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(57) ABSTRACT 

Disclosed are methods and pharmaceutical compositions for 
modulating one or more steroidal receptor activities. The 
methods typically utilize and the pharmaceutical composi 
tions typically include one or more Substituted phenyl aziri 
dine precursors, their respective aziridines, analogs thereof, 
derivatives thereof, or pharmaceutically acceptable salts 
thereof such as CpdA. The methods and compositions may be 
used for treating diseases, disorders, and conditions associ 
ated with glucocorticoid receptor activity, androgen receptor 
activity, or both, such as cancers, acne Vulgaris, and alopecia. 
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SUBSTITUTED PHENYLAZRDNE 
PRECURSOR ANALOGS AS MODULATORS 
OF STEROID RECEPTORACTIVITIES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims the benefit under 35 
U.S.C. S 119(e) to U.S. Provisional Application No. 61/014, 
225, filed on Dec. 17, 2007, the content of which is incorpo 
rated herein by reference. 

BACKGROUND 

0002 Steroid hormone receptors such as androgen recep 
tor (AR) or glucocorticoid receptor (GR) are observed tran 
Scription factors that regulate gene expression. In non-acti 
vated cells each receptor resides in the cytoplasm in a 
complex with chaperone proteins. Upon activation by corre 
sponding steroid hormones (e.g., where GR is activated by 
glucocorticoids and AR is activated by androgens) steroid 
hormone receptors dissociate from the chaperones, form 
homo-dimers and enter the nucleus where they interact with 
the regulatory sequences in gene promoters. 
0003. Signaling mediated through the steroid hormone 
receptors plays a pivotal role in the development of diseases 
and disorders such as prostate cancer (PC). Androgens and 
androgen receptor (AR) promote the development and pro 
gression of PC (Feldman et al., and Heinlein et al.). In con 
trast, signaling mediated by the glucocorticoid receptor (GR) 
plays a tumor suppressor role in prostate (Dondi et al., Nish 
imura et al., Smith et al., Yano et al., and Yemelyanov et al.). 
As activation of AR and GR have opposite effect on PC cells, 
the multi-target Steroid receptor modulators that positively 
regulate GR- and negatively regulate AR-mediated signaling 
may be more effective for PC chemotherapy than single 
target compounds. 
0004 2-(4-acetoxyphenyl)-2-chloro-N-methyl-ethylam 
monium chloride, also called Compound A (CpdA), is a syn 
thetic analog of the highly labile aziridine precursor found in 
the African shrub Salsola tuberculatiformis. Botschantzev 
(Swart et al. 2003). The aqueous extract of this plant has been 
used by Bushmen women as a traditional medicine (Swart et 
al. 2003). It has been shown recently that CpdA directly 
interacts with steroid receptors AR and GR (De Bosscher et 
al. 2005, and Tanner et al.). Importantly, CpdA inhibits AR 
function and strongly enhances the anti-inflammatory func 
tion of GR. CpdA does not compete with androgen for AR 
binding, but similar to well-characterized anti-androgens, 
represses the activation of AR by inhibition of the androgen 
dependent interaction between NH and COOH-terminal 
domains of the AR (Tanner et al.). At the same time, CpdA 
acts as a non-steroidal GR ligand as it competes with gluco 
corticoids for GR binding and induces GR translocation into 
the nucleus (De Bosscher et al. 2005). There are two major 
mechanisms underlying gene regulation by GR: (i) positive 
regulation (transactivation) that requires GR binding to glu 
cocorticoid-response elements in gene promoters and (ii) 
negative regulation (transrepression) that is mediated via 
negative interaction between GR and other transcription fac 
tors, such as NF-kB and AP-1 (De Bosscher et al. 2003, 
Schacke et al. 2002, and Yemelyanov et al.). It is well under 
stood that many therapeutic anti-inflammatory effects of glu 
cocorticoids are mediated via gene transrepression. In con 
trast, many undesirable side effects are mediated via DNA 
dependent transactivation. It was shown that CpdA possesses 
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the properties of the “dissociated GR ligand that does not 
affect GR transactivation potential but induces GR-mediated 
transrepression (De Bosscher et al. 2005, and Tanner et al.). 
Furthermore, in in Vivo experiments, CpdA acts as a strong 
anti-inflammatory compound with reduced side effects (De 
Bosscher et al. 2005). 
0005. The effect of CpdA on cell growth has never been 
studied. Here, the effect of CpdA on the growth of several PC 
cell lines and non-transformed prostate cells is studied. CpdA 
is observed not to significantly affect non-transformed pros 
tate cells, but to have strong growth inhibitory and pro-apo 
ptotic effects in several prostate carcinoma cell lines. CpdA is 
observed to induce the overall “normalization' of PC cell 
phenotype. Moreover, CpdA is much more effective in terms 
of inhibition of growth and survival of PC cells than gluco 
corticoids. This suggests that CpdA is a unique multi-target 
steroid receptor modulator that could be used in the future for 
the treatment of patients with PC and other diseases or disor 
ders that are mediated by steroid hormone receptors. 

SUMMARY 

0006 Disclosed are methods, compounds, and pharma 
ceutical compositions for treating diseases, disorders or con 
ditions in a patient in need thereof The diseases, disorders, or 
conditions typically are associated with steroid receptor 
activities and are responsive to modulation of steroid receptor 
activities. 
0007. The methods typically include administering to the 
patient a therapeutically effective amount of a compound 
having formula (I), its aziridine derivatives, analogs, or phar 
maceutically acceptable salts thereof: 

(I) 

N 
X 

where R is a hydrogen or—C(O)-Z, where Z is a branched or 
straight chain C-C alkyl group; 
0008 X is a hydrogen, hydroxyl, halogen or a leaving 
group; and 

0009 Y is a hydrogen or a branched or straight chain 
C-C alkyl group. Optionally R may be acetyl (i-e. 
—C(O)—CH); optionally, X may be halogen (e.g., chlo 
ride, bromide, or fluoride); and optionally, Y may be 
methyl, ethyl, propyl, or butyl (desirably methyl). Com 
pounds having formula (1), its aziridine derivatves, ana 
logs, or pharmaceutically acceptable salts thereof may 
include compounds having formula (II), (III), (IV), or (V): 

(II) 

CH3 
N 
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0010. A compound having formula (I), or aziridine deriva 
tives, analogs, or pharmaceutically acceptable salts thereof 
may include 2-(4-acetoxyphenyl)-2-chloro-N-methylethyl 
ammonium chloride, otherwise known as CpdA, which is a 
stable analog of an aziridine precursor from the African shrub 
Salsola tuberculatiformis Boschantzev. CpdA has the for 
mula: 

