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ANDROSTERONE DEBIVATIVES AND METHOD OF USE

THEREOF
CROSS REFERENCE TO RELATED APPLICATIONS
[oooi} This application claims priotity to Provisional Application Serial No.

60/729,463, filed October 20, 20035, the disclosure of which is incorporated hergin by

reference.
STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
{0002} The present invention was funded in part by Grant No. DAMD17-99-

18018 awarded by DOD. The government may bave cerlain rights in the invention.
FIELD OF THE INVENTION
{0003} The disclosure relates to novel steroids and more particudarly to
androsterone dextvatives useful as anti-cancer, anti-obesity, anti-diabetic and
hypolipidemic agenis.
BACKGROUND
10004} Dehvdroepiandorstgrone (DHEA) and dehydroepiandrosterone-sulfate
are major adrenal secrefory produocts in many mmmmalian species. Although DHEA-
sulfate is the main precursor of placental estrogen and s convested inlo active
androgens in peripheral lissae, there is no strong biological role for sither DHEA or
DHEA-sullate in the normal subject. Several studies suggest that these steroids are
associated with cell profiferative disorders as welf as other sndrogen-associated
diszases and disorders.
[0008]} Examples of androgen-assoctated diseases snd disorders melude, bul
are not Himited to, prostate cancer, benign prostatic hyperplasia, acne, seborrhea,
hirsatism, androgenic slopecis, precocious puberty, advenal hyperplasia, and
polveystic ovarian syndrome, In addition, estrogen-associated diseases and disorders
can be included such as, for exarmple, breast cancer, endometriosis, fetomyoma, and
pracogious puberty.
SUMMARY
£0008} The disclosure provides androsterone derivatives, methods of syntbesis
and methods of use in the treatment of various androgen~ and estrogen-associated
diseasss and disordars.
{00071 In one aspact, the androsterone derivatives inhibit breast cancer cell

growth via counteracting the effect of female hormones andfor binding on receptors
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for such hormones {e.8.. ¢s antagonisls) inducing inhibition of cellular proliferation
and inducing killing of cells having cell proliferative disorders associated with
androgens and estrogens.
{0008} 1n another aspect, the disclosure provides androsferone ester
compounds, pharmaceatical compositions of these androstarone derivatives, methods
of using androsterone derivatives (e.g.. for the lreatmen of cancer).
[0009] In yet another aspect, the disclosure provides androsterone-
camptothecin combination compounds, pharmaceutical compositions of these
androsterone derivalives, methods of using androsterone derivatives {e.y., for the
{reatment of cancer),
{0010} The details of one or more entbodiments are set Torth in the
agcompanying drawings and the deseription below. Other features, objeets, and
advantages will be apparent from the deseription and drawings, and from the claims,

BRIEF DESCRIPTION OF THE FIGURE
[0011} Figure 1 shows the effect of an androsterone derivative of the
disclosare on cancer cells,

DETAILED DESCRIPTION

{00121 . Asused heretn and in the appended olaims, the singubar forms "a.”
"and,” and "the" include plural referents unless the contexs clearty dictates otherwise.
Thus, for example, reforence to "an antigen” inclodss a plurality of such antigens and
reference to "the immune cell” includes reference 1o one or more immune cells known
to those skilled in the art, and so forth,
{0013} Unless defined otherwise, alf technical and scientific texms used hersin
have the same meaning as conumonly nderstood to one of erdinasy skifl in the art to
which this disclosure belongs. Although methods and materials similar or equivalent
16 those described herain can be used in the practice of the disclosed methods and
compositions, the exemplary methods, devices and materials are described herein.
{00141 The publications discussed sbove and throughout the text are provided
solely for their disclosure prior to the filing date of the present gpplication. Nothing
haredn is 1o be construed as an admission that the Invertors are not entitled 1o antedaie
such disclosure by vitlue of prior discloswe.
{0015} Androsterone is a sleroid hormone excreted in arine that remlorcey

masculine chargoteristics having the general Tormulg gs set forth in Formula :

T
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{00181} The disclosure provides sndrosicrone derivatives having the genersl

fornmglas I and 11L:

] i

{00173 I one aspect he R groups are aromatic {e.g., aromatic nitrogen-
containing heterocveles). In some aspect, the R groups bave extended aromatic
systeras with electron withdrawing groups (e.g., elecirophilic). Aromatic nitrogen-
conlaining heterocycles, fypically contain a 5- or 6-membered monocy clic substituent,
or a bicyclic fused or linked 5- or 6-membered ring, such as imidazoly, indolyl,
peridingd, pythmiding, pyrolyl, quinolinyl, tetrazolyl, 1.2.4-triazolv, and lhe like.
[001R] Aromafic nitrogen-~containing heterocyeles include, by way of
example, 2-amino-pyridine, benzimidazole, 2,5-diaminopyridine, 2.4
dimethylimidazole, 3,,3“ciiméih§; ipyridine, 2 4-dimethylpyridine, 3.3~
dimethylpyridine, imidazole, methoxypytidine, y-picoling, 2,4, 6-trimethyipyridine,
annd combinations thereof.

{0018} In another aspect, the R group is 2 non-aromatic nifrogen-containing
heterocyle. Non-aromatic nitrogen-containing heterotycles, typically comtain 4+ to 6-
membered rings such as acetimide, morpholinyd, lactams snd imides {e.g., v~
butyrolactam, s-caprolactam, N-phenyt-§-propiolactans), phihatinsddo, piperidyl,

“
>
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piperidino, piperazinyl, pyerolidingl, succinimido, and the like. Non-aromatic
nitrogen~containing heterocycles include, by way of example, 1,2-dimethylpiperidine,
2. 3-dimethylpiperazine, 1,2-dimethylpyrrolidine. {-ethylpiperidine, n-
methylpyrrolidine, morpholine, piperazive, piperidineg, pyrrofidine, 2,2,6,6-
letramethyvipipes~ idine, 2,2 d-trimethyipiperiding, and combinations thereof In some
more particutar aspect, the R group is an atropine or a seopolamine.

{0020} In another aspect, the methods of the disclosure utifize heterocyelie
compounds i the synthesis of the andvosterone derivatives of the disclosure.

