuropathic and inflammatory pain, and compared these
cllects with those of gabapentin, a drug frequently used 1n
neuropathic pain patients.

More particularly, the invention relates to methods of
treatment and pharmaceutical compositions for administra-
tion to a patient for the treatment and prevention of neuro-
pathic pain, inflammatory pain and migraine-associated pain
an eflective amount, where the composition 1s a compound
of the formula

R; R,
=\
R3q
N
R3
F =
R
e B""'"'X

or a salt thereof, where R 1s H or S1{CH,)s,
R, 1s —H, —CH, or —=0O, R, and R, are both H, or R, 1s H
and R, 1s S—CH;, or R; 1s R—CH; and R, 1s H,
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/ 0\

CfN\ /N—CHg.

R,,1s N, C—CO,CH,CH,, C—CO,CH,CF,, C—CO,C
(CH;);,  C—CO,CH(CH,),, C—CO,CH,CH(CH,)..
C—CON(CH,),, C—CONHCH,, C—COSCH;, C—R -,
C—R,q, Or

N Rs-
4j/

R, 1s CH(CH,),, CH,CH,, or CH,, and B 1s C or N, and X
1s absent, H, F, Cl, or Br, and when R, 1s C—R, -,

R,s 18

O O
i i
0
NGNS N7 W
N
:\\“
Ry N
\
R'.

R, 1s H, R"1s H or S1{CH,),, R'; and R', are both H, or R',
1s Hand R', 1s S—CH,, or R'; 1s R—CH, and R',, 1s H, and
when R,,1s C—R,, R, 1s R, 15

O

)J\O/\/\O

R, 1s H, R"1s H or S1{CH,),, R'; and R', are both H, or R',
1s H and R', 1s S—CH,, or R'; 1s R—CH, and R', 1s H.
In preferred embodiments, preferred compounds for the

practice of the present invention include

N
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N N
=N __N
/\‘ // Z N
R
X A ‘
N N —CH;
Y2,
w
=N
// /\‘
N CO,CH,>CHs,

~
%
CH;
P
"
R

R ‘ S
CO,CH,CH;, N 7 \N
{ L
A
V4 G ' V4 st
RN
H{ | .
O/ : g/% ? i%
=N =N
4 yave V4 %
R O g




US RE47,475 E

9

-continued
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and salts thereot, where R 1s H or Si(CH,),, where R 1s
CH(CH;),, CH,CH;, or CH; and R, 15 CO,CH(CH;),,
CO,CH,CH(CH,),, CON(CH,),, CONHCH,, or COSCHy,.

Particularly preferred compounds are characterized in
Table 1, below.

TABLE 1

Compound R R, R, R,

XHE-II-053 H —H H H

XHE-II-048 SI(CH3); —H H H

XLI-270 H —CH; H H

X1li-T'Y-DMH H —CH; H H

JY-XHE-0353 H —H H H

JY-038 Si(CH3); —H H H

dm-II-20 H —H H H

XLI-225 H —H H H

HZ-166 H —H H H

PS—I-26 H —H H H

PS—I-37 H —0 H H /

7\
C
PS—I-36 Si(CH3); =0 H H
/7 \__/
C

DMH-D-0353 H —H H H

dm-I1I-97 H —H H H
SH-053-2'"F—S—CH3 H —H H S—CH,

SH—I-055 SI(CH3); —H H S—CH;,
SH-053-2'N—S—CH3 H —H H S—CH,
SH-053-2'N—R—CH3 H —H R—CH; H

SH—I-061 H —H H S—CH;,
SH-053-2'F—R—CH3 H —H R—CH3 H

SH—I-060 SI(CH3); —H R—CH; H

30

L

72 2222272272777

27222 72227277

RlO

C—CO,CH,CH,
C—CO,CH,CH,
N
N
C—CO,CH,CH,
C—CO,CH,CH,
C—CO,CH,CF,
C—CO,C(CH,),
C—CO,CH,CH,

C—Ry5
C—Rie
C—CO,CH,CH,
C—CO,CH,CH,
C—CO,CH,CH,
C—CO,CH,CH,
C—CO,CH,CH,
C—CO,CH,CH,
C—CO,CH,CH,
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In preferred embodiments, because we have found anal-
gesic ellects of the subtype-selective benzodiazepine-site
ligand JY-XHE-053 1n the chronic constriction injury model
of neuropathic pain, a preferred compound for the practice

of the present invention 1s JY-XHE-033:
(N CO,CH,Chj
W,
=N

7 N

. \

S

where R 1s H or S1{CH,)s.

In other preferred embodiments, because we have found
analgesic eflects of the subtype- selectlve benzodlazepme-
site ligand Hz 166 1n the chronic constriction injury model

ol neuropathic pain, a preferred compound for the practice
of the present invention 1s Hz 166:

N

( CO,CH,Chs

N

7

where R 1s H or S1{CH,)s.

In further preferred embodiments, because we have found
analgesic eflects of the subtype-selective benzodiazepine-
site ligand X11-JY-DMH 1n the chronic constriction injury
model of neuropathic pain, a preferred compound for the
practice of the present invention 1s X1i-JY-DMH:

CH; N
\ \/
% /\_.-':-‘-"-N
R p Cl
« |

where R 1s H or S1{CH,)s.
In yet other preferred embodiments, because we have

found analgesic eflects of the subtype-selective benzodiaz-
epine-site ligand XHE-II-033 1n the chronic constriction
injury model of neuropathic pain, a preferred compound for

the practice of the present invention 1s XHE-II-033:
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N
(
N

CO,Ch,CHj

/-

. \

X

where R 1s H or S1{CH,);.
In other aspects, the present invention provides methods

for the treatment and prevention of neuropathic pain, inflam-
matory pain and mlgrame -associated pain comprising
administering to a patient 1 need of such treatment an

cellective amount of a compound selected from the group

consisting of compounds according to Formulas A, B, C, D,
I, III, or IV or a salt thereof,

([
|
/\‘/

A

\/W%N

2 C
C.-;.P ></
o A

wherein Y and Z are taken together with the two 1ntervening
carbon atoms to form a ring selected from phenyl and
thienyl, which ring 1s substituted at the C(8) position with
at least the substituent —C=C—R, where R 1s H, Si1
(CH,);, t-butyl, 1sopropyl, methyl, or cyclopropyl;

R, 1s a substituted or unsubstituted at least partially unsatu-
rated 5 or 6 membered cyclic or heterocyclic ring,
wherein 1f substituted the substituent 1s one or more of F,
Cl, Br, or NO, at the 2'-position; and R,, 1s N, CH,
C—CO,—R.,
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N Rs,
0-"""'N
N Ry
~
CH—CO> " O,C
\ L
N oo A
R’

where n 1s O to 4 inclusive,

c—coz/\ B/\B/\Ozc

T

N NG
“Q-_g:Z’p or
N |
PP N
C—CO» ""B 0,C

Z.’
R,

where n 1s 1 or 2 inclusive,
wherein Y' and 7' are taken together with the two inter-

vening carbon atoms to form a ring selected from phenyl and
thienyl,