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(57) ABSTRACT 

The invention provides compositions comprising formula 1 
steroids, e.g., 16ot-bromo-3B-hydroXy-5ot-androstan-17-one 
hemihydrate and one or more eXcipients, typically Wherein 
the composition comprises less than about 3% Water. The 
compositions are useful to make improved pharmaceutical 
formulations. The invention also provides methods of inter 
mittent dosing of steroid compounds such as analogs of 
16ot-bromo-3[3-hydroXy-5ot-androstan-17-one and composi 
tions useful in such dosing regimens. The invention further 
provides compositions and methods to inhibit pathogen 
(viral) replication, ameliorate symptoms associated With 
immune dysregulation and to modulate immune responses 
in a subject using certain steroids and steroid analogs. The 
invention also provides methods to make and use these 
immunomodulatory compositions and formulations. 
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PHARMACEUTICAL COMPOSITIONS AND 
TREATMENT METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of pending US. 
application Ser. No. 09/535,675, ?led Mar. 23, 2000, Which 
is a continuation-in-part of abandoned US. provisional 
application Ser. No. 60/190,140, ?led Mar. 16, 2000, aban 
doned US. provisional application Ser. No. 60/164,048, 
?led Nov. 8, 1999, abandoned US. application Ser. No. 
09/414,905, ?led Oct. 8, 1999, abandoned US. provisional 
application Ser. No. 60/140,028, ?led Jun. 16, 1999, and 
abandoned US. provisional application Ser. No. 60/126, 
056, ?led Mar. 23, 1999, all of Which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

[0002] The invention relates to methods to make and use 
steroids, such as 16ot-bromo-3[3-hydroXy-5ot-androstane 
17-one (16ot-bromoepiandrosterone or hereafter “BrEA”) 
and neW analogs thereof. The steroids are useful for a 
number of therapeutic and non-therapeutic applications, 
including their use as immune modulators. The present 
invention also relates to methods to make the compounds, 
compositions and formulations. 

[0003] BrEA and its preparation from the steroid com 
pound 3[3-hydroXyandrost-5-en-17-one (dehydroepiandros 
terone or “DHEA”) have been described (see, e.g., J. Org. 
Chem. 1962 27:2937-2938). Methods to prepare DHEA and 
other steroids and their biological properties have been 
described, see, e.g., US. Pat. Nos. 2,833,793, 2,911,418, 
3,148,198, 3,471,480, 3,976,691, 4,268,441, 4,427,649, 
4,542,129, 4,666,898, 4,956,355, 5,001,119, 5,043,165, 
5,077,284, 5,028,631, 5,110,810, 5,157,031, 5,162,198, 
5,175,154, 5,277,907, 5,292,730, 5,296,481, 5,372,996, 
5,387,583, 5,407,684, 5,424,463, 5,461,042, 5,478,566, 
5,506,223, 5,518,725, 5,527,788, 5,527,789, 5,532,230, 
5,559,107, 5,562,910, 5,583,126, 5,585,371, 5,587,369, 
5,591,736, 5,593,981, 5,610,150, 5,635,496, 5,641,766, 
5,641,768, 5,656,621, 5,660,835, 5,686,438, 5,696,106, 
5,700,793, 5,707,983, 5,709,878, 5,710,143, 5,714,481, 
5,728,688, 5,736,537, 5,744,462, 5,753,237, 5,756,482, 
5,776,921, 5,776,923, 5,780,460, 5,795,880, 5,798,347, 
5,798,348, 5,804,576, 5,807,848, 5,807,849, 5,811,418, 
5,824,313, 5,824,668, 5,824,671, 5,827,841, 5,837,269, 
5,837,700, 5,843,932, 5,846,963, 5,859,000, 5,872,114 and 
5,872,147; German patent numbers 2035738 and 2705917; 
PCT publication numbers WO 95/21617, WO 97/48367, 
WO 98/05338, WO 98/50040, WO 98/50041, WO 
98/58650; European publication number 0020029; Ben 
David, et al., Proc. Soc. Expt. Biol. Med. 1967 125:1136 
1140, Coleman et al., Diabetes 1982 31:830, Oertel, et al., 
J. Steroid Biochem. 1972 3:493-496, Pashko, et al., Car 
cinogenesis 1981 2:717-721, SchWartZ et al., Nutr Cancer 
1981 3:46-53; Dyner et al., J. Acquired Immune De?ciency 
Syndromes 1993 6:459-465; A. A. Afanasii and Y. A. Titov, 
Total Steroid Synthesis, Plenum Press, NeW York, 1970, see, 
e.g., p 1-304. 

[0004] The use DHEA and other steroids in various appli 
cations, e.g., modulating immune responses have been 
described, e.g., US. Pat. Nos. 5,869,090, 5,863,910, 5,856, 
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340, 5,824,668, 5,804,576, 5,753,237, 5,714,481, 5,709,878, 
5,407,684, 5,206,008, 5,077,284, 4,978,532, 4,898,694, 
4,542,129, 3,711,606 and 3,710,795. US. Pat. No. 4,956, 
355 and PCT publication number WO 97/48367, have 
described the use of BrEA and certain steroid compounds to 
treat certain virus or bacterial infections, such as human 
immunode?ciency virus (“HIV”) infection. 