(CpdA) 
O 

ls 
CH3 

NHCI 
C 

0011. The compounds disclosed herein (e.g., CpdA) may 
inhibit the growth of target cells or kill target cells. For 
example, the compound may inhibit the growth of cancer 
cells or kill cancer cells such as prostate cancer cells (e.g., 
LNCaP. DU145, and PC3 cells). In further embodiments, the 
compound does not significantly inhibit the growth of non 
cancerous cells or kill other non-cancerous cells (e.g., non 
transformed prostate cells, hepatocytes, cardiomyocytes, and 
skeletal muscle cells). 
0012. The compounds disclosed herein (e.g., CpdA) may 
sensitize cells to apoptosis, whereby cells exposed to the 
compound are more likely to undergo apoptosis after being 
exposed to apoptotic stimuli relative to cells that are not 
exposed to the compound. For example, the compound may 
sensitize cancer cells, such as prostate cancer cells to apop 
tosis (e.g., apoptosis effected by apoptotic stimuli Such as 
chemotherapy). In further embodiments, the compound does 
not significantly sensitize non-cancerous cells (e.g., non 
transformed prostate cells, hepatocytes, cardiomyocytes, and 
skeletal muscle cells) to apoptosis. 
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0013 The compounds disclosed herein (e.g., CpdA) may 
bind to steroid receptors such as glucocorticoid receptor 
(GR), androgen receptor (AR), or both receptors. In some 
embodiments, the compound is a ligand for GR and induces 
GR transrepression activity in cells (e.g., cancer cells Such as 
LNCaP. DU145, and PC3 cells). In some embodiments the 
compound inhibits AR transcriptional activity in cells (e.g., 
cancer cells such as LNCaP. DU145, and PC3 cells). In some 
embodiments, the compound may bind to steroidogenic 
enzymes (e.g., cytochrome P450cl), plasma Steroid-binding 
globulins (e.g. corticosteroid binding globulin), or both. 
0014. The disclosed methods may include treating pros 
tate cancer or prostate hyperplasia in a patient in need thereof 
(e.g., androgen-independent or androgen-dependent prostate 
cancer or hyperplasia). In some embodiments, the methods 
may include inhibiting prostate cancer cell growth in a patient 
having androgen-independent prostate cancer, the method 
comprising administering to the patient a therapeutically 
effective amount of a compound having formula (I), or aziri 
dine derivatives, analogs, or pharmaceutically acceptable 
salts thereof, as disclosed herein. In further embodiments, the 
methods may include treating androgen-dependent prostate 
hyperplasia (e.g., androgen-dependent benign prostatic 
hyperplasia (BPH)). 
0015 The disclosed methods may include sensitizing 
prostate cancer cells to apoptosis in a patient in need thereof, 
the method comprising: Step (a), administering an effective 
amount of a compound having formula (I), or aziridine 
derivatives, analogs, or pharmaceutically acceptable salts 
thereof, as disclosed herein and step (b), administering an 
effective amount of a pro-apoptotic stimuli (e.g., chemo 
therapy and radiation therapy). Preferably, Step (a) is per 
formed before step (b) or concurrently with step (b). 
0016. The disclosed methods may include treating pros 
tate cancer in a patient in need thereof, the methods compris 
ing: step (a), assessing expression of a marker selected from 
the group consisting of hespin, C.-methylacyl-CoA racemase, 
and maspin; and step (b), based on the assessed expression, 
administering an effective amount of a compound having 
formula (I), or aziridine derivatives, analogs, or pharmaceu 
tically acceptable salts thereof, as disclosed herein. Prefer 
ably, step (a) is performed before step (b) or concurrently with 
step (b). 
0017. The disclosed methods may include treating pros 
tate cancer in a patient in need thereof and assessing the 
therapeutic effect of the treatment. The methods may com 
prise: step (a), administering an effective amount of a com 
pound having formula (I), or aziridine derivatives, analogs, or 
pharmaceutically acceptable salts thereof, as disclosed 
herein; and step (b), assessing expression of a marker selected 
from the group consisting of hespin, C.-methylacyl-CoA race 
mase, and maspin, thereby assessing the therapeutic effect of 
the compound having formula (I). The method further may 
include: step (c), administering (or not administering) an 
effective amount of a compound for treating prostate cancer 
(e.g., a compound having formula (I), or aziridine derivatives, 
analogs, or pharmaceutically acceptable salts thereof, as dis 
closed herein, or another compound for treating prostate can 
cer) based on the assessment in step (b). 
0018. The disclosed methods may include treating acne 
Vulgaris in a patient in need thereof, the method comprising 
administering to the patient a therapeutically effective 
amount of a compound having formula (I), or aziridine 
derivatives, analogs, or pharmaceutically acceptable salts 
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thereof, as disclosed herein. The compound may be formu 
lated for delivery by a suitable route (e.g., oral, intravenous, 
intramuscular, Subcutaneous, pulmonary, and topical). 
0019. The disclosed methods may include treating alope 
cia in a patient in need thereof (e.g., androgen-dependent 
alopecia), the method comprising administering to the patient 
a therapeutically effective amount of a compound having 
formula (I), or aziridine derivatives, analogs, or pharmaceu 
tically acceptable salts thereof, as disclosed herein. The com 
pound may be formulated for delivery by a suitable route 
(e.g., oral, intravenous, intramuscular, Subcutaneous, pulmo 
nary, and topical). 
0020. Also disclosed are pharmaceutical compositions 
comprising: (a) a therapeutically effective amount of a com 
pound having formula (I), or aziridine derivatives, analogs, or 
pharmaceutically acceptable salts thereof, and (b) a pharma 
ceutical carrier, diluent, or excipient. The pharmaceutical 
composition may be formulated for delivery by any suitable 
route (e.g., oral, intravenous, intramuscular, Subcutaneous, 
pulmonary, and topical). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG.1. Virtual Docking: Analysis of CpdA binding 
at GR and ARLBD. A. & B. Virtual docking was performed 
by Molegro software package dedicated to drug design and 
modeling of protein interactions using PDB files of GR and 
AR ligand binding domains (LBD) from the “PDB' organi 
zation website, including PDB files of CpdA, DEX, and DHT. 
C. CpdA, DHT, and DEX were observed to form hydrogen 
bonds with the highlighted amino acids when bound to GR 
and ARLBDS. 

0022 FIG. 2. CpdA inhibits AR function in LNCaP cells. 
A. Luciferase reporter assay in LNCaP cells transfected by 
lipofection with ARE.Luc reporter (Panomics, Fremont, 
Calif.). After transfection, cells were treated for 24 hours with 
DMSO, CpdA (2x10 M), DHT (107M) or the anti-andro 
gen Casodex (Cdx. 107M). B. Nuclear localization of AR 
was assessed by immunofluorescence. C. & D. Whole-cell 
and protein nuclear extracts from LNCaP cells treated with 
CpdA and DHT for 16 hours were analyzed by Western 
blotting and EMSA. HDAC-1 and B-tubulin were used as 
protein loading controls. For EMSA, native and mutated ARE 
were labeled with Y-P'-ATP CpdA treatment was observed 
to induce nuclear translocation of AR but to reduce its DNA 
binding and transcriptional activity. 
0023 FIG. 3. Effect of CpdA on GR function in PC cells. 
A. & B. CpdA-activated GR nuclear translocation. Cells were 
treated with CpdA, glucocorticoid FA, oranti-glucocorticoid 
RU486. Panel A (immunofluorescence). Panel B (Western 
blotting of nuclear protein using HDAC-1 and B-tubulin as 
protein loading controls). C. CpdA decreased GR-DNA bind 
ing (EMSA, nuclear proteins). LNCaP-GR cells were treated 
with 0.01% DMSO (control), Dex (107 M) or CpdA (10 
M) for 4 hours. D. & E. CpdA effect on GR function. PC cells 
were transiently transfected with TAT. Luc (D) or KB.Luc (E), 
and control Renilla Luciferase reporters, treated with Dex 
(10 M) or CpdA (10 M) for 24 hours. For activation of 
NF-kB, cells were co-transfected with CMV.1 KKB plasimid 
(in panel E). Reporter activity was assessed by dual 
Luciferase assay and presented as factor of change. CpdA 
was observed to induce GR nuclear translocation; to inhibit 
DNA binding and GR transactivation; and to induce GR 
transrepression. 
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(0024 FIG. 4. CpdA effect on GR function. A. & B. PC 
cells were transiently transfected with TAT.Luc (A) or 
KB.Luc (B), and control Renilla Luciferase reporters. Cells 
were treated with Dex (10 M) and CpdA (10 M) for 24 
hours. For activation of NF-kB (as shown in panel B), cells 
were co-transfected with CMV.1 KKB plasmid. Reporter 
activity was assessed by dual Luciferase assay and presented 
as factor of change. CpdA was observed to induce GR nuclear 
translocation; to inhibit DNA binding and GR transactiva 
tion; and to induce GR transrepression. 
(0025 FIG. 5. Concentration-dependent effect of CpdA on 
the growth of prostate cells and PC cell lines. A. Non-trans 
formed prostate cells PWR-1E and PC cells (LNCaP. DU145, 
and PC3 cells) were plated onto twelve plates (10" cells/well, 
each experimental group consisting of three wells), and 
treated with 0.01% DMSO (control) or CpdA (10 M-2x 
10M) for 72 hours. Cell number per well was determined 
by counting in a hemocytometer. The number of cells treated 
with CpdA is presented as a percentage of the average number 
of corresponding cells treated with vehicle only. The results 
of one representative experiment are presented as meantS.D. 
for each experimental group (three wells/group). CpdA was 
observed to strongly inhibit the growth of the highly malig 
nant cell lines DU145 and PC3. B. Experiments were per 
formed as in panel A, except using CpdA (10 M-10M). 
CpdA was observed to strongly inhibit the growth of the 
highly malignant cell lines DU145 and PC3. 
0026 FIG. 6. Highly malignant PC cells are sensitive to 
the growth inhibitory effect of CpdA. A. & B. Non-trans 
formed prostate cells PWR-1E and PC cells (LNCaP. DU145, 
and PC3 cells) were plated as described in FIG. 5 and treated 
with 0.01% DMSO (control) or CpdA (5x10M) for 1-12 
days. Cell number per well was determined by counting, and 
the absolute number of cells per well was determined as 
meantS.D. for each experimental group (three wells/group). 
The androgen-independent PC cell lines DU145 and PC3 
were observed to be highly sensitive to CpdA. 
0027 FIG. 7. CpdA induces apoptosis in prostate cells. A. 
PC3 and DU145 cells were treated for 1-8 days with DMSO 
(control), CpdA (2x10 M), or Dexamethasone (10 M). 
Nuclear cell extracts were analyzed for PARP cleavage by 
Western blotting using anti-PARP antibody (Cell Signaling, 
Danvers, Mass.). B. To study prostate cell sensitization to 
apoptosis by CpdA, TNFC. (10 ng/ml for 16 hours) was used 
to induce apoptosis after CpdA treatment. CpdA was 
observed to induce apoptosis after 6-8 days treatment, and 
CpdA was observed to sensitize cells to TNFC.-induced apo 
ptosis after a 2-day treatment. 
0028 FIG.8. Effect of CpdA on melanoma cell growth. 
Human melanoma cells (A375 and C8161) and mouse mela 
noma cells (B16F10) were plated onto twelve-well plates 
(10 cells/well, each experimental group consisting of three 
wells), and treated with 0.01% DMSO (control) or CpdA 
(5x10M) for 72 hours. CpdA was observed to inhibit the 
growth of all three malignant cell lines. 
(0029 FIG. 9. GR is important for the CpdA-mediated 
cytostatic effect in PC3 and LnCAP-GR prostate cells. A. & 
B. PC cells were transfected with si-RNA against GR (GR 
si-RNA) and inactive si-RNA-labeled with Cy3 as a negative 
control. Cells were treated with 0.01% DMSO (control) or 
CpdA (2x10M) for 3 days and allowed to grow for another 
3 days. Cells transfected with si-RNA against GR were 
observed to exhibit reduced sensitivity to the effect of CpdA. 
Western blot analysis of GR-expression in cells transfected 
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with GR-si-RNA and control scrambled si-RNA. Actin was 
used as a protein loading control. GR-si-RNA was observed 
to strongly inhibit GR-expression in prostate cells. 
0030 FIG. 10. AR is important for the CpdA-mediated 
cytostatic effect in prostate cells. An LNCaP cell clone with 
relative low AR-expression (LNCaP-AR'"), LNCaP-GR, 
and LNCaP-V (vector transfected) cells were treated with 
CpdA (2x10M) for 1-10 days. Cell number was determined 
by counting, and the absolute number of cells per well was 
determined as meantS.D. for each experimental group (three 
wells/group), LNCaP-AR'" cells that do not express both 
AR and GR were observed to be almost completely resistant 
to CpdA. 

