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DESCRIPTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority benefit of U.S. Provisional Patent Application Serial No.
61/322,378, filed April 9, 2010.

GOVERNMENT RIGHTS STATEMENT

[0002] This invention was made with Government support under grant numbers HL085580
and HL072523 awarded by the National Heart, Lung, and Blood Institute of the National
Institutes of Health. The Government has certain rights in the invention.

FIELD OF THE INVENTION

[0003] The present invention relates to small molecule inhibitors of SHIP and therapeutic uses
of these inhibitors.

BACKGROUND OF THE INVENTION

[0004] Src homology 2 domain-containing inositol 5-phosphatase 1 (SHIP-1 or SHIP1) is a
cytosolic protein that has been found to control the intracellular level of the phosphoinositide 3-
kinase product phosphotidylinositol-3,4,5-trisphosphate and function as a negative regulator of
cytokine and immune receptor signaling. Using various genetic models, it has been shown that
SHIP1 deficient hosts are permissive for engraftment of major histocompatibility complex
(MHC) mismatched bone marrow (BM) grafts, exhibit reduced GVHD post-transplant and
delayed rejection of vascularized allogeneic heart grafts (Refs. 1-5). In addition, SHIP1
deficiency profoundly increases myeloid immunoregulatory (MIR) cell numbers and their
function and granulocyte numbers (Refs. 2, 4, 6-8). These studies suggest that SHIP1 could be
targeted to facilitate increase granulocyte/neutrophil numbers during infection or to reduce the
severity and incidence of deleterious allogeneic T cell responses in bone marrow and organ
transplantation (Ref. 5).

[0005] SHIP1, SHIP2 and PTEN are commonly viewed as opposing the activity of the PI3K/Akt
signaling axis that promotes survival of cancer cells and tumors. However, the enzymatic
activities of these inositol phosphatases are quite distinct in that the 3'-polyphosphatase activity
of PTEN reverses the PI3K reaction to generate PI1(4,5)P, from PI(3,4,5)P3, while the 5'-poly-

phosphatase activity of SHIP1/2 converts PI(3,4,5)P3 to PI(3,4)P2. This distinction is potentially
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crucial as it might enable SHIP1/2 and PTEN to have distinctly different effects on Akt signaling.
The PH domain of Akt binds with greater affinity to the SHIP1/2 product PI(3,4)P> leading to

more potent activation of Akt than the direct product of PI3K, PI(3,4,5)P3 (Ref. 9). Thus, SHIP1,

which is expressed in most blood cell malignancies, might actually contribute to their growth
and survival. Consistent with this hypothesis, PI(3,4)P> levels are increased in leukemia cells

(Ref. 10) and increased levels of PI(3,4)P, promote the transformation and tumorigenicity of

mouse embryonic fibroblasts (MEF) (Ref. 11).

[0006] To date the molecular structure of SHIP1 has not been determined and thus a rational
design approach to develop SHIP1 inhibitors has not been feasible. Thus, High-Throughput
Screening (HTS) tests have been used to identify compounds that can inhibit the enzymatic
activity of SHIP1. However, there is a need for SHIP1 selective inhibitors that are capable of
increasing granulocyte and MIR cell production in vivo and promoting apoptosis of blood cell
cancers.

Nikolaropoulous S et al., "formation of acetamido azasteroid", Journal of Heterocyclic
Chemistry, Wily-Blackwell Publishing, Inc, US, vol. 27, no. 7, 1990 pages 1997-1999 is a
journal article into the synthesis of acetoamido-aza-steroids. It discloses various 3-acetamido-
S5a-androstan-17-one oximes.

Cowell D B et al. "Bromo, chloro and amino derivatives of 5.alpha.-androstane and 5.alpha-
estrane", Journal of the Chemical society, Perkin transactions, vol. 1974, no. 13, pages 1505-
1513, is a study into the magnetic anisotropy and electric field calculations of 5a-androstane
and So-oestrane.

Ahmad Wasi et al., "Synthesis of facial amphiphile 3,7-diamino-5.alpha.-cholestane derivatives
as a molecular receptor”, bulletin of the korean chemical society, vol. 30, no. 9, pages 2101 -
2106, is a study into the synthesis of 3,7-diamino-5a-cholestane derivatives and their use as
molecule receptors.

COSME G F et al, "Aminoselenenylation of Alkenes: Syntheses of p-Phenylseleno
Carbamates and p-Phenylseleno Cyanamides", Journal of The Chemical Society, no. 9, pages
2417 - 2427, is a journal article into the synthesis of B-phenylseleno carbamates and [3-
phenylseleno cyanamides.

Howard e. Smith et al., "Optically active amines. 30. Application of the salicylidenimino chirality
rule to aliphatic and alicyclic amines”, The Journal of Organic Chemistry, vol. 47, no. 13, pages
2525 - 2531, is a study into the synthesis of optically active amines. Kurt Ponsold et al.,
"Darstellung und Ringoffnungsreaktionen der epirneren 2.3- Imino-cholestane”, Chemische
Berichte, vol. 99, no. §, pages 1502 - 1508, is a study into the preparation and ring-opening
reactions of the epimers of 2,3-imino cholestanes. Akira Yagi et al., "Synthesis of C-3 ureido
steroids”, The Journal of Organic Chemistry, vol. 32, no. 3, pages 713 - 718, is a study into the
synthesis of C-3 ureido steroids. Keun Jang et al., "Synthesis of 9-Anthryl Ethers from trans-
9,10-Dihydro-9,10-dimethoxy-anthracene by Acid-Catalyzed Transetherification", vol. 2009, no.
10, pages 1703 - 1707, synthesises various 9-Anthryl Ethers.

Harwood Simon M et al., "The synthesis of 3.alpha.-/3.beta.- cholesteryl and cholestanyl esters
and ethers - an assessment of their mesogenicity", molecular crystals and liquid crystals
science and technology. Section a. Molecular crystals and liquid crystals; proceedings of the
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17th international liquid crystal conference : strasbourg, france, july 19 - 24, 1998, gordon and
breach publishers, vol. 332, is a study into to the synthesis of 3a-/3B-cholesteryl and
cholestanyl esters and ethers.

Vill Volkmar et al., "Liquid crystalline cholestanyl and cholesteryl ether lipids", Molecular
Crystals And Liquid Crystals Science And Technology. Section A. Molecular Crystals And Liquid
Crystals, Gordon And Breach Publishers, vol. 250, pages 73 - 83, relates to the synthesis of
liquid crystalline cholestanyl and cholesteryl ether lipids.

Maghar S Manhas et al., "Steroids. Part X.1 A Convenient Synthesis of Alkyl Aryl Ethers",
Journal of The Chemical Society, Perkin Transactions 1: Organic And Bio-Organic Chemistry,
no. 5, pages 461 - 463, provides various synthesises of alkyl aryl ethers.

Zheng Zhi Wu et al, "Organic photochemistry. Part 94. Triethylamine-photosensitized
reduction of a ketone via a chemical sensitization mechanism", Journal of The American
Chemical Society, vol. 114, no. 5, pages 1812 - 1816, to the triethylamine-photosensitized
reduction of a ketone.

Annis D Allen et al., "Inhibitors of the lipid phosphatase SHIP2 discovered by high throughput
affinity selection-mass spectrometry screening of combinatorial libraries", Combinatorial
Chemistry And High Throughput Screening, Bentham Science Publishers, vol. 12, no. 8, pages
760 - 771, discloses various SHIP2 inhibitors for the treatment of Type 2 diabetes.

A Suwa et al., "Discovery and functional characterization of a novel small molecule inhibitor of
the intracellular phosphatase, SHIP2", British Journal of Pharmacology, vol. 158, no. 3, pages

879 - 887, discloses the below compound as a SHIP2 inhibitor:

A i

g

[0007] The present invention is directed to overcoming these and other deficiencies in the art.

SUMMARY OF THE INVENTION

[0008] In one aspect, the present invention relates to a pharmaceutical composition
comprising:

a SHIP inhibitor compounds of the formula (I), and pharmaceutically acceptable salts thereof,
and

a pharmaceutically acceptable carrier, where formula (l) is as follows:
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M
wherein the groups R', R R3, R4 RS R'3 X' and X2 are as hereinafter defined below.

[0009] The "SHIP inhibitor compounds" of the present invention are also referred to herein as
"SHIP inhibitors," "SHIP1 inhibitors," "SHIP1 inhibitor compounds," and the like.

[0010] R3 is hydrogen, substituted or unsubstituted amino, C1-Cy4 alkyl, C4-C4 haloalkyl, or C4-

C4 alkenyl. In one embodiment, both R3and R'3 are hydrogen.

[0011] R* is hydrogen, substituted or unsubstituted amino, C4-C4 alkyl, or benzyl. In one

embodiment, R% is hydrogen.

[0012] R® represents one hydrogen atom together with an alkyl group. In one embodiment,
alkyl group is 1, 5-dimethylhexyl.

[0013] X' is selected from the group consisting of hydrogen, mercapto alkylthio, arylthio,
alkylcarbonamido, arylcarbonamido, aryloxycarbonamido, arylsulfonamido, (C4-C4

alkyl)carbonyloxy, (C1-C4 alkoxy)carbonyloxy, aryloxycarbonyloxy, a secondary or tertiary
amino group that includes at least one C4-C4 alkyl, C5-Cg cycloalkyl, aryl, or heterocyclic
substituent, or combinations thereof, unsubstituted amino, and aminoalkyl, with the proviso that
X' cannot be a primary amino group when: R' and R? are each methyl, X2, R3 R4 and R'3 are
each hydrogen; and R® represents one hydrogen atom together with a 1, 5-dimethylhexyl alkyl
group.

[0014] X! may further be selected from the group consisting of a secondary and tertiary amino
groups that include at least one C4-Cy4 alkyl, C5-Cg cycloalkyl, aryl, or heterocyclic substituent,

or combinations thereof. In one embodiment, the secondary or tertiary amino group contains at
least one C1-C4 alkyl moiety, which may be further substituted.

[0015] X! may further be an amino group, except when: R' and R? are each methyl; X2 R3,

R4 and R'3 are each hydrogen; and R® represents one hydrogen atom together with an alkyl
group, where the alkyl group is 1, 5-dimethylhexyl alkyl group.
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[0016] Each X2 represents two hydrogen atoms.

[0017] In another aspect, the present invention relates to a pharmaceutical composition for
use in inhibiting SHIP1 protein in a subject in need thereof comprising:

a SHIP inhibitor compound of formula (), or a pharmaceutically acceptable salt thereof; and
a pharmaceutically acceptable carrier;

wherein formula (1) is as follows:

wherein
R'is a straight chain C4-C, alkyl or C4-C4 haloalkyl;
RZis hydrogen, methyl, or halomethyl,

R3 is hydrogen, substituted or unsubstituted amino, C1-C4 alkyl, C4-C4 haloalkyl, or C1-Cq4

alkenyl,

R% is hydrogen, hydroxy, substituted or unsubstituted amino, C1-Cy alkyl, or benzyl;

RS represents a divalent oxo atom, or two hydrogen atoms, or one hydrogen atom together
with an alkyl group;

R'3 s either absent or hydrogen;

X' is selected from the group consisting of hydrogen, hydroxy, mercapto, alkoxy, aryloxy,
alkylthio, arylthio, alkylcarbonamido, alkoxycarbonamido,-arylcarbonamido,
aryloxycarbonamido, alkylsulfonamido, arylsulfonamido, -substituted or unsubstituted amino,
and aminoalkyl; and

each X2 individually represents a divalent oxo atom or two hydrogen atoms;

with the proviso that X' cannot be a primary amino group when: R' and R? are each methy!;

X2, R3, R4 and R'3 are each hydrogen; and R® represents one hydrogen atom together with a
1, 5-dimethylhexyl alkyl group.
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In a further aspect, the pharmaceutical composition is for use in a method of treating graft
versus host disease in a subject. This includes the step of administering a SHIP1 inhibitor of
the present invention to a subject in need of treatment.

