WO 2006/086103 A2 | |00 00 0 000 O O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
17 August 2006 (17.08.2006)

lﬂb A 00 OO

(10) International Publication Number

WO 2006/086103 A2

(51) International Patent Classification:
AGIK 31/7048 (2006.01)

(21) International Application Number:
PCT/US2006/000709

(22) International Filing Date: 10 January 2006 (10.01.2006)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

60/642,539 10 January 2005 (10.01.2005) US

(71) Applicant (for all designated States except US): UNI-
VERSITY OF VIRGINIA PATENT FOUNDATION
[US/US]; 250 West Main Street, Suite 300, Charlottesville,

Virginia 22902 (US).

(72)
(75)

Inventors; and

Inventors/Applicants (for US only): HECHT, Sidney, M.
[US/US]; 4710 Dickerson Road, Charlottesville, Virginia
22911 (US). MALONEY, David [US/US]; 750 Walker
Square, Apt. 2C, Charlottesville, North Carolina 22903
(US).

(74) Agent: SPARKS, Rodney, L.; UNIVERSITY OF VIR-
GINIA PATENT FOUNDATION, 250 West Main Street,

Suite 300, Charlottesville, Virginia 22902 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: SYNTHESIS OF INHIBITORS OF P90RSK

HO!O

OH O

AcO
AcO

OH
SL0101-1

ficient for detailed biological evaluation.

(57) Abstract: The synthesis of the naturally oc-
curring kaempferol glycoside SLO101-1, as well
as analogs thereof, has been accomplished, as has
its biochemical evaluation. SLO101-1 exhibits
selective and potent p90 Rsk inhibitory activity at
nanomolar concentrations without inhibiting the
function of upstream kinases such as MEK, Raf,
or PKC. The synthetic scheme of the invention
verified the structural assignment of the natural
product and has provided access to material suf-



10

15

20

25

30

WO 2006/086103 PCT/US2006/000709

SYNTHESIS OF INHIBITORS OF P90RSK

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority under 35 U.S.C. §119(e) to US Provisional
Application Serial No. 60/642539 filed January 10, 2005, the disclosure of which is

incorporated in its entirety herein by reference.

'REFERENCE TO GOVERNMENT GRANT

This invention was supported in part by NIH Research Grant CA 50771. The

U.S. Government may therefore have certain rights in this invention.

FIELD OF THE INVENTION
The invention relates to methods of preparing and using compounds which are
inhibitors of p9ORsk.

BACKGROUND

Rsks are a family of 90 kDa ribosomal S6 kinases, which are downstream

effectors of MAPK; to date four isoforms have been identified.> Recent studies have
demonstrated the role of Rsk in cell survival signaling via the phosphorylation and
inactivation of the pro-apoptotic protein BAD. Rsk has also been shown to directly
promote cell survival by regulating the expression and activation of pro-survival
proteins such as CREB (cyclic adenosine monophosphate response element binding
prote,in).4 The combination of promoting cell survival and prevention of apoptosis
causes excessive cell survival, eventually leading to diseases such as cancer and
autoimmune disorders. Additionally, it has been found that Rsk?2 is overexpressed in
more than 50% of human breast cancers, validating the Rsk family as a potential target
for drug design.

The overexpression of proteins in the mitogen-activated protein kinase (MAPK)
pathway has been noted for a number of human malignancies,’ suggesting the possible
utility of inhibitors of these proteins in cancer therapy. However, MAPK is involved in

many fundamental cellular processes such as apoptosis, survival, differentiation, and
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proliferation.”

Consequently, the inhibition of protein mediators involved in multiple
processes may result in effects on both normal and cancer cells in a nonselective
manner. Logically, the identification of downstream mediators in the MAPK pathway
essential for tumor growth might lead to inhibitors capable of selectively targeting
cancer cells.

There is a long felt need in the art for methods of preparing and using inhibitors
of p90Rsk which are useful for regulating cell proliferation and treating cancer. The

present invention satisfies these needs.

SUMMARY OF THE INVENTION

Kaempferol glycosides, isolated from a methanol extract of Forsteronia
refracta, that selectively inhibit p90 Rsk, have been recently described.’ The general
structure of the compound is provided below as formula I. Interestingly, in that study
by Smith et al. SL-0101-1 (1) inhibited Rsk1 and Rsk2 to a greater extent than Rsk3 in
spite of the fact that Rsk2 and Rsk3 are 80% homologous at the level of primary
sequence. Further, in comparison to its potent inhibition of Rsk2 (ICso ~89 nM), 1 was
found not to inhibit upstream kinases such as MEK, Raf and PKC.> The interesting
biological activities of 1,” and its limited availability from natural sources, prompted an
investigation into the synthesis of 1.

The present invention provides a synthetic scheme for the preparation of
analogs, isomers, and derivatives of compounds having the general structure of formula

I, wherein said compounds have p90 Rsk inhibitory activity. Formula I comprises:

OH

Formula 1.
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The invention further provides synthetic schemes for preparing compounds
having the general structure of formula I, wherein R; and R; are each independently
selected from the group consisting of OH and OAc, and Rz is OAc.

In one aspect, the present invention provides a synthetic scheme for the

5 preparation of the compound SL-0101-1 (1) and analog, isomers, and derivatives

thereof. SL-0101-1 has the general structure of formula I:

OH

Ri Formulal,

10 wherein, Ry is OH, R; is OAc, and R3 is OAc.

In one embodiment, the general scheme for synthesizing SL-0101-1 is:

Holo

OH O

OH OH

SLo101-1

In one embodiment, the synthetic scheme for compounds of the invention
comprises schemes 1, 2, and 3 as disclosed in the examples. One of ordinary skill in the
15 art would appreciate that these schemes can be modified to obtain various analogs,
derivatives, and isomers of SL0101.
The present invention provides a method for synthesizing a compound with 90

kDa ribosomal S6 kinase inhibitory having the general structure of formula [:
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R1

wherein R and R, are each independently selected from the group consisting of
OH and OAc, and R3 is OAc:

said method comprising synthesizing from naringenin a flavonol (4),

5 CCR=0H (4)

synthesizing a carbohydrate moiety by synthesizing from L-rhamnose

compound 5

and then synthesizing rhamnosy! bromide from compound 5, followed by
10 condensing 4 and the rhamnosyl bromide.
The invention further provides synthetic schemes 1, 2, and 3 for preparing the
intermediates and compounds of the invention wherein synthetic scheme 1 comprises

the following steps;

15

OH
HO\[;:(;;_“\Q/ a BnO.

oH O
naringenin
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wherein the conditions for step a comprise BnBr, K,COs, acetone, reflux, (81%)

wherein the conditions for step b comprise cat. I,, DMSO, 140 °C, (72%),

wherein the conditions for step ¢ comprise DMDO, acetone, CH,Cl,, 0 °C, then
pTsOH, CHCls, (78%);

5 wherein synthetic scheme 2 comprises the following steps;

SPh
e (Y e Y
HO” " “OH 0" Y “OBn
OH MeO! )\<O 5H

5 OMe 6 7
d /,,/(oj,sph e . (on,ar
AcO” ™~ "0Bn AcO” ™ "OBn
OAc OAc
8 9

wherein the conditions for step a comprise 2,3 butanedione, CH(OMe)s, cat.
CSA, MeOH, reflux, (89%);

10 wherein the conditions for step b comprises BnBr, NaH, THF, reflux, (85%);
wherein the conditions for step ¢ comprise TFA:H,0 (20:2), CH2Cly, (93%);
wherein the condition for step d comprise Ac,0, NEts, cat. DMAP, CH,Cl,,

(100%);

wherein the conditions for step e comprise Bry, CH,Cly, 0 °C, (84%); and

15
wherein synthetic scheme 3 comprises the following steps;
OR
OBn RO O O
9, Ag,0, CH,Cl, (60%) O | o
OR O
4 AcO 0
Ac OR

Pd(OH),/C, H, ,~ R=Bn(10)
THF:MeOH (1:1)
(94%) R =H SL0101-1 (1)

In one aspect, R; is OH and R, is OAc. In another aspect, R; is OH and R; is
20 OH. In yet anotheraspect, R; is OAc and R, is OH.
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The invention further provides compounds prepared by the methods of the
invention.

