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Title

Compounds That Modulate TRH Actions

Field of the Invention

The present invention relates to novel peptides and uses thereof. In particular, it relates to

compounds that inhibit thyrotropin-releasing hormone (TRH)-degrading ectoenzyme

(TRH-DE) (EC 3.4.19.6), also known as pyroglutamyl aminopeptidase II (PAP-II, PP-II),

and/or enhance, and/or mimic the biological actions of TRH. As a result, compounds of the

imvention find potential therapeutic application in the field of medicine, particularly, but not
~himited to, conditions involving neuronal cell injury and disturbances in neurobiological

function. They also have apphication as tools for studying the biological functions of TRH,

TRH-DE and TRH receptors.

Backeground of the Invention

TRH has the structure:

e 2.

0% >
P
1

-

p———_

The nomenclature of Schechter and Berger is used to describe the positions of the peptide

substrate residues (P) relative to the scissile P;-P;’ bond and the corresponding subsets (S)
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In the active site of the enzyme. In other literature, the right portion of the molecule is
called the “prolineamide” or “C-terminal” portion; the centre portion of the molecule 1s
called the “histidyl” portion; and the left portion of the molecule 1is called the

“pyroglutamyl”, or “N-terminal” portion.

Thyrotropin-releasing hormone (TRH) (pyroglutamyl-histidyl-prolineamide, Glp-His-
ProNH>) is a naturally occurring neuroactive peptide with multiple actions in the central
nervous system (CNS) that have been shown to be beneficial in the treatment of CNS
disorders, including brain and spinal injury, stroke, epilepsy and spinocerebellar
degeneration. While mechanisms underlying the therapeutic actions of TRH are not fully
understood, 1t 1s recognized by the art that TRH has substantial beneficial effects due in part
to its action i mitigating the secondary neuronal cell damage caused by a sequence of
biochemical reactions triggered by the primary injury. This same sequence of reactions has
been found to occur in both acute and chronic neurodegeneration and drugs capable of
disrupting this sequence have potentially broad application as neuroprotectants. It is
becoming evident that those targeting multiple components of the sequence may offer
therapeutic advantages over pharmacological interventions targeted at single components.
Notably TRH has been shown to antagonize the actions of multiple constituents of the
sequence and also improve critical biochemical functions impaired by CNS trauma such as
cell bioenergetics. TRH’s neurotrophic actions may also be beneficial for restoring loss of

function associated with neurodegeneration.

Recent literature highhights a growing recognition of the breadth of TRH functions and the
potential widespread clinical applicability of this remarkable peptide. For example, it has
been recognized recently that TRH may function as a core homeostatic regulator within
four integrated CNS systems and as such may have extensive involvement and therapeutic
application in human illnesses associated with disturbances in neurobiological function,
including conditions as diverse as jetlag, obesity and depression. Other research strongly
indicates a role for TRH in the physiology and treatment of mood disorders and epilepsy.
In a recent paper (Luo et al.,, 2002) it was suggested that TRH might function as an

endogenous neuroprotectant and that the low levels of TRH found in the hippocampus of



10

20

25

30

CA 02581564 2007-03-23

WO 2006/038206 PCT/IE2005/000110

3

Alzheimer’s patients may possibly contribute to the pathogenesis of this disorder. In
relation to epilepsy, the art shows that TRH is efficacious in treating patients with
intractable epilepsy. In addition, the art indicates that the brain naturally releases TRH in
response to seizures and that endogenous TRH has an anticonvulsant function in brain and

plays a homeostatic role 1n reducing the potentially damaging effects of epilepsy.

The art shows that in human clinical trials TRH has a large therapeutic window and is well
tolerated. The chinical utility of TRH 1is, however, severely limited by its susceptibility to
enzymic degradation, which significantly reduces TRH bioavailability and duration of
action (Kelly, 1995). This is reflected in a disappointing performance produced by native
TRH in chnical tnals. The short half-hife of TRH, arising from enzymic degradation, is

also a serious impediment to further investigation of the functions of TRH.