[0005] Various biological effects and/or metabolic conver 
sions of steroid compounds have been described, e.g., Batta 
et al., J. Biol. Chem. 1986 25:127-133, Belli et al., Liver 
1991 11:162-169, Bhattacharjee et al.,Anal. Biochem. 1992 
201:233-236, Blake et al., Int. J. Peptide Protein Res. 1982 
20:97-101, 1986 25:127-133, Bonaventura, Am. J. Obstet. 
Gynecol. 1978 131:403-409, Bucala et al., J. Steroid Bio 
chem. 1986 25:127-133, Carey et al., Biochem. 1981 
20:3637-3648, Chen et al., Carcinogenesis 1999 20:249 
254, Chen et al., Carcinogenesis 1998 19:2187-2193, ChoW 
et al., Antisense Res. Dev. 1994 4:81-86, Citro et al., Dis. 
Colon Rectum 1994 37(2 Suppl):S127-S132, Cleary, Proc. 
Soc. Exp. Biol. Med. 1991 196:8-16, Cleary, Int. J. Biochem. 
1990 22:205-210, CraWford et al., Lab. Invest. 1994 71:42 
51, Danenberg et al., Antimicrob. Agents Chemother. 1992 
36:2275-2279, DotZlaW et al., Cancer Res. 1999 59:529 
532, Falany et al., J. Steroid Biochem. Mol. Biol. 1994 
48:369-375, Faredin et al., J. Investigative Dermatol. 1969 
52:357-361, Galigniana et al., Mol. Pharmacol. 1999 
55:317-323, Goto et al.,J. Chromatogr. 1983 276:289-300, 
Grenot Biochem. 1992 31:7609-7621, Hofbauer et al., Life 
Sci. 1999 64:671-679, Huijghebaert et al.,J. Lipid Res. 1986 
27:742-752, Hurd et al., Oncogene 1999 18:1067-1072, Iida 
et al., J. Lipid Res. 1995 36:628-638, Jellinck et al., Steroids 
1967 10:329-346, Jonsson et al., J. Pediatr Gastroenterol. 
Nutr 1995 20:394-402, Kalimi et al, Mol. Cell. Biochem. 
1994 131:99-108, Kramer et al., J. Biol. Chem. 1994 
269:10621-10627, LaRochelle et al., Steroids 1984 43: 
209-217, Liao et al., Carcinogenesis 1998 19:2173-2180, 
Lillienau et al., J. Clin. Invest. 1992 89:420-431, Loria, 
Psychoneuroendocrinology 1997 22:S103-S108, Luscher et 
al Mol. Immunol. 1983 20:1099-1105, Manna et al.,J. Biol. 
Chem. 1999 274:5909-5918, Marschall et al., J. Biol. Chem. 
1989 264:12989-12993, Medh et al., Cancer Res. 1998 
15:3684-3693, Mohan et al., Steroids 1992 57:244-247, 
MunoZ de Toro et al., J. Steroid Biochem. Mol. Biol. 1998 
67:333-339, Padgett et al., J. Neuroimmunol. 1998 84:61, 
Padgett et al.,Ann. NYAcad. Sci. 1995 774:323, Padgett et 
al., J. Immunol. 1994 153:1544-1552, Pashko et al., Car 
cinogenesis 1984 5 :463-466, Pashko et al., Carcinogenesis 
1981 2:717, Petrylak et al.,J. Clin. Oncology 1999 17:958 
967, Podesta et al., Steroids 1996 61:622-626, Regelson et 
al.,Ann. NYAcad. Sci. 1994 719:564, Schmassmann et al., 
Gastroenterology 1993 104:1171-1181, Schmassmann et al., 
Hepatology 1990 11:989-996, Schreiber et al., Lancet 
353:459-461, Schreiber, Neth. J. Med. 1998 53:S24-31, 
SchWartZ et al., Cancer Res. 1988 48:4817, Shahidi et al., 
Biochem. Biophys. Res. Commun. 1999 254:559-565, Steer 
et al., Ann. Rheum. Dis. 1998 57:732-737, SuZuki et al., 
Steroids 1998 63:672-677, SuZuki et al., Steroids 1996 
61:296-301, SWaan et al., Bioconjugate Chem. 1997 8:520 
525, Tang et al, Anticancer Drug Res. 1998 13:815-824, 
Thomas et al.,J. Steroid Biochem. 1986 25:103-108, Utsumi 
et al., Cancer Res. 1999 59:377-381, Vanden Heuvel, J. 
Nutr 1999 129(2S Suppl.):575S-580S, Wang et al., Endo 
crinology 1998 139:3903-3912, Wong et al., J. Biol. Chem. 
1999 274:5443-5453, Xie et al., Endocrinology 1999 
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140:219-227, Yen et al., Lipids 1977 12:409-413, Zackheim 
et al., Arch. Dermatology 1998 134:949-954, Zhang et a1., 
Biochim. Biophys. Acta 1991 1096:179-186, Zhu et a1., 
Carcinogenesis 1988 19:2101-2106. 

