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INHIBITORS FOR ANTIVIRAL USE

PRIORITY CLAIM
This application claims the benefit of the filing date of United States
Provisional Patent Application Serial No. 61/338,935, filed February 24, 2010, for
“INHIBITORS FOR ANTIVIRAL USE,” the entire disclosure of which is hereby

incorporated herein by this reference.

TECHNICAL FIELD
The invention relates to compounds for preventing or treating viral

infections.

BACKGROUND

Viruses are a problem across the world, causing many of the diseases that
afflict individuals today. Virus infections both in man and in animals have long
presented a serious problem to which no wholly satisfactory answer has been found.

Some viral infections may be due to herpes infections. The herpesviruses are
classified as, e.g., herpes simplex virus type 1(HSV-1) or type 2 (HSV-2), varicella
zoster virus (VZV), Epstein-Barr virus (EBV), cytomegalovirus (CMV),
roseolovirus or rhadinovirus.

Herpes simplex viruses (HSV) type 1 and type 2 are double stranded DNA
viruses. The clinical entities attributable to HSV-1 include the following: (1) Acute
herpetic gingivostomatitis which occurs mostly in small children; (2) Eczema
herpeticum-Kaposi’s varicelliform eruption which can sometimes be fatal;
(3) Keratoconjunctivitis infection of the eye, with recurrent infection, which can lead
to permanent opacification and blindness; (4) Herpes encephalitis which carries a
high mortality rate and the survivors often have residual neurological defects; and
(5) Herpes labilis, which present as cold sores and are most common recurrent
disease in the form of oral lesions.

HSV-2 is implicated in the following: (1) Genital herpes or herpes
progenitalis, which is characterized by vesiculoulcerative lesions of the penis or the

cervix, vulva and vagina; (2) Neonatal herpes is a form of herpes that can be
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transmitted to the newborn during birth by contact with herpetic lesions in the birth
canal if the mother is infected with the virus and sometimes can produce permanent
brain damage.

Varicella zoster virus is a double-stranded DNA virus and it is
morphologically identical with herpes simplex viruses. It is a causative agent for
shingles in adults which is characterized by an inflammatory reaction of the
posterior nerve roots and ganglia, accompanied by the affected sensory nerves.
Varicella zoster virus (VZV) infection results in chickenpox (varicella), which may
rarely result in complications including encephalitis or pneumonia. Even when
clinical symptoms of chickenpox have resolved, VZV remains dormant in the
nervous system of the infected person (virus latency), in the trigeminal and dorsal
root ganglia. In about 10-20% of cases, VZV reactivates later in life producing a
disease known as herpes zoster or shingles. Serious complications of shingles
include post-herpetic neuralgia, zoster multiplex, myelitis, herpes ophthalmicus, or
zoster sine herpete.

The symptoms of EBV infection in children can be indistinguishable from
the symptoms of other typical childhood illnesses. Individuals not infected as a
child have a risk of being infected during adolescence or young adulthood, which
often causes infectious mononucleosis (mono). Diseases caused by EBV are
particularly common among people with reduced immunity. EBV is associated with
a tumor often found in organ transplant patients, which is referred to as
post-transplant lymphoproliferative disease. |

Typical antiviral medications used against herpes viruses work by interfering
with viral replication, effectively slowing the replication rate of the virus and
providing a greater opportunity for the immune response to intervene. Current
treatments for human herpesviruses include acyclovir, cidofovir, famciclovir,
doxorubicin and other pharmaceuticals. Moreover, amino purine derivatives have
been disclosed in U.S. Patent No. 3,758,684 to treat DNA virus infections and U.S.
Patent No. 7,628,993 covers DNA vaccines targeting a specific HSV-2 protein. U.S.
Patent No. 6,337,074 discloses peptides which disrupting the association of two viral
proteins required for DNA replication in herpesviruses. U.S. Patent No. 7,399,825
discloses peptides which inhibit infectivity of DNA viruses.
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The vaccine Herpevac against HSV-2 has only been shown to be effective
for women who have never been exposed to HSV-1. Overall, the vaccine is
approximately 48% effective in preventing HSV-2 seropositivity and about 78%
effective in preventing symptomatic HSV-2. During initial trials, the vaccine did
not exhibit any evidence of preventing HSV-2 in males.

U.S. Patent No. 7,611,704 covers compositions and methods of treating virus
infections using Bavituximab and similar antibodies. Bavituximab is a PS-targeting
antibody, the antibody’s binding to phospholipids alerts the body’s immune system
to attack the tumor endothelial cells, thrombosing the tumor’s vascular network
and/or attacking freé floating virally infected and metastatic cells while potentially
minimizing side effects in healthy tissues.

Anti_viral medications can reduce the frequency, duration, and severity of
outbreaks. However, these infections are difficult to treat, treatments are not
effective for all patients and there is no cure that can eradicate herpes virus from the
body. Therefore, currently, there is no effective treatment against the infections
caused by human herpesviruses and improved methods for treatment are being
sought. Furthermore, viruses can become resistant to current treatments so there is a
need to find new antiviral agents having new mechanisms of action.

Recent work published in Nature Medicine found that the host enzyme LSD1
interacts with a key host protein (HCF-1) that the herpesviruses require to infect host
cells. Herpes viruses lack their own RNA polymerase and require the use of a host.
To prepare a host for viral gene transcription, c-herpesviruses need to increase
methylation of histone H3Lys4 (H3K4) and decrease methylation of H3KO.
Researchers repofted in Nature Medicine that to decrease the methylation, the
demethylase called lysine-specific demethylase-1 (LSD1) is required. LSDI
interacts with the host cell factor-1 (HCF-1) component of the histone
methyltransferase complex. Moreover, blocking LSD1 activity using monoamine
oxidase inhibitors (MAOIs), which are known to target LSD1, led to inhibition of
viral gene transcription. Researchers noticed when levels of LSD1 are reduced the
corresponding levels of HSV and VZV mRNA and proteins decreased. This
discovery suggest a new way to attack virus infections, inhibiting LSD1, the virus

host’s transcriptional machinery to produce viral mRNA is stopped, therefore
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decreasing the ability of o-herpesvirus to express the viral genes necessary to
continue infection.

Lysine Specific Demethylase-1 (LSD1) has a fair degree of structural
similarity, and amino acid identity/homology to monoamine oxidases. It was
recently found that some compounds which target monoamine oxidase (MAO), also
inhibit LSD1 at clinically relevant concentrations (Lee et al. (2006) Chem. Biol.
13:563-567, Schmidt et al. (2007) Biochemistry 46(14)4408-4416) and Gooden et
al. (2008) Bioorg. Med. Chem. Let. 18:3047-3051).

WO 2010/011845 discloses inhibitors of LSD1 and/or MAOs inhibitors for
treating or preventing viral infections. However, the disclosed inhibitors are known
to inhibit MAO enzymes more strongly than LSD1 and moreover, they indistinctly
inhibited MAOs. Since MAO-A inhibitors can cause dangerous side-effects (see
e.g., Yoshida et al. (2004) Bioorg. Med Chem. 12(10):2645-2652; Hruschka et al.
(2008) Biorg Med Chem. (16):7148-7166; Folks et al. (1983) J. Clin.
Psychopharmacol. (3)249; and Youdim et al. (1983) Mod  Probl.
Pharmacopsychiatry (19):63) selective LSD1/MAO-B dual inhibitors present an
impdrtant advantage.

Furthermore, most of the LSD1 selective inhibitors of the prior art Ki (IC50)
parameters higher than 1 pM for LSD1. Without intending being bound by any
theory, the inventors believe that more efficient selective LSD1 inhibitors can have
better results when used as antiviral, which could implicate lower doses and less side
effects.  Additional dual LSD1/MAO-B inhibitors can avoid the side-effects
associated with inhibition of MAO-A.

Although the foregoing methods have advanced the art of antiviral treatment,
the development of additional or alternative targeting therapies is still sought. The
development of new drugs that prevent or treat viral infection of a host by inhibiting
novel targets, particularly those which selectively inhibit LSD1 and LSD1/MAO-B
is an importance advance. In view of the good LSD1 and LSD1/MAO-B-selective
inhibition of the novel “cyclopropylamine acetamide” derivatives and
“cyclopropylamine” derivatives, these represent a new class of compounds for

preventing or treating viral infections with novel mechanisms of action.
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DISCLOSURE

The present invention relates to the use of potent selective LSD1 inhibitors
and LSDI/MAO-B inhibitors for treaﬁng or preventing viral infections.
Furthermore, the present invention relates to the new use of cyclopropylamine
acetamide derivatives or cyclopropylamine derivatives, as defined herein, for
treating or preventing viral infection and treating or preventing reactivation of a
virus after latency.