[0018] In a further aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of inhibiting a SHIP1 protein in a cell. The method
includes the step of contacting the cell containing a SHIP1 protein with a SHIP1 inhibitor of the
present invention.

[0019] In yet another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of selectively inhibiting a SHIP1 protein in a cell. The
method includes the step of contacting the cell containing a SHIP1 protein with a SHIP1
inhibitor of the present invention, wherein the SHIP1 inhibitor of the present invention is
provided in an amount effective to inhibit SHIP1 but not to inhibit SHIP2 or PTEN.

[0020] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method for treating or preventing graft-versus-host disease
(GVHD) in a recipient of an organ or tissue transplant. The method includes the step of
administering to the transplant recipient a SHIP inhibitor of the present invention in a
pharmaceutically effective amount after the transplantation. In certain embodiments the step of
administering the SHIP1 inhibitor is performed prior to the organ or tissue transplant.

[0021] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of modulating SHIP activity in a cell expressing SHIP1 or
SHIP2. The method includes the step of contacting the cell with at least one SHIP inhibitor of
the present invention. In a particular embodiment, the SHIP modulation is used to prevent at
least one disease selected from the group consisting of autoimmune disease, graft-versus-host
disease, and solid organ graft rejection, dietary-induced obesity, tumor cell growth. The
modulated SHIP can be SHIP1 or SHIP2. In another embodiment, the SHIP modulation is used
to prevent dietary-induced obesity. In further embodiments, the SHIP modulation can be used
to modulate cell numbers and functions of cells selected from the group consisting of
hematopoietic stem cells, NK cells, Treg cells, and myeloid derived suppressor cells. The Treg
cells are naive FoxP3+ T cells. In still further embodiments, the SHIP modulation is used to
convert naive/effector CD4+ T cells into immunoregulatory cells. In further embodiments, the
SHIP modulation can be used to facilitate engraftment of cells selected from the group
consisting of allogenic bone marrow stem cells, hematopoietic stem cells, pluripotent stem
cells, IPS, and derivatives thereof.

[0022] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in method of ex vivo or in vitro treatment of transplants. The method
can include the steps of isolating blood derived cells, bone marrow transplants, or organ
transplants and contacting the isolated blood derived cells, bone marrow transplants, or organ
transplants with a SHIP inhibitor of the present invention. The treatment of transplants serves
to inactivate T-lymphocytes contained in the sample.
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[0023] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of inhibiting tumor growth and metastasis in a subject.
The method includes the step of administering to the subject one or more SHIP inhibitors of the
present invention.

[0024] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of treating a hematologic malignancy in a subject. The
method includes the step of administering to the subject one or more SHIP inhibitors of the
present invention. The hematologic malignancy can be a leukemia, lymphoma, multiple
myeloma, myelodysplastic syndrome (MDS), myeloproliferative disease (MPD) or MDS/MPD
diseases. In certain embodiments the leukemia is acute lymphoblastic leukemia, acute
myelogenous leukemia, chronic myelogenous leukemia, or chronic lymphocytic leukemia. In
certain embodiments the lymphoma is Hodgkin's disease, small lymphocytic lymphoma, diffuse
large B-cell lymphoma, follicular lymphoma, mantle cell lymphoma, hairy cell leukemia,
marginal zone lymphoma, Burkitt's lymphoma, Post-transplant lymphoproliferative disorder, T-
cell pro Ilymphocytic leukemia, B-cell prolymphocytic leukemia, Waldenstrom's
macroglobulinemiallymphoplasmacytic lymphoma, orother NK- or T-cell lymphomas. In certain
embodiments the myeloproliferative disease is polycythemia vera, essential thrombocytosis or
myelofibrosis. In certain embodiments the MDS/MPD disease is chronic myelomonocytic
leukemia, juvenile myelomonocytic leukemia, and atypical chronic myeloid leukemia.

[0025] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of inducing apoptosis of multiple myeloma cells. The
method includes the step of contacting the cells with one or more SHIP inhibitors of the preset
invention.

[0026] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of treating multiple myeloma in a subject. The method
includes the step of administering to the subject one or more SHIP inhibitors of the present
invention.

[0027] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of inhibiting the proliferation of a human breast cancer
cell. The method includes the step of contacting the cell with one or more SHIP inhibitors of the
present invention.

[0028] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of treating breast cancer in a subject. The method
includes the step of administering to the subject one or more SHIP inhibitors of the present
invention.

[0029] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of treating myelosuppression in a subject. This method
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includes the step of administering to the subject one or more SHIP1 inhibitor compound of the
present invention under conditions effective to treat myelosuppression in the subject.

[0030] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of treating anemia in a subject. This method includes the
step of administering to the subject one or more SHIP1 inhibitor compound of the present
invention under conditions effective to treat anemia in the subject.

[0031] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of increasing platelets in a subject. This method includes
the step of administering to the subject one or more SHIP1 inhibitor compound of the present
invention under conditions effective to increase platelets in the subject.

[0032] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of aiding recovery of a subject who has undergone a
bone marrow transplant. This method includes the step of administering to the subject one or
more SHIP1 inhibitor compound of the present invention under conditions effective to increase
production in the subject of blood cell components, thereby aiding the post-bone marrow
transplant recovery of the subject. This method can be used to aid the recovery of subjects
who have undergone an autologous bone marrow transplant or an allogenic bone marrow
transplant. In one embodiment, this method can further include administering at least one
growth factor to the subject along with the one or more SHIP1 inhibitor compound.

[0033] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of enhancing blood stem cell harvest from a subject.
This method includes the step of administering to the subject one or more SHIP1 inhibitor
compound of the present invention under conditions effective to mobilize stem cells in the
subject from the bone marrow to the blood.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034]

Figure 1 shows the results of a SHIP1 malachite phosphatase assay. Lack of green color
indicates inhibition for the amide and the hydrochloride, while the ethylamine is a poor inhibitor

Figure 2 shows the results of a SHIP1 malachite phosphatase assay. Lack of green color
indicates inhibition.

Figure 3 shows the results of a SHIP1 malachite phosphatase assay using a UV-Vis plate
reader. Absorbance is recorded at 620nm, smaller numbers indicate a lack of green color and
inhibition of the phosphatase.

Figure 4 shows the results of a SHIP1 malachite phosphatase assay using a UV-Vis plate
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reader. Absorbance is recorded at 620nm, smaller numbers indicate a lack of green color and
inhibition of the phosphatase.

Figures 5A-5C illustrate results of potency studies regarding 3a-amino-5a-androstane
(3A5AS). The 3AC derivative, 3A5AS (FIG. 5A), is equally potent for inhibition of recombinant
SHIP1 activity in vitro as measured by a Malachite Green assay (see FIG 5B). However,
3A5AS is more potent for killing of blood cancer cells (C1498 leukemia cells) than the parent
compound 3AC as measured in the MTT assay for cell viability (see FIG. 5C).

Figures 6A-6D illustrate results relating to SHIP1 inhibitory activity of a 3AC derivative. As
shown by the results, a more soluble 3AC derivative retains SHIP1 inhibitory activity in vitro and
in vivo. FIG. 6A: Malachite Green assay for SHIP1 activity against PI(3,4,5)P3 substrate in the
presence of 3AC or 3A5AS. The "No SHIP" column indicates background absorbance when the
assay is carried out with PIP3 substrate in the absence of recombinant SHIP1. FIG. 6B: MTT
assay of C1498 leukemia growth in the presence of 3AC and 3A5AS at the indicated
concentrations. FIG. 6C: Examples of MIR cell induction in 3AC- and 3A5AS-treated mice as
compared to a vehicle control. FIG. 6D: Bar graphs and statistical analysis of MIR cell numbers

in the indicated treatment groups (**, p<0.01; NS, not significant). [Noto bene: DRV-IV-26 =
3A5AS]

DETAILED DESCRIPTION OF THE INVENTION

[0035] The present invention relates to a pharmaceutical composition comprising a SHIP
inhibitor compounds of the formula (1), and pharmaceutically acceptable salts thereof, and

a pharmaceutically acceptable carrier,

where formula (1) is as follows:

wherein the groups R, R2, R3, R4, R®, R13, X', and X2 are as hereinafter defined.

[0036] The "SHIP inhibitor compounds" of the present invention are also referred to herein as
"SHIP inhibitors," "SHIP1 inhibitors," "SHIP1 inhibitor compounds,” and the like. In one
embodiment, the SHIP inhibitor compounds of the present invention are selective inhibitors of
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SHIP1.

[0037] R'is a straight chain C4-C4 alkyl or C1-C4 haloalkyl. In one embodiment, R is methyl.

[0038] R2 is hydrogen, methyl, or halomethyl. In one embodiment, R? is methyl.

[0039] R3 is hydrogen, substituted or unsubstituted amino, C1-Cy4 alkyl, C4-C4 haloalkyl, or C4-

C4 alkenyl. In one embodiment, both R3and R'3 are hydrogen.

[0040] R* is hydrogen, substituted or unsubstituted amino, C4-C4 alkyl, or benzyl. In one

embodiment, R4 is hydrogen.

[0041] RS represents one hydrogen atom together with an alkyl group. In one embodiment,
alkyl group is 1, 5-dimethylhexyl.

[0042] X is selected from the group consisting of X! is selected from the group consisting of
hydrogen, mercapto alkylthio, arylthio, alkylcarbonamido, arylcarbonamido,
aryloxycarbonamido, arylsulfonamido, (C¢-C4 alkyl)carbonyloxy, (C¢-C4 alkoxy)carbonyloxy,

aryloxycarbonyloxy, a secondary or tertiary amino group that includes at least one C¢-C4 alkyl,
Cs-Cg cycloalkyl, aryl, or heterocyclic substituent, or combinations thereof, unsubstituted

amino, and aminoalkyl.

[0043] X! may further be selected from the group consisting of a secondary and tertiary amino
groups that include at least one C1-Cy4 alkyl, C5-Cg cycloalkyl, aryl, or heterocyclic substituent,
or combinations thereof. In one embodiment, the secondary or tertiary amino group contains at
least one C1-C4 alkyl moiety, which may be further substituted.

[0044] X! may further be an amino group, except when: R' and R? are each methyl; X2 R3,

R%, and R'3 are each hydrogen; and R® represents one hydrogen atom together with an alkyl
group, where the alkyl group is 1, 5-dimethylhexyl alkyl group.

[0045] Each X2 is independently defined to represent two hydrogen atoms. In one

embodiment, each X2 represents two hydrogen atoms.

[0046] The compounds of the present invention, as will be appreciated by one skilled in the art,
possess several potential chiral carbon atoms. As a consequence of these chiral centers, the
compounds of the present invention may occur as racemates, racemic mixtures, individual
diastereomers and substantially pure isomers. All asymmetric forms, individual isomers, and
combinations thereof, are within the scope of the present invention.
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[0047] Throughout this specification, the terms and substituents retain their definitions. Below
are particular definitions of terms used herein.