DETAILED DESCRIPTION 

0031. The present invention is described herein using sev 
eral definitions, as set forth below and throughout the appli 
cation. 
0032 Unless otherwise specified or indicated by context, 
the terms “a”, “an', and “the mean “one or more.” For 
example, “a compound should be interpreted to mean “one 
or more compounds.” 

99 &g 0033. As used herein, “about,” “approximately,” “substan 
tially, and “significantly' will be understood by persons of 
ordinary skill in the art and will vary to some extent on the 
context in which they are used. If there are uses of these terms 
which are not clear to persons of ordinary skill in the art given 
the context in which they are used, “about” and “approxi 
mately” will mean plus or minus is 10% of the particular term 
and “substantially' and “significantly will mean plus or 
minus >10% of the particular term. 
0034. As used herein, the terms “include” and “including 
have the same meaning as the terms “comprise' and "com 
prising.” For example, a “pharmaceutical composition that 
includes a compound should be interpreted to mean “a phar 
maceutical composition that comprises a compound.” 
0035. The compounds disclosed herein may modulate ste 
roid receptor activities. As used herein, “steroid receptor 
activities include glucocorticoid receptor activity, androgen 
receptor activity, and other steroid receptor activities. Recep 
tor activity may include one or more of ligand binding, tran 
Scriptional activation of target genes, and repression of 
expression for target genes. 
0036. As used herein, the phrase “therapeutically effective 
amount' shall mean that drug dosage that provides the spe 
cific pharmacological response for which the drug is admin 
istered in a significant number of Subjects in need of Such 
treatment. Atherapeutically effective amount of a drug that is 
administered to a particular Subject in a particular instance 
will not always be effective in treating the conditions/diseases 
described herein, even though Such dosage is deemed to be a 
therapeutically effective amount by those of skill in the art. 
0037. As used herein, a “patient may be interchangeable 
with "subject' and means an animal, which may be a human 
or non-human animal, in need of treatment. Non-human ani 
mals may include dogs, cats, horses, cows, pigs, sheep, and 
the like. 
0038 A "patient in need thereof may include a patient 
having a disease, disorder, or condition that is responsive to 
modulation of one or more steroid receptor activities. Modu 
lation may include induction or inhibition. For example, a 
"patient in need thereof may include a patient having a 
disease, disorder, or condition that is responsive to a treatment 
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method that includes induction of glucocorticoid receptor 
transrepression activity, inhibition of androgen receptor tran 
Scriptional activity, or both. 
0039. A "patient in need thereof may include a patient 
having cancer or at risk for developing cancer. A patient 
having cancer may include a patient having prostate cancer or 
prostate hyperplasia (e.g., benign prostatic hyperplasia or 
“BPH'), which may include androgen-independent prostate 
cancer, androgen-dependent prostate cancer, androgen-inde 
pendent hyperplasia, and androgen-dependent hyperplasia. A 
patient having androgen-independent prostate cancer may 
include a patient that has undergone anti-androgen therapy 
and now has prostate cancer that exhibits resistance to the 
anti-androgen therapy. 
0040. A "patient in need thereof may include a patient 
that will benefit from apoptotic sensitization prior to being 
Subjected to "pro-apoptotic stimuli (e.g., as part of a cancer 
therapy). As used herein, "pro-apoptotic stimuli' may include 
any physical, chemical, or biological agent administered at a 
Suitable dosage for inducing apoptosis in a targeted cell. 
“Pro-apoptotic stimuli may include radiation and chemo 
therapy. "Pro-apoptotic stimuli may include or target one or 
more genes or gene products including but not limited to 
TNF-C. NF-kB, TRAIL, Apoptin, Caspases, Bax, Bcl-2, Bcl 
XL, p53, Retinoblastoma, FHIT, PI3k, Ras, BCR-ABL, Pro 
teasome inhibitors, c-raf, c-myb, and Cell cycle modulators. 
“Pro-apoptotic stimuli' may utilize or include administering 
recombinant proteins, gene therapy, oligonucleotides (e.g., 
anti-sense oligodeoxyniuicleotides), lonidamine, arsenite, 
PK 11195, LY294.002, STI-571, PS-341, UCN-01, and fla 
Vopiridol. 
0041. A "patient in need thereof may include a patient 
having a disease, condition, or disorder that will benefit from 
inhibiting the activity of one or more oncogenic transcription 
factors or one or more upstream regulatory kinases for the 
oncogenic transcription factors. For example, a “patient in 
need thereof may include a patient having a disease, condi 
tion, or disorder that will benefit from inhibiting the activity 
of one or more of the oncogenic transcription factors NF-kB, 
AP-1, and Elk-1/Ets-1: from inhibiting one or more upstream 
regulatory kinases for NF-kB, AP-1, Elk-1/Ets-1 (e.g., Akt 
and Mek-1/2); or from inhibiting both the one or more onco 
genic transcription factors and the one or more upstream 
regulatory kinases. 
0042. A "patient in need thereof may include a patient 
having alopecia or baldness or at risk for developingalopecia 
or baldness. “Baldness” may include full or partial baldness 
in a male or female patient relative to a patient population 
having similar demographics as the male or female patient. 
“Baldness” may include male pattern baldness. A patient in 
need thereof may include a patient having androgenic or 
androgen-dependent alopecia. 
0043. A "patient in need thereof may include a patient 
having acne Vulgaris or at risk for developing acne Vulgaris. A 
patient having acne Vulgaris or at risk for developing acne 
Vulgaris may include a patient having androgen-dependent or 
androgen-independent acne Vulgaris or at risk for developing 
androgen-dependent or androgen-independent acne Vulgaris. 
0044 As disclosed herein, compounds having formula (I), 
or aziridine derivatives, analogs, or pharmaceutically accept 
able salts thereof may be administered to patients in need 
thereof in treatment methods or prevention methods. For 
example, the compounds may be administered as a pharma 
ceutical composition. The compounds having formula (I), or 
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aziridine derivatives, analogs, or pharmaceutically accept 
able salts thereof may include compounds having formula 
(II), (III), (IV), or (V). Compounds having formula (I), or 
aziridine derivatives, analogs, or pharmaceutically accept 
able salts thereofmay include 2-(4-acetoxyphenyl)-2-chloro 
N-methlylethlyl-ammoinium chloride, otherwise known as 
CpdA, which is a stable analog of an aziridine precursor from 
the African shrub Salsola tuberculatiformis Boschantzev. 
Investigation of the active compound in Salsola tuberculati 
formis Boschantzev lead to the isolationg of an active, but 
labile, fraction isolated by HPLC and called S2. (See Swartet 
al. 1993) Analysis of the S2 fraction suggested the presence of 
a highly reactive hydroxyphenyl aziridine or its precursor. 
(See van der Merwe et al.) This highly reactive hydroxyphe 
nyl aziridine and a generic precursor are represented by for 
mula (III) and formula (II), respectively, as disclosed herein. 
The labile nature of the active compound in the S2 fraction 
lead to the synthesis of a more stable analog, compound A 
(2-(4-acetoxyphenyl)-2-chloro-N-methylethyl-ammonium 
chloride), which cyclizes to the corresponding aziridine 
under physiological conditions. (See Louw et al. 1997.) The 
cyclized aziridine of CpdA is represented by formula (V), as 
disclosed herein. 

0045 Contemplated herein are compounds and pharma 
ceutical compositions comprising compounds having for 
mula (I), or aziridine derivatives, analogs, or pharmaceuti 
cally acceptable salts thereof. In some embodiments, 
compounds contemplated herein include compounds having 
formula (II), (III), (IV), (V), or CpdA. Referring to the Pub 
Chem Database provided by the National Center for Biotech 
nology Information (NCBI) of the National Institute of 
Health (NIH) at its website, compounds contemplated herein 
may include the compound referenced by compound identi 
fication (CID) No. 9838147 “Glucocorticoid Receptor 
Modulator, CpdA: 2-(4-Acetoxyphenyl )-2-chloro-N-me 
thyl)ethylammonium chloride), which entry is incorporated 
herein by reference in its entirety. Compounds contemplated 
herein having formula (I), or aziridine derivatives, analogs, or 
pharmaceutically acceptable salts thereof also include com 
pounds referenced by compound identification (CID) Nos.: 
127006, 9838148, 17981414, 18451555, 19880701, 
19880702, 19880708, and 19880709, which entries are incor 
porated herein by reference in their entireties. 
0046. In some embodiments, the compounds may be for 
mulated as pharmaceutical compositions that include: (a) a 
therapeutically effective amount of a compound as disclosed 
herein; and (b) one or more pharmaceutically acceptable car 
riers, excipients, or diluents. The pharmaceutical composi 
tion may include the compound in a range of about 0.1 to 2000 
mg (preferably about 0.5 to 500 mg, and more preferably 
about 1 to 100 mg). The pharmaceutical composition may be 
administered to provide the compoundata daily dose of about 
0.1 to 100 mg/kg body weight (preferably about 0.5 to 20 
mg/kg body weight, more preferably about 0.1 to 10 mg/kg 
body weight). In some embodiments, after the pharmaceuti 
cal composition is administered to a patient (e.g., after about 
1, 2, 3, 4, 5, or 6 hours post-administration), the concentration 
of the compound at the site of action (e.g., at the prostate) is 
about 2 to 10 uM. 
0047. The compound may be formulated as a pharmaceu 