In one embodiment, the present invention relates to a method of treating or
preventing a viral infection in a host. The method of this embodiment comprises
administering to the host an effective amount of a potent selective inhibitor of LSD1
or a pharmaceutically acceptable salt thereof. In a more sbeciﬁc aspect, the method
of this embodiment further comprises identifying a patient in need of such treatment
or prevention.

In one embodiment, the present invention relates to a method of treating or
preventing a viral infection. The method of this embodiment comprises
administering to a host an effective amount of a LSD1/MAO-B dual inhibitor or a
pharmaceutically acceptable salt thereof. In a more specific aspect, the method of
this embodiment further comprises identifying a patient in need of such treatment or
prevention.

In one embodiment, the present invention relates to a method of treating or
preventing reactivation of a virus after latency. The method of this embodiment
comprises administering to the host an effective amount of a potent selective
inhibitor of LSD1 or a pharmaceutically acceptable salt thereof. In a more specific
aspect, the method of this embodiment further comprises identifying a patient in
need of such treatment or prevention.

In one embodiment, the present invention relates to a method of treating or
preventing reactivation of a virus after latency. The method of this embodiment
comprises administering to a host an effective amount of a LSD1/MAO-B dual
inhibitor or a pharmaceutically acceptable salt thereof. In a more specific aspect, the
method of this embodiment further comprises identifying a patient in need of such

treatment or prevention.
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In another embodiment, the present invention relates to a method of treating
or preventing viral infection. The method of this embodiment comprises
administering to a host an effective amount of a cyclopropylamine acetamide
derivative or a cyclopropylamine derivative. In a more specific aspect, the method
of this embodiment further comprises identifying a patient in need of such treatment
or prevention.

Another embodiment of the invention relates to a method of preventing or
treating reactivation of a virus after latency in a host. The method of this
embodiment by administering an effective amount of a cyclopropylamine acetamide
derivative or a clyclopropylamine derivative. In a more specific aspect, the method
of this embodiment further comprises identifying a patient in need of such treatment
or prevention.

Another embodiment of the invention provides a method of preventing or
treating a viral infection in a mammal that has undergone, is undergoing, or will
undergo an organ or tissue transplant. The method of this embodiment comprises
administering to the mammal an effective amount of a potent selective LSD1
inhibitor or a dual LSD1/MAO-B inhibitor before, during, and/or after the organ or
tissue transplant. In a more specific aspect, the method of this embodiment further
comprises identifying a patient in need of such treatment or prevention.

Another embodiment of the invention provides a method of preventing or
treating a viral infection in a mammal that has undergone, is undergoing, or will
undergo an organ or tissue transplant. The method of this embodiment comprises
administering to the mammal an effective amount of a cyclopropylamine acetamide
derivative or a cyclopropylamine derivative before, during, and/or after the organ or
tissue transplant. In a more specific aspect, the method of this embodiment further
comprises identifying a patient in need of such treatment or prevention.

The invention also relates to pharmaceutical compositions suitable for topical
administration comprising pharmaceutically acceptable carrier suitable for topical
administration and a compound chosen from a potent selective LSD1 inhibitor,
LSD1/MAO-B dual inhibitor, cyclopropylamine acetamide derivative, and
cyclopropylamine derivative. In one aspect the compound is a potent selective

LSD1 inhibitor. In one aspect the compound is a LSD1/MAO-B dual inhibitor. In
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one aspect the compound is a cyclopropylamine acetamide derivative. In one aspect
the compound is a cyclopropylamine derivative.

In one embodiment, the invention provides a method of treating HIV in an
individual co-infected with a herpes simplex virus 2. According to this embodiment
an individual having HIV and co-infected with herpes simplex virus 2 is
administered a compound selected from a selective potent LSD1 inhibitor, a dual
LSD1/MAO-B inhibitor, a cyclopropylacetamide derivative, and a
cyclopropylamine derivative. In one aspect of this embodiment, the individual is
administered one or more additional antiviral drugs wherein said one or more .
additional antiviral drugs is suitable for treating HIV.

Thus, in specific aspects, the invention is:

1. A method of treating or preventing a viral infection, comprising
administering to a host a therapeutically effective amount of a selective potenf LSD1
inhibitor or a LSD1/MAO-B dual inhibitor or a pharmaceutically acceptable salt
thereof.

2. A method of treating or preventing reactivation of a virus after
latency in a host comprising administering a therapeutically effective amount of a
potent LSD1 inhibitor or a LSD1/MAO-B dual inhibitor or a pharmaceutically
acceptable salt thereof.

3. A method of treating or preventing viral infections in a mammal that
has undergone, is undergoing or will undergo an organ or tissue transplant
comprising administering a therapeutically effective amount of a potent LSDI
inhibitor or a LSD1/MAOQO-B dual inhibitor or a pharmaceutically acceptable salt
thereof.

4. The method as in one of 1, 2 or 3, wherein the potent LSD1 inhibitor
or LSD1/MAO-B dual inhibitor is a cyclopropylamine acetamide derivative or a
cyclopropylamine derivative.

5. The method as in one of 1, 2, 3 or 4, wherein the antiviral compound
is administered with a pharmaceutically acceptable carrier.

6. The method as in one of 1, 2, 3 or 4 or a pharmaceutically acceptable

solvate thereof, alone or in association with other active principles, in the
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manufacture of a medicament useful for the treatment or prevention of viral

infections. \
7. The method as in one of 1, 2, 3 or 4, wherein the host is a mammal.
8. The method as in 7, wherein the host is a human.
9. The method as in one of 1, 2, 3 or 4, wherein the viral infection is

caused by a virus chosen from a herpesvirus, adenovirus, human papilloma virus,
parvovirus B19, smallpox virus, vaccinia virus, hepatitis B virus, polyoma virus, JC
virus or a transfusion transmitted virus.

10. The method as in one of 1, 2, 3 or 4, wherein the viral infection is
caused by a herpesvirus or adenovirus.

11. The method as in one of 1, 2, 3 or 4, alone or in combination with
one or more additional antiviral compounds, in the manufacture of a medicament
useful for the treatment or prevention of viral infection.

12. The method as in one of 1, 2, 3 or 4, wherein the virus or viral
infection is HSV1 or HSV1 infection.

13. The method as in one of 1, 2, 3 or 4, wherein the virus or viral
infection is HSV2 or HSV?2 infection.

14. The method as in one of 1, 2, 3 or 4, wherein the virus or viral
infection is EBV or an EBV infection.

15. The method as in one of 1, 2, 3 or 4, wherein the virus or viral
infection is VZV or a VZV infection.

16. The method as in one of 1, 2, 3 or 4, wherein the virus or viral
infection is CMV or a CMV infection.

17. The method as in one of 1, 2, 3 or 4, wherein the virus or viral
infection is an adenovirus or adenovirus infection.

18. A method of treating HIV in an individual co-infected with a herpes
simplex virus 2 comprising identifying an individual having HIV and co-infected
with herpes simplex virus 2 and administering to said individual a compound which
is a selective potent LSDI1 inhibitor, a dual LSD1/MAOQO-B inhibitor, a
cyclopropylacetamide derivative, or a cyclopropylamine derivative, thereby treating

HIV.
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19. The method as in 17, wherein the individual is administered one or
more additional antiviral drugs wherein said one or more additional antiviral drugs is

suitable for treating HIV.

MODE(S) FOR CARRYING OUT THE INVENTION

The present invention relates to the use of potent selective LSD1 inhibitors
and LSD1/MAO-B dual inhibitors for treating or preventing viral infections.
Furthermore, the present invention relates to the new use of cyclopropylamine
acetamide derivative or cyclopropylamine derivative, as defined herein, for treating
or preventing viral infections.