As a means to overcome the susceptibility of TRH to metabolism the art has, to date,
concentrated largely on the development of improved delivery systems and degradation-
stabilized TRH analogs, which target TRH receptors and act as TRH mimetics. US patent
number 5,244,854 relates to thionated analogs of TRH type compounds, which selectively
bind to TRH receptor binding sites in animals with high affinity and have potentially
pharmacological advantages over TRH in treating pathological conditions in which the
effects of TRH have been shown to be beneficial. US patents 5,112,804, 5,428,006
5,693,608, 5,804,212, 6,491,939, 6,524,557 describe methods for administrating a
therapeutically effective amount of biologically active substances, including TRH. US
patent 5,686,420 describes a series of novel TRH analogs wherein the C-terminal
prolineamide moiety has been preserved, the N-terminal moiety comprises one of five
ditferent ring structures and the histidyl moiety is substituted with CF;, NO, or a halogen
and use of these analogs in the treatment of neurological disorders. US patent application
20020004062 describes methods and compositions for providing prolonged release of
therapeutic agents, including TRH. US patent 6,475,989 relates to peptides with the general
formula Glp-X-ProNH; and their potential therapeutic application. Thus far, one
degradation-stabilized analog has been approved for therapeutic use in humans; this was

taunched by Tanabe Seiryaku Co., Ltd., in 2000 for the treatment of spinocerebellar
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degeneration, an orphan drug designated disorder. In contrast to TRH analogs described 1n
US patent 5,686,420 and US patent application 20020004062, the C-terminal prolineamide

motiety that is found in TRH and TRH-like peptides has not been preserved in compounds

described in the present invention, described herein.

The art shows that many degradation-stabilised analogs that act as TRH mimetics contain
modifications to the N-terminal pyroglutamyl residue of TRH (Kelly 1995, Horita 1998,
Faden & Salzman 1992). For example, the N-terminal pyroglutamyl residue of TRH has
been replaced by a 6-membered ring (e.g. TA-0910 1.e. Ceredist, CG3509, CG3703), a
different 5-membered ring (e.g. DN1417, JTP2942) and a 4-membered ring (e.g.
YM14673). Such analogs have been shown by the art to mimic the central actions of TRH,

despite displaying reduced affinity for TRH receptors.

The following are a selection of known TRH analogs:-
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An alternative approach to facilitate the clinical use of TRH is to protect it from

degradation by mhibiting 1ts enzymic degradation. TRH-degrading ectoenzyme (TRH-DE)

(EC 3.4.19.6), also known as pyroglutamyl aminopeptidase II (PAP-II, PP-II) is recognized

by the art to be the enzyme responsible for degrading extracellular TRH. Thus, TRH-DE is

an attractive therapeutic target because of the potential offered by TRH-DE inhibitors to
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enhance the therapeutic effects of TRH. TRH-DE catalyzes the removal of the N-terminal
pyroglutamyl group from TRH and 1s located on the surface of neuronal cells. A soluble
form of the enzyme, known as thryoliberinase, is present in serum. TRH-DE appears to be
a rare example of a neuropeptide-specific peptidase in that it displays absolute functional
5>  specificity for TRH. Furthermore, TRH is not degraded by any other enzymes that are in a
position to affect TRH signaling, Hence, the modulation of TRH-DE activity should, in
principle, amplify TRH effects exclusively. The special relationship between TRH-DE and
TRH should ensure that only the biological actions of TRH are amplified and thus, lead to

minimal side effects.
10
To date, there 1s no crystal structure or homology model for TRH-DE on which to base the
rattonal design of active site directed inhibitors. Nevertheless, through research carried out
by the inventor named herein novel, potent. competitive inhibitors of TRH-DE have been
dentified (Kelly et al. 2000a, 2000b, U.S. Pat. App. 20030166944). Prior to this, few
15 TRH-DE mbhibitors had been reported — the most potent of these was N-{1-carboxy-2-
phenylethyl|N-imidazole benzyl histidyl--naphthylamide (K; of 8 mM) (Charli et al.,
1989). A recent paper by Pascual et al., (2004) has described the isolation of a TRH-DE
inhibitory activity from a marine invertebrate. However, the type of inhibition has not been

defined, 1ts molecular structure is not yet known, nor is it certain that inhibition is due to a

20 single chemical entity.