{00213 In vet another aspect, the methods of the disclosare utilize
eamptothecin compounds in the synthesis of the androsterane derivatives of the
disclosure,

[0022] In one aspect of the disclosure, the androsierone derivative comprises a

cormpound having the general formula 11

L
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wherein * indicates the () chiral cenler in the original molecule.
{0023} 1n another aspect of the disclosure, the androsterone derivative
comprises a compound having the general formuta H:

.

£

J

114

whereln R is sefected from the group consisting of:
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{00241 One aspect of the disclosure is g pharmacentical composition useful for

treating an androgen-~associated disease in a warm-blooded animal, which
composition comprisgs compound of the disclosure as defined hergin in combination
with a pharmaceutically accepiable excipient. The composition is prepared in
accordance with known formulation technigues to provide a composition sutlable for
oral, topicsl, transdermal, rectal, by inhalation, parenteral {intravenovs, intramuscalar,
or intraperifoneal) administration, and the like. Detatled guidance for preparing
compositions of the disclosure are found by reference to the 1R.sup.th or 19.sep.th
Edition of Remington's Pharmaceutical. Sciences, Published by the Mack Publishing
Co., Easton, Pa. 18040,
f00R5] Lt doses or multiple dose formys ave contemplated, each offering
advantages w certain clinical settings. The unit dose would contain & predetermined
guanitity of active compovad caleulated to produce the desired effect(s) in the setting
of treating disease. The multiple dose formn may be particulasly vseful when muhiples
of single dogses, or fractional doses, ars requirad Yo achieve the desired ends. Etther of
these dosing forms may have specifications that are dictated by or directly dependent
upon the unigue characteristic of the particular compound, the particular (herapeutic
effect o be achieved, and any Himitations inherent in the art of preparing the particnlar
compound for freatment of cancer.

&
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[00261 The compound may be administered orally in a suitable formulation as
an ingesiible tablet, a buccal tablet, capsude, caplet, elixir, suspension, svrup. trouche,
wafer, lozenge, and the like. Generally, the most straightforward formulation is a
tablet or capsule (individually or collectively designated as an "oral dosage unit™.
Suitable fornndations ase prepared in accordance with a standard formulating
technigues available that match the charactenistics of the compound to the excipients
avatlable for foranddating an appropriate composition.

[0027} The form may deliver a compound rapidly or may be a sustained-
release preparation. The compound nmay be enclosed in a hard or sofl capsule, may be
compressed into tablets, or may be incorporated with beverages, food or otherwise
into the diet.

§0028] The suitable formulation of an oral dosage unit may also contain: 8
binder, such as gum tragacanth, acacta, corn starch, gelatin; sweetening agents such 88
lactose or sucrose; disintegrating agents such as com starch, alginic acid and the like;
a tubricant such as magnesium stearate; or flavoring such a peppermint, oil of
wintergreen or the like. Various othet matesial may be present as coating of {o
otherwise modily the physical form of the oral dosage unit. The oral dosage unit may
be coated with shetlac, a sugar or both. Svrup or elixir may contain the compound,
sucrose as a sweelening agent, methyl and propyviparabens as a preservative, a dve and
flavormng. Any material atilized should be pharmaceuticallv-accepiable and
substantially son-losie. Details of the types of excipients useful may be found in the
nineteenth edition of "Remington: The Science and Practice of Pharmacy,” Mack
Printing Company, Easton, Pa. See particalardy chapters 91-93 for a fuller discussion.
10028} A compound may be administered parenterally, e.g., intravenonpsly,
inframuscularly, intravenously, subcuianeousty, or interperitonically. The carrer or
excipient or excipient mixiwe can be a solvent or a dispersive medium conlaining, for
example, vartous polar or non-polar solvenis, suiiable mixtures thereof] or oils. As
used berein "carrier” or "excipient” means & pharmaceutically acceplable carrier or
excipient and includes any and all solvents, dispersiva agents or media, coating(s),
antimierobial agents, iso/hypo/hypertonic agents, absorption-modifying agents, and
the like. The use of such substances and the agents for pharmaceutically active
sabsiances is well known in the art. Except insofar gs anv conventional medig or

agent 1s incompatible with the gctive ingredient, vse in therapeutic composifions is
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contemplated. Moreover, other or supplementary active ingredients can also be
incorporated inte the final composition.

{0030} Solutions of the compound nwy be prepared in suitable diluents such
as water, ethanol, ghveerol, lguid polyethylene glveol(s), various oils, and/or mixtures
thereaf, and others knoven o those skifled in the art,

{00311 The pharmacentical forms suitable for injectable use inclode sterile
solusions, dispersions, emulsions, and sterile powders. The final form must be stable
under conditions of manafacture and storage. Farthermore, the final phasmaceutical
formn must be protecled agaiust contamination and st thevelore, be able to inhibit
the growth of microorganisms such as bacteria ov fingl, A single infravenous or
infraperitoneal dose can be administered. Alternatively, a slow long term infusion or
multipte short term daily infusions may be wiilized, fvpically lasting from 1 to § days.
Aliarnate day or dosing once every several days may also be utilized.

$00321 Sterile, injectable solutions are prepared by incorporating a compound
in the required amount into one or more appropriate solvents to which other
ingredients, Hsted above or known 1o those skilled in the art, may be added a3
required. Sterile injectable sotulions gre prepared by incorporating the compouad in
the required amount in the approprigte solvent with various other ingredienis as
required. Sterilizing procedurss, such as [ltvation, then follow. Typically, disparsions
arg made by Incorporating the compound info a sterile vehicle which also contains the
dispersion medium and the required olher tngredients sy indicated above. In the case
of a sterile powder, the preferred methods imclude vacuum drving or freeze drving (o
which any requived ingredients arg added.

0033} In all cases the final form, as noted, must be sterile and must also be
able to pass readily through an injection device such as a hollow needle. The proper
viscpsity may be achievad and maintained by the proper cheics of solvenis or
excipienis. Moteover, the use of moleonlar or parlicuate coatings such as lecithin, the
proper selection of particle size in dispersions, or the use ol materials with surfactant
properties may be utilized.

{00341 Prevention or inhibition of growth of miémorganisms may be achieved
through the addition of one or more antimicrobial agents such as chiorobutanol,
ascorbic acid, pargbens, thermerosal, or the like. It snay also be prefersble to nclude

agents that alier the jonicity such as sugars or salts,
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{0038} In some cases, &.g., where a compound of the disclosure is quite water
insoluble, it may be useful to provide Hiposomal delivery. The system restrains the
compound of the disclosure by incorporating, encapsulating, surrounding, or
enfrapping the compound of the disclosure in, on, or by lipid vesicles or liposomes, or
by micelies.