[0048] The term "alkyl" by itself or as part of another substituent means, unless otherwise
stated, a straight or branched chain hydrocarbon radical having the stated number of carbon
atoms and includes straight or branch chain groups such as methyl, ethyl, n-propyl, isopropyl,
n-butyl, t-butyl, isobutyl, sec-butyl, and higher homologs and isomers such as n-pentyl, n-hexyl,
2-methylpentyl, 1,5-dimethylhexyl, 1-methyl-4-isopropyl, hexyl and the like. A divalent radical
derived from an alkane is exemplified by -CHoCHoCHoCH>-. A divalent radical derived from an
alkene is exemplified by -CH=CH-CHo-.

[0049] The term "alkenyl", employed alone or in combination with other terms, means a
straight chain or branched monounsaturated hydrocarbon group having the stated number of
carbon atoms, such as, for example, vinyl, propenyl (allyl), crotyl, isopentenyl, and the various
butenyl isomers.

[0050] Alkyl and alkenyl groups may include substituents selected from the group consisting of
halo, hydroxy, cyano, mercapto, -S(C4-C4 alkyl), amino, substituted amino, acetamido, carboxy,

trifluoromethyl, C1-C4 alkoxy, (C1-C4 alkoxy)carbonyl and aminocarbony!l.

[0051] The term "cycloalkyl" means an unsubstituted or substituted monovalent saturated
cyclic hydrocarbon radical having the stated number of carbon atoms, including, various
isomers of cyclopentyl and cyclohexyl. The term "cycloalkenyl" means an unsubstituted or
substituted monovalent monounsaturated cyclic hydrocarbon radical having the stated number
of carbon atoms, including, various isomers of cyclopentenyl and cyclohexenyl. The term
"cycloalkadienyl" means a monovalent diunsaturated cyclic radical having the stated number of
carbon atoms, including, the various isomers of cyclopentadienyl and cyclohexadienyl. The
substituents can be one or two of the same or different substituents selected from halo,
hydroxy, cyano, mercapto, -S(C1-C4 alkyl), amino, substituted amino, acetamido, carboxy,

trifluoromethyl, C1-C4 alkoxy, (C1-C4 alkoxy)carbonyl and aminocarbonyl.

[0052] The dotted lines between the 4,5 and 5,6 positions represent the presence or absence
of an additional bond; that is, an unsaturation. Only one unsaturation can be present at any

one time. The 5 position hydrogen atom and R'3 shown in Formula (I) will, of course, be
absent when an unsaturation is present.

[0053] The term "aryl" means an unsubstituted or substituted monovalent phenyl group. The
substituents may be independently selected from halo, -OH, -SH, -S(C1-C4) alkyl), C¢-Cs alkyl,

C1-Cs alkoxy, carboxy, (C4-C4 alkoxy)carbonyl, aminocarbonyl, C4-C4 alkylaminocarbonyl,
amino, acetamido, C4-Cy4 alkylamino, di(C4-Cy4 alkyl)amino or a group - (CHz)q-R where q is 1,
2, 3, or 4 and R is hydroxy, C1-C4 alkoxy, carboxy, C1-C4 alkoxycarbonyl, amino,

aminocarbonyl, C1-C4 alkylamino or di(C1-C4 alkyl)amino.
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[0054] The term "benzyl" means a monovalent group in which a phenyl moiety is substituted
by a methylene group. The benzyl group may include further substituents on the phenyl
moiety.

[0055] The term "amino" means a group -NH,. The term, "substituted amino" means an amino
group where one or both amino hydrogens are independently replaced by a C4-C4 alkyl, Co-Cy4
alkenyl, Cs-Cg cycloalkyl, Cs-Cg cycloalkenyl, aryl, benzyl, or a group -(CH2)q-R where q is 1, 2,
3, or 4 and R is hydroxy, C4-C4 alkoxy, carboxy, C¢-C4 alkoxycarbonyl, amino, aminocarbonyl,

C4-C4 alkylamino or di(C1-C4 alkyl)amino.

[0056] The term "alkylcarbonamido" means a group (C¢-C4 alkyl)C(O)N(R)-, where R
represents H or C4-C4 alkyl. More specifically, the term "acetamido" means a group
CH3C(O)NH-. The term "arylcarbonamido" means a group (aryl)C(O)N(R)-, where R
represents H or C4-C4 alkyl. The term "aminocarbonamido" means a group R'R"NC(O)N(R)-,
where R represents H or C1-C4 alkyl, and R' and R" independently represent H, C4-Cy4 alkyl,
Cs-Cg cycloalkyl, aryl, or heterocyclic.

[0057] The term "alkylsulfonamido" means a group (C1-C4 alkyl)SO2N(R)-, where R represents
H or Cq-C4 alkyl. The term "arylsulfonamido" means a group (aryl)SOoN(R)-, where R
represents H or C4-C4 alkyl. The term "aminosulfonamido" means a group R'R"NHSO,N(R)-,
where R represents H or C1-C4 alkyl, and R' and R" independently represent H, C4-Cy4 alkyl,
Cs-Cg cycloalkyl, aryl, or heterocyclic.

[0058] The term “alkylcarbonyloxy" means a group (C¢-C4 alkyl)C(O)O-. The term
"alkoxycarbonyloxy" means a group (C1-C4 alkyl)OC(O)O-. The term "arylcarbonyloxy" means

a group (aryl)C(O)O-. The term "aryloxycarbonyloxy" means a group (aryl)OC(O)O-. The term
"aminocarbonyloxy" means a group R'R"NC(O)O-, where R' and R" independently represent H,
C1-C4 alkyl, Cs5-Cg cycloalkyl, aryl, or heterocyclic.

[0059] The term "halo" means chloro, bromo, fluoro or iodo. The term "mercapto” means a
group -SH.

[0060] The term "heterocycle" means an unsubstituted or substituted stable 5- or 6-membered
monocyclic heterocyclic ring that consists of carbon atoms and from one to three heteroatoms
selected from the group consisting of N, O and S, and wherein the nitrogen and sulfur
heteroatoms may optionally be oxidized, and the nitrogen heteroatom may optionally be
quaternized. The heterocyclic ring may be attached, unless otherwise stated, at any
heteroatom or carbon atom that affords a stable structure. The heterocycle may be
unsubstituted or substituted with one or two substituents.

[0061] In one embodiment of the present invention, the compound of formula (I) is a
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compound of a formula as set forth below:
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and pharmaceutically acceptable salts thereof, wherein X = NR2, NRCOR, NHCONR2, OR, SR,

OCOR, OCONR2, or NHCNHNH2, and wherein R = H, alkyl, cycloalkyl, aryl, or benzyl.

[0062] The present invention provides a pharmaceutical composition as defined in claim 9 for
use in methods for prevention and clinical treatment of various forms of graft-versus-host
disease (GVHD) by using inhibitors of SH2-domain containing inositol phosphatase (SHIP). In
particular, novel formulations of SHIP inhibitors are provided for the treatment in order to
suppress T-lymphocyte mediated immune responses.

[0063] SHIP 1-deficiency has been linked to transplant tolerance in genetic studies.
Accordingly, molecular targeting of SHIP1 can be utilized to achieve similar effects, including an
increase in immunoregulatory capacity. The SHIP1 inhibitor compounds of the present
invention provide such molecular targeting. Treatment with the SHIP1 inhibitor compounds of
the present invention significantly expands the myeloid immunoregulatory cell compartment
and impairs the ability of peripheral lymphoid tissues to prime allogeneic T cell responses. In
addition, treatment with the SHIP1 inhibitor compounds of the present invention profoundly
increases granulocyte production without triggering the myeloid-associated lung consolidation

observed in SHIP1*" mice. It was also found that chemical inhibition of SHIP1 triggers
apoptosis of blood cancer cells. Thus, SHIP1 inhibitors of the present invention provide a novel
class of small molecules that have the potential to enhance allogeneic transplantation, boost
innate immunity, and improve the treatment of hematologic malignancies.
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[0064] SHIP is critical in cell-mediated allogeneic immune responses, and SHIP deficient hosts
do not support priming of allogeneic T cell responses. Targeting SHIP facilitates allogeneic
transplantation. It is also believed that the SHIP1 inhibitor compounds of the present invention
can also inhibit SHIP2, a potential molecular target in diabetes, but not PTEN. It is further
believed that the SHIP1 inhibitor compounds of the present invention can also inhibit the ability
of peripheral lymphoid tissues to prime allogeneic T cell responses in vitro. It is believed that
administration of the SHIP1 inhibitor compounds of the present invention expands the number
of both myeloid and T lymphoid immunoregulatory cells in secondary lymphoid tissues where
GvHD is primed and expands the number of NK cells in the periphery of models. Such results
demonstrate the enzymatic activity of SHIP is required for the priming of allogeneic T cells
responses.

[0065] The SHIP1 inhibitor compounds of the present invention described and identified herein
are believed to significantly inhibit the enzymatic activity of SHIP in solution. To further validate
that compounds identified in the solution based assay for SHIP activity are cell permeable and
can alter the immune system in a manner comparable to that observed in SHIP deficient mice,
the ability of some of the more potent SHIP inhibitors can be tested to inhibit priming of an
allogeneic T cell response in vitro and for the ability to expand immunoregulatory cell
populations and to abrogate GvHD. A potent inhibitor of SHIP in solution is also shown to inhibit
priming of an allogeneic T cell response as measured in an MHC-mismatched MLR and can
significantly expand the number of myeloid and T lymphoid immunoregulatory cells in
secondary lymphoid tissues.

[0066] That SHIP inhibitors identified via a HTS screen can impair priming of allogenic T cells
responses in vitro and can expand immunoregulatory cells in lymphoid tissues suggests that
chemical inhibition of SHIP activity could be utilized to facilitate allogeneic transplantation
procedures. Therefore, the SHIP1 inhibitor compounds of the present invention are useful to
enhance engraftment of allogeneic BM as Treg cells are known to not only combat GvHD, but
can also facilitate engraftment of donor BM in MHC-mismatched transplant settings. In
addition, expansion of myeloid derived suppressor cell (MDSC) and Treg cell numbers also
reduces the frequency that donor T cells are primed by host antigen presenting cells (APC) in
secondary lymphoid tissues and, thus reduces the incidence and severity of GvHD. As solid
organ graft responses by host T cells are also primed in secondary lymphoid tissues, and Treg
cells also facilitate solid organ graft acceptance, the SHIP inhibitors of the present invention will
prove useful for reducing organ graft rejection. As SHIP-deficient mice exhibit normal humoral
immunity and APC priming of T cell response to foreign antigens, the compounds described
herein spare normal adaptive immune function. Thus, they offer a more selective method to
dampen deleterious host and donor allogenic T cell responses without compromising adaptive
immune functions necessary to combat opportunistic pathogens that frequently infect
transplant patients undergoing conventional immunosuppressive therapies.

[0067] SHIP inhibition also prevents chemo-attraction of tumor cells to directed tissues in vivo.
SDF1 serves as a chemo-attractant to lure stem cells and tumor cells into tissue sites, referred
to as metastasis for tumor cells. There is very little or no SDF1/CXCL 12 produced in BM (bone
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marrow) or solid organs (e.g. spleen) in SHIP-deficient mice. Thus, SHIP inhibitors may be
administered to shut down or significantly reduce production of SDF1/CXCL 12 in tissues and
organs. The SHIP inhibitors are also useful to inhibit tumor growth and metastasis in solid
organs and tissues.