tical composition in Solid dosage form, although any phar 
maceutically acceptable dosage form can be utilized. Exem 
plary solid dosage forms include, but are not limited to, 
tablets, capsules, Sachets, lozenges, powders, pills, or gran 
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ules, and the Solid dosage form can be, for example, a fast 
melt dosage form, controlled release dosage form, lyo 
philized dosage form, delayed release dosage form, extended 
release dosage form, pulsatile release dosage form, mixed 
immediate release and controlled release dosage form, or a 
combination thereof. 
0048. The compound may be formulated as a pharmaceu 
tical composition that includes a carrier. For example, the 
carrier may be selected from the group consisting of proteins, 
carbohydrates, Sugar, talc, magnesium Stearate, cellulose, 
calcium carbonate, and starch-gelatin paste. 
0049. The compound may be formulated as a pharmaceu 
tical composition that includes one or more binding agents, 
filling agents, lubricating agents, Suspending agents, Sweet 
eners, flavoring agents, preservatives, buffers, wetting agents, 
disintegrants, and effervescent agents. Filling agents may 
include lactose monohydrate, lactose anhydrous, and various 
starches; examples of binding agents are various celluloses 
and cross-linked polyvinylpyrrolidone, microcrystalline cel 
lulose, such as Avicel(R) PH101 and Avicel(R) PH102, micro 
crystalline cellulose, and silicified microcrystalline cellulose 
(ProSolv SMCCTM). Suitable lubricants, including agents 
that act on the flowability of the powder to be compressed, 
may include colloidal silicon dioxide, such as Aerosil R200, 
talc, Stearic acid, magnesium Stearate, calcium Stearate, and 
silica gel. Examples of Sweeteners may include any natural or 
artificial Sweetener, Such as Sucrose, Xylitol, Sodium saccha 
rin, cyclamate, aspartame, and acSulfame. Examples of fla 
voring agents are MagnasweetR) (trademark of MAFCO), 
bubblegum flavor, and fruit flavors, and the like. Examples of 
preservatives may include potassium Sorbate, methylpara 
ben, propylparaben, benzoic acid and its salts, other esters of 
parahydroxybenzoic acid such as butylparaben, alcohols 
Such as ethyl or benzyl alcohol, phenolic compounds such as 
phenol, or quaternary compounds such as benzalkonium 
chloride. 
0050 Suitable diluents may include pharmaceutically 
acceptable inert fillers, such as microcrystalline cellulose, 
lactose, dibasic calcium phosphate, Saccharides, and mix 
tures of any of the foregoing. Examples of diluents include 
microcrystalline cellulose, such as Avicel(R) PH101 and 
Avicel(R) PH102; lactose such as lactose monohydrate, lactose 
anhydrous, and Pharmatose(RDCL21; dibasic calcium phos 
phate Such as Emcompress(R); mannitol; Starch: Sorbitol; 
Sucrose; and glucose. 
0051 Suitable disintegrants include lightly crosslinked 
polyvinyl pyrrolidone, corn starch, potato starch, maize 
starch, and modified starches, croScarmellose sodium, cross 
poVidone, sodium starch glycolate, and mixtures thereof. 
0.052 Examples of effervescent agents are effervescent 
couples Such as an organic acid and a carbonate orbicarbon 
ate. Suitable organic acids include, for example, citric, tar 
taric, malic, fumaric, adipic, succinic, and alginic acids and 
anhydrides and acid salts. Suitable carbonates and bicarbon 
ates include, for example, sodium carbonate, sodium bicar 
bonate, potassium carbonate, potassium bicarbonate, magne 
sium carbonate, Sodium glycine carbonate, L-lysine 
carbonate, and arginine carbonate. Alternatively, only the 
sodium bicarbonate component of the effervescent couple 
may be present. 
0053. The compound may be formulated as a pharmaceu 
tical composition for delivery via any suitable route. For 
example, the pharmaceutical composition may be adminis 
tered via oral, intravenous, intramuscular, Subcutaneous, 
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topical, and pulmonary route. Examples of pharmaceutical 
compositions for oral administration include capsules, Syr 
ups, concentrates, powders and granules. 
0054 The pharmaceutically effective compounds of for 
mula (I), or aziridine derivatives thereof, and pharmaceuti 
cally acceptable salts thereof (i.e., as an “active ingredient') 
may be administered in conventional dosage forms prepared 
by combining the active ingredient with standard pharmaceu 
tical carriers or diluents according to conventional procedures 
well known in the art. These procedures may involve mixing, 
granulating and compressing or dissolving the ingredients as 
appropriate to the desired preparation. 
0055 Pharmaceutical compositions comprising the com 
pound may be adapted for administration by any appropriate 
route, for example by the oral (including buccal or Sublin 
gual), rectal, nasal, topical (including buccal, Sublingual or 
transdermal), Vaginal or parenteral (including Subcutaneous, 
intramuscular, intravenous or intradermal) route. Such for 
mulations may be prepared by any method known in the art of 
pharmacy, for example by bringing into association the active 
ingredient with the carrier(s) or excipient(s). 
0056 Pharmaceutical compositions adapted for oral 
administration may be presented as discrete units such as 
capsules or tablets, powders or granules; Solutions or Suspen 
sions in aqueous or non-aqueous liquids; edible foams or 
whips, or oil-in-water liquid emulsions or water-in-oil liquid 
emulsions. 

0057 Pharmaceutical compositions adapted for transder 
mal administration may be presented as discrete patches 
intended to remain in intimate contact with the epidermis of 
the recipient for a prolonged period of time. For example, the 
active ingredient may be delivered from the patch by ionto 
phoresis. 
0058 Pharmaceutical compositions adapted for topical 
administration may be formulated as ointments, creams, Sus 
pensions, lotions, powders, Solutions, pastes, gels, impreg 
nated dressings, sprays, aerosols or oils and may contain 
appropriate conventional additives Such as preservatives, Sol 
vents to assist drug penetration and emollients in ointments 
and creams. 

0059 For applications to the eye or other external tissues, 
for example the mouth and skin, the pharmaceutical compo 
sitions are preferably applied as a topical ointment or cream. 
When formulated in an ointment, the compound may be 
employed with either a paraffinic or a water-miscible oint 
ment base. Alternatively, the compound may beformulated in 
a cream with an oil-in-water cream base or a water-in-oil 
base. Pharmaceutical compositions adapted for topical 
administration to the eye include eye drops where the active 
ingredient is dissolved or Suspended in a Suitable carrier, 
especially an aqueous solvent. 
0060 Pharmaceutical compositions adapted for topical 
administration in the mouth include lozenges, pastilles and 
mouth washes. 

0061 Pharmaceutical compositions adapted for rectal 
administration may be presented as Suppositories or enemas. 
0062 Pharmaceutical compositions adapted for nasal 
administration where the carrier is a solid include a coarse 
powder having a particle size (e.g., in the range 20 to 500 
microns) which is administered in the manner in which snuff 
is taken (i.e., by rapid inhalation through the nasal passage 
from a container of the powder held close up to the nose). 
Suitable formulations where the carrier is a liquid, for admin 
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istration as a nasal spray or as nasal drops, include aqueous or 
oil solutions of the active ingredient. 
0063 Pharmaceutical compositions adapted for adminis 
tration by inhalation include fine particle dusts or mists which 
may be generated by means of various types of metered dose 
pressurized aerosols, nebulizers or insufflators. 
0064 Pharmaceutical compositions adapted for vaginal 
administration may be presented as pessaries, tampons, 
creams, gels, pastes, foams or spray formulations. 
0065 compositions adapted for 
parenteral administration include aqueous and non-aqueous 
sterile injection Solutions which may contain anti-oxidants, 
buffers, bacteriostats and solutes which render the formula 
tion isotonic with the blood of the intended recipient; and 
aqueous and non-aqueous sterile Suspensions which may 
include Suspending agents and thickening agents. The formu 
lations may be presented in unit-dose or multi-dose contain 
ers, for example sealed ampoules and vials, and may be stored 
in a freeze-dried (lyophilized) condition requiring only the 
addition of the sterile liquid carrier, for example water for 
injections, immediately prior to use. Extemporaneous injec 
tion Solutions and Suspensions may be prepared from sterile 
powders, granules and tablets. 
0.066 Tablets and capsules for oral administration may be 
in unit dose presentation form, and may contain conventional 
excipients such as binding agents, for example syrup, acacia, 
gelatin, Sorbitol, tragacanth, or polyvinylpyrrolidone, fillers, 
for example lactose, Sugar, maize-starch, calcium phosphate, 
Sorbitol or glycine; tabletting lubricants, for example magne 
sium Stearate, talc, polyethylene glycol or silica; disinte 
grants, for example potato starch; or acceptable wetting 
agents such as sodium lauryl Sulphate. The tablets may be 
coated according to methods well known in normal pharma 
ceutical practice. Oral liquid preparations may be in the form 
of for example, aqueous or oily Suspensions, solutions, emul 
sions, syrups or elixirs, or may be presented as a dry product 
for reconstitution with water or other suitable vehicle before 
use. Such liquid preparations may contain conventional addi 
tives. Such as Suspending agents, for example Sorbitol, methyl 
cellulose, glucose syrup, gelatin, hydroxyethyl cellulose, car 
boxymethyl cellulose, aluminium Stearate gel or hydroge 
nated edible fats, emulsifying agents, for example lecithin, 
Sorbitan monooleate, or acacia; non-aqueous vehicles (which 
may include edible oils), for example almond oil, oily esters 
Such as glycerine, propylene glycol, or ethyl alcohol; preser 
Vatives, for example methyl or propyl p-hydroxybenzoate or 
Sorbic acid, and, if desired, conventional flavoring or coloring 
agents. 