{0038} In addition, the disclosore provides methods of using the androsterone
derivatives in the reatment of androgen-associate disegses and disorders including
gstrogen-associated diseases and disorders.

{00371 An androgen-agsociated disease or disorder inchudes, lor example,
prosiate cancer, herdgn prostatic hyperplasia, acne, seborrhea, hirsutism, androgenic
alopecia, precocions pubstty, adrenal hyperplasia, and polyeystic ovarian syndrome,
In addition, estrogen-associated diseases and disordars can be inchuded such as, for
example, breast cancer, endometriosis, lelomyona, and precocious puberty.

10038) Precacions pubenty is usually associated with an excess of androgen
secretion, nsually of adrenal ougin. Current treatments includs & blockade of adrenal
secretion by glucocorticoids, Another tregiment is the use of LHRI agonists 1o cause
medical castration.

[0038]} Polyeystic ovarian syndrome 18 associated with an excess of androgen
secretion by the ovaries. LHRH agonists are used among olher, as treaiment, fo cause
madical castration.

£0040% Androgenic and estrogentc sctivity may be suppressed by
administering androgen recepior gntagonists ("antisndrogens") or estrogen receptor
antagonists ("antiestrogens™), respectively. See ey WO 9426767 and WO 96/26201.
Androgenic and estrogenic activity may also be reduced by inhibiling receptor
activation using receptor antagonists, suppressing androgen or estrogan biosynthesis
using inhibitors of enzymes that catalyze one or more staps of such biosynthesis or by
suppressing ovarian or testicular secretions by known methods.

{00411 Both androgen-related and estrogen-related disenses and disorder may
be ireated with an androsterone derivative of the disclosure. Androgen-sensifive
diseases are those whose onset ot progress is aided by androgen astivation of
androgen receptors, and shoutd respond favorably to treatment with an androsterone
detivative of the disclosure because of the reduction of audrogen biosynthesis that is
achieved thereby. Estrogen-sensitive diseases (diseases whose onsei or progress is

atded by activation of the estrogen receptor) should also benefil because many
o
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androgens whose biosynthesis is suppressed by the compound(s} of the disclosure are
precursers to estrogens, and the compound(s) may therefore reduce eslrogen
blosynthests as well. Androgen-sensitive diseases include but are not limited to
prostatic cancer, benign prostatic hyperplasia, acng, seborrhes, hirsutisn, androgenic
alopecia, and polyoystic ovarian syodrome. Bstrogen-sensitive diseases inclnde bat
are not limited to breast cancer, endometrial cancer, endomelriosts, and endometrial
letonyoma.

{0042} In some aspects of the discloswre it toay be desirable to inhibit estrogen
activity while mainiaining androgen activity. For example, breasi cancer {and some
other estrogen-sensitive diseases, e.g. ovgrian cancer, uterine cancer, and endometrial
cancer} respond favorably to androgens. Therefors, a compound which inhibils
estrogen activity, and which is also androgenic, can be especially wseful {or the
Ireatment of breast cancer and other diseases which respond negatively o estrogen
anrd positively o androgen.

F0043] In some aspects of the disclosure it may be desirable to promote cancer
cell death using androgen-camptothecin combination compounds wherein the
caraplothecin component exhibii additive anlicancer activily. It has been shown that
canptothecin inhibits topoisomerase, an enzyme that is required Tor its swiveling and
relaxation of DNA during molecular events such as replication and (ransseription,
{00441 The androsterone detivatives in accordance with the disclosure can be
ulilized as parl of a combination therapy with other strategies, which modulste
androgen- or estrogen-associated diseases and disorders through other mechanisms,
thus providing synergistic combinations. For sxample, a combination therapy can
include an androsierone derivative of the disclosure in combination with an agent
sefected from the group consisting of LHRH agonists (see, e.g., LS. Pat. No.
4,659,695 and 4.666,885); FLUTAMIDE (N-{-nitro-3-{triflucromethyiphenyl)]-2-
methy] propanamide), NILUTAMIDE, or CASODEX, antiestrogens {e.g.. EM-R00
reported in PCT/CASGO0007; TAMOXIFEN ((%)-2-}4-(1,2-diphenyi-1-bateny -

N N-gimethylethanamine) and YCI 182780 {available from Zeneca, UK),
TOREMIFENE (available from Orlon-Farmos Pharmaceutical, Finland),
DROLOXIFENE (Plizer Inc., USA), RALOXIFENE (Eli Lillv and Co,, USA)L LY
335563 and LY 353381 (Bli Lilly and Co., USA), LODOXIFENE (SmithKline
Beecham, USA), LEVORMELOXIFENE (Novo Nordisk, A/S, Denmark);

TRILOSTANE (Qu-cvano-da, Sovepoxy-17B-hydroxyandrostan-3-ong); inhibitors of
10
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testosterone S-alpha-reductase (.5, PROSCAR); an aromatase inhibitor (e.g.,
ARIMIDEX); and androgenic compounds {e.g., medroxyprogesterone scelate, and
megestrol acetate),

{00453 1n general, for both androgen-associated diseases and estrogen-
associaled diseases, sirultaneons treatment with tahibitors of sex steroid biosynthesis
{inlubitors of enzymes which catalyze one or more sleps of estrogen or androgen
biosynthesis), and with esirogen receptor antagonists and/or androgen receptor
antagonisis, are believed to have additive rather than redundant effect becawse they
are aoting in a beneficisl manner by s different mechanism,

00463 Different sex steroid-dependent disenses respond differently 10 both
androgen receplor activation amd estrogen receptor activation, For example, breast
cancer responds unfavorably o esirogen receptor activation, but favorably to
androgen receptor activation. On the other hand, benign prosiatic hvperplasia
responds unfavorably to activation of either the estrogen or androgen secaptor,
00473 When an androsterone derivative of the disclosure is used, either glone
or as pact of one of the combination therapies described hersin, the attending clinician
will typically targel the subject’s serum conceniration belween 0.5 ngfmi and 100
ng/mi, more typically batween 1 ng/ml and 20 ng/ml, and more commonly between 1
ngimi and 10 ng/ml. Serum concentration may be measured by various technigues
known in the att {e.g.. LC/MS). When administered orally, the dosage which is
asually elfective to provide the desired serum Jevels is belween 1.0 mg and 1900 mg
of active ingredient per day per 30 kg of body weight, typically between 10 mg and
30 myg and more commonly betwaen 10 mg and 100 my, However, dosage will vary
with the bioavaitability of the chosen inhibtlor and with fadividual subject’s response,
The attending clinician will typically monitor au individual subject's response and
metabolism and adjust the subject’s dosage accordingly. When administered by
Igection, a lower dosage is typically used, e.g. 10 mg fo 100 mg per day per 50 kg of
body weight.