In one embodiment, a compound of the invention inhibits cell proliferation. In
one aspect, the cell is a cancer cell. In another aspect, the cancer cell is a breast cancer
cell.

In one embodiment, a compound of the invention enhances cell death. In one
aspect, the cell is a cancer cell. In another aspect, the cancer cell is a breast cancer cell.

The invention provides methods of treating cancer in subjects in need thereof by
administering a pharmaceutical composition comprising an effective amount of a
compound of the invention. The invention further provides Kits for administering a
compound of the invention to a subject.

Methods for testing the ability of SL.O101, and analogs and derivatives thereof,
synthesized according to the methods disclosed herein, to inhibit p90 ribosomal S6
kinase (RSK) activity and cellular and metabolic processes downstream from RSK
activity, are known to those of ordinary skill in the art. Some specific assays are
provided in citation number 5 (Smith et al., Cancer Res., 2005, 65:1027), which is
incorporated by reference in its entirety. The assays include various kinase assays, cell
cycle analysis, gene silencing, and analysis of cells and tissues in vitro and in vivo.

In one embodiment, the compounds are antitumor agents. In one aspect, the
antitumor agents are inhibitors of p90Rsk. Also provided is a method to prepare
structural analogues and derivatives of the inhibitors of p90Rsk.

Other aspects and advantages of the present invention are described herein and

in the following detailed description of the embodiments thereof.

DETATLED DESCRIPTION

Abbreviations-

CREB- cyclic adenosine monophosphate response element binding protein
MAPK- mitogen-activated protein kinase
RSK- a 90 kDa ribosomal S6 kinase, also referred to as p90Rsk herein
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Definitions-

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 to which this
invention belongs. Although any methods and materials similar or equivalent to those
described herein can be used in the practicé or testing of the present invention, the
preferred methods and materials are described herein. As used herein, each of the
following terms has the meaning associated with it in this section.

The articles “a” and “an” are used herein to refer to one or to more than one (i.e.
to at least one) of the grammatical object of the article. By way of example, “an
element” means one element or more than one element.

As used herein, the term “affected cell” refers to a cell of a subject afflicted with
a disease or disorder, which affected cell has an altered phenotype relative to a subject
not afflicted with a disease or disorder.

Cells or tissue are “affected” by a disease or disorder if the cells or tissue have
an altered phenotype relative to the same cells or tissue in a subject not afflicted with a
disease or disorder.

A disease or disorder is “alleviated” if the severity of a symptom of the disease
or disorder, the frequency with which such a symptom is experienced by a patient, or
both, are reduced.

As used herein, “amino acids” are represented by the full name thereof, by the
three letter code corresponding thereto, or by the one-letter code corresponding thereto,

as indicated in the following table:

Full Name Three-Letter Code One-Letter Code
Aspartic Acid Asp D
Glutamic Acid Glu E
Lysine Lys K
Arginine Arg R
Histidine His H
Tyrosine Tyr Y
Cysteine Cys C
Asparagine Asn N
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Glutamine Gin Q
Serine Ser S -
Threonine Thr T
Glycine Gly G
Alanine Ala A
Valine Val v
Leucine Leu L
Isoleucine Iie I
Methionine Met M
Proline Pro P
Phenylalanine Phe F
Tryptophan Trp \

The expression “amino acid” as used herein is meant to include both natural and
synthetic amino acids, and both D and L amino acids. “Standard amino acid” means
any of the twenty standard L-amino acids commonly found in naturally occurring
peptides. “Nonstandard amino acid residue” means any amino acid, other than the
standard amino acids, regardless of whether it is prepared synthetically or derived from
a natural source. As used herein, “synthetic amino acid” also encompasses chemically
modified amino acids, including but not limited to salts, amino acid derivatives (such as
amides), and substitutions. Amino acids contained within the peptides of the present
invention, and particularly at the carboxy- or amino-terminus, can be modified by
methylation, amidation, acetylation or substitution with other chemical groups which
can change the peptide’s circulating half-life without adversely affecting their activity.
Additionally, a disulfide linkage may be present or absent in the peptides of the
invention.

The term “amino acid” is used interchangeably with “amino acid residue,” and
may refer to a free amino acid and to an amino acid residue of a peptide. It will be
apparent from the context in which the term is used whether it refers to a free amino

acid or a residue of a peptide.
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Amino acids have the following general structure:

H
R—C—COOH

NH,

Amino acids may be classified into seven groups on the basis of the side chain
R: (1) aliphatic side chains, (2) side chains containing a hydroxylic (OH) group, (3)
side chains containing sulfur atoms, (4) side chains containing an acidic or amide group,
(5) side chains containing a basic group, (6) side chains containing an aromatic ring,
and (7) proline, an imino acid in which the side chain is fused to the amino group.

The nomenclature used to describe the peptide compounds of the present
invention follows the conventional practice wherein the amino group is presented to the
left and the carboxy group to the right of each amino acid residue. In the formulae
representing selected specific embodiments of the present invention, the amino-and
carboxy-terminal groups, although not specifically shown, will be understood to be in
the form they would assume at physiologic pH values, unless otherwise specified.

As used herein, an “analog” of a chemical compound is a compound that, by
way of example, resembles another in structure but is not necessarily an isomer (e.g., 5-
fluorouracil is an analog of thymine).

The term “cancer” as used herein is defined as proliferation of cells whose
unique trait—loss of normal controls—results in unregulated growth, lack of
differentiation, local tissue invasion, and metastasis. Examples include but are not
limited to, breast cancer, prostate cancer, ovarian cancer, cervical cancer, skin cancer,
pancreatic cancer, colorectal cancer, renal cancer and lung cancer.

The terms “cell,” “cell line,” and “cell culture” as used herein may be used
interchangeably. All of these terms also include their progeny, which are any and all
subsequent generations. It is understood that all progeny may not be identical due to
deliberate or inadvertent mutations.

A “control” cell, tissue, sample, or subject is a cell, tissue, sample, or subject of
the same type as a test cell, tissue, sample, or subject. The control may, for example, be

examined at precisely or nearly the same time the test cell, tissue, sample, or subject is



10

15

20

25

30

WO 2006/086103 PCT/US2006/000709

examined. The control may also, for example, be examined at a time distant from the
time at which the test cell, tissue, sample, or subject is examined, and the results of the
examination of the control may be recorded so that the recorded results may be ’
compared with results obtained by examination of a test cell, tissue, sample, or subject.
The control may also be obtained from another source or similar source other than the
test group or a test subject, where the test sample is obtained from a subject suspected
of having a disease or disorder for which the test is being performed.

A “test” cell, tissue, sample, or subject is one being examined or treated.

A “pathoindicative” cell, tissue, or sample is one which, when present, is an
indication that the animal in which the cell, tissue, or sample is located (or from which
the tissue was obtained) is afflicted with a disease or disorder. By way of example, the
presence of one or more breast cells in a lung tiésue of an animal is an indication that
the animal is afflicted with metastatic breast cancer.

A tissue “normally comprises” a cell if one or more of the cell are present in the
tissue in an animal not afflicted with a disease or disorder.

The use of the word “detect” and its grammatical variants is meant to refer to
measurement of the species without quantification, whereas use of the word
“determine” or “measure” with their grammatical variants are meant to refer to
measurement of the species with quantification. The terms “detect” and “identify” are
used interchangeably herein.

As used herein, a “detectable marker” or a “reporter molecule” is an atom or a
molecule that permits the specific detection of a compound comprising the marker in
the presence of similar compounds without a marker. Detectable markers or reporter
molecules include, e.g., radioactive isotopes, antigenic determinants, enzymes, nucleic
acids available for hybridization, chromophores, fluorophores, chemiluminescent
molecules, electrochemically detectable molecules, and molecules that provide for
altered fluorescence-polarization or altered light-scattering.