Pharmaceutical 

Illustrative Embodiments 

0067. The following embodiments are illustrative and are 
not intended to limit the scope of the claimed subject matter. 
0068 Embodiment 1. A method of inhibiting prostate can 
cer cell growth in a patient having androgen-independent 
prostate cancer, the method comprising administering to the 
patient a therapeutically effective amount of a compound 
having formula (I), or aziridine derivatives, analogs, or phar 
maceutically acceptable salts thereof 
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(I) 

N 
X 

where R is a hydrogen or—C(O)-Z, where Z is a branched or 
straight chain C-C alkyl group; 
0069 X is a hydrogen, hydroxyl, halogen or leaving 
group; and 

0070 Y is a hydrogen or a branched or straight chain 
C-C alkyl group. 

(0071 Embodiment 2. The method of embodiment 1, 
where R is acetyl (i.e., —C(O)—CH). 
0072 Embodiment 3. The method of embodiment 1 or 2, 
where X is a halogen. 
0073 Embodiment 4. The method of embodiment 3, 
where the halogen is chloride, bromide, or fluoride. 
0074 Embodiment 5. The method of any of embodiments 
1-4, where Y is methyl, ethyl, propyl, or butyl. 
0075 Embodiment 6, The method of embodiment 5, 
where Y is methyl. 
0076 Embodiment 7. The method of any of embodiments 
1-6, where the compound having formula (I), or aziridine 
derivatives, analogs, or pharmaceutically acceptable salts 
thereof is CpdA. 
0077. Embodiment 8. The method of any of embodiments 
1-7, where the compound sensitizes prostate cancer cells to 
the apoptotic effect of TNF-C. 
0078 Embodiment 9. The method of any of embodiments 
1-7, where the compound sensitizes DU145 cells to the apo 
ptotic effect of TNF-C. 
0079 Embodiment 10. The method of any of embodi 
ments 1-9, where the compound binds to glucocorticoid 
receptor. 
0080 Embodiment 11. The method of any of embodi 
ments 1-10, where the compound inhibits androgen receptor 
transcriptional activity in prostate cancer cells. 
0081 Embodiment 12. The method of any of embodi 
ments 1-10, where the compound inhibits androgen receptor 
transcriptional activity in LNCaP cells. 
0082 Embodiment 13. A method of sensitizing prostate 
cancer cells to apoptosis comprising administering: (a) an 
effective amount of a compound having formula (I), or aziri 
dine derivatives, analogs, or pharmaceutically acceptable 
salts thereof, where R is a hydrogen or—C(O)-Z, and Z is a 
branched or straight chain C-C alkyl group; X is a hydro 
gen, hydroxyl, or halogen; and Y is a branched or straight 
chain C-C alkyl group; and (b) an effective amount of a 
pro-apoptotic stimuli. 
0083. Embodiment 14. The method of embodiment 13, 
where the pro-apoptotic stimuli comprises chemotherapy. 
0084 Embodiment 15. The method of claim 13, where R 

is acetyl (i.e., —C(O)—CH). 
0085 Embodiment 16. The method of embodiment 14 or 
15, where X is a halogen. 
0086 Embodiment 17. The method of embodiment 16, 
where the halogen is chloride, bromide, or fluoride. 
I0087 Embodiment 18. The method of any of embodi 
ments 13-17, where Y is methyl, ethyl, propyl, or butyl. 
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0088 Embodiment 19. The method of embodiment 18, 
where Y is methyl. 
I0089 Embodiment 20. The method of any of embodi 
ments 13-19, where the compound having formula (I), or 
aziridine derivatives, analogs, or pharmaceutically accept 
able salts thereof is CpdA. 
(0090 Embodiment 21. The method of any of embodi 
ments 13-20, where the compound sensitizes prostate cancer 
cells to the apoptotic effect of TNF-C. 
(0091 Embodiment 22. The method of any of embodi 
ments 13-20, where the compound sensitizes DU145 to the 
apoptotic effect of TNF-C. 
0092. Embodiment 23. The method of any of embodi 
ments 13-22, where the compound binds to glucocorticoid 
receptor. 
(0093 Embodiment 24. The method of any of embodi 
ments 13-23, where the compound inhibits androgen receptor 
transcriptional activity in prostate cancer cells. 
(0094) Embodiment 25. The method of any of embodi 
ments 13-23, where the compound inhibits androgen receptor 
transcriptional activity in LNCaP cells. 
0.095 Embodiment 26. A method of treating prostate can 
cer in a patient in need thereof comprising: (a) assessing 
expression of a marker selected from the group consisting of 
hespin, C.-methylacyl-CoA racemase, and maspin; and (b) 
based on the assessed expression administering an effective 
amount of a compound having formula (I), or aziridine 
derivatives analogs, or pharmaceutically acceptable salts 
thereof, where R is a hydrogen or —C(O)-Z, and Z is a 
branched or straight chain C-C alkyl group; X is a hydro 
gen, hydroxyl, or halogens and Y is a branched or straight 
chain C-C alkyl group. 
0096 Embodiment 27. A method of treating prostate can 
cer in a patient in need thereof comprising: (a) administering 
an effective amount of a compound having formula (I), or 
aziridine derivatives, analogs, or pharmaceutically accept 
able salts thereof, where R is a hydrogen or—C(O)-Z, and Z 
is a branched or straight chain C-C alkyl group: X is a 
hydrogen, hydroxyl, or halogen; and Y is a branched or 
straight chain C-C alkyl group; and (b) assessing expression 
of a marker selected from the group consisting of hespin, 
C.-methylacyl-CoA racemase, and maspin, thereby assessing 
the therapeutic effect of the compound. 
0097 Embodiment 28. A method of benign prostate 
hyperplasia in a patient in need thereof, the method compris 
ing administering to the patient a therapeutically effective 
amount of a compound having formula (I), or aziridine 
derivatives, analogs, or pharmaceutically acceptable salts 
thereof: where R is a hydrogen or —C(O)-Z and Z is a 
branched or straight chain C-C alkyl group; X is a hydro 
gen, hydroxyl, or halogen; and Y is a branched or straight 
chain C-C alkyl group. 
0.098 Embodiment 29. A method of treating acne Vulgaris 
in a patient in need thereof, the method comprising adminis 
tering to the patient a therapeutically effective amount of a 
compound having formula (I), or aziridine derivatives, ana 
logs, or pharmaceutically acceptable salts thereof where R is 
a hydrogen or—C(O)-Z, and Z is a branched or straight chain 
C-C alkyl group; X is a hydrogen, hydroxyl, or halogen; and 
Y is a branched or straight chain C-C alkyl group. 
0099 Embodiment 30. A method of treating androgenetic 
alopecia in a patient in need thereof, the method comprising 
administering to the patient a therapeutically effective 
amount of a compound having formula (I), or aziridine 
derivatives, analogs, or pharmaceutically acceptable salts 
thereof: where R is a hydrogen or —C(O)-Z, and Z is a 
branched or straight chain C-C alkyl group; X is a hydro 
gen, hydroxyl, or halogen; and Y is a branched or straight 
chain C-C alkyl group. 
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EXAMPLES 

0100. The following examples are illustrative and are not 
intended to limit the scope of the claimed subject matter. 

Example I 
Synthesis of CpdA 

0101 2-(4-acetoxyphenyl)-2-chloro-N-methyl-ethylam 
monium chloride (CpdA) was synthesized from (+)-Syneph 
rine and acetyl chloride in glacial acetic acid by a modifica 
tion of the original method of Bretschneider et al., 
Monatschefte fuer Chemie (in German) 1948:78:82-116, 
which is incorporated by reference in its entirety. 