§0048] All of the active ingredients (including the androsterone derivatives of
the disclosura) used in any of the thexapies discussed herein may be formulated in
pharmaceutical compositions which may include one or more additional active
ingredients as discussed above. Alternatively, they may each be administered
individually separately or simulianeocusly. In some embodiments of the disclosure,

one or more active ingredients are formudated in a single pharmaceutical composition.
3
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{0049} The working examples below are provided to iflustrate, not limit, the
disclosure. Varions patameters of lhe scientific methods employed in these examples

are described in detail below and provide guidance for practicing the disclosure in

general.
EXAMPLES
10050} The loltowing examples are given 1o provide representative

compounds included as part of this disclosure. The exanples also provide descriptions
of in vitro and in vivo assays {0 aid in determining the wtility of the compounds.
Throughout the examples chemical formulas will be vsed o name compotnds as
appropriate.

§00513 1. (3B, Su)-3-Bydroxyandrostan-17-one 9,f0-dilrydro-2,10-dioxo-2-
anthracenecarboxyhate (90624). The reaction mixlure of epiandrosierone {130 my,
(.45 mmol), snthragquinone-2-carbonyl chioride (135 mg, 0.5 mmol), friethvlamine
{100 mg. 1.0 munol) and dichloromethane (6.0 mi} were stirrad at room temperature
for 20 h. Then 20 ml of dichioromethans was added. Organic faver was washed with
weater (20 m), saturaled NaHCO; solution (15 mil) and brine (20 wl}, and then dried
over MgSO.. Affer the solvant was removed in vacuo, the resulting solid was
recrystatlized from ethyl alcohol and ethyl acstate to give 46 ma (3, Sa)-3-
Hydroxyaudrostan-~17-one 9,10-dihydro-9, 1 0~dioso-2-anthracenecarboxylate.
{00521 The chenical structure analysis was performed by "HNMR (CDCl,
H00 MHzY, 8 8.93 (s, TH, A, 8.39-8.43 (m, 4H, Ar-H), 7.84 (s, 21, Ar-F), 5.05
{s, TH, H-3), 243 (., 1H, H-16), 2.20-0.70 (m, 21H, ), 0.94 (s, 3H, CHz-19), 058 (5,
3H, CHa).

{0053} 2. (3PS )-3-Hydroxyandrostan-17-one S-nitro-2-furoate (991027),
The reaction misture of S-nifro-2-furoie acid (157 myg, 1.0 mmol), epiandrosigrone
{163 mg, .60 nunol), EDCI 200 mg, 1.05 mmol), DMAP (20 mg, 0.2 mmol) and
THF (3 ml} was stirred af room temyperatare for 6.5 h. Evaporation of THF gaven
residue which was dissolved in dichloromethane (20 mi). The osganic fayer of
dichloromethane was washed with H;0, 5% NayCOy. HyO and brine. and then dried
over MpS8O,. The solvent was removed under vacuum. The resulting solid was
recrystailized from CoH;OH to give 180 myg (73.2 %) (3PS i-3-hvdroxyandrostan-

17-one S-nitro-2~{uroate 134 me.
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{0054} The chemical structure analysis was performed by 'HNMR {€DCl,
600 MHz): §7.35 (s, 1H, Ar-H), 7.28(s, 1H, Ar-H), 4.99 (s, 1H, H-3, 2.45 (¢, 1H, H-
16}, 2.20-0.70 (rn, 23H, ). 0.90 {s. 3K, CHa~19), 0.87 (s, 3H. CHy).

{00553 3, (3B,5a)-3-Hydroxyandrostan-17-one (+)-2-(2,4,5 6-tetranitro-9-
flourenylidene- aminooxy)proprionate (991022), The reaction mixture of (+)-2-
{2.4.3 6-tetranitro-S-flourenyiidena-aminoosy)-proprionic acid (224 mg, 0.5 mmol),
eplandrosterone {122 mg, 0.43 mmol), DCC (123 mg, 0.6 mmol), DMAP (10 mg, 0.1
runol) and THE (6 mi) was stirred at room temperatase for 6 b, Then 4 drops of
water were added io sbove solution, After stirred for 10 min, the mixture was filtered
and the solid was washed with THF. Evaporation of THF gave a residue which was
dissolved in dichforomuihane 20 ml}. The organic laver of dichloromethane was
washed with HxO, 3% NazCO;, FaO and bring, and then drted over MgS0,. The
solvent was removed uader vacuum, The resulting solid was recrvsiallized from
ethyi acetate and petvoloum sther o give 149 mg (7.3 %) (3, 50)-3-
hydroxyandrostan-17-on(+)-2-(2,4,5,6-letranitro-O-ourenylideng-aminooxy )«
proprionate,

fOo0Bs] The chemical structare avalysis was performed by THNMR (CDCl,
600 Mz 8 9.59 (5, 1H, Ar-T1), 8.97 {d, 2H, Ar-H), 8.90 {s, 1H, Ar-H), 5.22 (. 1H,
CHCO), 4.88 (m, 1H, CHO), 245 (1. 1H. H-186), 2.20-0.70 (m, 23H, ). 183 (d, 3H,
CH3), 0.88 (s, 3H, CH19), .86 {5, 3H, Cils).