[0006] Compositions containing BrEA that Were used to 
deliver the compound to cells or cell extracts usually 
included a signi?cant amount of Water. Such compositions 
contained solvents such as dioXane or dimethylsulfoxide 
(“DMSO”), Which contained Water, or an aqueous cyclo 
deXtrin solutions to facilitate compound delivery to cells, 
see, e.g.,J. PharmacolExp. Ther 1998, 285:876-83, Cancer 
Res. 1986 46:3389-95, Carcinogenesis 1985 61333-35, Car 
cinogenesis 1981 2:717-721, Carcinogenesis 1981 2:683 
86. Such compositions are typically delivered to animals by 
injection or to cells in tissue culture by addition to cell 
culture medium. European publication number EP 429 187 
describes formulations that contain DHEA or BrEA and 
polyvinylpyrrolidone and crosslinked polyvinylpyrrolidone. 
Some of these compositions may have undesired or subop 
timal properties. For eXample, solvents such as dioXane, 
DMSO or chloroform are generally not preferred or suitable 
parenteral eXcipients, particularly for human use. Formula 
tions that contain BrEA or related steroids and that have 
improved properties, e.g., 1oWer toxicity, improved chemical 
stability or desirable characteristics for large-scale synthesis 
are needed. 

[0007] Mammalian immune responses to infections or 
other conditions are often characteriZed by responses medi 
ated by different effector cell populations. In some situa 
tions, helper T cells designated Th1 in the murine system, 
facilitate immune effector functions that are typically domi 
nated by cell-mediated responses. In other cases, helper T 
cells designated Th2 cells facilitate immune effector func 
tions that are typically dominated by humoral responses. A 
vigorous Th1 response is usually needed to clear infections 
or to sloW the progression of an infection. When a subject’s 
immune response is biased to, or dominated by, a Th2-type 
response, the cytokines associated With the Th2 response 
tend to suppress the immune system’s capacity to mount a 
vigorous Th1 response at the same time. The converse is also 
generally true. When mammalian immune responses begin 
to result in an increasing Th2 response, the Th1 response to 
the same condition tends to Weaken. Weak Th1 responses 
may be associated With progression of some infections or 
other conditions, see, e.g., M. Clerici and G. M. Shearer, 
Immunol. Today 14:107-111, 1993; M. Clerici and G. M. 
Shearer, Immunol. Today 15:575-581, 1994. The invention 
provides compounds and compositions useful to enhance 
Th1 immune responses. 

OBJECTS OF THE INVENTION 

[0008] The invention compositions, formulations or meth 
ods accomplish one or more of the following objects. 

[0009] One object of the invention is to provide neW 
steroid compounds or analogs that are suitable for therapeu 
tic and other applications, such as immune modulators. 
Invention objects further include providing BrEA hemihy 
drate (BrEA2.H2O), compositions that comprise BrEA 
hemihydrate and methods to make and use it. Another object 
of the invention is to provide liquid compositions and 
formulations that comprise a formula 1 compound(s), and 
that comprise about 3% (v/v) or less of Water. Another object 
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is to provide compositions one can use as intermediates to 
prepare human pharmaceutical and veterinary formulations 
containing a formula 1 compound(s). Another object is to 
provide intermittent dosing methods to deliver a formula 1 
compound to a subject to enhance Th1 immune responses. 
Further objects are to provide methods to modulate innate 
immunity or to enhance Th1 immune responses in a subject 
by administering to the subject a formula 1 compound(s) 
such as BrEA. Other objects are to provide methods to 
inhibit pathogen, e.g., viral, replication in a subject by 
administering to the subject a formula 1 compound(s) such 
as BrEA. Invention objects include providing formula 1 
compounds or formulations useful to ameliorate one or more 

symptoms of a pathological condition associated With 
immune suppression or With de?cient Th1 immune 
responses. Other objects are to provide methods to make and 
use compositions and formulations comprising a formula 1 
compound(s). 

BRIEF DESCRIPTION OF THE FIGURES 

[0010] FIG. 1 is an FTIR (Fourier transform infrared) 
spectrum obtained by USP method <197> of BrEA hemi 
hydrate that Was prepared by precipitation of BrEA from 
ethanol and Water. 

[0011] FIG. 2 is a FTIR spectrum obtained by USP 
method <197> of anhydrous BrEA that Was prepared by 
precipitation of BrEA from anhydrous methanol. 

[0012] FIG. 3 shoWs a DSC endotherm of BrEA hemihy 
drate that Was prepared by precipitation of BrEA from 
ethanol and Water. 

[0013] FIG. 4 shoWs a DSC endotherm of anhydrous 
BrEA that Was prepared by precipitation of BrEA from 
anhydrous methanol. 

[0014] FIG. 5 is an XRD (poWder X-ray diffraction) 
spectrum of BrEA hemihydrate that Was prepared by pre 
cipitation of BrEA from ethanol and Water. 

[0015] FIG. 6 is a FTIR spectrum obtained by USP 
method <197> of BrEA hemihydrate that Was prepared by 
precipitation of BrEA from acetone and Water. 