Example II 

Compound A inhibits the Growth and the Survival of 
Cancer Cells 

0102 A. Background 
0103) Androgens are causatively involved in the develop 
ment of different diseases and disorders in target organs and 
tissues such as prostate and skin. They are major etiological 
factors for the development of benign prostatic hyperplasia 
(BPH), and the development and progression of hormone 
responsive prostate cancer (Feldman et al., Heinleinet al., and 
Bullocket al.). Skin and hair androgen-dependent disorders/ 
diseases include acne Vulgaris and androgenetic alopecia— 
mail pattern hair loss (Clarke et al. and Kaufman et al.). 
Currently, anti-androgens are extensively used for the treat 
ment of prostate cancer, BPH, androgenetic alopecia, and 
acne (Feldman et al., Heinlein et al., Clarke et al., Kaufman et 
al., and Bullock et al.). There is evidence that inflammation 
plays an important role in the development of many andro 
gen-dependent diseases (Mahé et al., Clarke et al., Bullocket 
al., Kramer et al., Sutcliffe et al. and Haverkamp et al.). 
Glucocorticoid hormones that act via glucocorticoid receptor 
(GR) are among the most potent agents to treat inflammation. 
Thus, the multi-target (AR/GR) steroid receptor modulators 
that act as anti-inflammatory anti-androgens may be much 
more effective for the treatment of many androgen-dependent 
diseases and disorders than pure anti-androgens. 
0104 2-(4-acetoxyphenyl)-2-chloro-N-methylethyl-am 
monium chloride, also called Compound A (CpdA) is a stable 
analog of an aziridine precursor from the African shrub Sal 
sola tuberculatiformis Botschantzev. Recent studies show 
that CpdA interacts with both AR and GR in a unique way: it 
inhibits AR function and strongly enhances the anti-inflam 
matory function of GR (De Bosscher et al. 2005, Tanner et 
al.). CpdA has been proposed for clinical use as an anti 
inflammatory drug with the reduced side effects. The poten 
tial of CpdA as anti-inflammatory anti-androgen for the treat 
ment of PC, BPH, acne Vulgaris and androgenetic alopecia 
has never been evaluated. 
0105. The results presented here suggest that CpdA indeed 
acts as a multi-steroidal receptor modulator. It shares binding 
cavities in AR and GR ligand-binding domains with corre 
sponding hormones, and forms hydrogen (H)-bonds with the 
same amino acids that are involved in H-bond formation 
during steroid binding. CpdA induces nuclear translocation 
of both AR and GR, but inhibits AR-DNA binding and AR 
function. On the other hand, CpdA induces GR-mediated 
transrepression measured by blockage of pro-inflammatory 
transcription factors NF-kB and AP-1. These studies also 
demonstrate that CpdA induces strong growth inhibitory and 
pro-apoptotic effects in numerous human malignant cell lines 
(including androgen-dependent and androgen-independent 
prostate carcinoma cells, melanoma cells, and multiple 
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myeloma cells), and that the cytotoxic effect of CpdA is 
dependent on GR, AR, or both. Thus, these data Suggest that 
CpdA is a unique multi-target steroid receptor phyto-modu 
lator that acts as anti-inflammatory anti-androgen, and could 
be used for the treatment of patients with cancer, BPH, acne, 
androgenetic alopecia, and other androgen-dependent or 
androgen-independent diseases which may include an 
inflammatory component. 
0106 1. Steroid Hormone Receptors 
0107 Steroid hormone receptors such as androgen recep 
tor (AR) or glucocorticoid receptor (GR) are transcription 
factors that regulate gene expression. In non-activated cells 
each receptor resides in the cytoplasm in a complex with 
chaperone proteins. Upon activation by corresponding Ste 
roid hormones (GR is activated by glucocorticoids; AR is 
activated by androgens) receptors dissociate from the chap 
erones, form homo-dimers and enter the nucleus (De Boss 
cher et al. 2003, McKay et al., and Schacke et al. 2002). There 
are two major mechanisms of gene regulation by GR and AR. 
One is activation of gene expression, called transactivation. It 
requires binding of AR/AR or GR/GR dimers to the regula 
tory sequences in the promoters of corresponding target 
genes (De Bosscher et al. 2003, McKay et al., and Schacke et 
al. 2002.). The alternative mechanism of gene regulation is 
transrepression. This negative regulation of gene activity is 
chiefly mediated via inhibition of other transcription factors 
by steroid hormone receptors dissociated from the chaper 
ones. The negative regulation of gene expression by GR is 
better studied. It was shown that GR interacts with numerous 
transcription factors including leading pro-inflammatory fac 
tors such as NF-kB and AP-1. This interaction results in 
blocking of NF-kB and AP-1 activity (De Bosscher et al. 
2003, Yemelyanov et al., and McKay et al.). Gene transre 
pression by GR appears to be critical for the therapeutic 
anti-inflammatory effects of glucocorticoids (De Bosscher et 
al. 2003, Schacke et al. 2002). Other recent work clearly 
indicates that tumor suppressor effects of GR/glucocorticoids 
also involve gene transrepression (Yemelyanov et al., and 
Chebotaev et al.). Glucocorticoids are notorious for their side 
effects (Schacke et al. 2002). It was shown that in contrast to 
therapeutic effects of glucocorticoids their undesirable side 
effects are mostly mediated via gene activation (Schacke etal. 
2002). Thus, GR ligands that specifically activate transrepres 
sion may hold a great potential as anti-inflammatory drugs 
with reduced side effects. 
0.108 2. Androgen-Dependent Diseases of Prostate 
0109 Androgens and AR promote the development of 
BPH and the development and progression of hormone-de 
pendent prostate cancer (Feldman et al., and Heinlein et al.). 
Further, it became recently apparent that inflammation con 
tributes to the development of both BPH and PC prostate 
growth (Bullock et al., Kramer et al., Sutcliffe et al., 
Haverkamp et al., and Nelson). It has been shown that signal 
ing mediated by GR, especially GR transrepression, inhibits 
PC cell growth and plays a tumor Suppressor role in prostate 
(Dondi et al., Nishimura et al., Smith et al., Yano et al., and 
Yemelyanov et al.). In addition, CR ligands may prevent the 
development of BPH and PC via inhibition of inflammation in 
prostate. As activation of AR and GR have opposite effect on 
prostate cells, the multi-target steroid receptor modulators 
that act as anti-inflammatory anti-androgens may be very 
effective for BPH and PC therapy. 
0110. 3. Androgen-Dependent Diseases of Skin and Hair 
0111. Acne Vulgaris. The etiological factors for acne 
include increased sebum production, infection and inflamma 
tion. Androgens play an important role in the pathophysiol 
ogy of acne as they specifically stimulate the production of 
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sebum and increase the size of sebaceous glands (Clarke et 
al.). Cells in the basal layer of the sebaceous gland express 
AR, and can produce androgens locally (Clarke et al.). It is 
also known that pro-inflammatory cytokines including IL-1 
are involved in the development of acne (Clarke et al.) 
0112 Androgenetic Alopecia. Androgens are very potent 
modulators of hair growth: in androgen-sensitive males hair 
follicles of the scalp become smaller under the influence of 
androgens (miniaturization) leading to the typical changes of 
androgenetic alopecia (Kaufman et al). The scalp of predis 
posed individuals exhibits high levels of androgen DHT, and 
increased expression of the AR Conversion of testosterone to 
DHT and activation of androgen-responsive genes by AR 
within the dermal papilla of hair follicle plays a central role, 
while androgen-regulated factors deriving from dermal 
papilla cells are believed to influence growth of other com 
ponents of the hair follicle (Kaufman et al.). In addition, the 
Sustained microscopic follicular inflammation is considered a 
possible cofactor in the complex etiology of allopecia (Trueb, 
2000). 
0113 Treatment. Anti-androgens and finasteride—an 
inhibitor of 5-alpha-reductase that converts testosterone to 
more potent androgen DHT, are currently used for the treat 
ment of both listed above androgen-dependent skin disorders 
(Clarke et al., Trueb et al., and Kaufman et al.). Taking into 
consideration the role of inflammation in the development of 
acne and androgenetic alopecia, the multi-target steroid 
receptor modulators that act as anti-inflammatory anti-andro 
gens may be very effective for acne and androgenetic alopecia 
treatment. 

0114. 4. CompoundA—a Phyto-Modulator of Steroid 
Hormone Receptors 
0115 2-(4-acetoxyphenyl)-2-chloro-N-methyl-ethylam 
monium chloride, also called Compound A (CpdA), is a syn 
thetic analog of the highly liable aziridine precursor found in 
the African shrub Salsola tuberculatiformis Botschantzev 
(Swart et al. 2003). The aqueous extract of this plant has been 
used by Bushmen women as a traditional medicine (Swart et 
al. 2003). It has been shown recently that CpdA directly 
interacts with steroid receptors AR and GR. Importantly; it 
inhibits AR function and strongly enhances the anti-inflam 
matory function of GR (De Bosscher et al. 2005, Tanner et 
al.). CpdA, similar to well-characterized anti-androgens, 
represses the activation of AR by inhibition of the androgen 
dependent interaction between NH and COOH-terminal 
domains of the AR (Tanner et al.). At the same time, CpdA 
acts GR ligand: it competes with glucocorticoids for GR 
binding and induces GR translocation into the nucleus (De 
Bosscher et al. 2005). As mentioned above, there are two 
major mechanisms underlying gene regulation by GR: posi 
tive regulation (transactivation) and negative regulation (tran 
Srepression) that is mediated via negative interaction between 
GR and other transcription factors (De Bosscher et al. 2003, 
Schacke et al. 2002, Yemelyanov et al.). It is well understood 
that many therapeutic anti-inflammatory effects of glucocor 
ticoids are mediated via gene transrepression. It was shown 
that CpdA possesses the properties of the “dissociated GR 
ligand that specifically induces GR-mediated transrepression 
(De Bosscher et al. 2005, Tanner et al.). Furthermore, in in 
Vivo experiments, CpdA acts as a strong anti-inflammatory 
compound with reduced side effects (De Bosscher et al. 
2005). 
0116. Using virtual docking analysis, CpdA was found to 
potentially share binding cavities in AR and GR ligand-bind 
ing domains with corresponding hormones, and to potentially 
form H-bonds with the same amino acids that are involved in 
H-bond formation during steroid binding. Thus, CpdA has a 
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unique combination of properties and acts as anti-inflamma 
tory anti-androgen. Further, using numerous human tumor 
cell lines including prostate carcinoma, melanoma, and mul 
tiple myeloma cells, CpdA was shown to exhibit strong 
growth inhibitory and pro-apoptotic effects in tumor cells, 
and that this effect is GR/AR-dependent. Overall, this data 
Suggests that CpdA is a unique dual-target steroid receptor 
modulator that has a high potential for therapy of androgen 
dependent diseases and disorders that have an inflammatory 
component. 
0117 B. Methods and Results 
0118 1. Virtual Docking Analysis of CpdA Binding to 
Ligand Binding Domains (LBD) of Steroid Hormone Recep 
tOrs 