‘The art indicates that actions of peptides, such as TRH, are mediated by specific receptors.
Two TRH receptor subtypes have been described thus far: TRH receptor 1 (TRHR1) and
TRH receptor 2 (TRHR2). These receptors have distinct amino acid sequences and
25  distribution patterns, but both display a similar high-affinity for [SH][B-Me-Hisz}TRH.
TRHRT 1s highly conserved between species, including human. Unlike TRHR1, TRHR2
has not been 1dentified in humans. In rat TRHRZ2 expression is restricted to the CNS. This
contrasts with TRHRI, which displays very limited mRNA expression in the CNS. The
regioﬁal distribution of TRHR2Z mRNA has been found to be consistent with the possibility
30 that this TRH receptor is involved in mediating the higher cognitive functions of TRH, as

well as 1ts effects on arousal, locomotor activity and pain perception. TRHR1 distribution
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on the other hand indicates that this receptor is involved in mediating the endocrine
functions of TRH. Replacement or modification of the central histidyl residue of TRH has

been shown by the art to severely reduce receptor affinity (Gershengorn and Osman, 1996).
Only one exception has been identified that binds with greater affinity than TRH to TRH
receptors and that is [3-Me-His*JTRH. Degradation stabilized analogs described in U.S.
Pat. No. 4,906,614, 5,244,884 and 5,686,420 have all been found to bind to TRH receptor
sites within the brain, albeit with less potency than TRH. The art indicates that the
structural preferences for ligand binding to TRH receptors and TRH-DE are different
(Kelly et al., 2002). For example, both Glp-Asn-ProAMC and Glp-Asn-ProNH; have been
shown to be potent inhibitors of TRH-DE, but display low affinity compared to TRH for

“

["H][B-Me-Hisz]TRH-labeled receptors in rat cortical membranes.

The present mvention describes novel compounds that potently inhibit TRH-DE and or
bind to TRH receptors with high affinity and substantially enhance TRH actions in rat.
Potent TRH-DE inhibitors that also bind to TRH receptors and amplify TRH effects have
not been previously described and are first in their class. These compounds are distinct
from those described in U.S. Pat. Application 20030166944 because they inhibit TRH-DE
and or bind to TRH receptor(s). Further, unhke the compounds disciosed herein, the amino
acids contained within the structure of TRH-DE inhibitors described in U.S. Pat.
Application 20030166944 are all in the L-configuration. Certain compounds of the
imvention are also different from other compounds that have been shown to bind to TRH
receptors. with the exception of 3-Me-His“TRH, in that they display greater affinity for
TRH receptors than TRH. 3-Me-His“TRH is the only compound described thus far that
also binds to TRH receptors with greater affinity than TRH.

Object of the Invention
One object of the invention is to provide further inhibitors of TRH-DE. Another object of

the tnvention is to provide molecules which mimic the actions of TRH which 1n turn would

lead to a range of pharmaceutical products for use in novel methods of diagnosis,

prevention, delaying progression and treatment of disorders in which the effects of TRH

would be therapeutically usetul, in particular, CNS injury or damage or malfunction. It 15 a
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particular object to provide molecules, which bind to TRH receptors with a high affinity,

particularly a higher affinity than TRH itself.

Summary of the Invention

In one aspect the present invention provides compounds of the formula I:

H 9
R II\T XZ\ R><R10
i
~x7 Y N~z
W R
RS

wherein

R' is an optionally substituted 4-, 5- or 6-membered heterocyclic ring having one or more
heteroatoms, 1 which at least one carbon atom of the ring 1s substituted with O or S or N;
X' is -CO- or -CS- or -CH>CO- or CH(R*) wherein R is H or optionally substituted alkyl
or

-COOH or -COOR'" wherein R"" is optionally substituted alkyl;

X*is-CO- or -CS-;

Z. 18 -CHa-or -S- or -O- or -NH-;

R’and R" (which may be the same or different) are H, or optionally substituted lower alkyl;
R”and R" (which may be the same or different) are H, or optionally substituted alkyl, or an
optionally substituted carbocyclic ring;

W represents an amino acid residue, natural or un-natural;

X represents 1 to 20 amino acid, at least a majority of which are in the D-configuration, the
C-terminal amino acid residue optionally being substituted with an amino group or 7-
amino-4-methyl coumarin;

and pharmaceutically acceptable salts thereof.