Without intending to be bound by any theory, it is believed that the
compounds provided herein are particularly useful in the treatment and/ prevention

of viral infections because they efficiently interfere with LSD1 and/or MAO-B

activity (i.e., inhibit LSD1 activity). It is known in the art that viruses co-opt some

biochemical fnachinery of their host to replica'te. To the extent that the virus co-opts
LSD1, protein complexes containing LSD1, a gene or genes whose expression is
regulated by LSD1 or a protein complex containing LSDI1, or signaling pathways
related to LSDI1, for replication, reactivation and/or other processes required for
viral survival and infectivity, such virus or symptoms of such viruses can be treated
or prevented using the compounds described herein, e.g., potent selective LSDI
inhibitors, LSD1/MAO-B dual inhibitors, cyclopropylamine acetamide derivatives,
or cyclopropylamine derivatives. For example, recent studies showed that LSD1
interacts with HCF-1, and HCF-1 is required for the expression of the immediate
early genes (IE), such as the IE genes of a-herpesviruses during the initiation of lytic
infection. Depletion of LSD1 or inhibition of its activity with LSD1 or/and
monoamine oxidase (MAQO) inhibitors results in an increase in the levels of
repressive histone H3-lysine 9 (H3K9) methylation, providing a central role for
HCF-1 in modulating chromatin modifications that determine viral gene expression.
A description of the role of LSD1 in lytic replication is set forth in Kristie et al.
(Nature Medicine 15, 1312 - 1317 (2009)). Furthermore, the HCF-1 complex is also
a crucial component of the reactivation mechanism and LSD1 or/and MAO

inhibitors also block the reactivation of o-herpesviruses from latency. A description
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of the role of HCF-1 in reactivation from latency is set forth in Whitlow et al. (J.
Virol., 2009; Epub 0:JV1.01115-09v1).

Accordingly, in one embodiment, the present invention relates to a method of
treating or preventing a viral infection of a host. The method of this embodiment
comprises administering to the host an effective amount of a potent selective
inhibitor of LSD1 or a pharmaceutically acceptable salt thereof. In a more specific
aspect, the method of this embodiment further comprises identifying a patient in
need of such treatment or prevention.

In a related embodiment, the invention relates to a method of treating or
preventing a reactivation of virus after latency. The method of this embodiment

comprises administering to the host an effective amount of a potent selective

_inhibitor of LSD1 or a pharmaceutically acceptable salt thereof. In a more specific

aspect, the method of this embodiment further comprises identifying a patient in
need of such treatment or prevention. |

As used herein, a potent LSD1 selective inhibitor refers to compounds that
potently inhibits LSD1 activity, in particular compounds having a lower Ki value
than the prior art compound Parnate. Preferably the potent selective LSD1 inhibitors
have a Ki (IC50) value lower than 1 micromolar as determined by the assay
described herein. More preferably, the potent selective inhibitor of LSD1 has a Ki
value lower than 750 nanomolar. Even more preferably the potent selective
inhibitor of LSD1 has a Ki value lower than 500 nanomolar. Preferably the potent
LSD1 selective inhibitor is not a polypeptide, e.g., having three or peptide bonds
linked together in a linear fashion as in a protein. As used herein, a polypeptide
refers to a compound having more than three peptide bonds, preferably having more
than five peptide bonds and even more preferably having more than 10 peptide
bonds. The compounds of Example 1 are examples of LSDI/MAO-B dual
inhibitors.

In one embodiment, the present invention provides a method of treating or
preventing a viral infection of a host. The method according to this embodiment
comprises administering to the host an effective amount of a LSD1/MAO-B dual

inhibitor or a pharmaceutically acceptable salt thereof. In a more specific aspect, the
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method of this embodiment further comprises identifying a patient in need of such
treatment or prevention.

In one embodiment, the present invention provides a method of treating or
preventing reactivation of a virus after latency. The method according to this
embodiment comprises administering to the host an effective amount of a
LSD1/MAO-B dual inhibitor or a pharmaceutically acceptable salt thereof. In a
more specific aspect, the method of this embodiment further comprises identifying a
patient in need of such treatment or prevention.

As used herein, a LSD1/MAO-B dual inhibitor refers to compounds that
inhibits LSD1 and MAO-B to a greater extent than MAO-A. Preferably, the
LSD1/MAO-B dual inhibitors have Ki (IC50) values for LSD1 and MAO-B which
are at least two-fold lower than the Ki value for MAO-A as determined by the assays
described herein. In a preferred aspect, the LSD1/MAO-B dual inhibitors have a Ki
value for LSD1 and MAO-B which is at least five-fold lower than the Ki value for
MAO-A. In an even more preferred aspect, the LSD1/MAO-B dual inhibitors have
a Ki value for LSD1 and MAO-B which is at least ten-fold lower than the Ki value
for MAO-A. The compounds of Example 2 are examples of LSD1/MAO-B dual
inhibitors.

Cyclopropylamine acetamide derivative and cyclopropylamine derivatives
compounds have been described as particularly potent inhibitors of LSD1 or
LSD1/MAO-B. The novel use of cyclopropylamine acetamide derivatives and
cyclopropylamine derivatives compounds can present a new method of treating or
preventing infections caused by viruses.

As used herein, the term “cyclopropylamine acetamide derivative” refers to
the compounds disclosed in patent applications EP 08166973.1 (filed October 17,
2008), EP 09165840.1 (filed July 17, 2009), PCT/EP2009/063685 (filed October 19,
2009) and EP09172705.7 (filed October 09, 2009) and which are herein expressly
incorporated by reference in its entirety.

As used herein, the term “cyclopropylamine derivative” refers to the
compounds disclosed in patent applications EP 09007970.7 (filed January 21, 2009)
PCT/EP2010/050697 (filed January 21, 2010), EP 09171425.3 (filed September 25,
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2009), and EP 10150866.1 (filed January 15, 2010), and which are herein expressly
incorporated by reference in its entirety.

In one embodiment, the present invention provides a method of treating or
preventing viral infection in a host. The method according to this embodiment
comprises administering to the host an effective amount of a cyclopropylamine
acetamide derivative or a pharmaceutically acceptable salt thereof. In a more
specific aspect, the method of this embodiment further comprises identifying a
patient in need of such treatment or prevention.

In one embodiment, the present invention relates to a method of treating or
preventing viral infection in a host. The method according to this embodiment
comprises administering to the host an effective amount of a cyclopropylamine
derivative or a pharmaceutically acceptable salt thereof. In a more specific aspect,
the method of this embodiment further comprises identifying a patient in need of
such treatment or prevention.

In another embodiment, the present invention provides a method for
preventing or treating reactivation of a virus after latency in a host. The method
according to this embodiment comprises administering to the host an effective
amount of a cyclopropylamine acetamide derivative or a pharmaceutically
acceptable salt thereof. In a more /speciﬁc aspect, the method of this embodiment
further comprises identifying a patient in need of such treatment or prevention.

In another embodiment, the present invention provides a method for
preventing or treating reactivation of a virus after latency in a host. The method of
this embodiment comprises administering to the host an effective amount of a
cyclopropylamine derivative or a pharmaceutically acceptable salt thereof. In a
more specific aspect, the method of this embodiment further comprises identifying a
patient in need of such treatment or prevention.

It is preferred that the host is a mammal and, more preferably, the host is a
human.

Another embodiment of the present invention provides a method of
preventing or treating a viral infection in a mammal that has undergone, is
undergoing, or will undergo an organ or tissue transplant. The method according to

this embodiment comprises administering to the mammal an effective amount of a
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potent selective LSD1 inhibitor or a pharmaceutically acceptable salt thereof. A
non-limiting example comprises administering an effective amount of a potent
selective LSD1 inhibitor to a mammal receiving (or that has received) an organ or
tissue known or suspected to be infected with virus.

Another embodiment of the present invention provides a method of
preventing or treating a viral infection in a mammal that has undergone, is
undergoing, or will undergo an organ or tissue transplant. The method of this
embodiment comprises administering to the mammal an effective amount of a
LSD1/MAO-B dual inhibitor or a pharmaceutically acceptable salt thereof. A
non-limiting example comprises administering an effective amount of
LSD1/MAQO-B dual inhibitor to a mammal receiving (or that has received) an organ
or tissue known or suspected to be infected with virus.

Another embodiment of the present invention provides a method of
preventing or treating a viral infection in a mammal that has undergone, is
undergoing, or will undergo an organ or tissue transplant. The method of this
embodiment comprises administering to the mammal an effective amount of a
cyclopropylamine acetamide derivative or a pharmaceutically acceptable salt
thereof. A non-limiting example comprises administering an effective amount of a
cyclopropylamine acetamide derivative compound to a mammal receiving (or that
has received) an organ or tissue known or suspected to be infected with virus.