{00573 £ 1-{(38.8n)-3-Hydroxyandrostan-17-one)-4-{2-
(hydvoxymethyDanthragquinone)-succinate {991520). The reaction mixture of
(3B.50)-3-Hydroxyandrostan-17-one monosuccinate {25 mg, 0.064 mmol}, 2-
{hydroxymethyl) anthraguinone (16 mg, 0.067 nunol), EDCI (20 mg, 0.11 nimol),
DMAP (2 mg, 0.02 nunol) and dichloromethang {4 ml) was stirved at room
teraperature for 6 h. Then 20 i of dichloromethane was added, Organic laver was
washed with Ha0, 3% NagCOs, FbO and brine, and then dried over MgSQy. The
solvent was removed under vacuam to give 37 mg 1-((3B,5a)-3-Hydroxvandrostan-
17-one)-4-(2~(hy droxymethyl) anthraquinonelsnceinale as yellow solid.

[Q0BR] ‘The chemical structure snalysis was performed by "HNMR (CDCL,
GO0 MHz): 8 8.300m, 4H, Ar-H), 7.80 (m, 3H, Ar-H), 5.30 {5, 2H, ArCHL0), 4.69 (m,
1R, CHOY, 274 @ 2H, CHy), 2.64 (4 2H, CH), 2,41 (m, 1H, Hig), 2.20-0.67 (m, 21H,
). 1.83(d, 3H, CH3), .82 (5, 3H, CHR), 0.80 (s, 3H, CHL).
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£0089] 8, 1-{(38,5c)-3-Hydroxyandrostan-17-one)}4-(8-fydroxy-5.
nitroguinoling)succinate (991123), The reaction mixture of (3f,5x)-3-
Hydroxyandrostan-17-one monosuccinate (25 myg, 0.064 mmal), 8-hydrogy-5-
nitroguineling {13 mg, 0.070 mmol}, EDCI (20 mg, 0.11 mmol), DMAP (2 mg, 0.02
minol) and dichloromethane (4 ml) was stirred at room temperature for 6 h. Then 20
il of dichloromethane was added. Organic layer was washed with 1,0, 5% NaaCO;,
HR0 and brine, and then dred over MgSOQ,. After the solvent was removed under
vacuuin, the residue was separated by colunm chromatography to give 24 myg 1-
((3B,5c)-3-hydroxyandrostan-17-one)-4-{ §-hydroxy-S-nitroguinoline)succinate as
vellow solid,

[0060] The chemical structure analvsis was performed by THNMR (€CDCl5,
GO0 MiEe): & 9.09(d, TH, Ar-ED), D.01 (d, TH, Ar-FI), R.45(d, 1H, Ar-HD, 7.68(q, 11,
Ar-H), 757 {d, 1H, Ae-H), 4.76 (im, TH, CHO), 3,16 (4, 2H, CH), 2.81 (L 28, CHL),
2.43 (m, 1H, H), 2.20-0.72 (m, 21H, ), 1.83 {d, 34, CH3), 0.94 {5, 3H, CHy), 0.8%
{s, 3, CH4).

f008613 &, 1-{(3B.Su0)-3-Hydroxyandrostan-17-one)-4-[{-)-
scopolamine[succinate (991228). The reaction mixture of (38.50)-3-
Hydroxyandrostan-17-oue monosuccinate (39 mg, 0.10 nmol}, scopolamine (30
mg, 0,30 mmoh), EDCE {30 mg, 0.15 mmol), DMAP (3 mg, .028 mmol) and
dichlioromethane (4 mi) was stisred at room temperature for 20 h. Then 20 mi of
dichloromethane was added. Organic laver was washad with HaQ, 5% NaxCOs, H:O
and brine, and then dred over MgSQ,. After the solvent was removed under vagouum,
the residue was separated by colunm chromatography to give g 1-{(38.50)-3-
hydroxyandrostan~1 7-one)-4-{{~}-scopolaminelsuccinate, yield,

0082} The chemical structure snalysis was performed by THNMR (CDC,,
600 MHz) 3 631 {5, 1H, Ar-H), 6.534 (s, TH, Ar-H), 6.3%(s, 2H, Ar-F), 5.98(d, 21,
Ar-H), 392 {d, 1H, ArH), 472 (m, 1H, OCH), 4.61 (4, 1H, 3, .40, 11, ). 319 (.,
1H,) 3.82(s, 3H, OCHI), 3.76 (5, 6H,0CH3), 3.00-0.60 (rny, H).

{0063} To test the effect of androsterone derivatives of the disclosure,
HCT116 cells {cotorectal carcinoma vells) were contacted with various concentrations
of the androsterons derivalives of the disclosure. The resulis are presented in Table 1,
in addilion. the androsterone derivatives of the disclosure showed increased kilting of

breast cancer cells having resistance to doxorubicin (MCF-TADR cells) (see, e.g.,

14
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Figurs 1). The derivatives were fess toxic to normal cells and provided to be effective

at killing cancer cells (particularly bresst cancer cells).

Table 1. In vitre antitumor activity of androsterone analogues against HUT116

cellg,
Androsterone | 10 uM 1pM 100 nM 10 nM
Derivative
990624 & 100
901022 0 R
991228 it Q8.29
99120 0 166
991123 it 96.97
SOy & Q 4.00
3-FU 17.G¢
{0064} 7. The compounds of this example are prepared utilizing a

camptothecin-based compound.

10085} TA, Camptothecin-20-O-ester of 4-carboxyphenoxyacetic acid
(infermediate componnd). The mixtore of camptothecin (100 mg, 0.287 mmoly, 4
carbogyphenoxyacetic acid (112 mg, 0.57 nunol), EDCI {82 rag, 0.43 mmol). DMAP
(18 mg, 0.1 mmol}, N.N-dimethyiformamide (4 mi) and dichloromethane (4 ml) wers
stirred i the room tempersture for 48 h, then dichloremethane {30 ml} was added to
the solutton. Organic laver was washed with water {20 nil), saiurated NaHCO;
agueous solution (20 ml} and brine (20 mi), and then dried over Mg8Q,. After the
solvent was removed under reduced pressure, the resulting solid was separated by
columm chromatography (eluent: CHCly; ColHsOR 5:1) to afford 80 myg camplothecin-
20-0~ d-flnorophenoxyacetate, yield: 67.0 %, mp “{dec.).