[0068] The present disclosure further describes the identification and initial in vivo
characterization of small molecule inhibitors of the SHIP1 enzyme. To validate that these
compounds are cell permeable and can alter the immune system in a manner comparable to
that observed in SHIP1 deficient mice, their ability to expand MIR cells and to consequently
inhibit priming of an allogeneic T cell response was tested. It is shown herein that chemical
inhibition of SHIP1 is capable of both. In addition, SHIP1 inhibition promotes a profound
increase in circulating granulocyte numbers and apoptosis of blood cancer cells.

[0069] It is also shown that administration of a SHIP1 inhibitor can expand immunoregulatory
cells in peripheral lymphoid tissues and suppress priming of allogeneic T cell responses.
Because allogeneic T cell responses that culminate in GvHD or solid organ graft rejection are
primed in peripheral lymphoid tissues, [Lafferty KJ, et al., Surg Clin North Am (1986)
66(6):1231-1253; Kosaka H, et al., J Exp Med (1992) 176(5):1291-1302; Shlomchik WD, et al.,
Science (1999) 285(5426):412-415] these results show that the SHIP inhibitor compounds of
the present invention can potentially be used to limit deleterious T cell responses that mediate
GvHD and organ graft rejection. Consistent with this, GvHD is reduced and cardiac graft
rejection delayed in adult mice rendered SHIP1-deficient [Paraiso KH, et al., J Immunol (2007)
178(5):2893-2900; Collazo MM, et al., Blood (2009) 113:2934-2944]. As SHIP 1-deficient mice
exhibit normal humoral immunity [Brauweiler A, et al., J Exp Mad (2000) 191(9):1545-1554; Liu
Q, et al.,, J Exp Med (1998) 188(7):1333-1342] and priming of T cell responses to naive
antigens [Ghansah T, et al.,, J Immunol (2004) 173(12):7324-7330], the SHIP1 inhibitor
described here, and potentially others, may not significantly compromise adaptive immune
function. Thus, the SHIP1 inhibitor compounds of the present invention offers a more selective
method to dampen deleterious host and donor allogeneic T cell responses without
compromising adaptive immune functions necessary to combat opportunistic pathogens that
can compromise the recovery and survival of transplant patients receiving state-of-the-art
immunosuppressive regimens.

[0070] Increased Akt signaling and survival in primary NK [Wang JW, et al., Science (2002)
295(5562):2094-2097] and myeloid cells [Liu A, et al, Genes & Development (1999)
13(7):786-791] isolated from SHIP1*" mice have been documented. However, there is also an
emerging role for the SHIP1/2 product PI(3,4)P, in promoting Akt activation [Franke TF, et al.,
Science (1997) 275(5300):665-668] and tumorigenicity. [lvetac I., et al., EMBO Rep (2009)
10(5):487-493] Thus, via generation of PI(3,4)P,, SHIP1/2 could amplify survival signals in
transformed or neoplastic cells by providing additional plasma membrane locations for
recruitment and activation of PH-domain containing kinases, such as Akt. Indeed, PI(3,4)P>

levels are found to be increased in leukemia cells. [Jain SK, et al., Blood (1996) 88(5):1542-
1550] Consistent with this hypothesis, it is shown that a SHIP1 selective inhibitor reduces Akt
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activation and promotes apoptosis of human blood cell cancers that express SHIP1. Thus,
SHIP1 inhibition can be used as an adjunct to other therapeutics to further decrease the
survival of hematologic malignancies. There will also be applications for SHIP1/2 inhibitors in
non-hematologic cancers as SHIP2 expression is increased in breast cancer and promotes
survival signals from EGF-R in these cells. [Prasad NK, et al., Tumour Bioi (2008)
29(5):330341; Prasad NK, et al., Carcinogenesis (2008) 29(1):25-34; Prasad NK, Int J Onool
(2009) 34(1):97-105]

[0071] Although treatment of mice with a SHIP1 selective inhibitor induced many of the same
myeloid phenotypes observed in mice that are genetically SHIP1-deficient, some key
deleterious effects associated with genetic SHIP1 deficiencies were notably absent.
Importantly, we did not to observe myeloid lung consolidation and pneumonia emerging in
inhibitor-treated mice. This could be fortuitous, since this pneumonia is the major pathology

that limits the lifespan of SHIP1* mice. [Helgason CD, et al. (1998) Genes & Development
12(11):1610-1620] Without wishing to be bound to a particular theory, there are several
reasons that chemical inhibition of SHIP1 enzymatic activity and germline SHIP1 deficiency do
not result in identical hematologic manifestations. In germline SHIP 1-deficient mice there is
complete loss of SHIP1 protein from the point of conception and, thus, the developmental
effects of SHIP1-deficiency may trigger some abnormalities that may not occur in the treatment
of adult mice with a SHIP1 inhibitor. Although it has been documented that several SHIP1

phenotypes are induced in MxCreSHIP11oXlox mice rendered SHIP 1-deficient as adults,
[Ghansah T, et al.,, J Immunol (2004) 173(12):7324-7330; Hazen AL, et al., Blood (2009)
113(13):2924-2933; Collazo MM, et al., Blood (2009) 113:2934-2944] these mice have not
been examined for lung pathology. Another possible explanation for the difference between
chemical and genetic ablation of SHIP1 function is that a SHIP1 null mutation results in the
absence of SHIP1 protein. The absence of SHIP1 protein has the potential to permit
inappropriate activities by other signaling proteins that assume its place in cell signaling

complexes. In fact, this is known to occur in SHIP1*" NK cells, as loss of SHIP1 expression
leads to inappropriate recruitment of SHP1 to the 2B4 SLAM family receptor converting this
receptor from activating mode to a dominant inhibitory mode. [Wahle JA, et al., J Immunol
(2007) 179(12):8009-8015] It is possible then that the myeloid lung consolidation observed in

SHIP1*" mice also results from inappropriate activity by another signaling protein that fills the
void left by the absence of SHIP1 protein. Further analysis of these questions could provide
mechanistic insights into the role that SHIP1 plays in alveolar macrophage biology.

[0072] In addition to the above effects relevant to allogeneic transplantation, SHIP1 inhibitors
will also offer benefits to cancer patients. For instance, a SHIP1 inhibitor could be used to
enhance granulocyte recovery after autologous BMT or high dose chemo/radiotherapy that
frequently compromises granulocyte production and function. Granulocytes serve as the first
line of defense against bacterial, fungal and parasitic infections and thus play a prominent role
in recovery following myeloablative therapies. In addition, the growth and survival of SHIP1-
expressing blood cell malignancies is significantly reduced by chemical inhibition of SHIP1.
Thus, the SHIP1 inhibitor compounds of the present invention represent a novel class of
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compounds that could potentially find utility in both transplantation and the treatment of cancer.

[0073] In one embodiment, a pharmaceutical composition as defined in claim 9 for use in a
method is provided for treating a patient suffering from GVHD. The method comprises
administering to the GVHD patient a composition including a SHIP1 inhibitor compound of the
present invention.

[0074] Dosage amounts and frequency will vary according to the particular SHIP inhibitor, the
dosage form, and individual patient characteristics. Generally speaking, determining the
dosage amount and frequency for a particular SHIP inhibitor, dosage form, and individual
patient characteristic can be accomplished using conventional dosing studies, coupled with
appropriate diagnostics.

[0075] In a particular embodiment, a SHIP inhibitor is used to treat patients that have acute
Graft vs Host Disease (aGVHD) but failed at least one immunosuppressive regimen such as a
regimen including steroids such as prednisone and methylprednisolone, cyclophosphamide,
cyclosporin A, FK506, thalidomide, azathioprine, and daclizumab. For example, hematopoietic
stem cell transplant (HSCT) patients manifesting grade 2 or greater aGVHD, who have failed to
respond to treatment with at least 2 mg/Kg of methylprednisolone or equivalent corticosteroid
or other salvage therapy, can be treated with a SHIP1 inhibitor.

[0076] A SHIP inhibitor of the present invention can also be used as a prophylaxis to prevent
onset of GVHD or to reduce the effects of GVHD.

[0077] A SHIP inhibitor of the present invention may be administered as a GVHD prophylaxis
to a transplant recipient within a predetermined time window before or after the transplantation.

[0078] In one embodiment, a SHIP inhibitor of the present invention may be administered to
the recipient on days -3 or -2 (i.e., 3 or 2 days before the transplantation) as part of a non-
myeloablative conditioning regimen, then followed by transplantation such as hematopoietic
stem cell infusion. Alternatively, a SHIP inhibitor of the present invention may be administered
as a GVHD prophylaxis to a transplant recipient after the transplantation. For example, for
standard (i.e., myeloablative) transplant or non-myeloablative stem cell transplant (NST) where
a SHIP inhibitor of the present invention is not used in the conditioning regimen, a SHIP
inhibitor of the present invention is administered to the transplant recipient at 0.5-1.5

mg/m?/day on days +8, +15, +22, and +30 following stem cell infusion.

[0079] Besides use in a single-agent treatment or prevention of GVHD, a SHIP inhibitor of the
present invention can also be used in a combination therapy for acute or chronic GVHD. The
combination therapy may have synergistic therapeutic effects on the patients and thus requires
lower amount of the SHIP inhibitor of the present invention and the other agent used in
conjunction to achieve satisfactory therapeutic efficacy. As a result, potential side effects
associated with high dose of drugs, such as myelosuppression, are reduced and the patient's
quality of life is improved.
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[0080] Various other therapeutic agents may be combined with the SHIP inhibitor for the
treatment or prevention of GVHD. The other therapeutic agents include, but are not limited to,
immunosuppressive agents such as steroids (e.g., prednisone and methylprednisolone),
cyclophosphamide, cyclosporin A, FK506, thalidomide, azathioprine, monoclonal antibodies
(e.g., Daclizumab (anti-interleukin (IL)-2), Infliximab (anti-tumor necrosis factor), MEDI-205
(anti-CD2), abx-cbl (anti-CD 147), and polyclonal antibodies (e.g., ATG (anti-thymocyte
globulin)). For example, a SHIP inhibitor of the present invention may be combined with a
steroid such as methylprednisolone to treat GVHD. However, such a combination may be too
broadly immunosuppressive to render the patient more susceptible to opportunistic infection.

[0081] For the treatment of acute GVHD, a SHIP inhibitor of the present invention may
preferably be combined with monoclonal antibodies which specifically target T-cells such as
Infliximab, Daclizumab, MEDI-205, or abx-cbl. The monoclonal antibody may be administered
at the FDA-approved dosage and by its standard route of administration (e.g., 1V), followed by
oral or parenteral administration of a SHIP inhibitor of the present invention.

[0082] The SHIP inhibitor may also be used in conjunction with other immunosuppressive
agents as prophylaxis for GVHD post-transplantation. For example, the recipient of bone
marrow transplant may be treated with a SHIP inhibitor of the present invention in conjunction

with a standard post infusion regimen including mini-methotrexate at 5 mg/m? (as opposed to

the conventional dose at 10-15 mg/m?), cyclosporine A (5--6 mg/Kg/d IV or 10-18 mg/Kgld
orally) and FK506 (0.05-0.1 mglKg/d IV or 0.15-0.3 mg/Kg/d orally).

[0083] In addition, a SHIP inhibitor of the present invention may be used in conjunction with
other types of therapy as prophylaxis for GVHD prior to transplantation. For example, the
recipient of bone marrow transplant may be pretreated with a SHIP inhibitor of the present
invention in conjunction with TBI (radiation), phototherapy, melphalan, cyclophosphamide or
ATG to prevent the onset of GVHD.