SUMMARY OF THE INVENTION 

[0016] In accordance With the objects, the invention pro 
vides BrEA hemihydrate 

.lulllBr 

‘H2O, 

2 

[0017] Which is optionally characteriZed by reference to 
one or more physical properties such as its melting point, 
infrared absorption spectrum or its poWder X-ray diffraction 
spectrum. 
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[0018] Related embodiments include BrEA hemihydrate 
and one or more eXcipients suitable for human pharmaceu 
tical use or for veterinary use. Another related embodiment 
is a method to make BrEA hemihydrate comprising precipi 
tating BrEA from a solution comprising ethanol and Water. 

[0019] Invention embodiments include a composition 
comprising a compound of formula 1 

[0020] and one or more nonaqueous liquid eXcipients, 
Wherein the composition comprises less than about 3% v/v 
Water and Wherein, 

[0021] R1, R2, R3, R4, R5, R6 and R10 independently are 
—H, —ORPR, —SRPR, —N(RPR)2, —O—Si—(R13)3, 
—CN, —NO2, an ester, a thioester, a phosphoester, a 
phosphothioester, a phosphonoester, a phosphiniester, a 
sul?te ester, a sulfate ester, an amide, an amino acid, a 
peptide, an ether, a thioether, an acyl group, a thioacyl group, 
a carbonate, a carbamate, a thioacetal, a halogen, an option 
ally substituted alkyl group, an optionally substituted alk 
enyl group, an optionally substituted alkynyl group, an 
optionally substituted aryl moiety, an optionally substituted 
heteroaryl moiety, an optionally substituted monosaccha 
ride, an optionally substituted oligosaccharide, a nucleoside, 
a nucleotide, an oligonucleotide, a polymer, or, 

[0022] one more of R1, R2, R3, R4, R5, R6, R10, R15, R17 
and R18 are :0 or :5 and the hydrogen atom that is 
bonded to the same carbon atom is absent, or, 

[0023] R3 and both R4 together comprise a structure of 
formula 2 

or R9 independently is absent, leaving a 5-membered ring; 
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[0026] 
[0027] R16 independently are —CH2—, —O—, —S— or 
—NH—; 

[0028] D is a heterocycle or a 4-, 5-, 6- or 7-membered 
ring that comprises saturated carbon atoms, Wherein 1, 2 or 
3 ring carbon atoms of the 4-, 5-, 6- or 7-membered ring are 
optionally independently substituted With —O—, —S— or 
—NRPR— or Where 1, 2 or 3 hydrogen atoms of the 
heterocycle or Where 1 or 2 hydrogen atoms of the 4-, 5-, 6 
or 7-membered ring are substituted With —ORPR, —SRPR, 
N(RPR)2, —O—Si—(R13)3, —CN, —NO2, an ester, a 
thioester, a phosphoester, a phosphothioester, a phospho 
noester, a phosphiniester, a sul?te ester, a sulfate ester, an 
amide, an amino acid, a peptide, an ether, a thioether, an acyl 
group, a thioacyl group, a carbonate, a carbamate, a thioac 
etal, a halogen, an optionally substituted alkyl group, an 
optionally substituted alkenyl group, an optionally substi 
tuted alkynyl group, an optionally substituted aryl moiety, an 
optionally substituted heteroaryl moiety, an optionally sub 
stituted monosaccharide, an optionally substituted oligosac 
charide, a nucleoside, a nucleotide, an oligonucleotide or a 
polymer, or, 

R13 independently is CL6 alkyl; 

[0029] one more of the ring carbons are substituted With 
:0 or :5, 

[0030] or D comprises tWo 5- or 6-membered rings, 
Wherein the rings are fused or are linked by 1 or 2 bonds. 

[0031] In other embodiments, the invention provides a 
compound of formula 1, Wherein tWo or three of R7, R8 and 
R9 independently are not —CHR1O—, Wherein the com 
pound is optionally present in a composition that comprises 
one or more eXcipients suitable for human pharmaceutical 
use or for veterinary use. 

[0032] Invention embodiments also include a compound 
of formula 1 

[0033] Wherein, 
[0034] R1, R2, R3, R4, R5, R6 and R10 independently are 
—H, —ORPR, —SRPR, —N(RPR)2, —O—Si—(R13)3, 
—CN, —NO2, an ester, a thioester, a phosphoester, a 
phosphothioester, a phosphonoester, a phosphiniester, a 
sul?te ester, a sulfate ester, an amide, an amino acid, a 
peptide, an ether, a thioether, an acyl group, a thioacyl group, 
a carbonate, a carbamate, a thioacetal, a halogen, an option 
ally substituted alkyl group, an optionally substituted alk 
enyl group, an optionally substituted alkynyl group, an 
optionally substituted aryl moiety, an optionally substituted 
heteroaryl moiety, an optionally substituted monosaccha 
ride, an optionally substituted oligosaccharide, a nucleoside, 
a nucleotide, an oligonucleotide, a polymer, or, 
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[0035] one, tWo or more of R1, R2, R3, R4, R5, R6 and R10 
independently are :0 or :5 and the hydrogen atom that is 
bonded to the same carbon atom is absent, or, 

[0036] R3 and R4 together comprise a structure of formula 
2 

or R9 independently is absent, leaving a 5-membered ring; 

[0039] R13 independently is C1-6 alkyl; 