A “disease” is a state of health of an animal wherein the animal cannot maintain
homeostasis, and wherein if the disease is not ameliorated then the animal's health

continues to deteriorate.

10
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In contrast, a “disorder” in an animal is a state of health in which the animal is
able to maintain homeostasis, but in which the animal's state of health is less favorable
than it would be in the absence of the disorder. Left untreated, a disorder does not
necessarily cause a further decrease in the animal's state of health.

As used herein, an “effective amount” means an amount sufficient to produce a
selected effect. For example, an effective amount of an Rsk inhibitor is an amount of
the inhibitor sufficient to suppress Rsk activity in a serine/threonine kinase assay.

As used herein, a “functional” molecule is a molecule in a form in which it
exhibits a property by which it is characterized. By way of example, a functional
enzyme is one which exhibits the characteristic catalytic activity by which the enzyme
is characterized.

The term “inhibit,” as used herein, refers to the ability of a compound of the
invention to reduce or impede a described function. Preferably, inhibition is by at least
10%, more preferably by at least 25%, even more preferably by at least 50%, and most
preferably, the function is inhibited by at least 75%. '

The phrase “inhibit cancer cell growth”, as used herein, refers to both direct and
indirect inhibition of growth, regardless of the mechanism. For example, inhibiting a
cancer cell from adhering to another cell or substrate can inhibit growth indirectly,
when adhesion is required for the cell to proliferate.

As used herein, an “instructional material” includes a publication, a recording, a
diagram, or any other medium of expression which can be used to communicate the
usefulness of the peptide of the invention in the kit for effecting alleviation of the
various diseases or disorders recited herein. Optionally, or alternately, the instructional
material may describe one or more methods of alleviating the diseases or disorders in a
cell or a tissue of a mammal. The instructional material of the kit of the invention may,
for example, be affixed to a container which contains the identified compound invention
or be shipped together with a container which contains the identified compound.
Alternatively, the instructional material may be shipped separately from the container
with the intention that the instructional material and the compound be used

cooperatively by the recipient.

11
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As used herein, the term “pharmaceutically acceptable carrier” includes any of
the standard pharmaceutical carriers, such as a phosphate buffered saline solution, water
and emulsions such as an oil/water or water/o0il emulsion, and various types of wetting
agents.

As used herein, the term “purified” and the like terms relate to the isolation of a
molecule or compound in a form that is substantially free (at least 60% free, preferably
75% free, and most preferably 90% free) from other components normally associated
with the molecule or compound in a native environment.

The term “standard,” as used herein, refers to something used for comparison.
For example, a standard can be a known standard agent or compound which is
administered or added to a control sample and used for comparing results when
measuring said compound in a test sample. Standard can also refer to an “internal
standard,” such as an agent or compound which is added at known amounts to a sample
and is useful in determining such things as purification or recovery rates when a sample
is processed or subjected to purification or extraction procedures before a marker of
interest is measured.

A “subject” of analysis, diagnosis, or treatment is an animal. Such animals
include mammals, preferably a human.

A “therapeutic” treatment is a treatment administered to a subject who exhibits
signs of pathology for the purpose of diminishing or eliminating those signs.

A “therapeutically effective amount” of a compound is that amount of
compound which is sufficient to provide a beneficial effect to the subject to which the
compound is administered.

The general chemical terms used in the description of the compounds of the
present invention have their usual meanings. For example, the term “alkyl” by itself or
as part of another substituent means a straight or branched aliphatic chain having the
stated number of carbon atoms.

The term “halo” includes bromo, chloro, fluoro, and iodo.

The term “haloalkyl” as used herein refers to a alkyl radical bearing at least one
halogen substituent, for example, chloromethyl, fluoroethyl or trifluoromethyl and the
like.

12
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The term “C1-Cn alkyl” wherein n is an integer, as used herein, refers to a
branched or linear alkyl group having from one to the specified number of carbon
atoms. Typically, C1-C6 alkyl groups include, but are not limited to, methyl, ethyl, n-
propyl, iso-propyl, butyl, iso-butyl, sec-butyl, tert-butyl, pentyl, hexy! and the like.

The term “C2-Cn alkenyl” wherein n is an integer, as used herein, represents an
olefinically unsaturated branched or linear group having from 2 to the specified number
of carbon atoms and at least one double bond. Examples of such groups include, but are
not limited to, 1-propenyl, 2-propenyl, 1,3-butadienyl, 1-butenyl, hexenyl, pentenyl, and
the like.

The term “C2-Cn alkynyl” wherein n is an integer refers to an unsaturated
branched or linear group having from 2 to the specified number of carbon atoms and at
least one triple bond. Examples of such groups include, but are not limited to, 1-
propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, and the like.

As used herein, the term “optionally substituted” refers to zero to four
substituents, wherein the substituents are each independenfly selected. More
preferredly, the term refers to zero to three independently selected substituents.

As used herein the term “aryl” refers to a mono- or bicyclic carbocyclic ring
system having one or two aromatic rings including, but not limited to, phenyl, naphthyl,
tetrahydronaphthyl, indanyl, indenyl, and the like. Aryl groups (including bicyclic aryl
groups) can be unsubstituted or substituted with one, two, or three substituents
independently selected from loweralkyl, haloalkyl, alkoxy, amino, alkylamino,
dialkylamino, hydroxy, halo, and nitro. Substituted aryl includes aryl compounds
having one or two C1-C6 alkyl, halo, or amino substituents. The term (alkyl)aryl refers
to any aryl group which is attached to the parent moiety via the alkyl group.

The term “C3-Cn cycloalkyl” wherein n = 4-8, represents cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl.

The term “heterocyclic group” refers to a C3-C8 cycloalkyl group containing
from one to three heteroatoms wherein the heteroatoms are selected from the group
consisting of oxygen, sulfur, and nitrogen.

The term “bicyclic” represents either an unsaturated or saturated stable 7- to 12-

membered bridged or fused bicyclic carbon ring. The bicyclic ring may be attached at
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any carbon atom which affords a stable structure. The term includes, but is not limited
to, naphthyl, dicyclohexyl, dicyclohexenyl, and the like.

The term “lower alkyl” as used herein refers to branched or straight chain alkyl
groups comprising one to eight carbon atoms, including methyl, ethyl, propyl,
isopropyl, n-butyl, t-butyl, neopentyl and the like.

The term, “parenteral” means not through the alimentary canal but by some
other route such as subcutaneous, intramuscular, intraspinal, or intravenous.

As used herein, the term “treating” includes alleviating the symptoms associated
with a specific disorder or condition and/or preventing or eliminating said symptoms.

As used herein, the term “RSK inhibitor” includes any compound or condition
that specifically inhibits or reduces the kinase activity of RSK or which inhibits any
function of RSK. Such inhibitory effects may result from directly, or indirectly,
interfering with the protein’s ability to phosphorylate its substrate, or may result from
inhibiting the expression (transcription and/or translation) of RSK.

Processes for preparing compounds of formula I or for preparing intermediates
useful for preparing compounds of formula I are provided as further embodiments of
the invention. Intermediates useful for preparing compounds of formula I are also
provided as further embodiments of the invention.

In cases where compounds are sufficiently basic or acidic to form acid or base
salts, use of the compounds as salts may be appropriate. Examples of acceptable salts
are organic acid addition salts formed with acids which form a physiological acceptable
anion, for example, tosylate, methanesulfonate, acetate, citrate, malonate, tartarate,
succinate, benzoate, ascorbate, o-ketoglutarate, and a-glycerophosphate. Suitable
inorganic salts may also be formed, including hydrochloride, sulfate, nitrate,
bicarbonate, and carbonate salts.

Acceptable salts may be obtained using standard procedures well known in the
art, for example by reacting a sufficiently basic compound such as an amine with a
suitable acid affording a physiologically acceptable anion. Alkali metal (for example,
sodium, potassium or lithium) or alkaline earth metal (for example calcium) salts of

carboxylic acids can also be made.

14
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Processes for preparing compounds of formula (I) are provided as further
embodiments of the invention and are illustrated by the following procedures in which
the meanings of the generic radicals are as given above unless otherwise qualified.