[0084] In yet another aspect, the invention relates to a method of ex vivo or in vitro treatment
of blood derived cells, bone marrow transplants, or other organ transplants. The method
comprises treating the blood derived cells, bone marrow transplants, or other organ
transplants with a SHIP inhibitor of the present invention in an effective amount such that
activities of T-lymphocytes therein are substantially inhibited, particularly by at least 50%
reduction in activity, more particularly by at least 80% reduction in activity, and further more
particularly by at least 90% reduction in activity.

[0085] The invention is practiced in an in vitro or ex vivo environment. All of the discussion
above regarding clinical treatment or prevention of GVHD that is relevant to an in vitro or ex
vivo environment applies to this practice. In a particular embodiment, practice of an in vitro or
ex vivo embodiment of the invention might be useful in the practice of immune system
transplants, such as bone marrow transplants or peripheral stem cell procurement. In such
procedures, the SHIP inhibitor might be used, as generally described above, to treat the
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transplant material to inactivate T-lymphocytes therein so that the T-lymphocyte mediated
immune response is suppressed upon transplantation.

[0086] For example, a SHIP inhibitor of the present invention may be added to a preservation
solution for an organ transplant in an amount sufficient to inhibit activity of T-lymphocytes of the
organ. Such a preservation solution may be suitable for preservation of different kind of organs
such as heart, kidney and liver as well as tissue therefrom. An example of commercially
available preservation solutions is Plegisol (Abbott), and other preservation solutions named in
respect of its origins include the UW-solution (University of Wisconsin), the Stanford solution
and the Modified Collins solution. The preservation solution may also contain conventional co-
solvents, excipients, stabilizing agents and/or buffering agents.

[0087] The dosage form of the SHIP inhibitor of the present invention may be a liquid solution
ready for use or intended for dilution with a preservation solution. Alternatively, the dosage
form may be lyophilized or power filled prior to reconstitution with a preservation solution. The
lyophilized substance may contain, if suitable, conventional excipients.

[0088] The preservation solution or buffer containing a SHIP inhibitor of the present invention
may also be used to wash or rinse an organ transplant prior to transplantation or storage. For
example, a preservation solution containing pentostatin may be used to flush perfuse an
isolated heart which is then stored at 4°.

[0089] In another embodiment, practice of the invention might be used to condition organ
transplants prior to transplantation. Prior to transplantation a SHIP inhibitor of the present
invention may be added to the washing buffer to rid the transplant of active T-lymphocytes. In
this way, the risk of developing acute GVHD upon transplantation should be significantly
reduced, and the host is not only protected from GVHD but also from potential side effects of
the SHIP inhibitor. The concentration of the SHIP inhibitor in the preservation solution or wash
buffer may vary according to the type of transplant. Other applications in vitro or ex vivo using
a SHIP inhibitor of the present invention will occur to one of skill in the art and are therefore
contemplated as being within the scope of the invention.

[0090] Other than in the operating examples, or unless otherwise expressly specified, all of the
numerical ranges, amounts, values and percentages such as those for amounts of materials,
times and temperatures of reaction, ratios of amounts, values for molecular weight (whether
number average molecular weight ("M,") or weight average molecular weight ("My,"), and

others in the following portion of the specification may be read as if prefaced by the word
"about" even though the term "about" may not expressly appear with the value, amount or
range. Accordingly, unless indicated to the contrary, the numerical parameters set forth in the
specification and attached claims are approximations that may vary depending upon the
desired properties sought to be obtained by the present disclosure. At the very least, and not
as an attempt to limit the application of the doctrine of equivalents to the scope of the claims,
each numerical parameter should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding techniques.
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[0091] Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the disclosure are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical value, however, inherently
contain certain errors necessarily resulting from the standard deviation found in their
respective testing measurements. Furthermore, when numerical ranges of varying scope are
set forth herein, it is contemplated that any combination of these values inclusive of the recited
values may be used.

[0092] As used herein, the term "pretreating” (or "pretreatment") is intended to mean that a
first treatment is administered prior to, or in conjunction with, a second treatment. In other
words, the pretreatment may be performed before another, later treatment, thus allowing the
pretreatment time to take effect. Alternatively, the pretreatment may be performed or
administered simultaneously with a second treatment without a temporal delay.
Advantageously, a pretreatment is administered prior to a second treatment.

[0093] The term "administration" and variants thereof (e.g., "administering" a compound) in
reference to a compound of the invention means introducing the compound or a prodrug of the
compound into the system of the animal in need of treatment. When a compound of the
invention or prodrug thereof is provided in combination with one or more other active agents
(e.g., a cytotoxic agent, etc.), "administration" and its variants are each understood to include
concurrent and sequential introduction of the compound or prod rug thereof and other agents.

[0094] As used herein, the term "composition" is intended to encompass a product comprising
the specified ingredients in the specified amounts, as well as any product which results, directly
or indirectly, from combination of the specified ingredients in the specified amounts.

[0095] The term "therapeutically effective amount" as used herein means that amount of active
compound or pharmaceutical agent that elicits the biological or medicinal response in a tissue,
system, animal or human that is being sought by a researcher, veterinarian, medical doctor or
other clinician. In reference to cancers or other unwanted cell proliferation, an effective amount
comprises an amount sufficient to cause a tumor to shrink and/or to decrease the growth rate
of the tumor (such as to suppress tumor growth) or to prevent or delay other unwanted cell
proliferation. In some embodiments, an effective amount is an amount sufficient to delay
development. In some embodiments, an effective amount is an amount sufficient to prevent or
delay occurrence and/or recurrence. An effective amount can be administered in one or more
doses. In the case of cancer, the effective amount of the drug or composition may: (i) reduce
the number of cancer cells; (ii) reduce tumor size; (iii) inhibit, retard, slow to some extent and
preferably stop cancer cell infiltration into peripheral organs; (iv) inhibit (i.e., slow to some
extent and preferably stop) tumor metastasis; (v) inhibit tumor growth; (vi) prevent or delay
occurrence and/or recurrence of tumor; and/or (vii) relieve to some extent one or more of the
symptoms associated with the cancer.

[0096] The term “treating cancer" or "treatment of cancer" refers to administration to a
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mammal afflicted with a cancerous condition and refers to an effect that alleviates the
cancerous condition by kiling the cancerous cells, but also to an effect that results in the
inhibition of growth and/or metastasis of the cancer.

[0097] As used herein, "treatment" refers to obtaining beneficial or desired clinical results.
Beneficial or desired clinical results include, but are not limited to, anyone or more of:
alleviation of one or more symptoms (such as tumor growth or metastasis), diminishment of
extent of cancer, stabilized (i.e., not worsening) state of cancer, preventing or delaying spread
(e.g., metastasis) of the cancer, preventing or delaying occurrence or recurrence of cancer,
delay or slowing of cancer progression, amelioration of the cancer state, and remission
(whether partial or total). The methods of the invention contemplate anyone or more of these
aspects of treatment.

[0098] A "subject in need of treatment" is a mammal with a condition that is life-threatening or
that impairs health or shortens the lifespan of the mammal.

[0099] A "pharmaceutically acceptable” component is one that is suitable for use with humans
and/or animals without undue adverse side effects (such as toxicity, irritation, and allergic
response) commensurate with a reasonable benefit/risk ratio.

[0100] A "safe and effective amount" refers to the quantity of a component that is sufficient to
yield a desired therapeutic response without undue adverse side effects (such as toxicity,
irritation, or allergic response) commensurate with a reasonable benefit/risk ratio when used in
the manner of this invention.

[0101] A "pharmaceutically acceptable carrier" is a carrier, such as a solvent, suspending
agent or vehicle, for delivering the compound or compounds in question to the animal or
human. The carrier may be liquid or solid and is selected with the planned manner of
administration in mind. Liposomes are also a pharmaceutical carrier. As used herein, "carrier"
includes any and all solvents, dispersion media, vehicles, coatings, diluents, antibacterial and
antifungal agents, isotonic and absorption delaying agents, buffers, carrier solutions,
suspensions, colloids, and the like. The use of such media and agents for pharmaceutical
active substances is well known in the art. Except insofar as any conventional media or agent
is incompatible with the active ingredient, its use in the therapeutic compositions is
contemplated.

[0102] A person of ordinary skill in the art can easily determine an appropriate dose of one of
the instant compositions to administer to a subject without undue experimentation. Typically, a
physician will determine the actual dosage which will be most suitable for an individual patient
and it will depend on a variety of factors including the activity of the specific compound
employed, the metabolic stability and length of action of that compound, the age, body weight,
general health, sex, diet, mode and time of administration, rate of excretion, drug combination,
the severity of the particular condition, and the individual undergoing therapy. The dosages
disclosed herein are exemplary of the average case. There can of course be individual
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instances where higher or lower dosage ranges are merited, and such are within the scope of
this invention.

[0103] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art (e.g., in cell culture,
molecular genetics, nucleic acid chemistry, hybridization techniques and biochemistry).
Standard techniques are used for molecular, genetic and biochemical methods. See, generally,
Sambrook et al., Molecular Cloning: A Laboratory Manual, 2d ed. (1989) Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. and Ausubel et al., Short Protocols in Molecular
Biology (1999) 4th Ed, John Wiley & Sons, Inc.; as well as Guthrie et al.,, Guide to Yeast
Genetics and Molecular Biology, Methods in Enzymology, Vol. 194, Academic Press, Inc.,
(1991), PCR Protocols: A Guide to Methods and Applications (Innis, et al. 1990. Academic
Press, San Diego, Calit), McPherson et al., PCR Volume 1, Oxford University Press, (1991),
Culture of Animal Cells: A Manual of Basic Technique, 2nd Ed. (R. |. Freshney. 1987. Liss, Inc.
New York, N.Y.), and Gene Transfer and Expression Protocols, pp. 109-128, ed. E. J. Murray,
The Humana Press Inc., Clifton, N.J.).

[0104] In addition to the applications described above, the SHIP inhibitor compounds of the
present invention can be used for various other applications, particularly regarding treatment of
conditions that follow chemotherapy, radiation therapy, or infection, or that occur in
myelodysplastic/bone failure patients. Such conditions can include, without limitation,
myelosuppression, anemia, and the lack of platelets. For example, the SHIP inhibitors of the
present invention may be used to boost production of all key blood cell types as well as white
blood cells and lymphocytes. The SHIP inhibitors of the present invention may also be used for
patients recovering from either an autologous or allogenic bone marrow transplant to enhance
recovery of key blood cell components after transplant. Various growth factors known in the art
can be combined with the SHIP inhibitors of the present invention in a combination therapy,
e.g., to boost neutrophils/granulocytes, red blood cells, and platelets in a subject. Further, the
SHIP inhibitors of the present invention may be used to enhance blood stem cell harvest, e.g.,
SHIP inhibitors have been shown to mobilize a radioprotective dose of such stem cells from the
bone marrow to the blood.

[0105] In view of the above, below are various other aspects of the present invention.

[0106] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of treating myelosuppression in a subject. This method
includes the step of administering to the subject one or more SHIP1 inhibitor compound of the
present invention under conditions effective to treat myelosuppression in the subject.

[0107] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of treating anemia in a subject. This method includes the
step of administering to the subject one or more SHIP1 inhibitor compound of the present
invention under conditions effective to treat anemia in the subject.
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[0108] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of increasing platelets in a subject. This method includes
the step of administering to the subject one or more SHIP1 inhibitor compound of the present
invention under conditions effective to increase platelets in the subject.