The invention also provides a compound of claim 1 having the formula Ia
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] R RO
R, N_ X

wherein:
O T, 7 58 pY 1 : : :
R'.X' X°,Z R’ R° R’and R'" are as defined in claim 1;

R''is an imidazole ring or the group;-

5
6
R”

in which Qi1s Q or S; and
R’ and R" (which may be the same or different) are H, or lower alkyl;

and pharmaceutically acceptable salts thereof.

Preferred compounds are those in which X may represent 1 to 10 amino acids and
particularly preferred are those in which X represents 1 to 3 amino acids. Preferably all of

the X amino acids are in the D configuration.

The D-amino acids may be selected from the group consisting of alanine, valine, leucine,
1soleucine, proline, phenylalanine, tryptophan, methionine, glycine, serine, threonine,
cysteine, tyrosine, asparagine and glutamine. Particularly preferred are phenylalanine,

tryptophan and tyrosine.
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Amino acids are compounds having the structure RCHNH,COOH. Amino acids can be
categorized as neutral, acidic or basic depending on the nature of their specific R group

(McMurray). Amino acids may be natural or non-naturally occurring (i.e. un-natural).

In preferred embodiments R’ and R® are H.

In particular embodiments, R’ and R® are H and Q is O, so that the compounds have
asparagine residue (Asn) in the P,' position. The Asn residue may be in the L-configuration
or in the D-configuration. Where Asn is in the D-configuration the molecule does not

inhibit TRH degrading ectoenzyme.
W may represent amino acid residues in which the R group 1s charged or 18 neutral. W may
be selected from the group consisting of asparagine, histidine, leucine, thienylalanine and

phenylalanine.

R’ may suitably be:
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BN )

)
I

wherein R'* is hydrogen, lower alkyl or phenyl,
R" is hydrogen or lower alkyl,

QisQorS.

In preferred embodiments, Q is O. Most suitably R'is a five-membered heterocyclic ring,
particularly a pyrrolidinone, thiazolidinone or butyrolactone ring.

. : | .
In particular preferred embodiments, R 1S

02\171/\

H

In another aspect the present invention provides a compound having the structure:-

Glp-W-Pro-X
wherein W represents an amino acid residue, natural or un-natural;
X represents residues of from 1 to 20 amino acids at least a majority of which are 1n the D-
configuration, the C-terminal amino-acid residue optionally being substituted with an

amino group or aminomethylcoumarin; and pharmaceutically acceptable salts thereof.

Preferred compounds are those in which X may represent 1 to 10 amino acids and
particularly preferred are those in which X represents 1 to 3 amino acids. Preferably all of

the X amino acids are in the D contiguration.
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The D-amino acids may be selected from the group consisting of alanine, valine, leucine,
isoleucine, proline, phenylalanine, tryptophan, methionine, glycine, serine, threonine,
cysteine, tyrosine, asparagine and glutamine. Particularly preferred are phenylalanine,

tryptophan and tyrosine.

The Pro residue may be 1n the L-configuration or in the D-configuration.

W may represent amino acid residues 1n which the R group is charged or 1s neutral. W may
be selected from the group consisting of asparagine, histidine, leucine, thienylalanine and

phenylalanine.

The Asn residue may be in the L-configuration or in the D-configuration. Where Asn is in

the D-configuration the molecule does not inhibit TRH degrading ectoenzyme.