In cases where compounds are sufficiently basic or acidic to form stable
nontoxic acid or base salts, administration of the compounds as salts may be
appropriate. Examples of pharmaceutically acceptable salts are organic acid addition
salts formed with acids which form a physiological acceptable anion, for example,
tosylate, methanesulfonate, acetate, citrate, malonate, tartarate, succinate, benzoate,
ascorbate, -ketoglutarate, and -glycerophosphate. Suitable inorganic salts may also be
formed, including hydrochloride, sulfate, nitrate, bicarbonate, and carbonate salts.

Pharmaceutically acceptable salts may be obtained using standard procedures
well known in the art, for example by reacting a sufficiently basic compound such as an
amine with a suitable acid affording a physiologically acceptable anion. Alkali metal
(for example, sodium, potassium or lithium) or alkaline earth metal (for example
calcium) salts of carboxylic acids can also be made.

The compounds of formula I can be formulated as pharmaceutical compositions
and administered to a mammalian host, such as a human patient in a variety of forms
adapted to the chosen route of administration, i.e., orally or parenterally, by intravenous,
intramuscular, topical or subcutaneous routes.

Thus, the present compounds may be systemically administered, e.g., orally, in
combination with a pharmaceutically acceptable vehicle such as an inert diluent or an
assimilable edible carrier. They may be enclosed in hard or soft shell gelatin capsules,
may be compressed into tablets, or may be incorporated directly with the food of the
patient's diet. For oral therapeutic administration, the active compound may be
combined with one or more excipients and used in the form of ingestible tablets, buccal
tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the like. Such
compositions and preparations should contain at least 0.1% of active compound. The
percentage of the compositions and preparations may, of course, be varied and may
conveniently be between about 2 to about 60% of the weight of a given unit dosage
form. The amount of active compound in such therapeutically useful compositions is

such that an effective dosage level will be obtained.
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The tablets, troches, pills, capsules, and the like may also contain the following:
binders such as gum tragacanth, acacia, corn starch or gelatin; excipients such as
dicalcium phosphate; a disintegrating agent such as corn starch, potato starch, alginic
acid and the like; a lubricant such as magnesium stearate; and a sweetening agent such
as sucrose, fructose, lactose or aspartame or a flavoring agent such as peppermint, oil of
wintergreen, or cherry flavoring may be added. When the unit dosage form is a capsule,
it may contain, in addition to materials of the above type, a liquid carrier, such as a
vegetable oil or a polyethylene glycol. Various other materials may be present as
coatings or to otherwise modify the physical form of the solid unit dosage form. For
instance, tablets, pills, or capsules may be coated with gelatin, wax, shellac or sugar and
the like. A syrup or elixir may contain the active compound, sucrose or fructose as a
sweetening agent, methyl and propylparabens as preservatives, a dye and flavoring such
as cherry or orange flavor. Of course, any material used in preparing any unit dosage
form should be pharmaceutically acceptable and substantially non-toxic in the amounts
employed. In addition, the active compound may be incorporated into sustained-release
preparations and devices.

The active compound may also be administered intravenously or
intraperitoneally by infusion or injection. Solutions of the active compound or its salts
can be prepared in water, optionally mixed with a nontoxic surfactant. Dispersions can
also be prepared in glycerol, liquid polyethylene glycols, triacetin, and mixtures thereof
and in oils. Under ordinary conditions of storage and use, these preparations contain a
preservative to prevent the growth of microorganisms.

The pharmaceutical dosage forms suitable for injection or infusion can include
sterile aqueous solutions or dispersions or sterile powders comprising the active
ingredient which are adapted for the extemporaneous preparation of sterile injectable or
infusible solutions or dispersions, optionally encapsulated in liposomes. In all cases,
the ultimate dosage form should be sterile, fluid and stable under the conditions of
manufacture and storage. The liquid carrier or vehicle can be a solvent or liquid
dispersion medium comprising, for example, water, ethanol, a polyol (for example,
glycerol, propylene glycol, liquid polyethylene glycols, and the like), vegetable oils,

nontoxic glyceryl esters, and suitable mixtures thereof. The proper fluidity can be
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maintained, for example, by the formation of liposomes, by the maintenance of the
required particle size in the case of dispersions or by the use of surfactants. The
prevention of the action of microorganisms can be brought about by various
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic
acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic
agents, for example, sugars, buffers or sodium chloride. Prolonged absorption of the
injectable compositions can be brought about by the use in the compositions of agents
delaying absorption, for example, aluminum monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating the active compound in
the required amount in the appropriate solvent with various of the other ingredients
enumerated above, as required, followed by filter sterilization. In the case of sterile
powders for the preparation of sterile injectable solutions, the preferred methods of
preparation are vacuum drying and the freeze drying techniques, which yield a powder
of the active ingredient plus any additional desired ingredient present in the previously
sterile-filtered solutions.

For topical administration, the present compounds may be applied in pure form,
i.e., when they are liquids. However, it will generally be desirable to administer them to
the skin as compositions or formulations, in combination with a dermatologically
acceptable carrier, which may be a solid or a liquid.

Useful solid carriers include finely divided solids such as talc, clay,
microcrystalline cellulose, silica, alumina and the like. Useful liquid carriers include
water, alcohols or glycols or water-alcohol/glycol blends, in which the present
compounds can be dissolved or dispersed at effective levels, optionally with the aid of
non-toxic surfactants. Adjuvants such as fragrances and additional antimicrobial agents
can be added to optimize the properties for a given use. The resultant liquid
compositions can be applied from absorbent pads, used to impregnate bandages and
other dressings, or sprayed onto the affected area using pump-type or aerosol sprayers.

Thickeners such as synthetic polymers, fatty acids, fatty acid salts and esters,
fatty alcohols, modified celluloses or modified mineral materials can also be employed
with liquid carriers to form spreadable pastes, gels, ointments, soaps, and the like, for

application directly to the skin of the user.
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Examples of useful dermatological compositions which can be used to deliver
the compounds of formula I to the skin are known to the art; for example, see Jacquet et
al. (U.S. Pat. No. 4,608,392), Geria (U.S. Pat. No. 4,992,478), Smith et al. (U.S. Pat.
No. 4,559,157) and Wortzman (U.S. Pat. No. 4,820,508).

Useful dosages of the compounds of formula I can be determined by comparing
their in vitro activity, and in vivo activity in animal models. Methods for the
extrapolation of effective dosages in mice, and other animals, to humans are known to
the art; for example, see U.S. Pat. No. 4,938,949.

Generally, the concentration of the compound(s) of formula I in a liquid
composition, such as a lotion, will be from about 0.1-25 wt-%, preferably from about
0.5-10 wt-%. The concentration in a semi-solid or solid composition such as a gel or a
powder will be about 0.1-5 wt-%, preferably about 0.5-2.5 wt-%.

The amount of the compound, or an active salt or derivative thereof, required for
use in treatment will vary not only with the particular salt selected but also with the
route of administration, the nature of the condition being treated and the age and
condition of the patient and will be ultimately at the discretion of the attendant
ph};sician or clinician.

In general, however, a suitable dose will be in the range of from about 0.5 to
about 100 mg/kg, e.g., from about 10 to about 75 mg/kg of body weight per day, such as
3 to about 50 mg per kilogram body weight of the recipient per day, preferably in the
range of 6 to 90 mg/kg/day, most preferably in the range of 15 to 60 mg/kg/day.

The compound is convenienily administered in unit dosage form; for example,
containing 5 to 1000 mg, conveniently 10 to 750 mg, most conveniently, 50 to 500 mg
of active ingredient per unit dosage form.

Ideally, the active ingredient should be administered to achieve peak plasma
concentrations of the active compound of from about 0.5 to about 75 pM, preferably,
about 1 to 50 uM, most preferably, about 2 to about 30 pM. This may be achieved, for
example, by the intravenous injection of a 0.05 to 5% solution of the active ingredient,
optionally in saline, or orally administered as a bolus containing about 1-100 mg of the

active ingredient. Desirable blood levels may be maintained by continuous infusion to
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provide about 0.01-5.0 mg/kg/hr or by intermittent infusions containing about 0.4-15
mg/kg of the active ingredient(s).