[0109] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of aiding recovery of a subject who has undergone a
bone marrow transplant. This method includes the step of administering to the subject one or
more SHIP1 inhibitor compound of the present invention under conditions effective to increase
production in the subject of blood cell components, thereby aiding the post-bone marrow
transplant recovery of the subject. This method can be used to aid the recovery of subjects
who have undergone an autologous bone marrow transplant or an allogenic bone marrow
transplant. In one embodiment, this method can further include administering at least one
growth factor to the subject along with the one or more SHIP 1 inhibitor compound.

[0110] In another aspect, the present invention relates to a pharmaceutical composition as
defined in claim 9 for use in a method of enhancing blood stem cell harvest from a subject.
This method includes the step of administering to the subject one or more SHIP1 inhibitor
compound of the present invention under conditions effective to mobilize stem cells in the
subject from the bone marrow to the blood.

EXAMPLES

[0111] The following examples are intended to illustrate particular embodiments of the present
invention, but are by no means intended to limit the scope of the present invention.

Example 1

Synthesis of 3a-Acetamido-5a-Cholestane

[0112] The 3a-acetamido-5a-cholestane of the present invention can be made using the
following synthetic scheme:

(PhO),PON;,
PPh,, DIAD

THF
79%

LiAIH,
THF
reflux

99% HN"
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Example 2

Experimental Data Relating to 3a-Acetamido-5a-Cholestane

[0113]

o

ACI , BN, THF

0°C'to.r:t., 30 min
65%

[0114] 3a-Acetamido-5a-cholestane. The a-amine (0.29 g, 0.75 mmol) was dissolved THF
(2.21 mL) in a round bottom flask. Et3N (0.12 mL, 0.90 mmol) was added dropwise and the

resulting solution was cooled at 0 °C. Acetyl chloride (0.06 mL, 0.83 mmol) was added
dropwise into the cooled solution which resulted on the formation of white precipitate. The
milky white solution was stirred continuously for 15 min at 0 °C before allowing the reaction
mixture to warm up to room temperature. THF (5 mL) was added and the diluted solution was
washed with HCI (10 mL, 1 M), brine solution (10 mL), and H,O (10 mL). The organic layer

was collected, dried over Na,SOy, and concentrated under reduced pressure. Recrystallization
of the solid residue using EtOH afforded amide (0.22 g, 65 %) as off white solid.

[0115] IR (KBr): 3265, 2931, 2864, 2848, 1667, 1337 cm™'. m.p. = 215-216 °C 'H NMR (300
MHz, CDCl3): & 5.71 (broad, 1H), 4.13 (broad, 1H), 1.99 (s, 3H), 1.96 (t, J= 3 Hz, 1H), 1.79 (m
1H), 1.60-1.65 (m, 2H), 1.45-1.60 (m, 7H), 1.31-1.36 (m, 6H), 1.27-1.28 (m, 1H), 1.03-1.04 (m,
2H), 0.96- 1.00 (m, 5H), 0.94-0.96 (m, 1H), 0.87 (s, J= 1.2 Hz, 3H), 0.85 (d, J = 1.2 Hz, 3H),

0.80 (s, 3H), 0.68-0.73 (m, 1H), 0.65 (s, 3H). '3C NMR (75 MHz, CDCl3): & 169.4, 56.7, 56.4,

54.7, 449, 42.7, 41.0, 40.2, 39.6, 36.3, 36.1, 35.9, 35.5, 33.3, 33.0, 32.1, 28.6, 28.4, 28.1,
26.1,24.3, 24.0, 23.8, 23.0, 22.7, 20.9, 18.8, 12.2, 11.6

Example 3

Synthesis of the 3-Amine Compound

[0116] The B-amine compound of the present invention can be made using the following



synthetic scheme:

CHal, PPhy

DIAD
THF
A 86%
HO H
H 2
CI*H3N
Example 4
Analogs

DK/EP 2556055 T3

NaN3

DMSO, 90rC
91%

LiAlH,, THF
reflux
61%

-t

HCI

Et,0

63% HaN

[0117] Various analogs are contemplated as being SHIP inhibitors of the present invention, as

described below:

X = NR,, NRCOR; NHCONR,
OR, SR, OCOR, OCONR,, NHCNHNH>

R = H, alkyl, cycloalkyl, aryl, benzyl
also should cover-salts: of the:amine

X = NR3, NRCOR; NHCONR,
OR, SR, OCOR, OCONRj;, NHENHNH,

R = H, alkyl, cycloalkyl, aryl, benzyl
also should cover:salts:of the-amine

-
X = NR;, NRCOR, NHCONR:
OR, SR, OCOR, OCONR3, NHCNHNH>

R =H, alkyl, cycloalkyl, aryl, benzyl
also.should cover salts of the amine

X/\,u‘

X = NRjy, NRCOR, NHCONR,

OR, SR, OCOR, OCONRy, NHCNHNH;,
R =H, alkyl, cycloalkyl, aryl, benzyl
also should coversalts of the.amine

X = NR;, NRCOR, NHCONR,
OR, SR, OCOR, OCONR,, NHCNHNH;

R = H, alkyl, cycloalkyl, aryl, benzyl
also should cover salts.of the: amine

X = NR3, NRCOR, NHCONR,,

X = NRy. NRGOR, NHOONR, OR, SR, OCOR; OCONRy, NHCNHNH,

OR, SR, OCOR, OCONR,, NHCNHNH,

R = H, alkyl, cycloalkyl, aryl, benzyl
also should cover:salts-of the amine

R =H, alkyl, cycloalkyl, aryl, benzyl
also should cover salts of the amine

XN

X = NRy, NRCOR, NHCONR,
OR, SR, OCOR, OCONR,, NHCNHNH,

R = H; alkyl, cycloalkyl, aryl, benzyl
also should: cover salts of the amine

X = NRy, NRCOR, NHCONR,
OR, SR, OCOR, OCONR,, NHCNHNH>
R =H, alkyl, cycloalkyl, aryl, benzyl

alaa aband SR
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TTT o TmTrm T T mmemm mromrm e dISO SHOUIQ COVET SdILS UL LNe dimine

OR, SR, OCOR, OCONRj, NHCNHNH» OR, SR, OCOR, OCONR», NHCNHNH; ' . ) 25 2

also should cover salts of the amine also should cover:salts of the:amine

X
X = NR3, NRCOR, NHCONR, X =NR;, NRCOR, NHCONR;
OR, SR, OCOR, OCONR,, NHCNHNH;  OR, SR, OCOR; OCONR,, NHCNHNH,
R =H, alkyl, cycloalkyl, aryl, benzyl R = H, alkyl, cycloalkyl, aryl, benzyl
also should cover salts:of the:amine also should coversalts:of the amine

X7

X = NRy, NRCOR, NHCONR,

X =NRy, NRCOR, NHCONR,; X = NRy, NRCOR, NHCONR,

OR, SR, OCOR, OCONRz, NHCNHNH,  OR, 'SR, OCOR, OCONR ,, NHCNHNH, OR, SR, OCOR, OCONRj, NHCNHNH,
R =H, alkyl, cycloalkyl, aryl, benzyl R = H, alkyl, cycloalkyl, anyl. benzyl R =H, alkyl, cycloalkyl, aryl, benzyl
also shauld cover salts of the-amine also s‘houlﬁ vci{/er sal¥s ofr¥He amir):e also should cover salts of the amine

X =NR3, NRCOR, NHCONR; X =NR5, NRCOR, NHCONR X =NRj, NRCOR, NHCONR,
2 . 2
OR. SR, OCOR, OCONRz. NHCNHNH;  OR, SR, OCOR, GCONRy; NHCNHNH, OR, SR, OCOR, OCONRy; NHCNHNH;
R =H, alkyl, cycloalkyl, aryl, benzyl R = H, alkyl, cycloalkyl, aryi, benzyl R =H, alkyl, cycloalkyl,-aryl, benzyl
also should cover salts of the:amine also should cover salts of the amine also should cover salts of the arnine

A,

Hl., I,\«i (;'lji\ Niﬁj H /

P
T

MH=2
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Example 5

Synthetic Schemes

[0118] Below are various schemes relating to analogs contemplated as being SHIP inhibitors

of the present invention, as described below:
Scheme A

DIAD, PPh,
(PhO),PON;

THF
82%

NH,NH,
KOH

ethylene
glycol
2007C
65%

CIHN

Scheme B

TosCl
—_—
pyridine
87%

TosO

1) PPhg
THF/H,0O

2) HCI, Et,O
76% (2 steps)

"Gl *HN™

Scheme C
DIAD, PPh;
(PhO);PONg LiAlH,
—-
THF Et,0

67% 93%

citric-acid
THF
63%
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Example 6

5a-Androstan-3f-ol

[0119]

[0120] Sa-Androstan-3B-ol: In a flame-dried flask, potassium hydroxide (1.58 g, 28.2 mmol)
was dissolved in ethylene glycol (10 mL) by heating. The solution was cooled at room
temperature before adding trans-androsterone (2.00 g, 6.89 mmol) and hydrazine hydrate
(0.98 mL, 20.2 mmol). The solution was heated to reflux at 208 °C. After 23 h, the solution was
cooled at room temperature before adding HCI (14.1 mL, 2M). It was extracted with CH>Cl, (4

x 30 mL). The organic layer were collected, combined, dried over Na>SOy4, and concentrated
under reduced pressure. The resulting solid residue was recrystallized in MeOH to afford 5a-
androstan-3B-ol (1.56 g, 82%). 'TH NMR (300 MHz, CDCl3): d 3.58 (heptet, J= 4.9 Hz, 1H),
1.76-1.82 (m, 1H), 1.70-1.75 (m, 2H), 1.65-1.69 (m, 2H), 1.61-1.63 (m, 1H), 1.57-1.60 (m, 1H),
1.52-1.57 (m, 2H), 1.47-1.50 (m, 1H), 1.40-1.45 (m, 1H), 1.33-1.39 (m, 1H), 1.29-1.30 (m, 1H),
1.22-1.28 (m, 4H), 1.04-1.17 (m, 4H), 0.9-1.02 (m, 1H), 0.85-0.93 (m, 2H), 0.80 (s, 3H), 0.68
(s, 3H) 0.60-0.65 (m, 1H).

Example 7

3a-Azido-5a-Androstane

[0121]

[0122] 3a-Azido-5a-Androstane: In a 50 mL round bottom flask, 5a-androstan-33-ol (1.12 g,
4.05 mmol) was dissolved in THF (20 mL). PPh3 (1.06 g, 4.04 mmol) was added into the
solution followed by DIAD (0.83 mL, 4.05 mmol). The resulting yellow solution was stirred
continuously at room temperature for 10 min before adding (PhO),PON3 (0.88 mL, 4.05
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mmol). The solution was stirred continuously at room temperature. After 24 h, the reaction
mixture was concentrated and the residue was recrystallized to afford 3a-azido-5a-androstane

as a white solid (0.90 g, 74%). "H NMR (300 MHz, CDCl5): & 3.88 (p, J= 2.8 Hz, 1H), 1.71-1.72
(m, 1H), 1.67-1.70 (m, 3H), 1.59-1.64 (m, 2H), 1.57-1.53 (m, 3H), 1.45-1.52 (m, 3H), 1.36-1.42

(m, 2H), 1.26-1.31 (m, 1H), 1.18-1.24 (m, 3H), 1.14-1.17 (m, 2H), 1.13-1.10 (m, 1H), 0.85-1.03
(m, 2H), 0.79 (s, 3H), 0.72-0.77 (m, 1H), 0.69 (s, 3H).