Another embodiment of the present invention provides a method of
preventing or treating a viral infection in a mammal that has undergone, is
undergoing, or will undergo an organ or tissue transplant. The method of this
embodiment comprises administering to the mammal an effective amount of a
cyclopropylamine derivative or a pharmaceutically acceptable salt thereof. A
non-limiting example comprises administering an effective amount of a
cyclopropylamine derivatives to a mammal receiving (or that has received) an organ
or tissue known or suspected to be infected with virus.

In another aspect, the present invention provides the use of a potent selective
LSD1 inhibitor for the treatment or prevention of the symptoms or effects of a viral
infection in an infected host, which comprises treating said host with a

therapeutically effective amount of a potent selective LSD1.



WO 2011/106105 PCT/US2011/000369

10

15

20

25

30

- 14 -

In another aspect, the present invention provides the use of a LSD1/MAO-B
selective inhibitor for the treatment or prevention of the symptoms or effects of a
viral infection in an infected host, which comprises treating said host with a
therapeutically effective amount of a LSD1/MAQO-B selective inhibitor.

In another aspect,” the present invention provides the use of a
cyclopropylamine acetamide derivative compound for the treatment or prevention of
the symptoms or effects of a viral infection in an infected host, which comprises
treating said host with a therapeutically effective amount of a compound according
to the invention.

In another aspect, the present invention provides the use of a
cyclopropylamine derivative compound for the treatment or prevention of the
symptoms or effects of a viral infection in an infected host, which comprises treating
said host with a therapeutically effective amount of a compound according to the
invention.

Preferably, in the embodiments of the invention, the virus or a viral infection
is one that depends on LSD1, protein complexes containing LSD1, gene expression
dependent on LSD1 or LSD1 containing protein complexes, or signaling pathways
related to LSD1 activity.

In a preferred aspect, the virus or viral infection is selected from the group
consisting of a herpes virus and an adenovirus.

In another preferred aspect, the virus or viral infection is a herpes virus
selected from the group consisting of a herpes simplex virus type 1 (HSV-1), herpes
simplex virus type 2 (HSV-2), varicella zoster virus (VZV), Epstein-Barr virus
(EBV), cytomegalovirus (CMV), roseolovirus and rhadinovirus (including Kaposi’s
sarcoma-associated virus).

In a more preferred aspect, the virus or viral infection is selected from the
group consisting of HSV-1 and HSV-2.

In another more preferred aspect, the virus or viral infection is EBV.

In another more preferred aspect, the virus or viral infection is VZV.

In one embodiment, the present invention relates to a method of treating or
preventing viral infection in a host, comprising administering to the host an effective

amount of a pharmaceutical composition comprising a potent selective LSDI1
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inhibitor and a pharmaceutical acceptable carrier. In one aspect of this embodiment,
the pharmaceutical composition and pharmaceutically acceptable carrier is suitable
for oral administration. In one aspect of this embodiment, the pharmaceutical
composition and pharmaceutically acceptable carrier is suitable for topical
administration.

In one embodiment, the present invention relates to a method of treating or
preventing viral infection in a host, comprising administering to the host an effective
amount of a pharmaceutical composition comprising a LSD1/MAO-B dual inhibitor
and a pharmaceutical acceptable carrier. In one aspect of this embodiment, the
pharmaceutical composition and pharmaceutically acceptable carrier is suitable for
oral administration. In one aspect of this embodiment, the pharmaceutical
composition and pharmaceutically acceptable carrier is suitable for topical
administration.

In one embodiment, the present invention relates to a method of treating or
preventing viral infection in a host, comprising administering to the host an effective
amount of a pharmaceutical composition comprising a cyclopropylamine acetamide
derivative and a pharmaceutical acceptable carrier. In one aspect of this
embodiment, the pharmaceutical composition and pharmaceutically acceptable
carrier is suitable for oral administration. In one aspect of this embodiment, the
pharmaceutical composition and pharmaceutically acceptable carrier is suitable for
topical administration.

In one embodiment, the present invention relates to a method of treating or
preventing viral infection in a host, comprising administering to the host an effective
amount of a pharmaceutical composition comprising a cyclopropylamine and a
pharmaceutical acceptable carrier. In one aspect of this embodiment, the
pharmaceutical composition and pharmaceutically acceptable carrier is suitable for
oral administration. In one aspect of this embodiment, the pharmaceutical
composition and pharmaceutically acceptable carrier is suitable for topical
administration.

In one specific aspect, the present invention relates to a method of treating or
preventing viral infection in a host. The method of this embodiment comprises

topical administration to the host of an effective amount of a pharmaceutical
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composition comprising a potent selective LSD1 inhibitor or a LSD1/MAO-B dual
inhibitor and a pharmaceutical acceptable carrier.

In one specific aspect, the present invention relates to a method of treating or
preventing viral infection in a host. The method of this embodiment comprises
topical administration to the host of an effective amount of a pharmaceutical
composition comprising a cyclopropylamine acetamide derivative or a
cyclopropylamine derivative and a pharmaceutical acceptable carrier.

In a more specific aspect, the present invention relates to a method of
treating or preventing herpes virus in a host. The method of this embodiment
comprises topical administration to the host of an effective amount of a
pharmaceutical composition comprising a cyclopropylamine acetamide derivative or
a cyclopropylamine derivative and a pharmaceutical acceptable carrier.

In one embodiment, the invention provides a method of treating HIV in an
individual co-infected with a herpes simplex virus 2. According to this embodiment
an individual having HIV and co-infected with herpes simplex virus 2 1is
administered a compound selected from a selective potent LSD1 inhibitor, a dual
LSD1/MAO-B inhibitor, a cyclopropylacetamide derivative, and a
cyclopropylamine derivative, thereby treating HIV. In one aspect of this
embodiment, the individual is administered one or more additional antiviral drugs
wherein said one or more additional antiviral drugs is suitable for treating HIV. The
anti HIV drug can be administered concomitantly or at different times (e.g., same or
different times of the day or alternatively the HSV-2 infection can be suppressed
first and then anti-HIV therapy can be initiated after suppression of the HSV-2
infection).

Specific examples of “cyclopropylamine acetamide” derivatives include, but
are not limited to:

N-cyclopropyl-2-{[(trans)-2-phenylcyclopropyl]amino } acetamide;

2-{[(trans)-2-phenylcyclopropyl]amino } acetamide;

N-cyclopropyl-2-{[(trans)-2-phenylcyclopropyl]Jamino } propanamide;

2-{[(trans)-2-phenylcyclopropyl]amino}-N-prop-2-ynylacetamide;

N-isopropyl-2-{[(trans)-2-phenylcyclopropyl]amino}acetamide;

N-(tert-butyl)-2-{[(trans)-2-phenylcyclopropyl]amino} acetamide;
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N-(2-morpholin-4-yl-2-oxoethy1)-N—[(trans)-2-phenylcyclopropy1]amine;
2-{[(trans)-2-phenylcyclopropyl]amino} propanamide;
Methyl 2-{[(trans)-2-phenylcyclopropyl]amino} propanoate;
1-(4-methylpiperazin-1-yl)-2-((trans)-2-phenylcyclopropylamino)ethanone;
1-(4-ethylpiperazin-1-yl)-2-((trans)-2-phenylcyclopropylamino)ethanone;
1-(4-benzylpiperazin-1-yl)-2-((trans)-2-phenylcyclopropylamino)ethanone;
2-((trans)-2-phenylcyclopropylamino)-1-(4-phenylpiperazin- 1-yl)ethanone;
2-((trans)-2-(4-(benzyloxy)phenyl)cyclopropylamino)-1-(4-methylpiperazin-
1-yl)ethanone;
2-((trans)-2-(1,1'-biphenyl-4-yl)cyclopropylamino)-1-(4-methylpiperazin-1-
yl)ethanone;
2-((trans)-2-(4-(benzyloxy)phenyl)cyclopropylamino)-N-
cyclopropylacetamide;
2-((trans)-2-(4-(3-fluorobenzyloxy)phenyl)cyclopropylamino)-1-(4-methyl
piperazin-1-yl)ethanone;
2-((trans)-2-(4-(4-fluorobenzyloxy)phenyl)cyclopropylamino)-1-(4-methyl
piperazin-1-yl)ethanone;
2-((trans)-2-(4-(3-chlorobenzyloxy)phenyl)cyclopropylamino)-1-(4-methyl
piperazin-1-yl)ethanone;
1-(4-methylpiperazin-1-yl)-2-((trans)-2-(4-phenethoxyphenyl)
cyclopropylamino)ethanone;
2-((trans)-2-(biphenyl-4-yl)cyclopropylamino)-1-(4-methylpiperazin-1-yl)
ethanone; N-cyclopropyl-2-{[(trans)-2-phenylcyclopropyl]Jamino } acetamide;
N-methyl-trans-2-(Phenylcyclopropylamino)propanamide;
2-{methyl[(trans)-2-phenylcyclopropyl]amino}acetamide;
N-[2;(4-methylpiperazin- 1-yDethyl]-N-[(trans)-2-phenylcyclopropyl] amine;
N-cyclopropyl-N'-[(trans)-2-phenylcyclopropyl]ethane-1,2-diamine;
N,N-dimethyl-N'-(2- {[(trans)-2-phenylcyclopropyl]amino } ethyl)ethane-1,2-
diamine;
(3R)-1-(2- {[(trans)-2-phenylcyclopropyl]amino} ethyl)pyrrolidin-3-amine;
(3S)-N,N-dimethyl-1-(2- {[(trans)-2-phenylcyclopropyl}amino } ethyl)