[0040] D is a heterocycle or a 4-, 5-, 6- or 7-membered 
ring that comprises saturated carbon atoms, Wherein 1, 2 or 
3 ring carbon atoms of the 4-, 5-, 6- or 7-membered ring are 
optionally independently substituted With —O—, —S— or 
—NRPR— or Where 1, 2 or 3 hydrogen atoms of the 
heterocycle or Where 1 or 2 hydrogen atoms of the 4-, 5-, 6 
or 7-membered ring are substituted With —ORPR, —SRPR, 
—N(RPR)2, —O—Si—(R13)3, —CN, —NO2, an ester, a 
thioester, a phosphoester, a phosphothioester, a phospho 
noester, a phosphiniester, a sul?te ester, a sulfate ester, an 
amide, an amino acid, a peptide, an ether, a thioether, an acyl 
group, a thioacyl group, a carbonate, a carbamate, a thioac 
etal, a halogen, an optionally substituted alkyl group, an 
optionally substituted alkenyl group, an optionally substi 
tuted alkynyl group, an optionally substituted aryl moiety, an 
optionally substituted heteroaryl moiety, an optionally sub 
stituted monosaccharide, an optionally substituted oligosac 
charide, a nucleoside, a nucleotide, an oligonucleotide or a 
polymer, or, 

[0041] one or more of the ring carbons are substituted With 
:0 or :5, 

[0042] or D comprises tWo 5- or 6-membered rings, 
Wherein the rings are fused or are linked by 1 or 2 bonds, 
Wherein one, tWo or three of R7, R8 and R9 are not 
—CHR1O—. 

[0043] Other embodiments include a method to enhance 
the expression of one or more cytokines or interleukins that 
facilitate Th1 immune responses in a subject or to reduce the 
expression of one or more cytokines or interleukins that 
facilitate Th2 immune response in a subject comprising 
administering to the subject an effective amount of the 
composition of claim 32, Whereby the subj ect’s Th1 immune 
response is enhanced ot the subject’s undesired Th2 immune 
response is reduced. 
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[0044] Embodiments include liquid formulations that 
comprise a formula 1 compound, one or more eXcipients and 
less than about 3% Water, Wherein the formulation is option 
ally disposed in containers that eXclude Water. 

[0045] Another embodiment is a method comprising inter 
mittent administration of a formula 1 compound, to a subject 
having a pathological condition, such as a viral or parasite 
infection. 

[0046] A further embodiment is a method to modulate a 
subject’s innate immunity, Th1 immune responses or Th2 
immune responses comprising administering a formula 1 
compound to a subject. 

[0047] Other embodiments are as described in the speci 
?cation including the appended numbered embodiments and 
the claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0048] De?nitions. 

[0049] As used herein and unless otherWise stated or 
implied by conteXt, the folloWing terms have the meanings 
de?ned here. 

[0050] An “invention formulation” or “formulation” 
means an invention composition that one can administer 
parenterally to a human or animal Without further manipu 
lations that change the ingredients or the ingredient propor 
tions that are present. Formulations are suitable for human 
or veterinary applications. 

[0051] An “invention composition” is a composition that 
is an intermediate one can use to make the invention 

formulations, i.e., a change(s) in an ingredient(s) or its 
amount(s) is needed to make a formulation. Thus, invention 
compositions include compositions Where further process 
ing is required before it is a formulation, e.g., miXing or 
addition of a desired amount of an ingredient. 

[0052] An “eXcipient” means a component or an ingredi 
ent that is acceptable in the sense of being compatible With 
the other ingredients of invention compositions or formula 
tions and not overly deleterious to the patient or animal to 
Which the formulation is to be administered. As used here, 
“eXcipients” include liquids, such as benZyl benZoate, cot 
tonseed oil, N,N-dimethylacetamide, a C2_12 alcohol (e.g., 
ethanol), glycerol, peanut oil, a polyethylene glycol 
(“PEG”), vitamin E, poppyseed oil, propylene glycol, saf 
?oWer oil, sesame oil, soybean oil and vegetable oil. EXcipi 
ents, as used herein Will optionally eXclude chloroform, 
dioXane, vegetable oil, DMSO or any combination of these. 
EXcipients comprise one or more components typically used 
in the pharmaceutical formulation arts, e.g., ?llers, binders, 
disintegrants and lubricants. 

[0053] A “subject” means a human or animal. Usually the 
animal is a vertebrate such as a primate, rodent, domestic 
animal or game animal. Primates include chimpanZees, 
cynomologous monkeys, spider monkeys, and macaques, 
e.g., Rhesus. Rodents include mice, rats, Woodchucks, fer 
rets, rabbits and hamsters. Domestic and game animals 
include coWs, horses, pigs, deer, bison, buffalo, felines, e.g., 
domestic cat, canines, e.g., dog, avians, e.g., chicken, emu, 
ostrich, and ?sh, e.g., trout, cat?sh and salmon. Subject 
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includes any subset of the foregoing, e.g., all of the above, 
but excluding one or more groups or species such as 

humans, primates or rodents. 

[0054] Expressions that refer to “a formula 1 com 
pound(s)” or “a formula 1 compound” mean invention 
compositions or formulations Where one or more than one 

formula 1 compound is present, typically 1, 2, 3 or 4, usually 
1. 