0119 The chemical structure of CpdA significantly differs 
from most known AR/GR antagonists and GR dissociated 
ligands. Thus, CpdA was evaluated as a ligand of these steroid 
hormone receptors using virtual docking (FIG. 1). For analy 
sis, recently published crystal structures of ligand binding 
domains (LBD) of AR and GR available from the Protein 
Bank Database website and a virtual docking software pack 
age (Molegro, Aarhus Denmark) were employed. 
I0120 Structural biology modeling predicts that CpdA 
shares binding cavities within LBDs of GR and AR. The 
results predicted that CpdA could bind to LBDs of both AR 
and GR at the binding pockets of natural steroid ligands: 
glucocorticoid dexamethasone (Dex) and androgen 5-alpha 
dihydrotestosterone (DHT). 
I0121 Structural biology modeling also predicts that 
CpdA and steroid hormones form H-bonds with the same 
amino acids lining LBD cavities in steroid receptors. Struc 
tural analysis predicts that CpdA will form H-bonds (Hydro 
gen bonds) with the same amino acids that are involved in 
H-bond formation during steroid binding (Asni564 and 
Arg611 in GR: Asn705 and Arg752 in AR ligand binding 
domains). Overall these virtual docking data clearly indicate 
that CpdA indeed acts as a ligand for both GR and AR. 
I0122) 2. Effect of CpdA on AR Function 
I0123. It was shown that CpdA inhibits AR function in 
model cells (Tanner et al.). To evaluate the effect of CpdA on 
AR function in epithelial cells expressing endogenous AR, 
LNCaP prostate cells were studied using several methods 
including: (i) Western blot analysis and immunofluorescence 
to detect CpdA effect on AR transport to the nucleus; (ii) 
EMSA to assess the effect of CpdA on AR-DNA binding; and 
(iii) dual Luciferase assay to evaluate CpdA effect on AR 
transcriptional activity (FIG. 2). 
0.124 a. CpdA Induces ARNuclear Translocation 
0.125 Western blot analysis and immunostaining were uti 
lized to study AR nuclear translocation. Similarly to androgen 
DHT (5-alpha-dihydrotestosterone), CpdA was found to 
induce AR nuclear translocation (FIG. 2B, 2C). 
(0.126 b. CpdA Inhibits AR-DNA Binding and AR Tran 
Scriptional Activity 
I0127. To study AR function, electrophoretic mobility shift 
assay (EMSA) was utilized along with dual Luciferase assay 
using an androgen-responsive PSA.Luciferase reporter. 
CpdA was found to constructively inhibit AR DNA binding 
and especially DHT-induced AR DNA binding (FIG. 2D). 
The AR DNA binding was specific and did not occur an 
oligonucleotide with a mutated androgen-responsive element 
(ARE, called HREmut in the FIG. 2D, last lane in FIG. 2D) 
was utilized. 

I0128. CpdA also inhibited basal and DHT-induced tran 
scriptional activity of AR in LNCaP cells (FIG. 2A). These 
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results extended the previous finding on the inhibitory effect 
of CpdA on AR function in model cells transiently transfected 
with AR (Tanner et al.). 
0129. 3. Effect of CpdA on GR Function 
0130. It was shown that CpdA acts in the model cells as 
dissociated ligand for GR that specifically induced GR tran 
srepression activity (De Bosscher et al. 2005). To evaluate the 
effect of CpdA on GR function in epithelial cells expressing 
endogenous GR, several prostate cell lines were studied using 
several methods including: (i) Western blot analysis and 
immunofluorescence to detect CpdA effect on GR transport 
to the nucleus; (ii) EMSA to assess the effect of CpdA on 
GR-DNA binding; and (iii) dual luciferase assay to evaluate 
CpdA effect on GR transactivation and GR transrepression 
activities (FIG. 3 & FIG. 4). For the last group of assays, 
transient transfection were performed using a TAT.Luciferase 
reporter, which is positively regulated by glucocorticoids, 
and a NF-kB.Luciferase reporter, which is negatively regu 
lated by glucocorticoids (FIG. 4). 
0131 a. CpdA Induces GR Nuclear Translocation 
0.132. Using Western blotting and immunofluorescence 
(FIGS. 3A and B), CpdA was found to induce GR nuclear 
import in LNCaP-GR cells. Even though the effect of CpdA 
on GR nuclear translocation was weaker than the effect of 
synthetic glucocorticoid fluocinolone acetonide (FA), this 
result Suggests that CpdA acts as GR ligand. 
0133) b. CpdA Inhibits GR-DNA Binding, and GRTrans 
activation 
0134. Using an electrophoretic mobility shift assay 
(EMSA), CpdA was shown to constructively inhibit gluco 
corticoid-induced GR-DNA binding in LNCaP-GR cells 
(FIG. 3C). The GR-DNA binding was specific and did not 
occur when an oligonucleotide with a mutated glucocolti 
coid-responsive element (HRE mut, last lane in FIG. 3C) was 
utilized. 
0135 Using a dual Luciferase assay, CpdA was found to 
inhibit GR transcriptional activation in LNCaP-GR cells and 
other prostate cells such as DU145 and PC3 cells (FIG. 4 and 
data not shown), even though CpdA induced GR nuclear 
translocation (see above). At the same time, glucocorticoid 
FA induced TAT. Luc reporter activity in PC cells by 10-15 
folds (FIG. 4A, first bar from the left). 
0.136 c. CpdA Induces GR Transrepression Activity 
0137 CpdA strongly inhibited the function of NF-kB fac 
tor in all studied prostate cells (FIG. 4B). In the studied 
prostate cells, CpdA inhibited both basal and especially 
induced NF-kB activity (for NF-kB induction PC cells were 
transfected with IKKB, an up-stream activating kinase). The 
negative interaction between GR and NF-kB transcription 
factors is a very important mode of GR action, and NF-kB 
protein p65 is a well defined GR “partner whose activity is 
inhibited by GR/glucocorticoids (De Bosscher et al. 2003, 
Schacke et al. 2002, Yemelyanov et al.). Overall, these results 
confirmed that CpdA acts as a selective GR modulator that 
preferentially activates GR gene transrepression in prostate 
cells with endogenous and transfected GR. 
0138 4. CpdA Inhibits Prostate Carcinoma Cell Growth 
and Decreases their Viability 
0.139. The effect of CpdA on tumor cells has never been 
studied. The effect of CpdA on growth and viability of pros 
tate cancer cells was evaluated in vivo. In particular, the effect 
of CpdA on the growth of androgen-dependent LNCaP cells 
and two highly malignant androgen-independent cell lines 
DU145 and PC3 (FIG.5& FIG. 6) was studied. As a control, 
the effect of CpdA on the growth of non-transformed prostate 
cells PWR-1E (RWPE in FIG. 5) was studied. 
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(O140 a. CpdA is a Strong Inhibitor of PC Cell Growth 
0.141. The effect of CpdA on PC cell growth using dose 
effect and time-effect curves was assessed. Strong cytostatic 
effect of CpdA was observed at the concentration range: 
2x10-10M (2-10 uM) (FIGS.5A & 5B). Those concen 
trations of CpdA were used in previous studies to evaluate the 
effect of CpdA on steroid hormone receptors in model cells 
(De Bosscher et al. 2005, Tanner et al.). 
0.142 Time curves are presented in FIG. 6. As shown in 
FIGS. 6A & 6B, the treatment of prostate cells LNCaP. 
DU145 and PC3 cells with 5 uM CpdA resulted in strong 
growth inhibition. The highly malignant androgen-indepen 
dent cell lines DU145 and PC3 appeared to be especially 
sensitive to CpdA: at the log phase (4-8 days in culture) 
growth was inhibited by ~60-65% in DU145 cells, and by 
65-85% in PC3 cells compared to the respective vehicle 
treated control cells (FIG. 6A). In contrast, the non-trans 
formed PWR-1E cells appeared to be rather resistant to the 
growth inhibitory effect of CpdA at the tested range of con 
centrations (FIG. 6B). 
0143 b. CpdA Reduces the Survival of Prostate Cancer 
Cells 
0144. DU145 and PC3 cells are recognized as being resis 
tant to multiple pro-apoptotic stimuli. As such, the effect of 
CpdA on sensitizing these cells to apoptosis was studied. The 
analysis of the poly-(ADP-ribose) polypeptide (PARP) cleav 
age (analysis of PARP cleavage is one of the standard assays 
to evaluate apoptosis) revealed that CpdA induced apoptosis 
after 6-8 day treatment and sensitized cells to TNFC.-induced 
apoptosis after 2 day treatment (FIGS. 7A & 7B). 
(0145 5. CpdA Inhibits Melanoma Cell Growth 
0146 To extend the finding that CpdA inhibits growth and 
Survival of malignant cells, the effect of CpdA on melanoma 
cell growth was studied. As shown in FIG. 8, CpdA strongly 
inhibited growth of both mouse (B16F10) and human (A375 
and C8161) melanoma cell lines. 
0147 6. Inhibition of PC Cell Growth by CpdA Depends 
on AR or GR Expression 
0148 Prostate cells sensitive to CpdA have markedly dif 
ferent phenotype in terms of the expression of steroid hor 
mone receptors. The most sensitive DU145 and PC3 cells 
express only GR, whereas LNCaP cells with moderate sen 
sitivity to CpdA express only AR. To prove that GR plays an 
important role as a mediator of CpdA toxicity, two types of 
experiments were performed. First, the effect of CpdA on 
LNCaP cells stably infected with GR-expressing lentivirus 
was compared to the effect of CpdA on parental LNCaP cells. 
Importantly, LNCaP-GR cells appeared to be significantly 
more sensitive to growth inhibition by CpdA than control 
cells infected with empty virus both in monolayer and in 
colony-forming assay (data not shown). Second, using an 
siRNA approach, GR expression was inhibited by about 
70-80% in PC3 and LNCaP-GR cells. As shown in FIG.9, GR 
blockage resulted in a drastic loss of sensitivity to CpdA in 
both prostate cell types. 
0149. To further study the role of AR in CpdA-mediated 
effects, an androgen-independent clone of LNCaP cells was 
derived from parental LNCaP cells during selection. This 
clone exhibited low AR expression and was called LNCaP 
AR'". As shown in FIG. 10, LNCaP-AR'" cells that express 
low amounts of AR and no GRare resistant to CpdA mediated 
growth inhibition. 
0150 C. Conclusion 
0151. All together, these data suggest that CpdA acts as a 
ligand for both AR and GR. CpdA inhibits AR function and 
induces GR transrepression acting as unique anti-androgen 
with pro-inflammatory potential. This multi-target steroid 
receptor modulator has strong growth inhibitory and pro 
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apoptotic effects in different tumor cell cells. Its cytotoxic 
effect was AR-dependent, GR-dependent, or both AR- and 
GR-dependent. Overall these results indicate that CpdA 
could be used in the future for the treatment of cancer patients 
as well for other patients having diseases and disorders asso 
ciated with AR, GR, or both receptors. 