pyrrolidin-3-amine;
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(3R)-N,N-dimethyl-1-(2- {[(trans)-2-phenylcyclopropyl]amino } ethyl)
pyrrolidin-3-amine;

N-[(trans)-2-phenylcyclopropyl]-N-(2-piperazin-1-ylethyl)amine;

N,N-diethyl-N'-[(trans)-2-phenylcyclopropyl]ethane-1,2-diamine;

N-[(trans)-2-phenylcyclopropyl]-N-(2-piperidin-1-ylethyl)amine;

(trans)-2-(4-(benzyloxy)phenyl)-N-(2-(4-methylpiperazin-1-yl)ethyl)
cyclopropanamine;

(trans)-N-(2-(4-methylpiperazin-1-yl)ethyl)-2-(3"-(trifluoromethyl)

_ biphenyl-4-yl)cyclopropanamine;

(trans)-2-(3'-chlorobiphenyl-4-y1)-N-(2-(4-methylpiperazin-1-yl)ethyl)
cyclopropanamine;
(R)-1-(2-((trans)-2-(3'~(trifluoromethyl)biphenyl-4-yl)cyclopropylamino)
ethyl)pyrrolidin-3-amine; and
N'-cyclopropyl-N*-((trans)-2-(3-(trifluoromethyl)biphenyl-4-yl)
cyclopropyl)ethane-1,2-diamine.
Specific examples of “cyclopropylamine” derivatives, include, but are not
limited to:
N-4-fluorobenzyl-N-{(trans)-2-[4-(benzyloxy)phenyl]cyclopropyl} amine,
N-4-methoxybenzyl-N-{(trans)-2-[4-(benzyloxy)phenyl]cyclopropyl} amine,
N-benzyl-N-{(trans)-2-[4-(benzyloxy)phenyl]cyclopropyl}amine,
N-[(trans)-2-phenylcyclopropyl]amino-methyl)pyridin-3-ol,
N-[(trans)-2-phenylcyclopropyl]-N-(3-methylpyridin-2-ylmethyl)amine,
N-[(trans)-2-phenylcyclopropyl]-N-(4-chloropyridin-3-ylmethyl)amine,
N-[(trans)-2-phenylcyclopropyl]-N-(4-trifluoromethylpyridin-3-ylmethyl)
amine,
N-(3-methoxybenzyl)-N-[(trans)-2-phenylcyclopropyl]amine,
N-[(trans)-2-phenylcyclopropyl]-N-(quinolin-4-ylmethyl)amine,
N-(2-fluorobenzyl)-N-[(trans)-2-phenylcyclopropyljamine,
N-(3-fluorobenzyl)-N-[(trans)-2-phenylcyclopropyl]amine,
N-[(trans)-2-phenylcyclopropyl]-N-(3,4-dichloro-1-phenylmethyl)amine,
N-[(trans)-2-phenylcyclopropyl]-N-(5-bromo-thiophen-2-ylmethyl)amine,
N-[(trans)-2-phenylcyclopropyl]-N-(3-bromo-thiophen-2-ylmethyl)amine,



WO 2011/106105 PCT/US2011/000369

10

15

20

25

30

-19 -

N-[(trans)-2-phenylcyclopropyl]-N-(thiophen-2-ylmethyl)amine,
N-[(trans)-2-phenylcyclopropyl]-N-(1,3-thiazol-2-ylmethyl)amine,
N-[(trans)-2-phenylcyclopropyl]-N-(3-methyl-pyridin-2-ylmethyl)amine,
N-[(trans)-2-phenylcyclopropyl]-N-(pyridin-4-ylmethyl)amine,
N-[(trans)-2-phenylcyclopropyi]-N-(pyridin-3-ylmethyl)amine,
N-[(trans)-2-phenylcyclopropyl]-N-(pyridin-2-ylmethyl)amine,
[(trans)-2-phenylcyclopropyl]-N-[4-(trifluoromethyl)benzyl]amine,
({[(trans)-2-phenylcyclopropyl}lamino} methyl)benzonitrile,
N-(4-fluorobenzyl)-N-[(trans)-2-phenylcyclopropyl]amine,
N-[(trans)-2-phenylcyclopropyl]-N-(3-bromo-pyridin-2-ylmethyl)amine,
N-4-cyanobenzyl-N-{(trans)-2-[4-(benzyloxy)phenyl]cyclopropyl } amine,
N-4-[(benzyloxy)-benzyl]-N-[(trans)-2-(4-phenyl)cyclopropyl]amine;
2-((trans)-2-(4-(4-cyanobenzyloxy)phenyl)cyclopropylamino)acetamide,
2-((trans)-2-(4-(3-cyanobenzyloxy)phenyl)cyclopropylamino)acetamide,
2-((trans)-2-(4-(benzyloxy)phenyl)cyclopropylamino)acetamide,
2-((trans)-2-(4-(4-fluorobenzyloxy)phenyl)cyclopropylamino)acetamide,
2-((trans)-2-(4-(3-fluorobenzyloxy)phenyl)cyclopropylamino)acetamide,
2-((trans)-2-(4-(3-chlorobenzyloxy)phenyl)cyclopropylamino)acetamide,
2-((trans)-2-(4-(4-chlorobenzyloxy)phenyl)cyclqpropylamino)acetamide,
2-((trans)-2-(4-(3-bromobenzyloxy)phenyl)cyclopropylamino)acetamide,
2-((trans)-2-(4-(3,5-difluorobenzyloxy)phenyl)cyclopropylamino)acetamide,
2-((trans)-2-(4-phenethoxyphenyl)cyclopropylamino)acetamide, ’
2-((trans)-2-(3'-(trifluoromethyl)biphenyl-4-yl)cyclopropylamino)

| acetamide, and 2-((trans)-2-(3'-chlorobiphenyl-4-yl)cyclopropylamino)acetamide,

Combination Treatments

The compounds of the invention, e.g., selective potent LSD1 inhibitors,
LSD1/MAO-B dual inhibitors, cyclopropylamineacetamide derivatives and
cyclopropylamine derivatives, can be administered in combination with other
pharmaceutical agents, preferably antiviral agents. Administered in combination
means that the different pharmaceutical agents are administered to the same patient.

The pharmaceutical agents can be administered at the same time (e.g., twice daily)
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or different times (one agent in the morning the other agent in the evening). The
pharmaceutical agents can be administered by the same (e.g., oral) or different
routes of administration (e.g., oral and topical).

In one embodiment, the present invention relates to a method of treating or
preventing viral infection in a host comprising administering to the host an effective
amount of first agent which is a potent selective LSD1 inhibitor or a LSD1/MAO-B
inhibitor in combination with a second agent or agents which are one or more
antiviral agents. In one aspect of this embodiment the one or more antiviral agents
are selected from the group consisting of acyclovir, famciclovir, ganciclovir,
foscarnet, cidofovir, fomivirsen, AZT, ddI, ddC, 3TC, and d4T. In one aspect, the
antiviral agent is chosen from acyclovir and famciclovir. In one aspect, the first
agent is a potent selective LSD1 inhibitor. In one aspect, the first agent is a
LSD1/MAO-B dual inhibitor.