Example 8

3a-Amino-5a-Androstane

[0123]

[0124] 3a-Amino-5a-Androstane: In round bottom flask, LiAIH4 (0.39 g, 9.83 mmol, 95%)
was suspended in THF (10 mL). The suspension was cooled at 0 °C using ice/H,O bath before
adding a solution of a-azide (0.90 g, 2.98 mmol) in THF (5 mL). The solution was warmed to
room temperature and refluxed at 80 °C for 4 h. The reaction was cooled to room temperature
before diluting the solution with THF (15 mL). The diluted reaction mixture was cooled at 0 °C
and quenched using a Fieser method. The reaction mixture was stirred continuously until it
turned into a milky white solution. The solution was then filtered through celite and washed with
THF. The filtrate was dried over Na;SO4 and concentrated under reduced pressure to afford

KBr): 2926, 2855, 1472, 1378, 1124, 753 cm™.

R (
THNMR(300 MHz, CDCl3): d 3.18 (broad, 1H), 1.71-1.73 (m, 2H), 1.65-1.69 (m, 3H), 1.61-1.63

(m, 1H), 1.59-1.60 (m, 1H), 1.55-1.57 (m, 2H), 1.50-1.53 (m, 1H), 1.40-1.45 (m, 3H), 1.30-1.32
(m, 1H), 1.23-1.29 (m, 3H), 1.18-1.21 (m, 3H), 1.14-1.18 (m, 2H), 1.07-1.10 (m, 2H), 0.89-1.99
(m, 2H), 0.78 (s, 3H), 0.69 (s, 3H).

3a-amino-5a-androstane (0.59 g, 72%). |

Example 9

3a-Amino-5a-androstane hydrochloride

[0125]

AGD
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o [ LaTe
THNT N

s H

[0126] 3a-Amino-5a-androstane hydrochloride: The a-amine 11 (0.20 g, 0.73 mmol) was
dissolved in Eto0 (5 mL). A solution of HCI in Et,0 (0.73 mL, 2 M) was added dropwise which

resulted to the formation of precipitate. The solution was filtered and the precipitate was
collected, washed over Et,O, and dried over vacuum to afford 3a-amino-5a-androstane

hydrochloride (0.15 g, 65%) as a white solid. IR (KBr): 3320, 2945, 1619, 1495, 1443, 1379
cm™!. TH NMR (300 MHz, CDCls): d 8.45 (broad, 3H), 3.60 (broad, 1H), 1.84 (broad, 2H), 1.62-

1.69 (m, 8H), 1.51-1.58 (m, 4H), 1.37-1.44 (m, 1H), 1.23-1.29 (m, 2H), 1.09-1.20 (m, 4H),
0.92-1.07 (m, 3H), 0.79 (s, 3H), 0.69 (s, 3H).

Example 10

3a-Acetamido-5a-Androstane

[0127]

[0128] 3a-Acetamido-5a-Androstane: The a-amine (0.20 g, 0.73 mmol) was dissolved THF
(3 mL) in a round bottom flask. EtsN (0.12 mL, 0.88 mmol) was added dropwise and the
resulting solution was cooled at 0 °C. Acetyl chloride (0.05 mL, 0.80 mmol) was added
dropwise into the cooled solution which resulted on the formation of white precipitate. The
milky white solution was stirred continuously for 15 min at 0 °C before allowing the reaction
mixture to warm up to room temperature. THF (5 mL) was added and the diluted solution was
washed with HCI (10 mL, 1 M), brine solution (10 mL), and H>O (10 mL). The organic layer
was collected, dried over Na;SOy, and concentrated under reduced pressure. Recrystallization
of the solid residue using EtOH afforded 3a-acetamido-5a-androstane (0.05 g, 22 %) as white
solid. IR (KBr): 3264, 3077, 2933, 2834, 1637, 1558 cm™!. THNMR(300 MHz, CDCls): & 5.70
(broad, 1H), 4.12 (m, 1H), 1.99 (s, 3H), 1.72-1.76 (m, 1H), 1.68-1.71 (m, 2H), 1.62-1.66 (m,
2H), 1.60-1.62 (m, 2H), 1.56-1.58 (m, 1H), 1.52-1.55 (m, 1H), 1.48-1.51 (m, 1H), 1.42-1.46 (m,
1H), 1.36-1.39 (m, 1H), 1.29-1.34 (m, 2H), 1.23-1.27 (m, 1H), 1.21 (d, J = 3.0 Hz, 1H), 1.18-
1.19 (m, 1H), 1.12-1.17 (m, 2H), 1.08-1.11(m, 1H), 1.00-1.06 (m, 1H), 0.92-0.97 (m, 1H), 0.84-
0.90 (m, 1H), 0.81 (s, 3H), 0.71-0.77 (m, 1H), 0.69 (s, 3H).

Example 11
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3B-Tosyloxy-5a-Androstan-17-one

[0129]

[0130] 3B-Tosyloxy-5a-Androstan-17-one: In a 25 mL round bottom flask, trans-
androsterone (1.00 g, 3.44 mmol) and p-toluenesulfonyl chloride (1.51 g, 7.91 mmol) was
dissolved in in pyridine (4.30 mL). The reaction mixture was stirred continuously at room
temperature. After 24 h, the reaction mixture was quenched by adding H>O (10 mL) and it was

extracted with CHyClo (3 x 20 mL). All organic layers were collected, combined together and
washed over HCI (3 x 20 mL, 2 M), brine solution (3 x 20 mL), and H,O (3 x 20 mL), dried over

NasSQy4, and concentrated under reduced pressure afforded 3B-tosyloxy-5a-androstan-17-one

1.33 g, 87%) as a white solid. "H NMR (300 MHz, CDCl3): d 7.79 (dt, J = 8.3, 1.9 Hz, 2H), 7.33

(

(dd, J = 8.0, 0.5 Hz, 2H), 4.42 (h, J = 6.9 Hz, 1H), 2.44 (s, 3H), 2.38-2.47 (m, 1H), 1.99-2.11
(m, 1H), 1.86-1.95 (m, 1H), 1.78-1.80 (m, 1H), 1.71-1.77 (m, 2H), 1.65-1.69 (m, 1H), 1.56-1.64
(m, 3H), 1.44-1.55 (m, 3H), 1.30-1.31 (m, 1H), 1.28-1.29 (m, 2H), 1.22-1.24 (m, 1H), 1.18-1.20
(m, 1 (

m, 1H), 1.04-1.16 (m, 1H), 0.85-1.00 (m, 2H), 0.84 (s, 3H), 0.80 (s, 1H), 0.60-0.69 (m, 1H).

Example 12

3a-Azido-5a-Androstan-17-one

[0131]

[0132] 3a-Azido-5a-Androstan-17-one: A suspension of tosylate (1.33 g, 2.99 mmol) and
NaN3 (1.94 g, 29.9 mmol) in DMSO (75 mL) was heated to reflux at 90 °C. After approximately

5 h, the reaction mixture was cooled at room temperature before adding H,O (10 mL). The
diluted solution was extracted with EtoO (3 x 20 mL). All organic layers were collected, dried

over MgSQy, and concentrated under reduced pressure. The solid residue was recrystallized
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in EtOH to afford 3a-azido-5a-androstan-17-one (0.28 g, 30%). '"H NMR (300 MHz, CDCl3): d

3.88 (pentet, J = 2.6 Hz, 1H), 2.43 (dd, J= 10.3, 9.6 Hz, 1H), 2.00-2.12 (m, 1H), 1.88-1.97 (m,
1H), 1.81-1.83 (m, 1H), 1.76-1.78 (m, 1H), 1.66-1.72 (m, 2H), 1.62-1.65 (m, 1H), 1.51-1.56 (m,
2H), 1.39-1.49 (m, 4H), 1.17-1.34 (m, 7H), 0.94-1.08 (m, 1H), 0.85 (s, 3H), 0.81 (s, 3H).

Example 13

3a-Amino-5a-androstan-17-one hydrochloride

[0134] 3a-Amino-5a-androstan-17-one hydrochloride: In a flame dried flask, azide (0.28 g,
0.89 mmol) and PPh3 (0.36 g, 1.37 mmol) was dissolved in THF (15 mL). The solution was

stirred continuously at room temperature for 18 h. H>O (3 mL) was added and the solution was

heated to reflux at 80 °C. After 1 h, the solution was cooled at room temperature. The organic
layer was collected, dried over NaySQO4, and concentrated under reduced pressure. The

residue was dissolved Et;O (7 mL) and a solution of HCI (0.89 mL, 2 M) was added which
resulted to formation of precipitate. The precipitate was filtered over filter paper, washed over
Et>0, and dried to afford 3a-amino-5a-androstan-17-one hydrochloride (0.22 g, 76%) as white
solid. IR (KBr): 3326, 2923, 1737, 1496, 1455, 731 cm™'. 'TH NMR (300 MHz, CDCl3): 5 8.42

(broad, 3H), 3.61 (broad, 1H), 2.42 (dd, J= 11.1, 8.7 Hz, 1 H), 2.00-2.13 (m, 1H), 1.86-1.94 (m,
2H), 1.76-1.83 (m, 3H), 1.44-1.64 (m, 7H), 1.19-1.38 (m, 6H), 0.95-1.13 (m, 2H), 0.84 (s, 3H),
0.81 (s, 3H).

Example 14

3a-Azidocholest-5-ene

[0135]
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[0136] 3a-Azidocholest-5-ene: Cholesterol (7.76 mmol, 3.0 g) and triphenylphosphine (7.76
mmol, 2.04 g) were dissolved in 77.6 mL of anhydrous tetrahydrofuran. Diisopropyl
azodicarboxylate (7.76 mmol, 1.5 mL) was then added dropwise. After stirring the orange
mixture for a few minutes, diphenylphosphoryl azide (7.76 mmol, 1.68 mL) was added
dropwise. After 24 hours, the pale yellow reaction mixture was concentrated. Purification by
silica gel chromatography (100% hexanes) afforded 3a-azidocholest-5-ene (2.14 g, 67%) as a
white solid. mp 110-112 °C; TLC Ry = 0.87 (20% ethyl acetate/hexanes); IR (thin film) 2946,

2914, 2845, 2083 cm™!: 'TH NMR (300 MHz, CDCl3) & 5.42-5.40 (m, 1H), 3.89 (1, 1 H, J= 2.9
Hz), 2.58-2.49 (m, 1H), 2.23-2.16 (m, 1H), 2.16-1.93 (m, 2H), 1.89-1.05 (m, 24H), 1.02 (s, 3H),
0.93 (d, 3H, J=6.5 Hz), 0.88 (d, 6H, J=6.6 Hz), 0.69 (s, 3H).