[0055] “Alkyl” as used here means linked normal, sec 
ondary, tertiary or cyclic carbon atoms, i.e., linear, branched 
or cyclic. The number of carbon atoms in an alkyl group or 
moiety is 1 to about 20, unless otherWise speci?ed, e.g., C1_8 
alkyl means an alkyl moiety containing 1, 2, 3, 4, 5, 6, 7 or 
8 carbon atoms. Examples include methyl, ethyl, 1-propyl 
(n-propyl), 2-propyl (i-propyl, —CH(CH3)2), 1-butyl (n-bu 
tyl), 2-methyl-1-propyl (i-butyl, —CH2CH(CH3)2), 2-butyl 
(s-butyl, —CH(CH3)CH2CH3 ), 2-methyl-2-propyl (t-butyl, 
—C(CH3)3), 1-pentyl (n-pentyl), 2-pentyl 
(—CH(CH3)CH2CH2CH3), 3-pentyl (—CH(CH2CH3)2), 
2-methyl-2-butyl (—C(CH3)2CH2CH3), 3-methyl-2-butyl 

2-methyl-2-pentyl 
3-methyl-2-pentyl 
4-methyl-2-pentyl 
3-methyl-3-pentyl 

2-methyl-3-pentyl (—CH 
(CH2CH3)CH(CH3)2), 2,3-dimethyl-2-butyl 
(—C(CH3)2CH(CH3)2), 3,3-dimethyl-2-butyl (—CH 
(CH3)C(CH3)3), cyclopropyl, cyclobutyl, cyclopentyl and 
cyclohexyl. 

[0056] “Alkenyl” means linked normal, secondary, ter 
tiary or cyclic carbon atoms Where one or more double 

bonds (e.g., —CH=CH—) are present, typically 1, 2 or 3, 
usually 1 or 2. The number of carbon atoms in an alkenyl 
group or moiety is 2 to about 20, unless otherWise speci?ed, 
e.g., C1_8 alkenyl means an alkenyl moiety containing 1, 2, 
3, 4, 5, 6, 7 or 8 carbon atoms. 

[0057] “Alkynyl” means linked normal, secondary, ter 
tiary or cyclic carbon atoms Where one or more triple bonds 
(—C—C—) are present, typically 1, 2 or 3, usually 1. The 
number of carbon atoms in an alkynyl group or moiety is 2 
to about 20, unless otherWise speci?ed, e.g., C18 alkynyl 
means an alkynyl moiety containing 1, 2, 3, 4, 5, 6, 7 or 8 
carbon atoms. 

[0058] 
[0059] “Substituted alkyl”, “substituted alkenyl” and 
“substituted alkynyl” mean an alkyl, alkenyl or alkynyl 
group that has a substituent(s) linked to a carbon atom or 
substituent(s) that interrupt a carbon atom chain. Substitu 
ents include ethers (—O—), ketones (—C(O)—), —ORPR, 

“Aryl” means phenyl or naphthyl. 

Jun. 17, 2004 

—S(O)(O)—, —S(O)ORPR, —S(O)H, —CN, —NO2, halo 
gen, and combinations of these moieties Where RPR inde 
pendently is hydrogen, a protecting group or both RPR 
together are a protecting group. Substituents are indepen 
dently chosen When more than one is present. Alkenyl and 
alkynyl groups that comprise a substituent(s), are typically 
substituted at a carbon that is one or more methylene moiety 
removed from the double bond, e.g., separated at least by 
one, tWo or more —CH2— moieties. 

[0060] Heterocycle. 
[0061] “Heterocycle” or “heterocyclic” includes by Way 
of example and not limitation the heterocycles described in 
Paquette, Leo A.; “Principles of Modern Heterocyclic 
Chemistry” A. Benjamin, NeW York, 1968), particularly 
Chapters 1, 3, 4, 6, 7, and 9; “The Chemistry of Heterocyclic 
Compounds, A series of Monographs” (John Wiley & Sons, 
NeW York, 1950 to present), in particular Volumes 13, 14, 
16, 19, and 28; and J. Am. Chem. Soc. 1960,-82:5566. 

[0062] Examples of heterocycles include by Way of 
example and not limitation pyridyl, thiaZolyl, tetrahy 
drothiophenyl, sulfur oxidiZed tetrahydrothiophenyl, pyrim 
idinyl, furanyl, thienyl, pyrrolyl, pyraZolyl, imidaZolyl, tet 
raZolyl, benZofuranyl, thianaphthalenyl, indolyl, indolenyl, 
quinolinyl, isoquinolinyl, benZimidaZolyl, piperidinyl, 4-pi 
peridonyl, pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, tetrahy 
drofuranyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, 
decahydroquinolinyl, octahydroisoquinolinyl, aZocinyl, tri 
aZinyl, 6H-1,2,5-thiadiaZinyl, 2H,6H-1,5,2dithiaZinyl, thie 
nyl, thianthrenyl, pyranyl, isobenZofuranyl, chromenyl, xan 
thenyl, phenoxathiinyl, 2H-pyrrolyl, isothiaZolyl, 
isoxaZolyl, pyraZinyl, pyridaZinyl, indoliZinyl, isoindolyl, 
3H-indolyl, 1H-indaZoly, purinyl, 4H-quinoliZinyl, 
phthalaZinyl, naphthyridinyl, quinoxalinyl, quinaZolinyl, 
cinnolinyl, pteridinyl, 4aH-carbaZolyl, carbaZolyl, [3-car 
bolinyl, phenanthridinyl, acridinyl, pyrimidinyl, phenan 
throlinyl, phenaZinyl, phenothiaZinyl, furaZanyl, phenoxaZi 
nyl, isochromanyl, chromanyl, imidaZolidinyl, imidaZolinyl, 
pyraZolidinyl, pyraZolinyl, piperaZinyl, indolinyl, isoindoli 
nyl, quinuclidinyl, morpholinyl, oxaZolidinyl, benZotriaZ 
olyl, benZisoxaZolyl, oxindolyl, benZoxaZolinyl, and isati 
noyl. 