In one embodiment, the present invention relates to a method of treating or
preventing viral infection in a host comprising administering to the host an effective
amount of a first agent which is a cyclopropylamine acetamide derivative or a
cyclopropylamine derivative in combination with a second agent which is one or
more antiviral agents. In one aspect of this embodiment the one or more antiviral
agents are selected from the group consisting of acyclovir, famciclovir, penciclovir,
ganciclovir, foscarnet, cidofovir, fomivirsen, AZT, ddI, ddC, 3TC, d4T, and
pharmaceutically acceptable derivatives and mixtures thereof. In one aspect, the
antiviral agent is chosen from acyclovir and famciclovir. In one aspect, the first
agent is a cyclopropylacetamide derivative. In one aspect, the first agent is a
cyclopropylamine derivative.

Antiviral and anti-HIV drugs include the non-nucleoside reverse
transcriptase inhibitors (e.g., etravine, efavirenz, delavirdine, nevirapene), the
nucleoside/nucleotide reverse transcriptase inhibitors (e.g., AZT, lamivudine,
emtricitabine, didanosine, tenofovir disoproxil, abacavir, stavudine), the protease
inhibitors (e.g., tipranavir, ritonavir, indinavir, daruavir, saquinavir, atazanavir,
lopinavir, nelfinavir, fosamprenavir), the CCR antagonists (e.g., maraviroc), fusion
inhibitors (e.g., enfuvirtide), integrase inhibitors (e.g., raltegravir) and fixed dose

combinations of these types of drugs.
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Route of Administration, Formulations and Dosages

For oral delivery, the active compounds can be incorporated into a
formulation that includes pharmaceutically acceptable carriers such as binders (e.g.,
gelatin, cellulose, gum tragacanth), excipients (e.g., starch, lactose), lubricants (e.g.,
magnesium stearate, silicon dioxide), disintegrating agents (e.g., alginate, Primogel,
and corn starch), and sweetening or flavoring agents (e.g., glucose, sucrose,
saccharin, methyl salicylate, and peppermint). The formulation can be orally
delivered in the form of enclosed gelatin capsules or compressed tablets. Capsules
and tablets can be prepared in any conventional techniques. The capsules and
tablets can also be coated with various coatings known in the art to modify the
flavors, tastes, colors, and shapes of the capsules and tablets. In addition, liquid
carriers such as fatty oil can also be included in capsules.

Suitable oral formulations can also be in the form of suspension, syrup,
chewing gum, wafer, elixir, and the like. If desired, conventional agents for
modifying flavors, tastes, colors, and shapes of the special forms can also be
included. In addition, for convenien‘t administration by enteral feeding tube in
patients unable to swallow, the active compounds can be dissolved in an acceptable
lipophilic vegetable oil vehicle such as olive oil, corn oil and safflower oil.

The active compounds can also be administered parenterally in the form of
solution or suspension, or in lyophilized form capable of conversion into a solution
or suspension form before use. In such formulations, diluents or pharmaceutically
acceptable carriers such as sterile water and physiological saline buffer can be used.
Other conventional solvents, pH buffers, stabilizers, anti-bacteria agents, surfactants,
and antioxidants can all be included. For example, useful components include
sodium chloride, acetates, citrates or phosphates buffers, glycerin, dextrose, fixed
oils, methyl parabens, polyethylene glycol, propylene glycol, sodium bisulfate,
benzyl alcohol, ascorbic acid, and the like. The parenteral formulations can be
stored in any conventional containers such as vials and ampoules.

Topical administration refers to administration to skin or a mucous
membrane. Routes of topical administration include skin, nasal, buccal, mucosal,

rectal, or vaginal applications. For topical administration, the active compounds can
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be formulated into lotions, creams, ointments, gels, powders, pastes, sprays,
suspensions, drops and aerosols. Thus, one or more thickening agents, humectants,
and stabilizing agents can be included in the formulations. Examples of such agents
include, but are not limited to, polyethylene glycol, sorbitol, xanthan gum,
petrolatum, beeswax, or mineral oil, lanolin, squalene, and the like. A special form
of topical administration is delivery by a transdermal patch. Methods for preparing
transdermal patches are disclosed, e.g., in Brown, et al. (1988) Ann. Rev. Med.
39:221-229 which is incorporated herein by reference. '

Subcutaneous implantation for sustained release of the active compounds
may also be a suitable route of administration. This entails surgical procedures for
implanting an active compound in any suitable formulation into a subcutaneous
space, e.g., beneath the anterior abdominal wall. See, e.g., Wilson et al. (1984) J.
Clin. Psych. 45:242-247. Hydrogels can be used as a carrier for the sustained
release of the active compounds. Hydrogels are generally known in the art. They
are typically made by cross-linking high molecular weight biocompatible polymers
into a network, which swells in water to form a gel like material. Preferably,
hydrogels are biodegradable or biosorbable. For purposes of this invention,
hydrogels made of polyethylene glycols, collagen, or poly(glycolic-co-L-lactic acid)
may be useful. See, e.g., Phillips et al. (1984) J. Pharmaceut. Sci., 73: 1718-1720.

Liposomes can also be used as carriers for the active compounds of the
present invention. Liposomes are micelles made of various lipids such as
cholesterol, phospholipids, fatty acids, and derivatives thereof. Various modified
lipids can also be used. Liposomes can reduce the toxicity of the active compounds,
and increase their stability. Methods for preparing liposomal suspensions containing
active ingredients therein are generally known in the art. See, e.g., U.S. Patent No.
4,522,811; Prescott, Ed., Methods in Cell Biology, Volume XIV, Academic Press,
New York, N. Y. (1976).

Prodrugs
The active compounds can also be conjugated, to a water soluble

non-immunogenic non-peptidic high molecular weight polymer to form a polymer

conjugate. For example, an active compound is covalently linked to polyethylene
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glycol to form a conjugate. Typically, such a conjugate exhibits improved
solubility, stability, and reduced toxicity and immunogenicity. Thus, when
administered to a patient, the active compound in the conjugate can have a longer
half-life in the body, and exhibit betier efficacy. See generally, Burnham (1994)
Am. J. Hosp. Pharm. 15:210-218. PEGylated proteins are currently being used in
protein replacement therapies and for other therapeutic uses. For example,
PEGylated interferon (PEG-INTRON A®) is clinically used for treating Hepatitis B.
PEGylated adenosine deaminase (ADAGEN®) is being used to treat severe
combined immunodeficiency disease (SCIDS). PEGylated L-asparaginase
(ONCAPSPAR®) is being used to treat acute lymphoblastic leukemia (ALL). It is
preferred that the covalent linkage between the polymer and the active compound
and/or the polymer itself is hydrolytically degradable under physiological
conditions. Such conjugates known as “prodrugs” can readily release the active
compound inside the body. Controlled release of an active compound can also be
achieved by incorporating the active ingredient into microcapsules, nanocapsules, or
hydrogels generally known in the art. Other pharmaceutically acceptable prodrugs
of the compounds of this invention include, but are not limited to, esters, carbonates,
thiocarbonates, N-acyl derivatives, N-acyloxyalkyl derivatives, quaternary
derivatives of tertiary amines, N-Mannich bases, Schiff bases, aminoacid conjugates,

phosphate esters, metal salts and sulfonate esters.

Definitions

As used herein, a “pharmaceutically acceptable salt” is intended to mean a
salt that retains the biological effectiveness of the free acids and bases of the
specified compound and that is not biologically or otherwise undesirable. A
compound for use in the invention may possess a sufficiently acidic, a sufficiently
basic, or both functional groups, and accordingly react with any of a number of
inorganic or organic bases, and inorganic and organic acids, to form a
pharmaceutically acceptable salt. Exemplary pharmaceutically acceptable salts
include those salts prepared by reaction of the compounds of the present invention
with a mineral or organic acid or an inorganic base, such as salts including sulfates,

pyrosulfates, bisulfates, sulfites, bisulfites, phosphates, monohydrophosphates,
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dihydrophosphates, metaphosphates, pyrophosphates, chlorides, bromides, iodides,
acetates, propionates, decanoates, caprylates, acrylates, formates, isobutyrates,
caproates, heptanoates, propiolates, oxalates, malonates, succinates, éuberates,
sebacates, fumarates, maleates, Butyne-1,4 dioates, hexyne-l,6-dioates, benzoates,
chlorobenzoates, methylbenzoates, dinitrobenzoates, hydroxybenzoates,
methoxybenzoates, phthalates, = sulfonates, xylenesulfonates, phenylacetates,
phenylpropionates, phenylbutyrates, citrates, lactates, gamma-hydroxybutyrates,
glycollates, tartrates, methane-sulfonates, propanesulfonates,
naphthalene-1-sulfonates, naphthalene-2-sulfonates, and mandelates.