Particularly preferred compounds in accordance with the invention are :

Glp-Asn-Pro-D-TyrNH,,
Glp-Asn-Pro-D-TrpNHa,
Glp-Asn-Pro-D-Trp-D-Ser-D-TyrNH,,
Glp-Asn-Pro-D-Trp-D-TyrNH;
Glp-Asn-Pro-D-Tyr-D-TrpNH,.
Glp-Asn-Pro-D-Tyr-D-Trp-D-TrpNHa
Glp-Asn-Pro-D-Tyr-D-TrpAMC
Glp-Asn-Pro-D-Trp-D-TyrAMC,
Glp-Asn-Pro-D-Tyr-D-Trp-D-TrpAMC.
Glp-Asn-Pro-D-Phe-D-TyrAMC
Glp-Asn-Pro-D-Ala-D-TrpAMC,
Glp-Asn-Pro-D-Val-D-Tyr-D-TrpAMC.
Glp-Asn-Pro-D-TrpAMC,
Glp-His-Pro-D-Tyr-D-TrpNHa-

and pharmaceutically acceptable salts thereof.
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Compounds according to the invention may have substituents present which do not
interfere substantially with the function of the compounds as inhibitors of activity of
thyrotropin-releasing hormone-degrading ectoenzyme (TRH-DE) or in binding to TRH
receptors and acting as TRH mimetics. The substituents may be saturated or unsaturated,
branched or unbranched acyclic hydrocarbon groups such as alkyl, alkoxy, alkylene, alkene
or alkynyl groups, or saturated or unsaturated, mono- or polycyclic hydrocarbon groups,

optionally having heteroatoms in the ring structure and optionally being a fused ring.

[n any of the optionally substituted derivatives defined above, suitable substituents may be
oxo0, thioxo, alkyl, alkenyl, alkynyl, aryl, alkoxy, halo, haloalkyl, nitro, azido, cyano,
hydroxyl, hydroxyalkyl, SO.R' where R' is alkyl and n =0, 1 or 2, or a carboxyl or ester
oroup of the formula _COOR" where R" is H or alkyl and which may be in ionic form -

COQO". Examples of substituents on alkyl groups (including alky! groups in nng

substituents mentioned in the preceding sentence) include halo, nitro or cyano. Optional

hetero atoms in the ring(s) include N, O or S. Suitably there may be from 1-3 hetero atoms

per ring, and the hetero atoms in any ring may be the same or ditferent.

An alkyl, alkenyl, alkynyl, or alkoxy group may be straight chain or branched and suitably
contains from 1 to 20, more suitably from 1 to 10, most suitably from 1 to 5 carbon atoms.
A lower alkyl group suitably contains 1 to 5 carbon atoms. Halo includes 10do, bromo,
chloro or fluoro. A carbocyclic ring or a mono- or polycyclic ring suitably contains from 4

to 20 ring atoms, more suitably 4 to 8 ring atoms per ring, most suitably in the case of a

polycyclic ring a total of 8 to 16 ring atoms, any ring atoms which are not hetero atoms

being carbon atoms.

One group of preferred compounds have an N-substituted amide group at the C-terminus of

the molecule.

In another aspect the present invention provides compound as defined above and

pharmaceutically acceptable salts thereof for use in a method for prevention, delaying
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progression, or treatment of the human or animal body by therapy or a diagnostic method

practiced on the human or animal body.

The invention also provides compounds as defined above and pharmaceutically acceptable
salts thereof for use in potentiating or enhancing endogenous TRH and/or in protecting

exogenously administered TRH or TRH analogues from degradation by TRH-DE and or

acting as a TRH mimetic.

[n another aspect the invention also provides agents with dual activities as TRH receptor

binding agents and TRH-DE inhibitors comprising compounds as defined above.

The mvention also provides a pharmaceutical composition comprising a pharmaceuticatly
etfective amount of a compound as defined above, or a pharmaceutically acceptable salt
thereof, together with a pharmaceutically acceptable carrier. The composition may turther

comprise TRH or a TRH analogue.

in another embodiment the compounds of the invention may be administered alone or in
combination with other pharmacologically active agents to augment therapeutic etficacy,
such as exogenous TRH or TRH analogue(s) and or agents that suppress additional targets,

for example, prolyl oligopeptidase.

In a further aspect of the invention the compounds of the invention may be administered in

combination with one or more other pharmacologically active substances.