[0063] By Way of example and not limitation, carbon 
bonded heterocycles are bonded at position 2, 3, 4, 5, or 6 
of a pyridine, position 3, 4, 5, or 6 of a pyridaZine, position 
2, 4, 5, or 6 of a pyrimidine, position 2, 3, 5, or 6 of a 
pyraZine, position 2, 3, 4, or 5 of a furan, tetrahydrofuran, 
thiofuran, thiophene, pyrrole or tetrahydropyrrole, position 
2, 4, or 5 of an oxaZole, imidaZole or thiaZole, position 3, 4, 
or 5 of an isoxaZole, pyraZole, or isothiaZole, position 2 or 
3 of an aZiridine, position 2, 3, or 4 of an aZetidine, position 
2, 3, 4, 5, 6, 7, or 8 of a quinoline or position 1, 3, 4, 5, 6, 
7, or 8 of an isoquinoline. Still more typically, carbon 
bonded heterocycles include 2-pyridyl, 3-pyridyl, 4-pyridyl, 
S-pyridyl, 6-pyridyl, 3-pyridaZinyl, 4-pyridaZinyl, S-py 
ridaZinyl, 6-pyridaZinyl, 2-pyrimidinyl, 4-pyrimidinyl, 
S-pyrimidinyl, 6-pyrimidinyl, 2-pyraZinyl, 3-pyraZinyl, 
S-pyraZinyl, 6-pyraZinyl, 2-thiaZolyl, 4-thiaZolyl, or S-thia 
Zolyl. 

[0064] By Way of example and not limitation, nitrogen 
bonded heterocycles are bonded at position 1 of an aZiridine, 
aZetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-pyrroline, imi 
daZole, imidaZolidine, 2-imidaZoline, 3-imidaZoline, pyra 



US 2004/0116359 A1 

Zo1e, pyraZoline, 2-pyraZo1ine, 3-pyraZoline, piperidine, pip 
eraZine, indole, indoline, 1H-indaZo1e, position 2 of a 
isoindole, or isoindoline, position 4 of a morpholine, and 
position 9 of a carbaZole, or [3-carboline. Typically, nitrogen 
bonded heterocycles include 1-aZiridy1, 1-aZetedyl, l-pyr 
rolyl, 1-imidaZo1y1, 1-pyraZo1yl, and l-piperidinyl. 

[0065] “Heteroaryl” means an aromatic ring or tWo or 
more fused rings that contain one or more aromatic rings 
Where the ring or fused rings comprise 1, 2, 3 or more 
heteroatoms, usually oxygen (—O—), nitrogen (—NX—) 
or sulfur Where X is —H, a protecting group or C1_6 
alkyl, usually —H. Examples are as described for hetero 
cycle. 
[0066] “Alcohol” as used herein, usually in the context of 
excipients, means an alcohol that comprises a C2_12 alkyl 
moiety substituted at a hydrogen atom With one hydroxyl 
group. Alcohols include ethanol, n-propanol, i-propanol, 
n-butanol, i-butanol, s-butanol, t-butanol, n-pentanol, i-pen 
tanol, n-hexanol, cyclohexanol, n-heptanol, n-octanol, 
n-nonanol and n-decanol. The carbon atoms in alcohols can 
be straight, branched or cyclic. Alcohol includes any subset 
of the foregoing, e.g., C2_4 alcohols (alcohols having 2, 3 or 
4 carbon atoms). 

[0067] “Halogen” means ?uorine, chlorine, bromine or 
iodine. 

[0068] “Protecting group” means a moiety that prevents 
the atom to Which it is linked from participating in unWanted 
reactions. For example, for —ORPR, RPR may be hydrogen 
or a protecting group for the oxygen atom found in a 
hydroxyl, While for —C(O)— ORPR, RPR may be hydrogen 
or a carboxyl protecting group, for —SRPR, RPR may be 
hydrogen or a protecting group for sulfur in thiols for 
instance, and for —NHRPR or —N(RPR)2—, RPR may be 
hydrogen or a nitrogen atom protecting group for primary or 
secondary amines. Hydroxyl, amine and other reactive 
groups are found in formula 1 compounds at, e.g., R1 or R2. 
These groups may require protection against reactions tak 
ing place elseWhere in the molecule. The protecting groups 
for oxygen, sulfur or nitrogen atoms are usually used to 
prevent unWanted reactions With electrophilic compounds, 
such as acylating used, e.g., in steroid chemistry. 