Example III 

Effect of CpdA on Human PC Cell Growth and Apo 
ptosis in vivo 

0152 PC3 cells readily form tumors when injected sub 
cutaneously into athymic mice. PC3 cells are injected subcu 
taneously (10/cells/injection) into both flanks of forty athy 
mic Crl:CDl-Foxnl" males (Charles River) as in (Nishimura 
Ket al. J Natl Cancer Inst., 93(22): 1739-1746 (2001)). Two 
days after injections mice are randomly divided into four 
groups (10 animals/group) and treated three times a week, for 
8 weeks with: 1) CpdA (12.5 mg/kg, i.p.), 2) CpdA (12.5 
mg/kg, s.c. peri-tumor injections), 3) 0.1% Ethanol in sterile 
saline buffer (vehicle control, i.p.); 4) 0.1% Ethanol insterile 
saline buffer (vehicle control, s.c. peri-tumor injections). The 
CpdA at the proposed concentration has been tested in 
rodents and has been observed to exert a strong anti-inflam 
matory effect (De Bosscher et al. 2005, and Louw etal. 1999). 
In parallel with standard i.p. injections, Subcutaneous injec 
tions at peri-tumor site are performed, as this route of drug 
delivery has been used successfully for inhibition of growth 
of human PC Xeuografts by glucocorticoids in previous work 
(Nishimura et al., and Yano et al.). 
0153. To assess the effect of CpdA on the growth of PC 
cells expressing AR, the analogous experiment is performed 
with LNCaP cells. LNCaP cells are injected subcutaneously 
(10/cells/injection) in matrigel into both flanks offorty athy 
mic Crl:CDl-Foxnl" males as described previously (Lee et 
al.). 
0154 PC cell tumorigenicity is assessed by incidence and 
tumor growth curves. The tumor size is measured weekly 
with a slide caliper. At the completion of experiment, animals 
are injected with BrdU to measure proliferation of prostate 
cells, and sacrificed by CO asphyxiation followed by cervi 
cal dislocation. Tumors and animal prostate are harvested, 
fixed in formalin and snap-frozen. Prostate is harvested from 
the animals treated with vehicle and CpdA systemically, via 
i.p. injections. The prostate lobes are separated under a dis 
section microscope, half of the lobes are frozen, the other half 
are fixed in formalin and embedded in paraffin en bloc (all 
prostate lobes separately). The effect of CpdA on GR and AR 
function in tumors and in prostate is analyzed by EMSA, 
Q-RT-PCR analysis and immunostaining for the expression 
of endogenous GR and AR-dependent genes (with tie focus 
on CpdA-responsive genes revealed in the experiments pro 
posed in Specific Aim 2). GR transrepression is assessed by 
the status of NF-kB and AP-1 transcription factors as 
described (Yemelyanov et al.). The effect of CpdA on apop 
tosis in PC tumors is evaluated by TUNEL staining as 
described (Nelius et al.). Changes in angiogenesis are 
assessed by immunostaining of tumor tissues with endothe 
lial marker CD31 as described (Nelius et al.). 
0155 The major outcome measure, on which sample size 

is computed, is the Success rate of the implants. Assuming the 
Success or failure of growth is independent in two sites of 
injection in one animal, 10 animals provide 20 sites. If 18 
tumors Succeed in the positive control group, the Success rate 
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is 90%. The experimental protocol provides 80% power to 
detect a 55% inhibition of growth in any given experimental 
group. 
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We claim: 
1. A method of inhibiting prostate cancer cell growth in a 

patient having androgen-independent prostate cancer, the 
method comprising administering to the patient a therapeuti 
cally effective amount of a compound having formula (I), 

(I) 

N 
X 

or aziridine derivatives, analogs, or pharmaceutically accept 
able salts thereof: wherein R is a hydrogen or—C(O)-Z, and 
Z is a branched or straight chain C-C alkyl group; 
X is a hydrogen, hydroxyl, halogen, or a leaving group; and 
Y is a hydrogen or a branched or straight chain C-C alkyl 

group. 

2. The method of claim 1, wherein R is acetyl. 
3. The method of claim 1, wherein X is a halogen. 
4. The method of claim3, wherein the halogen is chloride, 

bromide, or fluoride. 
5. The method of claim 1, wherein Y is methyl, ethyl, 

propyl, or butyl. 
6. The method of claim 5, wherein Y is methyl. 
7. The method of claim 1, wherein the compound having 

formula (I), or aziridine derivatives, analogs, or pharmaceu 
tically acceptable salts thereof is CpdA. 

8. The method of claim 1, wherein the compound sensitizes 
prostate cancer cells to the apoptotic effect of TNF-C. 

9. The method of claim 1, wherein the compound sensitizes 
DU145 to the apoptotic effect of TNF-C. 

10. The method of claim 1, wherein the compound binds to 
glucocorticoid receptor. 

11. The method of claim 1, wherein the compound inhibits 
androgen receptor transcriptional activity in prostate cancer 
cells. 

12. The method of claim 1, wherein the compound inhibits 
androgen receptor transcriptional activity in LNCaP cells. 

13. A method of sensitizing prostate cancer cells to apop 
tosis comprising administering: 

(a) an effective amount of a compound having formula (I), 

(I) 

N 
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or aziridine derivatives, analogs, or pharmaceutically 
acceptable salts thereof: 

wherein R is a hydrogen or —C(O)-Z, and Z is a 
branched or straight chain C-C alkyl group; 

X is a hydrogen, hydroxyl, halogen, or leaving group; 
and 

Y is a hydrogen or a branched or straight chain C-C, 
alkyl group; and 

(b) an effective amount of a pro-apoptotic stimuli. 
14. The method of claim 13, wherein the compound having 

formula (I), or aziridine derivatives, analogs, or pharmaceu 
tically acceptable salts thereof is CpdA. 

15. A method of treating prostate cancerinapatient in need 
thereof comprising: 

(a) assessing expression of a marker selected from the 
group consisting of hespin, C.-methylacyl-CoA race 
mase, and maspin; and 

(b) based on the assessed expression administering an 
effective amount of a compound having formula (I) 

(I) 
R 
No 

Y 
N1 
H 

or aziridine derivatives, analogs, or pharmaceutically 
acceptable salts thereof: 

wherein R is a hydrogen or —C(O)-Z, and Z is a 
branched or straight chain C-C alkyl group; 

X is a hydrogen, hydroxyl, halogens or leaving group; 
and 

Y is a hydrogen or a branched or straight chain C-C, 
alkyl group. 

16. The method of claim 15, wherein the compound having 
formula (I), or aziridine derivatives, analogs, or pharmaceu 
tically acceptable salts thereof is CpdA. 

17. A method of treating prostate cancerinapatient in need 
thereof and assessing the treatment, the method comprising: 

(a) administering an effective amount of a compound hav 
ing formula (I) 

(I) 
R 
No 

Y 
N1 
H 

or aziridine derivatives, analogs, or pharmaceutically 
acceptable salts thereof: 

wherein R is a hydrogen or —C(O)-Z, and Z is a 
branched or straight chain C-C alkyl group; 

X is a hydrogen, hydroxyl, halogen, or leaving group; 
and 

Y is a hydrogen or a branched or straight chain C-C, 
alkyl group; and 

(b) assessing expression of a marker selected from the 
group consisting of hespin, C.-methylacyl-CoA race 
mase, and maspin, thereby assessing the therapeutic 
effect of the compound. 
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18. A method of treating benign prostate hyperplasia in a 
patient in need thereof, the method comprising administering 
to the patient a therapeutically effective amount of a com 
pound having formula (I) 

(I) 

Y 
N1 
H 

or aziridine derivatives, analogs, or pharmaceutically accept 
able salts thereof: 

wherein R is a hydrogen or—C(O)-Z, and Z is a branched 
or straight chain C-C alkyl group; 

X is a hydrogen, hydroxyl, halogen, or leaving group; and 
Y is a branched or straight chain C-C alkyl group. 
19. A method of treating acne Vulgaris in a patient in need 

thereof, the method comprising administering to the patient a 
therapeutically effective amount of a compound having for 
mula (I) 

(I) 

Y 
N1 
H 

or aziridine derivatives, analogs, or pharmaceutically accept 
able salts thereof: 

wherein R is a hydrogen or—C(O)-Z, and Z is a branched 
or straight chain C-C alkyl group; 

X is a hydrogen, hydroxyl, halogen, or leaving group; and 
Y is a hydrogen or a branched or straight chain C-C alkyl 

group. 
20. A method of treating androgenetic alopecia in a patient 

in need thereof, the method comprising administering to the 
patient a therapeutically effective amount of a compound 
having formula (I) 

(I) 

Y 
N1 
H 

or aziridine derivatives, analogs, or pharmaceutically accept 
able salts thereof 

wherein R is a hydrogen or—C(O)-Z, and Z is a branched 
or straight chain C-C alkyl group; 

X is a hydrogen, hydroxyl, halogen, or leaving group; and 
Y is a hydrogen or a branched or straight chain CI-C alkyl 

group. 