(006863 The chemical sttucture analysis was performed by "HNMR (CDCl,
GOOMHZY: & 840 (5, 1H, A, 8.30{d, 14, As-HD, 8.07 (i, 2H, Ar-H), 795 (d, 1M,
Ar-E, 7.86 {1, TH, Ar-H), 7.67 (4, TH, Ar-H), 7.25 (s, 1H, Ar-H), 6.96 (m, 2H, Ar),
5,68 (d, THL FEIT), 5.43 (d,1H, H17), 5.29 {3, 7H, HS), 4.91 {q, 2H, OCH,C0), 2.25
{dwm, 2H. CHy). 0.97 {1, 38, CHy).
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{0087} 78, Campiothecin-208-O- (d-carboxyphenoxyacetate) linked with
epiandrostersne (0103021), The mixlure of campiothecin-208-O-{4-
carboxvphenosyacetate) (10 mg. 0.019 nunol), epiandrosterone (11 mg, 0.038 nunol),
EDCI (25 mg, 0.13 mimol), DMAP (2 mg, 0.02 nunol), and dichloromethane (3 ml}
wore stitted in the room temperature for 24 b, then dichloromethane (20 mi) was
added to the solulion.

[0068} Organic 1aver was washed with water (20 mi), saturated NaHCO;
agueons solution (10 ml) and brine (20 mi}, and then dried over MgS0u. After the
solveni was removed under reduced pressure, the resulting solid was separated by
cotuitm chromatography {eluent; ethyl acetate-cthanol 2:1) to afford 2.0 mg target
compound.

{00691 The chemical structore analysis was performed by "FINMR (CDCls,
SOOMHZY 8§ .41 (s, 1H, Ar-H), 827 (d, 1H, ArH), 798 {m, 28, Ar-H), 7.86 (1, 1H,
Ar-Hy, 7.69 (1, 1H, Ar-HD, 7.29 (s, 1H, As-H), 7.24 {5, 1H, Ar-H), 7.21 5, IH, A1),
6,93 {d, IH, Ar-H), 5.68 (d, IH, CPT-HI7), 542 (18, CPT-HI7), 529 (s, 2H, CPT-
HSY, 4.89 (q. 2H, OCHLCO}, 4.23 (m, 1H, epiandrosterone-H3), 2.60 -1,.00 {m, 30H,
CPT-H18 and epiandrosterons-H).

{0070} 70, Camptotheckn-20S-O-(4-carboxyphesoxyacetate) Haked with
androsterone (010216). The mixture of camptothecin-208-0-(4-
carbosyphenosvacetate) (10 mg. 0.019 nunol), androsterone (11 mg. 0.038 mmol),
EDCL {25 mg, 0.13 namol}, DMAP {2 mg, 0.02 nunol), and dichloromethane {3 mi)
were stitrad i the room lemperature for 24 h, then dichioromethane (20 mi) was
added to the solution, Organic Iaver was washed with water (20 mi), saturated
NaHCO; aqueons solution (10 mi) and brine (20 mi), and then dried over MgSOy.
After the solvent was removed under reduced pressure, the resuléing solid was
separated by coluran chromatography (eloent: ethyl acelate~-sthanol 9:1) to afford 4.3
mg solid,

U7l ‘The chemieal structure analysis was performed by "HNMR (CDC,
GOOMHZ) & 841 (s, 1H, Ar-H), 828 (4, 13, Ar-H), 7.99 (my, 3K, Ar-H), 7.87 (1, 1H,
Ar-HY, 7.69 (G, 1H, Ar-H), 7.35 {s, IH, Ar-B), 7.21 (3, 1H, Ar-H), 6.96 {d, 2H, Ar-H),
3,71 (d, tH, CPT-H17), 543 (¢, 1H, CPT-HI7), 529 (5, ZH, CPT-H3}, 4.90 (g, 2H,
QCHCOY, 4.13 (m, 1H, androsterona-H3), 3.00-2.00 {m, 21H, CPTHI8 and
androsterone-H), 1.28 (s, 65, CHs), 0.97 {4, 3H, CPTIHIS).
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{0072} Many camptothecin-based compounds are generally available in the art
and would be known o one of ordinary skill in the art. Some examples of such
canptothecin-based compounds include: (208)-9-nitro CPT; (208)-7-chiloro-n-
propy ldimethylsilyl CPT; (208)-10-hy droxy-7-chloro-n-propyldimethy Isilyl CPT;
{208)-10~acetoxy~7-chioro~a-propyidimathylsilyi CPT: (208 1-7-teri-
butyvldimethyisityl CPT (2083 10-hydroxy-T-terl-butyldimethyisityl CPT; (208)-10-
acetoxy-7-text-butyldimethylsityl CPT; {208)-9-hydroxy CPT; (208)-9-amino CPT;
(2083-10-amino CPT; (208)-9-amino-10-hydroxy OPT; (208)-%-methylamino CPT;
(208 )}-Y-chloro CPT; (208)-9-fluoro CPT, (208)-9-piperidine CPT; (208)-5-
morphodinomethyl CPT; (208)-9,10-dichloro CPT; {208)-10-bromo CPT; (208)-10~
chiore CPT; (208)-10-methyl CPT; {208)-10-{Tuore CPT: (208)-10-nitro CPT; (208)-
10,3 T-methylenediony CPT (208 10-formy! CPT, (208)-10-nonyicarbonyloxy
CPT; (208)-10-undeoylcarbonyloxy CPT; (208)-10-heptadecyicarbonylosy CPT;
{208)~10-nonadecylcarbonyloxy CPT; (208)-9-nitro-10,1 1-methvlenediosy CPT;
{208)-9-{4-methylpi perazinyimethy1}-10-hydroxy {CPTY); (208)-9-f4-{1-piperidino)-1-
piperidinomethyti-10-hydroxy CPT; (208)-9-methyl-10,11-methylenedioxy CPT,
{208 )-9-chloro-1031 L-methylenedioxy CPT; {208)-9-cyano-10,1 L-melhvlenedioxy
CPT; (208)-S-acetoxy-10,1 T-methyvlenedioxy CPT; {208)-8~gcetylamino-10,11-
methylenedioxy CPTL (208)-9-aminomethyl-10-hydroxy CFT; {208)-9-ethoxymethyl-
10-hydroxy CPT; (208)-9-methyiaminomethyi-10-hvdroxy CPT; (208)-9-n-
propylanmunomethyl-10-hydroxy CPT; (208)3-9-dimethylaminomethyl-10-hvdroxy
CPT; (208)-9-cyolohexylaminomethyl-10-hydroxy CPT; {208)-9-(2~
hydroxyethyDaminomethyi-10-hydroxy CPT; (208 3-9-(rimethylammonio)methy]-10-
hvdroxy CPT, methanesutfonate; {208)-9-morpholinomethyi-10-hydroxy CPT: {208)-
Q-cyanomethyb-10-hyvdroxy CPT; (R08)-CPT-7-aldehyde; R08)-10-methosy CPT-7-
aldehyde; (208)-7T-acetoxymethyl CPT; (208)-7-acstoxvmethyl-0-methv CPT,
{208)-7T-cyano-10-methoxy CPY; (208)-7-cyano CPT; {208)-7-formyletheny! CPT;
{208)~T-ethoxycarbonviethenyl CPT; (208)-7~cvanoethenyl CPT; (208)-7-(2.2~
dicyancathenyl) CPT; (208)-7-(2-cvano-2-ethoxyearbonyethenyl CPT: (208)-7-
gthoxycarbony lethyl CPT; {208)-7-ethyi CPT; (R08)-T-n-propyl CPT; (208)-7-
acetoxymeihyl CPTL 208)-T-n-propylearbonyvloxymethyl CRT: (208)-7-
ethoxyearbonyl CPT; (208)-7-athyi~10-hedroxy CPT; (208)-7-ethyl-1(-acelyvioxy
CPT; (208)-7-methyl-10-aminocarbonyloxy CPT; {208)-7-n-propyl-10-
piperidinocazbonyloxy CPT; (208)-7-sthyl-10-(2-dimethvianunoethyl CPT; and