Compounds of the invention may be administered by oral, parenteral, intramuscular (1.m.),
intraperitioneal (i.p.), intravenous (i.v.) or subcutaneous (S.c.) injection, nasal, vaginal,
rectal or sublingual routes of administration and can be formulated in dosage torms

appropriate for each route of administration.

By pharmaceutically effective amount 1s meant an amount of the compound sufficient to

inhibit TRH-DE or to act as a TRH mimetic . Pharmaceutically acceptable carriers are
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those which may be administered in conjunction with the compounds of the invention
without producing deleterious biological effects. Suitable pharmaceutically acceptable

carriers are known to those of skill 1n the art.

The nvention may be applied inter alia in the development of therapeutics for any TRH-
related disorders, inter alia, brain and spinal injury or tumour, memory loss, spinocerebellar
degeneration, pain including spinal cord pain, epilepsy, eating disorders, weight
management disorders(particularly obesity), diabetes and CNS related diseases, as well as
memory loss, lethargy, anxiety disorders, jet lag, attention deficit disorders, post-traumatic
syndrome and as a mood stabilizer or enhancer, to enhance proper fetal development, and

as a research tool to mvestigate TRH and TRH-DE and TRH receptor related cellular

PrOCESSES.

Brief Description of the Drawings
Figure 1. Release of TRH from rat brain hypothalamic slices under basal and depolarizing

conditions in the presence and absence of a TRH-DE inhibitor: (a) Glp-Asn-Pro-AMC (0.1
mM 1in sahne) or (b) Glp-Asn-Pro-Tyr-Tip-Trp-AMC (0.1 mM in DMSO), and (c) Glp-
Asn-Pro-D-Tyr-D-TrpNH; (JAK 4D) (0.1 mM in DMSO). Data are means * s.e.m. of n = 6.
“p<0.05 **p<0.01 ***p<0.001 versus corresponding basal; #p<0.05, ###p<0.001 versus

corresponding condition in the absence of inhibitor (unpaired, two-tailed Student’s t-test).

Figure 2. Displacement of [3H]~3MeHis-TRH by (A) JAK1-D and JAK1-L, (B) JAK2 -D and
JAK?2-L and (C) JAK4-D and JAK4-L. Data are means = SEM, n=3-5.

Figure 3. Effect of TRH on rat activity scores. TRH was administered at t=25 min. Points

are means * SEM. n=5-21.

Figure 4. Effect of JAK4-D on spontaneous activity of rats. JAK4-D was administered at

t=10 min. Points are means * SEM, n=5-21
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Figure 5. Comparison of the effects of JAK4-D 1 mg/kg and TRH 5/mg/kg on spontaneous

activity of rats. JAK4-D was administered at t=10 min; TRH was administered at t=25 min.

Points are means * SEM, n=5-21

Figure 6. Effect of JAK4-D on the stimulation of rat activity by 10 mg/kg TRH. JAK4-D
was administered at t=10 min; TRH was administered at t=25 min. Points are means *

SEM, n=5-21

Figure 7. Stimulation of wet dog shakes (WDS) by TRH. TRH was administered at t=25

min. Points are means = SEM, n=6

Figure 8. Effect of JAK4-D on wet dog shaking (WDS) behavior in rats. JAK4-D was

administered at {=10 min; TRH was administered at t=25 min. Points are means * SEM,
n=4-6

Figure 9. Effect of JAK4-D on TRH-induced wet dog shakes (WDS). JAK4-D was
administered at t=10 min; TRH was administered at t=25 min. Points are means * SEM,

n=4-6

Description of the Invention

The present invention relates to compounds belonging to the series of compounds disclosed
below which inhibit TRH-DE and or have high binding affinity for TRH receptor(s) and act

to enhance and or mimic the actions of TRH.

These compounds are distinct from those described in U.S. Pat. Application 20030166944,
since they mhibit TRH-DE and/or bind to TRH receptors. Potent TRH-DE inhibitors that
also bind to TRH receptors and amplify central effects of TRH are novel and the first in
their class. Bi-functional agents, which exert dual actions, may have the potential to
produce greater therapeutic benefits. Certain of these compounds are different from other

compounds, with the exception of 3—Me-HiszTRH, that have been reported by the art to
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bind to TRH receptors, in that they bind to TRH receptors with greater affinity than TRH.