As used herein, a “pharmaceutically acceptable carrier” refers to a non-API
(API refers to Active Pharmaceutical Ingredient) substances such as disintegrators,
binders, fillers, and lubricants used in formulating pharmaceutical products. They
are generally safe for administering to humans according to established
governmental staﬁdards, including those promulgated by the United States Food and
Drug Administration and the European Medical Agency.

The term “therapeutic effective amount” or “therapeutically effective
amount” 1s used throughout the specification to describe concentrations or amounts
of compounds according to the present invention which are therapeutically effective
in treating or preventing viruses according to the present invention.

The term “effective amount” shall mean an amount or concentration of a
compound according to the present invention which is effective within the context of
its administration or use, including, for example, the treatment or prevention of viral
infections.

A “host” may be considered a single cell, a tissue, an organ, or an individual
organism, such as a mammal. The mammal can be any mammal, such as a mammal
selected from the group consisting of a mouse, rat, guinea pig, hamster, cat, dog, pig,
cow, horse, and primate. In one embodiment, the mammal is a human.

A “‘viral infection” is present in a host when a virus replicates itself within
the host. A virus contains its own genetic material but uses the machinery of the
host to reproduce. The virus may reproduce immediately, whereby the resulting
virions destroy a host cell to attack additional cells. This process is the viral lytic

cycle. Alternatively, a virus may establish a quiescent infection in a host cell, lying
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dormant until environmental stimuli trigger re-entry into the lytic replication cycle.

Such re-emergence or re-entry into the lytic replication cycle is termed reactivation.
As used herein, Ki (IC50) values of the present inhibitors were estimated at

half of the maximum activity according to their ability to inhibit LSD1 and MAOs in

the biological assays as describe herein in the examples below.

Examples
Example 1:

Specific examples of potent selective inhibitors of LSD1 are, without
limitation:

Compound 1(A)

These examples (1(A) and 1(B)) are potent LSD1 selective inhibitors, the
compounds have Ki (IC50) values lower than 1 micromolar. For example,
compound 1(A) has a Ki value for LSD1 of between 1 to 100 nanomolar and for
MAO-A and MAO-B of greater than 40 micromolar, compound 1(B) has an Ki
value for LSD1 of between 1 to 100 nanomolar and for MAO-A and MAO-B of
greater than 30 micromolar. Thus the Ki values for these potent selective LSD1

inhibitors are more than 50-fold lower than the Ki values for MAO-B and MAQO-A.
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Example 2:
Specific examples of dual LSD1/MAO-B selective inhibitors are, without
limitation:
Compound 2(A)
H
‘v N /\/ N
H ; .
Compound 2(B)

N /\n/NHz
F o
\©/\o
F
Compound 2(C)
F/©/\

@)
O HCI

These LSD1/MAO-B dual inhibitors have Ki values for LSD1/MAO-B
about at least 10-fold lower than the Ki values for MAO-A. Compound 2(A) has a
Ki value for MAO-A of about 10 micromolar and the Ki values for MAO-B and
LSD1 are at least 10-20 fold lower, compound 2(B) has an Ki value for MAO-A of
between 20 to 30 micromolar and the Ki values for MAO-B and LSD1 are at least
10-20 fold lower, Compound 2(C) has an Ki value for MAO-A of greater than 40
micromolar and the Ki values for MAO-B and LSD1 at least 100 fold lower.
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Example 3:

To evaluate the compounds of 'the present invention against HSV-1 and
HSV-2 viruses, anti-HSV drug screening assay can be used for the primary analysis
of compounds.

The basic assay involves infection of Vero cells with HSV-1 or HSV-2 in the
presence of the compounds of the invention (e.g., selective potent LSD inhibitors,
dual LSD1/MAOB inhibitors, cyclopropylamine acetamide derivatives, or
cyclopropylamine derivatives) and appropriate controls. The ability of the
compounds to inhibit HSV-induced cell killing is measured five days post-infection
using the tetrazolium dye MTS (Cell Titer 96 Aqueous One Solution, Promega).
Mitochondrial enzymes of viable (surviving) cells convert MTS to a soluble, colored
formazan product. Quantitation of the amount of the formazan product present in
each well of the microtiter plate is determined spectrophotometrically at 490/650
nm. The toxicity of the test compounds to host cells can be measured concurrently
in the same microtiter plate. Data can be analyzed using a statistical software
program along with determinations of the efficacy (IC50), toxicity (TC50) and
selectivity (therapeutic index, TI) of the compounds. Standard Syncytia/Plaque

Reduction assays can be also suitable.

Example 4:

Repression of varicella zoster virus expression by compounds of the
invention (e.g., selective potent LSD inhibitors, dual LSD1/MAOB inhibitors,
cyclopropylamine acetamide derivatives, or cyclopropylamine derivatives) can be
examined by a standard plaque-reduction assay as is known to the skilled artisan see
e.g., Erazo et al. (2008) (J. Virol. 82:7653-7665) or Taylor et al. (2004) (J. Virol.
78:2853-2862).

Example 5:

Repression of Epstein-Barr virus (EBV) expression by compounds of the
invention (e.g., selective potent LSD inhibitors, dual LSD1/MAOB inhibitors,
cyclopropylamine acetamide derivatives, or cyclopropylamine derivatives) can be

done following the standard art-known procedures to identify inhibitors of EBV.
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One example of such an assay is a PCR-based assay. This assay is performed using
P3HRI1 cells, a cell line that is latently infected with EBV. Lytic virus replication
spontaneously occurs in approximately 5% of the cell population resulting in the
release of virus particles from the cells. P3HRI1 cells are incubated with compounds
for a period of six days. Supematant virus is collected and quantitated using
TagMan (PE Applied Biosystems) PCR methodology. Compound toxicity is

evaluated in parallel using MTS.

Example 6:

Inhibition of the a-herpesvirus re-activation cycle by compounds of the
invention.

Methods known to the skilled artisan can be used to test for inhibition of the
o-herpesvirus re-activation cycle by compounds of the invention. Latently infected
mice and trigeminal ganglia: Balb/c mice can be infected with 5 x 10° PFU HSV-I
per eye after corneal scarification. Latently infected mice are sacrificed 30 days post
clearance of the primary infection and trigeminal ganglia is rapidly explanted into
culture in the presence or absence of a compound of the invention (e.g., selective
potent LSD inhibitors, dual LSD1/MAOB inhibitors, cyclopropylamine acetamide
derivatives, or cyclopropylamine derivatives) or control (DMSO or acyclovir). Post
explant incubation, the ganglia is homogenized and briefly sonicated. The
reactivated viral yield of each ganglia can be determined by titering the clarified

supernatant on Vero cells.

Example 7:

Repression of adenovirus (E1A) expression by compounds of the invention
(e.g., selective potent LSD inhibitors, dual LSDI/MAOB inhibitors,
cyclopropylamine acetamide derivatives, or cyclopropylamine derivatives) can be
demonstrated following the standard procedure of viral infection and treatment with
a compound of the invention: HeLa cells are treated with control DMSO or
compounds of the invention for 5 hours prior to infection with various amounts of
Adenovirus Type 5 for 2-4 hours. Equal amounts of infected cell lysates are
resolved by SDS-PAGE and Western blotted with anti-El A, anti-LSD 1, and anti-8
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tubulin antibodies. HEK293 and uninfected HeLa cell lysates represent EIA positive

and negative controls.