The desired dose may conveniently be presented in a single dose or as divided
doses administered at appropriate intervals, for example, as two, three, four or more
sub-doses per day. The sub-dose itself may be further divided, e.g., into a number of
discrete loosely spaced administrations; such as multiple inhalations from an insufflator
or by application of a plurality of drops into the eye.

As used herein, an “instructional material” includes a publication, a recording, a
diagram, or any other medium of expression which can be used to communicate the
usefulness of the composition of the invention for its designated use. The instructional
material of the kit of the invention may, for example, be affixed to a container which
contains the composition or be shipped together with a container which contains the
composition. Alternatively, the instructional material may be shipped separately from
the container with the intention that the instructional material and the composition be
used cooperatively by the recipient.

The method of the invention includes a kit comprising an inhibitor identified in
fhe invention and an instructional material which describes administering the inhibitor
or a composition comprising the inhibitor to a cell or a subject. This should be
construed to include other embodiments of kits that are known to those skilled in the art,
such as a kit comprising a (preferably sterile) solvent suitable for dissolving or
suspending the composition of the invention prior to administering the compound to a
cell or a subject. Preferably the subject is a human.

In accordance with the present invention, as described above or as discussed in
the Examples below, there can be employed conventional chemical, cellular,
histochemical, biochemical, molecular biology, microbiology, and in vivo techniques
which are known to those of skill in the art. Such techniques are explained fully in the
literature.

Without further description, it is believed that one of ordinary skill in the art can,
using the preceding description and the following illustrative examples, make and

utilize the compounds of the present invention.
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The invention is now described with reference to the following Examples and

Embodiments. Without further description, it is believed that one of ordinary skill in
the art can, using the preceding descriptioﬁ and the following illustrative examples,
make and utilize the present invention and practice the claimed methods. The following

5 working examples therefore, are provided for the purpose of illustration only and
specifically point out the preferred embodiments of the present invention, and are not to
be construed as limiting in any way the remainder of the disclosure. Therefore, the
examples should be construed to encompass any and all variations which become
evident as a result of the teaching provided herein.

10

Experimental Examples

The short and convergent synthetic approach to 1 started with the preparation of
flavonol 4, as outlined in Scheme 1.
Naringenin (4°, 5, 7-trihydroxyflavanone; see Scheme 1) was treated with
15 benzyl bromide and excess K,COj, resulting in concomitant B-elimination and benzyl
protection to give the chalcone 2 in 81% yield. Formation of the desired flavanone 3
was accomplished in good yields (70-80%) using catalytic I, in DMSO at 140 °cf
Introduction of a 3-OH group was achieved using DMDO,’ followed by opening of the
formed epoxide with catalytic p-toluenesulfonic acid to afford flavonol 4 in 78% yield.®
20

CCR=0H(4)

Preparation of the carbohydrate moiety is outlined in Scheme 2. Compound 5

was synthesized from L-rhamnose by known methods.”

25 5
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Because O-3 and O-4 of 1 are both acetylated, while O-2 is unprotected, an
appropriate orthogonal protecting group for O-2 was sought. Accordingly, using a
procedure reported by Crich and co-workers,' regioselective protection of the O-3 and
0-4 hydroxyl groups was achieved using 2,3-butanedione and trimethylorthoformate to
give 6 in 89% yield. Benzyl protection of O-2 proceeded in 85% yield via the agency
of NaH and benzyl bromide in THF to give the fully protected thamnose. Benzylation
of this OH group was chosen to allow for a mild and efficient global deprotection at the
end of the synthesis. Removal of the O-3,4 protecting group was accomplished using
TFA-H,0 in CH,Cl, to afford 7 in 93% yield. Bis-acetylation of 7 with Ac,0, NEt; and
catalytic 4-dimethylaminopyridine (DMAP) gave 2-O-benzyl-3,4-di-O-acetylrhamnose
derivative 8 in yields exceeding 90%. Conversion to the thamnosyl bromide 9 was
accomplished in 84% yield by treatment with Br, in CH,Cl, at 0 °C.

Condensation of 4 and 9 in the presence of Ag,O provided perbenzylated
SL101-1 (10), exclusively as the a-anomer, in 60% yield (Scheme 3). Other commonly
used glycosylation methods! such as benzyltriethylamine bromide and dilute aqueous
KOH failed. Global debenzylation using Pearlman’s catalyst (Pd(OH),/C) in the
presence of Hy gave SL0101-1 (1) in 94% yield. The synthetic compound had spectral
data in full agreement with the authentic, naturally derived sample.

In conclusion, a short and efficient approach to the naturally occurring p90 Rsk
inhibitor 1 has been completed. This convergent approach has permitted access to 1 on

a preparative scale and should provide facile access to structurally related analogues.

21



PCT/US2006/000709

WO 2006/086103

Scheme 1
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OH O OBn O 0Bn O
R=H(3)
°(
R =OH (4)

naringenin

5
®Conditions: (a) BnBr, K,CO3, acetone, reflux, (81%); (b) cat. I, DMSO, 140 °C
°C then pTsOH, CHCls, (78%).

(72%); (c) DMDO, acetone, CH,Cl,,

Scheme 2
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HOQ:OH
OH Meo‘)\( OH
5 v OoMe 6 7
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G OAc

8 9

“Conditions: (a) 2,3 butanedione, CH(OMe)s, cat. CSA
MeOH, reflux, (89%); (b) BnBr, NaH, THF, reflux, (85%)

(c) TFA:H,0 (20:2), CH,Cl,, (93%); (d) Ac,0, NE,,
0°C, (84%).

15
cat. DMAP, CH,Cl,, (100%); (e) Bra, CH.Cly,

20
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Scheme 3

OR

OB
o O n9, Ag,0, CH,CI, (60%) " O Ol O

BnO.
O ]
OH OR O

0OBn O O
AcO

4 AcO

OR
Pd(OH)»/C, H, ~R=Bn(10)

THF:MeOH (1:1)
(94%) R =H SL0101-1 (1)

General Methods.

Reagents and solvents were reagent grade and used without further purification.
Methylene chloride was distilled from calcium hydride, and toluene was distilled from
sodium. Anhydrous grade THF and Et,0 were purchased from VWR. All reactions
involving air or moisture sensitive reagents or intermediates were performed under a
nitrogen or argon atmosphere. Flash chromatography was performed using Silicycle
40-60 mesh silica gel. Analytical TLC was performed using 0.25 mm EM silica gel 60
Fas0 plates that were visualized by irradiation (254 nm) or by staining with Hanessian’s
stain (cerium molybdate).

Optical rotations were obtained using a Jasco digital polarimeter. 'H and “C
NMR spectra were obtained using 300 MHz and 500 MHz Varian instruments.
Chemical shifts are reported in parts per million (ppm J) referenced to the residual 'H
resonance of the solvent (CDCl3, 7.26 ppm; DMSO-ds, 2.49 ppm). 1BC spectra were
referenced to the residual 1>C resonance of the solvent (CDCls, 77.3 ppm; DMSO-d,
39.5 ppm). Splitting patterns are designated as follows: s, singlet; br, broad; d, doublet;
dd, doublet of doublets; t, triplet; q, quartet; m, mulitplet. High resolution mass spectra
were obtained at the Michigan State University-NIH Mass Spectrometry Facility. ‘

Melting points were determined for all crystalline compounds and are uncorrected.
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Experimental Procedures.

OBn
BnO O OHl O V
OBn O

E-3-(4-Benzyloxyphenyl)-1-(2,4-bisbenzyloxy-6-hydroxyphenyl)propenone
(2). To a solution containing 5.00 g (18.4 mmol) of 4°,5,7-trihydroxyflavanone in 150
mL of acetone was added 10.0 g (7.00 mL, 57.0 mmol) of BnBr followed by 15.4 g
(110 mmol) of K,CO;. The reaction mixture was heated at reflux overnight under N.
The cooled reaction mixture was then concentrated under diminished pressure. The
residue was redissolved in 300 mL of ethyl acetate, washed with three 100-mL portions
of H,0, dried (MgSO,) and concentrated under diminished pressure. The residue was
purified by flash chromatography on a silica gel column (28 x 4 cm).