These compounds have not been reported to occur naturally.

The binding capacity offered by in the vicinity of the S2' binding site of TRH-DE was
studied. Previous studies had shown that replacement of the C-terminal NH; group of Glp-
Asn-ProNH; by AMC results in a greater than ten-fold enhancement of binding affinity to
TRH-DE. Further luteinizing hormone-releasing hormone (LHRH) binds to the TRH-DE
with slightly higher affinity than does TRH (O’Cuinn et al., 1990). TRH and LHRH share
the same N-terminal dipeptide sequence, but LHRH is a decapeptide with the primary
structure Glp-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-GlyNH; and is not hydrolyzed by TRH-
DE (O’Cuinn et al. 1990). Quantitative structure activity studies undertaken for a series of
C-terminally extended analogues of Glp-Asn-ProNH, by means of kinetic assays, using
TRH-DE purified from porcine brain as previously described (Kelly et al. 2000a, 2000b,
U.S. Pal. App. 20030166944), revealed that C-terminal extension of Glp-Asn-ProNH; with
hydrophobic L-amino acids resulted in a set of TRH-DE inhibitors with nM potency (Table
[). The L-amino acids in these peptides were replaced with D-amino acids. The vast
majority of naturally occurring polypeptides are composed of L-amino acids and
mammalian proteolytic enzymes are designed to work with this stereochemistry. Thus,
replacement of L-amino acids by D-amino acids is used in the art in an endeavor to confer
stability to proteolytic degradation as described in U.S. Pat. 6,703,366. It is recognized by
the art that this type of replacement, however, may lead to loss of peptide specificity and or
activity as noted by U.S. Pat. 4,587,233, Sato et al. 1987 and Fischer 2003, and thus the
effect of the replacement is unpredictable. Nevertheless, there are examples in the art
where such a replacement has led to compounds with superior biological properties (Leng
et al., 1996, Magdolen et al. 2001). Replacement of L-amino acids by D-amino acids has
also been used in the art to stabilize bioactive configurations — for example it 1s known by
those skilled in the art that the introduction of D-Pro-Xaa into a polypeptide sequence may
stabilized a 3-hairpin (Karle et al., 2003). Replacement of L-amino acids by D-amino acids
may also be used to scan the relative importance of the stereochemistry of particular
functional groups in a peptide structure and also that of local structures within the peptide

(Hruby, 2002). In relation to the present invention it has been found that Glp-D-Asn-L-
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prolineamide is not an effective inhibitor of TRH-DE (K;>1000 mM). In addition, K;

values for Glp-L-Asn-L-prolineamide and Glp-L-Asn-D-prolineamide were found to be
17.5 mM and 31.2 mM, respectively, indicating the enzyme is tolerant to the replacement
of L-prolineamide with D-prolineamide. In the examples presented herein it is disclosed
that replacement of L-amino acids in the C-terminal extension of Glp-Asn-ProNH, by D-

amino acids was not found to cause any significant changes in affinity for the enzyme.

Unexpectedly, C-terminally extended analogs of Glp-Asn-ProNH; that contain D-amino
acids in the C-terminal extension were found to bind to [*H]-3MeHis-TRH-labelled
receptors TRH receptors in rat brain cortex with high affinity. Research shows that ["H][3-
Me-His*]TRH binds to a single population of high affinity sites on rat brain cortical
membranes with a Ky of around 5 nM (Sharif 1989, Kelly et al., 2002). Since in situ
hybridisation studies have revealed that rat brain cortex expresses predominantly TRHR?2 1t
might be speculated that sites labeled by [3H][3~M6-HiSZ]TRH in rat brain cortical
membranes correspond to TRHR2. It cannot be ruled out, however, that ["H][3-Me-

His"JTRH is binding to a TRH receptor subtype in rat brain cortex that has yet to be
identified.