Example &:

Dose-dependent repression of adenovirus EIA expression by a compound of
the invention (e.g., selective potent LSD inhibitors, dual LSD1/MAOB inhibitors,
cyclopropylamine acetamide derivatives, or cyclopropylamine derivatives) can be
demonstrated with methods known to the skilled artisan. For example by treating
HeLa cells with control DMSO or various concentrations of a compound of the
invention for 5 hours prior to infection with adenovirus Type 5 for 2 hours. Equal
amounts of infected cell lysates are resolved by SDS-PAGE and Western blotted
with anti-El A, anti-@ Tubulin, and anti-TBP antibodies. |

Example 9: Biological Assays

The compounds of the invention can be tested for their ability to inhibit
LSD1. The ability of compounds inhibit LSD1 can be tested as follows. Human
recombinant LSD1 protein was purchased from BPS Bioscience Inc. In order to
monitor LSD1 enzymatic activity and/or its inhibition rate by our inhibitor(s) of
interest, di-methylated H3-K4 peptide (Millipore) was chosen as a substrate. The
demethylase activity was estimated, under aerobic conditions, by measuring the
release of H,O, produced during the catalytic process, using the Amplex® Red
peroxide/peroxidase-coupled assay kit (Invitrogen).

Briefly, a fixed amount of LSD1 was incubated on ice for 15 minutes, in the
absence and/or in the presence of various concentrations of inhibitor (e.g., from 0 to
75 uM, depending on the inhibitor strength). Tranylcypromine (Biomol.
International) was used as a control for inhibition. Within the experiment, each
concentration of inhibitor was tested in triplicate. After leaving the enzyme
interacting with the inhibitor, 12.5 uM of di-methylated H3-K4 peptide was add to
each reaction and the experiment was left for 1 hour at 37°C in the dark. The
enzymatic reactions were set up in a 50 mM sodium phosphate, pH 7.4 buffer. At
the end of the incubation, Amplex® Red reagent and horseradish peroxidase (HPR)

solution were added to the reaction according to the recommendations provided by
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the supplier (Invitrogen), and leaved to incubate for 30 extra minutes at room
temperature in the dark. A 1 pM H,O,; solution was used as a control of the kit
efficiency. The conversion of the Amplex® Red reagent to resorufin due to the
presence of H,O; in the assay, was monitored by fluorescence (excitation at 540 nm,
emission at 590 nm) using a microplate reader (Infinite 200, Tecan). Arbitrary units .
were used to measure level of H;O, produced in the absence and/or in the presence
of inhibitor.

The maximum demethylase activity of LSD1 was obtained in the absence of
inhibitor and corrected for background fluorescence in the absence of LSD1. The Ki
of each inhibitor was estimated at half of the maximum activity.

Parnate (2-trans phenylcyclopropylamine) was found to have a Ki of from
about 15 to 35 micromolar depending on the enzyme preparation. The studies show

that the compounds of the invention have unexpectedly potent LSD1 inhibition.

Example 10: Biological Assays - Monoamine Oxidase Assays for determining the
selectivity of the compounds of the invention for LSD1

Human recombinant monoamine oxidase proteins MAO-A and MAO-B
were purchased from Sigma Aldrich. MOAs catalyze the oxidative deamination of
1°, 2° and 3° amines. In order to monitor MAQO enzymatic activities and/or their
inhibition rate by inhibitor(s) of interest, a fluorescent-based (inhibitor)-screening
assay was set up. 3-(2-Aminophenyl)-3-oxopropamamine (kynuramine
dihydrobromide, Sigma Aldrich), a non fluorescent compound was chosen as a
substrate. Kynuramine is a non-specific substrate for both MAOs activities. While
undergoing oxidative deamination by MAO activities, kynuramine is converted into
4-hydroxyquinoline (4-HQ), a resulting fluorescent product.

The monoamine oxidase activity was estimated by measuring the conversion
of kynuramine into 4-hydroxyquinoline. Assays were conducted in 96-well black
plates with clear bottom (Comning) in a final volume of 100 pL. The assay buffer
was 100 mM HEPES, pH 7.5. Each experiment was performed in triplicate within
the same experiment. .

Briefly, a fixed amount of MAO (0.25 pg for MAO-A and 0.5 pg for

MAO-B) was incubated on ice for 15 minutes in the reaction buffer, in the absence
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and/or in the presence of various concentrations of inhibitor (e.g., from 0 to 50 uM,
depending on the inhibitor strength). Tranylcypromine (Biomol. International) was
used as a control for inhibition. ,

After leaving the enzyme(s) interacting with the inhibitor, 60 to 90 uM of
kynuramine was added to each reaction for MAO-B and MAO-A assay respectively,
and the reaction was left for 1 hour at 37°C in the dark. The oxidative deamination
of the substrate was stopped by adding 50 pL (v/v) of NaOH 2N. The conversion of
kynuramine to 4-hydroxyquinoline, was monitored by fluorescence (excitation at
320 nm, emission at 360 nm) using a microplate reader (Infinite 200, Tecan).
Arbitrary units were used to measure levels of fluorescence produced in the absence
and/or in the presence of inhibitor.

The maximum of oxidative deamination activity was obtained by measuring
the amount of 4-hydroxyquinoline formed from kynuramine deamination in the
absence of inhibitor and corrected for background fluorescence in the absence of

MAO enzymes. The Ki of each inhibitor was measure at Vmax/2.
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CLAIMS
What is claimed is:
1. A method of treating or preventing a viral infection, comprising

administering to a host a therapeutically effective amount of a selective potent LSD1
inhibitor or a LSD1/MAO-B dual inhibitor or a pharmaceutically acceptable salt

thereof.

2. A method of treating or preventing reactivation of a virus after
latency in a host comprising administering a therapeutically effective amount of a
potent LSD1 inhibitor or a LSD1/MAO-B dual inhibitor or a pharmaceutically

acceptable salt thereof.

3. A method of treating or preventing viral infections in a mammal that
has undergone, is undergoing or will undergo an organ or tissue transplant
comprising administering a therapeutically effective amount of a potent LSDI1
inhibitor or a LSD1/MAO-B dual inhibitor or a pharmaceutically acceptable salt

thereof.

4, The method of one of claims 1, 2 or 3, wherein the potent LSDI1
inhibitor or LSD1/MAO-B dual inhibitor is a cyclopropylamine acetamide

derivative or a cyclopropylamine derivative.

5. The method of one of claims 1, 2, 3 or 4, wherein the antiviral

compound is administered with a pharmaceutically acceptable carrier.

6. The method of one of claims 1, 2, 3 or 4 or a pharmaceutically
acceptable solvate thereof, alone or in association with other active principles, in the
manufacture of a medicament useful for the treatment or prevention of viral

infections.
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7. The method of one of claims 1, 2, 3 or 4, wherein the host is a
mammal.
8. The method of claim 7, wherein the host is a human.
9. The method of one of claims 1, 2, 3 or 4, wherein the viral infection

is caused by herpesvirus, adenovirus, human papilloma virus, parvovirus B19,
smallpox virus, vaccinia virus, hepatitis B virus, polyoma virus, JC virus and

transfusion transmitted virus.

10. The method of one of claims 1, 2, 3 or 4, wherein the viral infection

is caused by a herpesvirus or adenovirus.

11. The method of one of claims 1, 2, 3 or 4, alone or in combination
with one or more additional antiviral compounds, in the manufacture of a

medicament useful for the treatment or prevention of viral infection.

12. The method of one of claims 1, 2, 3 or 4, wherein the virus or viral

infection is HSV1 or HSV1 infection.

13. The method of one of claims 1, 2, 3 or 4, wherein the virus or viral

infection is HSV2 or HSV2 infection.

14. The method of one of claims 1, 2, 3 or 4, wherein the virus or viral

infection is EBV or an EBV infection.

15. The method of one of claims 1, 2, 3 or 4, wherein the virus or viral

infection is VZV or a VZV infection.

16. The method of one of claims 1, 2, 3 or 4, wherein the virus or viral

infection is CMV or a CMYV infection.
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17. The method of one of claims 1, 2, 3 or 4, wherein the virus or viral

infection is an adenovirus or adenovirus infection.

18. A method of treating HIV in an individual co-infected with a herpes

- simplex virus 2 comprising identifying an individual having HIV and co-infected

with herpes simplex virus 2 and administering to said individual a compound
selected from a selective potent LSD1 inhibitor, a dual LSD1/MAO-B inhibitor, a
cyclopropyiacetamide derivative, and a cyclopropylamine derivative, thereby

treating HIV.

19. The method of claim 17, wherein the individual i1s administered one
or more additional antiviral drugs wherein said one or more additional antiviral -

drugs is suitable for treating HIV.
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