Elution with 3:1 hexanes—ethyl acetate gave 2 as a bright yellow solid: yield
8.07 g (81%); mp 127-129 °C; silica gel TLC Ry 0.53 (3:1 hexanes—ethyl acetate); 'H
NMR (CDCl) 8 5.02 (s, 2H), 5.07 (s, 4H), 6.17 (dd, 2H, J=17.4, 2.1 Hz), 6.76 (d, 2H,
J=8.4Hz), 6.97 (d, 2H, J= 8.7 Hz), 7.32 (m, 15H), 7.74 (dd, 2H, J = 15.3, 14.7 Hz)
and 14.81 (br s, 1H); *C NMR (CDCl3) § 70.3, 70.5, 71.6, 92.7, 95.3, 106.5, 115.2,
125.4,127.5, 127.7, 127.9, 128.3, 128.4, 128.6, 128.8, 128.9, 129.1, 129.2, 130.4,
135.7, 136.1, 136.8, 143.0, 160.5, 161.9, 165.3, 169.1 and 192.8; mass spectrum (FAB),
m/z 5432177 (M + H)™ (C3H3,0s requires 543.2171).

OBn O

5,7-Bis-(benzyloxy)-2-(4-(benzyloxy)phenyl)-4H-chromen-4-one (3). To a
solution containing 7.50 g (13.8 mmol) of 2 in 50 mL of DMSO was added 0.39 g (1.52
mmol) of I,. The reaction mixture was heated at reflux overnight under N,. The cooled
reaction mixture was diluted with 200 mL of ethyl acetate and washed with two 100-mL
portions of IN HCI. The organic layer was separated, dried (MgSO4) and concentrated

under diminished pressure. The residue was purified by flash chromatography on a
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silica gel column (28 x 4 cm). Elution with 1:1 hexanes—ethyl acetate gave 3 as an off-
white solid: yield 5.50 g (72%); mp 60-62 °C; silica gel TLC R,0.19 (2:1 hexanes—ethyl
acetate); "H NMR (CDCls) & 5.10 (s, 2H), 5.12 (s, 2H), 5.22 (s, 2H), 6.48 (d, 1H, J =
2.5 Hz), 6.63 (d, 1H, J=2.0 Hz), 7.05 (d, 2H, J = 8.5 Hz), 7.37-7.46 (m, 15H), 7.64 (d,
2H, J= 8.0 Hz) and 7.80 (d, 2H, J = 9.0 Hz); '* C NMR (CDCls) & 70.4, 70.7, 70.9,
749,944, 98.6, 107.9,110.0, 115.5, 118.2, 124.2, 126.8, 127.6, 127.7, 127.9, 128.5,
128.6, 128.7, 128.8, 128.9, 129.0, 135.9, 136.5, 136.7, 159.9, 160.9, 161.4, 163.1 and
171.6; mass spectrum (FAB), m/z 541.2019 (M + H)* (C3sH,905 requires 541.2015).

5,7-Bis-(benzyloxy)-2-(4-(benzyloxy)phenyl)-3-hydroxy-4H-chromen-4-one
(4). To a solution containing 1.00 g (1.85 mmol) of 3 in 30 mL of CH,Cl, at 0 °C was
added 30 mL of 2 0.9-0.11 M solution of DMDQO in acetone. The reaction mixture was
stirred at 0 °C overnight under N,.

The solvent was concentrated under diminished pressure, and then the residue
was redissolved in 50 mL of CH,Cl, and treated with catalytic pTSOH. The reaction
mixture was stirred at 0 °C for 30 min. The solvent was concentrated under diminished
pressure and the residue was purified by flash chromatography on a silica gel column
(25 x4 cm).

Elution with 1:1 hexanes—ethyl acetate gave 4 as a light brown solid: yield 0.63
g (78% based on consumed starting material) and 0.22 g of unreacted starting material;
silica gel TLC Ry 0.28 (3:1 hexanes—ethyl acetate); 'H NMR (DMSO-ds) & 5.19 (s, 2H),
5.25 (s, 2H), 6.69 (s, 1H), 6.97 (br s, 1H), 7.18 (d, 2H, J = 8.5 Hz), 7.30-7.44 (m, 11 H),
7.46-7.50 (m, 2H), 7.67 (d, 2H, J="7.5 Hz), 8.14 (d, 2H, J= 8.5 Hz) and 9.15 (s, 1H);
BCNMR (DMSO-dg) § 70.1, 70.5, 70.7, 94.6, 98.0, 102.2, 107.4, 115.6, 127.2, 128.1,
128.5, 128.6, 128.7, 128.87, 128.92, 129.16, 129.23, 129.4, 136.8, 137.4, 137.6, 138.8,
142.5, 158.7, 159.5, 159.8, 163.4 and 171.9; mass spectrum (FAB), m/z 557.1967 (M +
H)" (C36H,005 requires 557.1964).
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1,

,:(OJ,SPh
0" " "OH

MeOrA__O
~ oMe

Phenyl 3,4-0-(2,3-Dimethoxybutan-2,3-diyl)-1-thio-¢-L-rhamnopyranoside
(6). A solution containing 3.80 g (14.8 mmol) of 5, 1.40 g (1.42 mL, 16.3 mmol) of
2,3-butanedione, 4.72 g (4.87 mL, 44.5 mmol) of trimethylorthoformate, and 0.52 g
(2.22 mmol) 10-camphorsulfonic acid in 100 mL of MeOH was heated at reflux
overnight. The cooled reaction mixture was neutralized with NEt; and concentrated
under diminished pressure. The residue was purified by flash chromatography on a
silica gel column (28 x 4 cm). Elution with 6:1 hexanes—ethyl acetate gave 6 as a
colorless foam: yield 4.87 g (89%); silica gel TLC R,0.19 (3:1 hexanes—ethyl acetate);
[o]p? -290.9 (¢ 1.36, CHCL3); 'H NMR (CDCls) 6 1.26 (d, 3H, J= 6.3 Hz), 1.31 (s,
3H), 1.33 (s, 3H), 3.24 (s, 3H), 3.31 (s, 3H), 3.78 (m, 1H), 3.98 (dd, 1H, J=10.2, 3.0
Hz), 4.18 (dd, 1H, J=3.0, 1.2 Hz), 4.26 (m, 1H), 5.49 (s, 1H), 7.26-7.32 (m, 3H) and
7.42-7.47 (m, 2H); ®C NMR (CDCls) & 16.7, 17.9, 18.0, 47.9, 48.3, 68.0, 68.8, 69.0,
71.6, 88.1, 100.1, 100.5, 127.5, 129.2, 131.6 and 134.5; mass spectrum (FAB), m/z
370.1448 (M)" (C1sH2606S requires 370.1450).