Example 15

3a-Aminocholest-5-ene

[0137]

[0138] 3a-Aminocholest-5-ene: 3a-Azidocholest-5-ene (4.62 mmol, 1.9 g) was dissolved in
154 mL of anhydrous diethyl ether. Lithium aluminum hydride (46.2 mmol, 1.75 g) was then
added in one portion. After 30 hours, the reaction mixture was cooled to 0 °C. 1.75 mL of
deionized water was then added dropwise. After stirring for five minutes, 1.75 mL of 15%
aqueous NaOH was added dropwise. After stirring for another five minutes, 5.25 mL of
deionized water was added dropwise. The reaction was then stirred until all the salts turned
white. Immediately afterwards, the reaction was filtered, dried (Na»SQg4), and concentrated to

afford 3a-Aminocholest-5-ene (1.57 g, 93%) as a white solid. mp 104-106 °C; IR (thin film)
3367, 3343, 2931, 1557 cm™!; 'TH NMR (300 MHz, CDCl3) d 5.37-5.34 (m, 1H), 3.15 (t, 1 H, J=

3.2 Hz), 2.61-2.54 (m, 1H), 2.04-1.74 (m, 6H), 1.63-1.03 (m, 21H), 1.00 (s, 3H), 0.91 (d, 3H, J
= 6.5 Hz), 0.86 (d, 6H, J = 6.6 Hz), 0.67 (s, 3H).

Example 16

3a-Aminocholest-5-ene Hydrochloride
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[0139]

[0140] 3a-Aminocholest-5-ene Hydrochloride: 3a-Aminocholest-5-ene (1.61 mmol, 0.59 g)
was dissolved in 2 mL of anhydrous diethyl ether. Hydrogen chloride (2.0 M in diethyl ether)
(3.22 mmol, 1.61 mL) was then added. After 3 hours, a white precipitate formed. The reaction
was then filtered and the solid was washed with diethyl ether to afford 3a-aminocholest-5-ene

hydrochloride (0.31 g, 46%) as a white solid. mp 293-295 °C; IR (thin film) 2947 cm™"; 'TH NMR
(300 MHz, CDCl3) d 8.25 (s, 3H), 5.52 (d, 1H, J= 4.3 Hz), 3.58 (s, 1 H), 2.61 (d, 1H, J = 14.6

Hz), 2.36 (d, 1H, J = 15.0 Hz), 2.02-1.07 (m, 26H), 1.01 (s, 3H), 0.91 (d, 3H, J= 6.3 Hz), 0.86
(d, 6H, J= 6.6 Hz), 0.67 (s, 3H).

Example 17

3a-Aminocholest-5-ene Citrate

[0141]

[0142] 3a-Aminocholest-5-ene Citrate: 3a-Aminocholest-5-ene (0.82 mmol, 300 mg) was
dissolved in 1.64 ml of tetrahydrofuran. Citric acid (0.82 mmol, 158 mg) was dissolved in 0.82
ml of tetrahydrofuran. The solution of citric acid was added dropwise to the solution of
cholesterol amine. The mixture was stirred until the solution became very cloudy
(approximately 15 minutes). The solution was vacuum filtered. The resulting white solid was
washed with tetrahydofuran, collected, and dried under high vacuum for 12 hours to produce
298 mg of the 3a-aminocholest-5-ene citrate in 63% yield. mp: 172-174 °C; IR (thin film): 3469,

2954, 2247, 1714, 1591 cm™": TH NMR (300 MHz, CD30D) &: 5.53 (d, 1H, J = 5.2 Hz), 3.55 (s,

1H), 2.84-2.70 (m, 4H), 2.80-2.70 (m, 1H), 2.19-1.0 (m, 28H), 1.07 (s, 3H), 0.95 (3H, J= 6.5
Hz), 0.89 (d, 6H, J= 6.6 Hz), 0.73 (s, 3H).

Example 18
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Synthesis and identification of 3AC derivatives with increased solubility and potency

[0143] The solubility of 3AC was assessed by calculating the distribution coefficient (CLogD).
This calculation estimates the CLogD for 3AC at 7.17 indicating the molecule is very lipophilic.
Thus, we have begun to develop novel 3AC analogs with increased aqueous solubility. One of
these compounds, 3A5AS, has a CLogD of 3.33. Lipinski's rules (a common measure of small
molecule pharmacokinetics) recommend a ClogD of <5 for in vivo applications. The chemical
modifications made to derive 3A5AS have not altered its ability to inhibit SHIP1 as it retains
equal inhibitory activity in vitro (Fig. 6A) and, surprisingly, it is more potent when used on intact
cells, as it is substantially more cytotoxic for leukemia cells (Fig. 6B). 3A5AS is also more
potent at inducing MIR cell numbers in vivo as it can induce a comparable MIR cell increase at
15uM as opposed to 60uM 3AC (Fig. 6C,D).
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PATENTKRAV

1. Farmaceutisk sammensa&tning, der omfatter:

en SHIP-h&mmerforbindelse med formlen (I), eller et farmaceutisk acceptabelt salt deraf; og
en farmaceutisk acceptabel berer;

hvor formlen (I) er, som fglger:

M

hvor

R! er en ligekaedet Ci-Ca-alkyl eller Ci-Cs-haloalkyl;

R? er hydrogen, methyl eller halomethyl;

R? er hydrogen, substitueret eller usubstitueret amino, C;-Cs-alkyl, Ci-Cs-haloalkyl
eller C;-Cs-alkenyl;

R* er hydrogen, substitueret eller usubstitueret amino, C;-Cs-alkyl eller benzyl;

RS reprasenterer ét hydrogenatom sammen med en alkylgruppe;

R" enten er fravarende eller hydrogen;

X' er udvalgt fra gruppen bestdende af hydrogen, mercapto alkylthio, arylthio,
alkylcarbonamido, arylcarbonamido, aryloxycarbonamido, arylsulfonamido, (C;-Cs-
alkyl)carbonyloxy, (C-Cs-alkoxy)carbonyloxy, aryloxycarbonyloxy, en sekunder eller tertiaer
aminogruppe, der indbefatter mindst én C;-Cs-alkyl, Cs-Ce-cycloalkyl, aryl eller heterocyklisk
substituent, eller kombinationer deraf, usubstitueret amino og aminoalkyl; og

hver X? individuelt reprasenterer to hydrogenatomer;

med det forbehold at X' ikke kan vare en prima@r aminogruppe, nar: R' og R? hver er
methyl; X%, R3, R* og R!* hver er hydrogen; og R’ representerer ét hydrogenatom sammen

med en 1,5-dimethylhexylalkylgruppe.

2. Farmaceutisk sammensatning ifplge krav 1, hvor R! og R* hver er methyl, og R* og
R* hver er hydrogen.
3. Farmaceutisk sammensatning ifplge krav 1, hvor R’ reprasenterer ét hydrogenatom

sammen med en 1,5-dimethylhexylgruppe.
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4. Farmaceutisk sammensztning ifglge krav 1, hvor R* og R'? hver er hydrogen.

5. Farmaceutisk sammensetning ifglge krav 1, hvor X! er udvalgt fra gruppen bestdende
af mercapto, alkylthio og arylthio; eller X'er udvalgt fra gruppen bestdende af
alkylcarbonamido, arylcarbonamido og aryloxycarbonamido; eller X' er acetamido; eller X' er
udvalgt fra gruppen bestédende af alkylsulfonamido og arylsulfonamido; eller X! er udvalgt fra
gruppen  bestdende af  (Ci-Cs-alkyl)carbonyloxy,  (Ci-Cg4-alkoxy)carbonyloxy — og
aryloxycarbonyloxy; eller X' er en sekunder eller tertier aminogruppe, der indbefatter mindst
én C;-Cs-alkyl-, Cs-Ce-cycloalkyl-, aryl- eller heterocyklisk substituent eller kombinationer
deraf; eller X! er en aminoalkylgruppe, hvor amino er en usubstitueret eller en substitueret
sekundar eller tertieer amino, og n er et heltal fra 1 til 4.

6. Farmaceutisk sammens&tning ifplge krav 5, hvor den sekundare eller tertiere
aminogruppe indbefatter mindst én eventuelt substitueret C;-Cs-alkyldel.

7. Farmaceutisk sammensatning ifglge krav 1, hvor X' er en aminogruppe bortset fra nar:
R! og R?hver er methyl; X? R?® R* og R“hver er hydrogen; og R’reprasenterer ét
hydrogenatom sammen med en alkylgruppe, hvor alkylgruppen er 1,5-dimethylhexyl.

8. Farmaceutisk sammensa&tning ifglge krav 1, hvor forbindelsen med formlen (I) er en

forbindelse med en formel udvalgt fra gruppen bestaende af:

Formel 10 > Formel 11

Formel 12 ) Formel 13
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Formel ]¢ , Formel 17

Formel 20 ) Formel 21
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Formel 25

Formel 22

Formel 30

XN

Formel 27

Formel 31
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5 Formel 36 , Formel 37
og farmaceutisk acceptable salte deraf, hvor X = NR;, SR, OCOR eller OCONR3, og
hvor R = H, alkyl, cycloalkyl, aryl eller benzyl.

9. Farmaceutisk sammensatning til anvendelse 1 hemning af SHIP1-protein hos et individ
10 med behov derfor, hvilken sammens@tning omfatter:
en SHIP-h@mmerforbindelse med formlen (I), eller et farmaceutisk acceptabelt salt
deraf; og
en farmaceutisk acceptabel berer;

hvor formlen (I) er fglgende:

15 ()]

hvor
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R! er en ligekaedet Ci-Ca-alkyl eller Ci-Cs-haloalkyl;

R? er hydrogen, methyl eller halomethyl;

R? er hydrogen, substitueret eller usubstitueret amino, C;-Cs-alkyl, Ci-Cs-haloalkyl
eller C;-Cs-alkenyl;

R* er hydrogen, hydroxy, substitueret eller usubstitueret amino, C;-Cs-alkyl eller
benzyl;

RS reprasenterer et divalent oxoatom, eller to hydrogenatomer eller ét hydrogenatom
sammen med en alkylgruppe;

R" enten er fravaerende eller hydrogen;

X! er udvalgt fra gruppen bestdende af hydrogen, hydroxy, mercapto, alkoxy, aryloxy,
alkylthio, arylthio, alkylcarbonamido, alkoxycarbonamido, arylcarbonamido,
aryloxycarbonamido, alkylsulfonamido, arylsulfonamido, substitueret eller usubstitueret amino
og aminoalkyl; og

hver X? individuelt reprasenterer et divalent oxoatom eller to hydrogenatomer;

med det forbehold at X' ikke kan vare en primar aminogruppe, nar: R' og R? hver er
methyl; X%, R3, R* og R!3 hver er hydrogen; og R’ representerer ét hydrogenatom sammen
med en 1, 5S-dimethylhexylalkylgruppe.

10. Farmaceutisk sammensa&tning ifglge krav 9 til anvendelse 1 behandling eller
forebyggelse af graft-versus-host-sygdom (GVHD) eller transplantatafstgdning hos en
modtager af et organ eller vevstransplant.
11. Farmaceutisk sammens&tning ifglge krav 9 til anvendelse 1 behandling af en
hamatologisk ondartethed hos et individ.
12. Farmaceutisk sammensatning til anvendelse ifglge krav 11, hvor den h&matologiske

ondartethed er et multipelt myelom.

13. Farmaceutisk sammensatning til anvendelse ifglge krav 9 til anvendelse 1 behandling af
brystcancer.
14. Farmaceutisk sammens&tning ifglge krav 9 til anvendelse 1 behandling af

myelosuppression hos et individ.

15. Farmaceutisk sammensa&tning ifglge krav 9 til anvendelse 1 behandling af anemi hos et
individ.
16. Farmaceutisk sammensatning ifglge krav 9 til anvendelse 1 boosting af produktion af ét

eller flere hvide blodlegemer, lymfocytter, neutrofiler, granulocytter, rgde blodlegemer og

blodplader hos et individ.
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