17
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(208)-7~elhyi-10~carbamoyloxy derivatives of CPT such as (Q08)}7-ethyl-10-§4{1-
piperidino}-piperidine carbonyloxy CPT; {208)-T-ethyl-10-(1-piperazineicashonyloxy
CPT, (208)-7-ethyl-10-{4-1-propylaminocarbonylmethylpiperazine)carbonyloxy CPT:
208)-7-ethyl-10-[4(1-pyrrolidinyDpiperasinejcarbonyloxy CPT: (208)-7-gthyl-10-
[{4~{dimethylamino}-1-piperidino]carbonyloxy CPT; (208)-7-ethyl-10-|4-(di-n-
propylamino)-1-piperidinol]carhonyloxy CPT; (208)-T-ethy - 10+ {(4~(di-n~
butylamine)-1-piperidinojcarbonvioxy CPT; (208)-7-ethyl-10-{4-( 1-pyrrolidine)-1-
piperidino)]carbonylony CPT; (208)-7-ethyi-10-{4-(1-piperidino)-1-
piperidinojcarbonyloxy CPT) (20S)-7~ethyi-10-iN-methy-N-2-
{dimethylamino)ethylamino]carbonylosy CPT; (208)-7~(tert-butyldimethylsily YCPT;
{208)-7-{tert-butoxyiminomethy i) CPT (Gimatecan), {(Z08)-7-butyl-10,11-
methylenedioxy CPT: 208)-7-bromomethyi-10-hyvdroxy CPT; (208)-7-buty 110~
amnino CPT; (208)-7-{lert-butyldimethylsilyD)- 10-hvdvoxy CPT, (2083742~
trimethyisilyDethy D] CPT (Karenticany; (208)-7-[{$-fluorophenoxyYacetvloxymethyi}
CPT; (208)-7-{{4-methoxyphenoxylacetvlonymethyvl} CPT; 2085-7-[{(4-cyano-3~
fluorophenoxy)acetvloxymathyil CPT; (208)-7-[(3.4.5-
trimethoxyphenyDacetvloxymethyl] CPT; (20810 (d-cyano-3-
fluorophenoxyacetyloxy] CPT; 208)-10-1(3,4 5-imethoxvphenyhacetviony] CPT;
{208)-7T-{d-methyipiperazinomethyiene)- 10,1 I-athyienedioxy UPT (Exatecan); {208)-
T-42-(N-isopropylamino)ethyl} CPT (Belotecan}; (208)-[S(RS)-(2-hydroxy ethoxy)i
CPT (21). and combinations thersol
{0073} The compounds of this exanwple are prepared by reaciing any
androsterone analog or any epiandrosterone analog.
{0074} One of skill in the art will recognize that other similar sndrosterone
analog or sprandrosterone analog may be obiained from commercial sources or
prepared by atk-recognized procadures 1o be used in these steps 1o prepare compounds
of this disclosure. By reacting a compound shown in the Hist of camptothecin-based
analogs with an androslerone analog in accordance with the guidelines for reaction
condition, compounds of the disclosure will be obtained, These compounds will
exhibit the destred charactaristics to a greater or lesser extent.
{0075} To test the effect of androsierone devivatives of this example, HCT116
celis {colorectal carcinoma cells) wers plated in 60 mom Peiri dishes containing 2.7 ml
of medimm (modified MeCoy’s Sa mediwm containing 10% fatal bovine seram and

106 wnits/ndl penicitlin and 100 Diphmd streptomyveing. The cells were incobated ina
18
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COz incubator at 37°C for 3 hows Lor attachwent 1o the boltow of Petri dishes,

Drugs were made up fresh in medium at ten times the final concentration, and then

0.3 mi of this stock sofution was added to the 2.7 m} of medium containing 5% bovine

calf serum (BCS) in the dish. The cells were then incubated with drugs for 72 hours

at 37°C. At the end of incubation the drug-containing media were decanled, the

dishes were rinsed with 4 ml of Hank's Balance Salt Sohsion (HBSS). 5 mi of fresh

medium containing 15% BCS was added, snd the dishes were retumed o the

incubator for cofony formation. The cell colonies stained with methyvlene blue (0.3%

in ethanol} were counted using colony counter after incubation for & days for HCT116

cells, Cell survival was calculated and the vatues of IS0 (the drug conceniration

producing 0% iohibition of colony formation) were determined for each tested

componnd. The values of KIS0 were 2.5 nM for 410216 and 3.3 nM For 0100321,

The results are presenled in Table 2.

TABLE 2: Cell survival of HOCT115 cells freated with 610216 and

QE03023
Brug Yo Yo
conc. (nM} Survival Suvival
For For
010216 $103021
& 160 0
i 91 100
5 2 24
16 4 0
{0076} A mumber of embodinwents have bean described. Nevertheless, it will

be understood that various modifications may be made without departing lrom the

spizit and soope of the description. Accordingly, other embodiments are within the

seope of the foltowing claims.
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What is clatmed iy

1. A compouand comprising (he general formala 1

x
4

.a“r‘
]
wherein R is selected from the group consisting of an aromatic, an aromatic nifrogen-

conlaining heterocyele, and a non-aromatic mirogen~-contaimng helerocyele.