//:LOJ,SPh
0”7 > 0Bn

MeOr, (0]
< oMe

Phenyl 2-0-Benzyl-3,4-0-(2,3-dimethoxybutan-2,3-diyl)-1-thio-a-L-
rhamnopyranoside. To a solution containing 4.80 g (13.0 mmol) of 6 in 100 mL of
anhydrous THF at 0 °C was added slowly 1.03 g (25.9 mmol) of a 60% dispersion of
NaH. After stirring for 5 min, the reaction mixture was removed from the ice bath and
3.33 g (2.31 mL, 19.5 mmol) of BnBr was added. The reaction mixture was heated at
reflux overnight under Nz. The reaction mixture was then quenched by the slow
dropwise addition of sat. aqueous NH4Cl, diluted with 200 mL of H,0, and extracted
with three 150-mL portions of ethyl acetate. The combined organic layer was dried

(MgSOy) and concentrated under diminished pressure.
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The residue was purified by flash chromatography on a silica gel column (28 x 4
cm). Elution with 4:1 hexanes—ethyl acetate gave the product as a colorless foam: yield
5.05 g (85%); silica gel TLC Ry 0.62 (3:1 hexanes—ethyl acetate); [o]p”' -206.7 (¢ 1.08,
CHCLy); "H NMR (CDCl) & 1.29 (d, 3H, J = 6.3 Hz), 1.34 (s, 3H), 1.36 (s, 3H), 3.29 (s,
3H), 3.31 (s, 3H), 3.95 (m, 3H), 4.26 (m, 1H), 4.71 (m, 1H), 4.90 (d, 1H, J=12.0 Ha),
5.45 (d, 1H, J= 0.6 Hz) and 7.25-7.45 (m, 10H); >°C NMR (CDCL;) § 16.8, 18.0, 18.1,
47.9, 48.1, 68.4, 69.1, 69.6, 73.2,77.9, 87.5, 99.8, 100.0, 127.3, 127.7, 128.1, 128 4,
129.2, 131.3, 135.0 and 138.6; mass spectrum (FAB), m/z 460.1919 (M)" (C25H3,068
requires 460.1920).

2,

., O _uSPh
Hogosn
OH

Phenyl 2-0-Benzyl-1-thio-a-L-rhamnopyranoside (7). To a solution
containing 5.00 g (10.87 mmo?) of phenyl 2-O-benzyl-3,4-0-(2,3-dimethoxybutan-2,3-
diyl)-1-thio-o-L-rhanmopyranoside in 100 mL of CH,Cl, was added 22 mL of 10:1
TFA-H,0. The reaction mixture was stirred at room temperature for 40 min, quenched
cautiously with sat. aq NaHCO3, and diluted with 75 mL of CH;Cl,. The organic layer
was separated, washed with two 100-mL portions of brine, dried (MgSO.) and
concentrated under diminished pressure. The residue was purified by flash
chromatography on a silica gel column (28 x 4 cm).

Elution with 1:1 hexanes—ethyl acetate gave 7 as a colorless solid: yield 3.50 g
(93%)); silica gel TLC R0.47 (1:1 hexanes—ethyl acetate); [a]p” 1.92.1 (¢ 1.00, CHCL);
"THNMR (CDCl3) & 1.34 (d, 3H, J= 6.0 Hz), 2.42 (br s, 2H), 3.52 (t, 1H, J = 9.5 Hz),
3.76 (dd, 1H, J=9.0, 3.5 Hz), 4.01 (dd, 1H, J=3.5, 1.5 Hz), 4.13 (m, 1H), 4.49 (d, 1H,
J=11.5Hz), 4.75 (d, 1H, J= 12.0 Hz), 5.60 (s, 1H), 7.29 (m, 8H) and 7.47 (m, 2H);
13C NMR (CDCLy) § 17.9, 69.3, 72.3, 72.6, 74.5, 79.8, 85.2, 127.7, 128.2, 128.4, 128.9,
129.3, 131.8, 134.4 and 137.3; mass spectrum (FAB), m/z 346.1237 (M)" (C19H204S
requires 346.1239).
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7,

/:C)jsph
AcO” > "'0Bn

OAc

Phenyl 3,4-Di-0-acetyl-2-O-benzyl-1-thio-o-L-rhamnopyranoside (8). A
solution containing 3.45 g (9.97 mmol) of 7, 4.07 g (3.77 mL, 39.9 mmol) of Ac,0,
5.03 g (6.78 mL, 49.9 mmol) of NEts, and 0.13 g (0.10 mmol) of 4-(N,N-
dimethylaminopyridine in 75 mL of anhyd CH,Cl, was stirred at room temperature
overnight under N,. The reaction mixture was then diluted with 100 mL of CH,C}; and
washed with two 100-mL portions of H,O. The organic layer was separated, dried
(MgS0,) and concentrated under diminished pressure. The residue was purified by
flash chromatography on a silica gel (25 x 4 cm).

Elution with 2:1 hexanes—ethyl acetate gave 8 as a colorless solid: yield 4.30 g
(100%); silica gel TLC R,0.51 (2:1 hexanes—ethyl acetate); [a]p?! - 43.3 (¢ 1.56,
CHCL); 'THNMR (CDCL) & 1.24 (d, 3H, J= 6.0 Hz), 1.99 (s, 3H), 2.07 (s, 2H), 4.08
(dd, 1H, J=3.5, 1.5 Hz), 4.28 (m, 1H), 4.54 (d, 1H, J= 12.5 Hz), 4.68 (d, 1H, J=12.0
Hz), 5.16 (dd, 1H, J=10.0, 3.5 Hz), 5.27 (t, 1H, J=9.5 Hz), 5.50 (d, 1H, J = 2.0 Hz),
7.27-7.33 (m, 8H) and 7.44 (m, 2H); PCNMR (CDCl3) 8 17.7,21.1, 68.0, 71.6,71.7,
72.8,77.2,85.6,127.7,128.2, 128.2, 128.7, 1294, 131.6, 134.3, 137.6, 170.2 and
170.5; mass spectrum (FAB), m/z 431.1530 (M + H)" (Co3Hy706S requires 431.1528).

Br

AcO' “'OBn

OAc

3,4-Di-0-acetyl-2-0-benzyl-o-L-rhamnopyranosyl Bromide (9). To a
solution containing 1.00 g (2.32 mmol) of 8 in 25 mL of anhydrous CH;Cl, at 0 °C
under argon was added 0.50 g (0.16 mL, 3.14 mmol) of Br,. The reaction mixture was
stirred at 0 °C for 1 h. The reaction mixture was diluted with 20 mL of CH,Cl, and
washed with 100 mL of 3% aq NaHSOs. The organic layer was separated, dried
(MgS0y4) and concentrated under diminished pressure. The residue was then purified
by flash chromatography on a silica gel column (26 x 4 cm).

Elution with 2:1 hexanes—ethyl acetate gave 9 as a colorless oil: yield 0.78 g
(84%); silica gel TLC Rr0.21 (2:1 hexanes—ethyl acetate); "H NMR (CDCls) & 1.26 (d,
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3H, J=6.0 Hz), 1.99 (s, 3H), 2.07 (s, 3H), 4.03 (m, 1H), 4.10 (m, 1H), 4.66 (dd, 2H, J
=15.0, 12.0 Hz), 5.23 (t, 1H, J= 10.2 Hz), 5.54 (dd, 1H, J=10.2, 3.3 Hz), 6.34 (s, 1H)
and 7.35 (m, 5H); *C NMR (CDCl3) § 17.3, 21.0, 70.0, 70.8, 71.4, 73.5, 79.2, 86.5,
128.2, 128.8, 137.4, 169.9 and 170.2. Note: must be used immediately; product
decomposes rather rapidly (1-2 days).

5,7-Bis-(benzyloxy)-2-(4-(benzyloxy)phenyl)-3-[3,4-di-O-acetyl-2-O-benzyl-
a-L-rhamnopyranosyloxy]-4H-chromen-4-one (10). To a stirred suspension
containing 0.28 g (0.51 mmol) of 4, 0.24 g (1.02 mmol) of freshly prepared Ag,O and
4A molecular sieves in 10 mL of CH,Cl; was added 0.41 g (1.02 mmol) of 9 in 5 mL of
CH,Cl,. The reaction mixture was stirred at room temperature for 4 h, then diluted with
20 mL of CH,C); and filtered through a Celite pad and washed with CH,Cl,. The
filtrate was concentrated under diminished pressure and the residue was purified by
flash chromatography on a silica gel column (25 x 3 cm).