it 1s not obvious why these compounds bind to both TRH-DE and TRH cortical receptors
and this phenomenon could not have been predicted. Previous studies have shown
structural preterences for binding to TRH receptors and TRH-DE to be different (Kelly et
al., 2002). For example, both Glp-Asn-ProAMC and Glp-Asn-ProNH; are potent inhibitors
of TRH-DE, but display relatively low affinity compared to TRH for [3H]-3M6His-TRH-
labelled receptors in rat cortical membranes. Further, Glp-L-Asn-L-Pro-L-Tyr-L-Trp-L-
TrpAMC and Glp-L-Asn-L-Pro-L-Tyr-L-Trp-AMC have also been found to display low
affinity for [3 H}-3MeHis-TRH-labelled receptors in rat brain cortex. Thus, by extending the
structure of Glp-Asn-ProNH; at the C-ternminus with D-amino acids, the inventor has
unpredictably significantly altered the properties of TRH-DE inhibitors, disclosed in Kelly
et al., 2000a, 2000b and U.S. Pat. Application 20030166944.
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With the exception of 3MeHis*-TRH, certain compounds described in the present invention
are the only compounds known to bind to TRH receptor(s) with greater affinity than TRH.
The art indicates that the side chains of all three amino acids in TRH are involved in TRH
receptor binding (Gershengorn and Osman, 1996). Further, only one analog out ot
hundreds studied has been found to exhibit higher affinity for TRH receptors than TRH;
that analog is 3MeHis-TRH. All peptide analogs that have been found to bind to TRH
receptors are agonists. To date, no partial agonists or high affinity antagonists of TRH
receptors have been 1dentified.  Extensive site directed mutagenesis studies and
computational modeling have been carried out in relation to TRH receptors, but there 18
nothing in their teaching to indicate the line of research leading to the present invention of

compounds that bind to TRH receptors with greater affinity than does TRH.

The compounds described in the present invention may be administered by oral, parenteral,
intramuscular (i.m.), intraperitioneal (i.p.), intravenous (i.v.) or subcutaneous (s.C.)
injection, nasal, vaginal, rectal or sublingual routes of administration and can be formulated
in dosage forms appropriate for each route of administration. Suitable dosage forms are
known to those skilled in the art and are described, for example in US Patent No. 4, 906,
614 Giertz et. al. or US Patent No, 5, 244, 884 Spatola et. al. Dosage levels should be
sufficient to achieve the TRH-DE inhibiting and TRH mimetic effects required for

treatment ot the particular physical condition being addressed.

Desirably, the invention will provide for use of a compound of Formula I or la or a
pharmaceutically acceptable salt thereof in the preparation of a medicament, particularly tor
the treatment of brain or spinal injuries or other central nervous system disorders or other

TRH dependent disorders.

Compounds according to the invention may be administered alone or in combination with
further pharmacologically active substances to augment therapeutic efficacy such as
exogenous TRH or TRH analogues and or agents directed at additional targets, for

example, prolyl oligopeptidase.
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Desirably the invention will provide a method of treatment of brain or spinal injuries or
other central nervous system disorders or other TRH-dependent disorders, which comprises
administering to a patient suffering from such injuries or disorders an amount of a
compound of Formula 1 or la or a pharmaceutically acceptable salt thereof effective to
potentiate or enhance endogenous TRH and /or protect exogenously administered TRH or
TRH analogues from degradation by TRH-DE and or bind to TRH receptors and mimic
TRH actions.

According to one aspect, the present invention provides pharmaceutical compositions
comprising an effective amount of a compound of Formula I or Ia or a pharmaceutically
acceptable salt thereof. Normally the composition will also comprise a pharmaceutically

acceptable carrier, particularly an inert carrier.

The term “treat™ as used herein is intended to encompass curing as well as ameliorating at
least one symptom of the condition or disease. Thus prevention, delaying the progression
of a condition or disease and after-care are all included in the definition. Likewise, a
“therapeutic” 1s an agent which cures or ameliorates or prevents at least one symptom of
the condition or disease. The invention may be applied in therapy approaches for
biologically important disorders affecting certain cell types or cell subpopulations.
Similarly the approach may be used to modulate normal and or dysfunctional physiological
processes. The invention may also be used in the investigation of the biol<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>