2. The compound of claim 1, wherein the R group has an aromatic system with
electron withdrawing groups.

3. The compound of claim 1, wherein the aromatic nitrogen-confaining
hei'emcycie is 2 8- or 6-memberad monocyelic substituent or a bicyclic fused or

linked 5~ or 6-membered ring.

4. The compound of clain 3, wherein the sromatic nitrogen-containing
heterocyele is an imidazolvl, an indolyl, a pyridinyl, a pyvrimidingd, a pyerolyi, a

quinolinyl, & tetrazolyl, and a 1 2 4-triazolyl.

A The compound of claim 3, wherein the aromatic nittogen-containing
heterorycle s selected From the group consiting 2-amino-pyridine, benzimidazole,

2 S~diaminopyridine, 2, d-dimethylimidazole, 2, 3~dimethylpyridine, 2.4~
dimethylpyridine, 3,5-dimethylpyridine, imidazole, methoxy pyridine, y-picoline, and
2,4.o-trimethyipyvridine,

6. The compound of claim 1, wherein the pon~-aromatic nitrogen-coniaining

heterocyle comprises a 4- to f-membered rings selected from the group copsisting of

3%
=
o
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an acetimido, a morpholinyl, a Jactam, an imide, a phibalimido, & piperidyl, a

piperiding, a piperazinyl, s pyrrolidinyl, and s succinimido.

7. The compound of claim &, wherein the imide is selecled from the group

consisting of y-butyrolactam, e~caprolactam, N-phenyl-B-propiolactam.

8. The compound of claim 1, wherein the non-aromatic nitrogen-confaining
heterocycle is selected [rom the group consisting of a 1,2-dimethylipiperidine, a 2.5
dimethylpiperazine, a 1,2-dimelhylpyrrotidine, s L-ethylpiperidine, an-
methylpyrrolidine, 4 morpholing, g piperazing, a piperiding, a pyrrotidine, 2 2.2,6.6

tetramethvipiperidine, and a 2.2 4-rimethylpiperidine.

9. The cerpound of claim 1, wherein the R group is an atropine o &

scopolamine.

10.  The compound of claim 1, whergin the R group is a camptothecin analog.

11.  The compound of claim 1, wherein the R group is selected from the group

consisting of!

L and
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wheresn * indicates the (+3 chiral cenler in the original molecule.

12 A compound comprising the general formula I

F’! 0 ‘r“\‘\\ o N v, o
g T o / \\““v -
- e ~H e, -

111
wherein R is selected [rom the group consisting of an aromatic, an aromatic nitrogen-

containing heterocycle, and a non-aromatic nitrogen-containing heterocyels.

13, The compound of clpim 11, wherein the R group has an aromatic system with

electron withdrawing groups.

7
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4. The compound of claim 11, wherein the aromatic nitrogen-containing
heterocycle is a S« or 6-membered monocyclic substituent or a bicyclic fused or

linked 5- or S-membered ring,

15, The compound of claim 13, wherein the aromatic nitrogen-containing
heteracycle is an imidazolyl, an indolyl, a pyridiny, a pyrimidiav, a pyerolyl, a

quinolinyl, a tetrazolyvl, and a 1,2 4-tdazolyl.

16, The compound of claim 13, wherein the aromatic nitrogen-coniaining
heterocycle is selected from the group consiting Z-amino~-pyridine, benzimidazole,
2,5-diaminopyridine, 2 4-dimethylimidazole, 2,3-dimethylpyridine, 2,4-
dimethylpyridine, 3,5-dimethylpyridine, imidazole, methoxy pyridine, y-picoling, and
2. 4.6-trimethyipyridine.

17 The compound of claim 11, wherein the non-aromatic nitrogen-containing
heterocyle comprises a 4- to 6-membered rings selected from the group consisting of
an acetimido, a morpholinyd, a lactam, an imide, a phthalimido, & piperidy), a

piperiding, a piperazinyl, a pyrrolidinel, and a succinimido.

18 The compound of claim 16, wherein the imide is sefected fron the gro up

consisting of y-butyrolactam, e-caprolactam, N-pheny]-f-propiotactam,

19, The compound of claim 11, wherein the non-aromatic nitrogen-containing
heterocycle is sel eci:ed from the group consisting of a 1. 2-dimethyipipending, a 2,5-
dimethyipiperazine, a 1.2-dimethylpyrrolidine, a 1~ethylpiperidine, a o
methylpyrrolidine, a morpholine, a piperazine, a piperiding, a pyrroliding, 2 2,2,6,6-

tetramethylpipecidine, and a 2,2 -trimethyvlpipetidine.

20.  The compound of claim 12, wherein the R group is an atroping or a

scopolaming.

2L The compound of claim 12, wherein the R group is a camptothecin analog.

t
¥
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The compound of claim 12, wherein R is selected from the group consisting

<

- - and

3. A pharmaceutical composition comprising the compound of any one of clatms

22 in g phanmacentically scceptable carrier.

24, A method of treating an androgen-associated disease or disorder or an
estrogen-associated disease or disorder cornprising sdministering to a subject in need
of such treatment a therapeutically effective amount of 2 compound of any one of

claims 1-22.
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25, Themethod of claim 24, further comprising administering to the subject a
therapeatically effective amount ol an agent selected from the group consisting of an

antiestrogen or au antisndrogen.

26, A method of treating or reducing the risk of developing breast cancer
comprising administering fo a subject in nesd of such trealment a therapeutically
effective mmount of a compound of any one of claims 1-22 or 3 pharmaceutical
composition thereof

27, The method of clatm 25, further comprising admindstering o the subject a

therapeutically effective amonnt of an antiestrogen agent,

28.  The method of claim 26, further comprising adninislering s therapeutically

effective amount of an LHRE agonist or antagonist,

29, The method of claim 26, further conprising administering a therapeutically

effective amount of a second androgenic compound.

2
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Figure 1. Survival of MCEF-7ADR treated with Taxol and 990624 for 72

his.
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