Elution with 3:1 hexanes—ethyl acetate gave 10 as a colorless solid: yield 0.27 g
(60%); silica gel TLC R;0.37 (2:1 hexanes—ethyl acetate); [o]p> -84.3 (¢ 0.06, CHCLs);
THNMR (CDCls) § 0.87 (d, 3H, J= 6.0 Hz), 1.95 (s, 3H), 1.99 (s, 3H), 3.39-3.48 (m,
1H), 4.42 (m, 1H), 4.74 (dd, 2H, J = 30.9, 12.3 Hz), 5.09 (s, 2H), 5.14 (s, 2H), 5.16 (m,
1H), 5.26 (s, 2H), 5.30 (m, 2H), 5.74 (s, 1H), 6.49 (d, 2H, J=25.5 Hz), 7.14 (d, 2H, J =
8.7 Hz), 7.25-7.47 (m, 20H), 7.63 (d, 2H, J= 7.8 Hz) and 7.84 (d, 2H, J = 8.4 Hz); Bc
NMR (CDCl3) 8 17.0, 20.7, 68.1, 70.0, 70.36, 70.42, 70.6, 71.0, 72.5, 75.5, 93.8, 98.1,
08.7,109.9,114.6, 123.1, 126.5, 127.2, 127.5, 127.6, 128.1, 128.3, 128.5, 128.6, 128.6,
130.4, 135.5, 136.2, 137.7, 137.9, 154.1, 158.8, 159.7, 160.3, 162.7, 169.7, 170.0 and
173.0; mass spectrum (FAB), m/z 877.3221 (M + H)* (Cs3Hye01, requires 877.3224).
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OH
SL0101-1 (1). A suspension containing 0.26 g (0.29 mmol) of 10 and 0.10 g of
Pd(OH),/C in 10 mL of 1:1 THF-MeOH was purged with H, and maintained under a

H, atmosphere for 1 h. The reaction mixture was then diluted with ethyl acetate,

filtered through a Celite pad and washed with ethyl acetate. The filtrate was
concentrated under diminished pressure to give 1 as a tan solid: yield 0.14 g (94%);
silica gel TLC R;0.35 (1:1:0.1 hexanes—ethyl acetate-methanol); [a]p'” -106.5 (¢ 0.65,
MeOH); "H NMR (acetone-ds) & 0.86 (d, 3H, J= 6.3 Hz), 1.32 (br s, 1H), 2.01 (s, 3H),
2.06 (s, 3H), 3.54 (m, 1H), 4.48 (d, 1H, J= 2.1 Hz), 5.12 (m, 1H), 5.23 (dd, 1H, J= 9.9,
2.7 Hz), 5.61 (d, 1H, J= 0.9 Hz), 6.32 (brs, 1H), 6.53 (brs, 1H), 7.09 (d, 2H, J= 8.4
Hz), 7.90 (d, 2H, J = 8.1 Hz), 9.44 (br s, 2H) and 12.62 (br s, 1H); >C NMR (acetone-
de) §17.0,20.2,68.7,70.5,71.7,94.1,99.2, 101.5, 105.2, 115.9, 121.8, 131.1, 134.8,
157.5, 158.0, 160.5, 162.7, 164.6, 169.7, 170.1 and 178.5; mass spectrum (FAB), m/z
517.1345 (M + H)" (Ca5H,501, requires 517.1346).

Methods for testing the activity of compounds of the invention

Methods for testing the ability of SL0101 (SL0101-1, SL0101-2, and SLO101-
3), and analogs and derivatives thereof, synthesized according to the methods disclosed
herein, to inhibit p90 ribosomal S6 kinase (RSK), are known to those of ordinary skill
in the art. Some specific assays are provided in citation number 5 (Smith et al., Cancer
Res., 2005, 65:1027), which is incorporated by reference in its entirety.

The structure of compounds SL0101-1, -2, and -3 and their ability to inhibit the
kinase activity of p90 RSK are provided in Table 1.
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Ri Ry R3 ICg

OH O SL0101-1(1) OH OAc OAc 89 nM
5 0 SL0101-2 OH OH OAc 189 nM
K SL0101-3  OAc OH OAc 580 nM

The invention should not be construed to be limited solely to the assays and
methods described herein, but should be construed to include other methods and assays
as well. Other methods which. were used but not described herein are well known and
within the competence of one of ordinary skill in the art of chemistry, biochemistry,
molecular biology, and clinical medicine. One of skill in the art will know that other
assays and methods are available to perform the procedures described herein.

The abbreviations used herein have their conventional meaning within the
clinical, chemical, and biological arts. In the case of any inconsistencies, the present
disclosure, including any definitions therein will prevail.

The disclosures of each and every patent, patent application, and publication
cited herein are hereby incorporated herein by reference in their entirety.

While this invention has been disclosed with reference to specific embodiments,
it is apparent that other embodiments and variations of this invention may be devised by
others skilled in the art without departing from the true spirit and scope of the invention.
The appended claims are intended to be construed to include all such embodiments and
equivalent variations. Accordingly, the present invention is not intended to be limited
to the embodiments shown herein but is to be accorded the widest scope consistent with

the principles and novel features disclosed herein.
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CLAIMS

What is claimed is:

1. A method for synthesizing a compound having the general structure of

5 formula I;

wherein R; and R, are each independently selected from the group consisting of
OH and OAc, and Rj is OAc;
10 said method comprising;

synthesizing from naringenin a flavonol (4)

synthesizing a carbohydrate moiety by synthesizing from L-rhamnose

15 compound 5

synthesizing rhamnosyl bromide from compound 5, and then condensing 4 and

the rhamnosyl bromide.
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2. The method of claim 1, said method comprising synthetic schemes 1, 2, and

wherein synthetic scheme 1 comprises the following steps;

OH O
naringenin

wherein the conditions for step a comprise BnBr, K,CO3, acetone, reflux, (81%)
wherein the conditions for step b comprise cat. I, DMSO, 140 °C, (72%),

wherein the conditions for step ¢ comprise DMDO, acetone, CH,Cl,, 0 °C, then

10 pTsOH, CHCIs, (78%);
wherein synthetic scheme 2 comprises the following steps;

SPh

O e J e

HO” > “OH 0" Y “/OBn
. MeOr )\<o .

5 OMe 6 7
AcO” ™" "OBn AcO” > OBn
OAc OAc
8 9

wherein the conditions for step a comprise 2,3 butanedione, CH(OMe)s, cat.

15 CSA, MeOH, reflux, (89%);
wherein the conditions for step b comprise BnBr, NaH, THF, reflux, (85%);

wherein the conditions for step ¢ comprise TFA:H,0 (20:2), CH,Cly, (93%);
wherein the condition for step d comprise Ac,O, NEts, cat. DMAP, CH;Cl,,
(100%);
20 wherein the conditions for step € comprise Bry, CH,Cl, 0 °C, (84%); and

wherein synthetic scheme 3 comprises the following steps;

34



10

15

20

25

WO 2006/086103 PCT/US2006/000709

OR
OBn RO o O
O 9, Ag,0, CH,Cl, (60%) O |

BnO o
(L) ?

OH OR O

OBn O
AcO 0

4
AcO OR

PA(OH),/C, H, ~R=Bn(10)

THF:MeOH (1:1)
(94%) R =H SL0101-1 (1)

3. The method of claim 1, further wherein said compound has 90 kDa ribosomal

S6 kinase inhibitory activity.

S

. The method of claim 3, wherein R; is OH and R, is OAc.

wn

. The method of claim 3, wherein R; is OH and R; is OH.

o)

. The method of claim 3, wherein R; is OAc and R; is OH.

~

. A compound synthesized by the method of claim 1.

o

. The compound of claim 7, wherein said compound inhibits cell proliferation.

\O

. The compound of claim 8, wherein said cell is a cancer cell.

10. The compound of claim 9, wherein said cancer cell is a breast cancer cell.
11. The compound of claim 7, wherein said compound enhances cell death.
12. The compound of claim 11, wherein said cell is a cancer cell.

13. The compound of claim 12, wherein said cancer cell is a breast cancer cell.

35



10

WO 2006/086103 PCT/US2006/000709

14. A method of treating cancer in a subject in need thereof, said method
comprising administering to said patient a pharmaceutical composition comprising an

effective amount of a compound of claim 1 and a pharmaceutically-acceptable carrier.

15. A kit for administering a compound of claim 1 to a subject, said kit
comprising a pharmaceutical composition comprising at least one compound of claim 1
and a pharmaceutically-acceptable carrier, an applicator, and an instructional material

for the use thereof.
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