[0069] “Ester” means a moiety that comprises a —C(O)— 
O— structure. Typically, esters as used here comprise an 
organic moiety containing about 1-50 carbon atoms (e.g., 
about 2-20 carbon atoms) and 0 to about 10 independently 
selected heteroatoms (e.g., O, S, N, P, Si), Where the organic 
moiety is bonded to a formula 1 steroid nucleus at, e.g., R1 
or R2 through the —C(O)—O— structure, e.g., organic 
moiety-C(O)—O-steroid or organic moiety-O—C(O)-ste 
roid. The organic moiety usually comprises one or more of 
any of the organic groups described above, e.g., CL2O alkyl 
moieties, C2_2O alkenyl moieties, C2_2O alkynyl moieties, aryl 
moieties, C2_9 heterocycles or substituted derivatives of any 
of these, e.g., comprising 1, 2, 3, 4 or more substituents, 
Where each substituent is independently chosen. Typical 
substitutions for hydrogen or carbon atoms in these organic 
groups include 1, 2, 3, 4 or more, usually 1, 2, or 3 —O—, 
—S—, —NRPR— (including —NH—), —C(O)—, =O, 
=S, —N(RPR 2 (including —NHZ), —C(O)ORPR (includ 
ing —C(O)OH), —OC(O)RPR (including —O—C(O)—H), 
—ORPR (including —OH), —SRPR (including —SH), 
—NO2, —CN, —NHC(O)—, —C(O)NH—, —OC(O)—, 
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—C(O)O—, —O-A8, —S-A8, —C(O)—A8, —OC(O)—A8, 
—C(O)O-A8, =N—, —N=, =N—OH, —OPO3(RPR)2, 
—OSO3H2 or halogen moieties or atoms, Where each RPR is 
—nll, an independently selected protecting group or both 
R together comprise a protecting group, and A8 is CL8 
alkyl, C2_8 alkenyl, C2_8 alkynyl, CL4 alkyl-aryl (e.g., ben 
Zy1), aryl (e.g. phenyl) or CO_4 a1kyl-C2_9 heterocycle. Sub 
stitutions are independently chosen. The organic moiety 
includes compounds de?ned by the R 4 variable. The organic 
moieties exclude obviously unstable moieties, e.g., 
—O—O—, except Where such unstable moieties are tran 
sient species that one can use to make a compound With 
suf?cient chemical stability for one or more of the uses 
described herein. The substitutions listed above are typically 
substituents that one can use to replace one or more carbon 

atoms, e.g., —O— or —C(O)—, or one or more hydrogen 
atom, e.g., halogen, —NH2 or —OH. 

[0070] “Thioester” means a moiety that comprises a 
—C(S)—O— structure. Typically, thioesters as used here 
comprise an organic moiety containing about 1-50 carbon 
atoms (e.g., about 2-20 carbon atoms) and 0 to about 10 
heteroatoms (e.g., O, S, N, P, Si), Where the organic moiety 
is bonded to a formula 1 steroid nucleus at R2 through the 
—C(S)—O— structure, e.g., organic moiety-C(S)—O-ste 
roid or organic moiety-O—C(S)-steroid. The organic moiety 
is as described above for esters. 

[0071] “Thioacetal” means a moiety that comprises a 
—C(O)—S— structure. Typically, thioacetals as used here 
comprise an organic moiety containing about 1-50 carbon 
atoms (e.g., about 2-20 carbon atoms) and 0 to about 10 
heteroatoms (e.g., O, S, N, P, Si), Where the organic moiety 
is bonded to a formula 1 steroid nucleus at R2 through the 
—C(O)—S— structure, e.g., organic moiety-C(O)—S-ste 
roid or organic moiety-S—C(O)-steroid. The organic moiety 
is as described above for esters. 

[0072] “Phosphoester” or “phosphate ester” means a moi 
ety that comprises a —O—P(ORPR)(O)—O— structure 
Where RPR is hydrogen (—H), a protecting group or an 
organic moiety as described for esters. Typically, phospho 
esters as used here comprise a hydrogen atom, a protecting 
group or an organic moiety containing about 1-50 carbon 
atoms and 0 to about 10 heteroatoms (e.g., O, S, N, P, Si) 
linked to a formula 1 steroid nucleus at R1-R6, R10, R15, R17 
or R18 through the —O—P(O)(O)—O— structure, e.g., 
organic moiety-O—P(O)(OH)—O-steroid. The organic 
moiety is as described above for esters. 

[0073] “Phosphothioester” means a moiety that comprises 
a —O—P(SRPR)(O)—O— structure Where RPR is —H, a 
protecting group or an organic moiety as described for 
esters. Typically, phosphothioesters as used here comprise a 
hydrogen atom, a protecting group or an organic moiety 
containing about 1-50 carbon atoms and 0 to about 10 
heteroatoms (e.g., O, S, N, P, Si) linked to a formula 1 
steroid nucleus at R1-R6, R10, R15, R17 or R18 through the 
—O—P(O)(O)—O— structure, e.g., organic moiety-O— 
P(O)(SH)—O-steroid. The organic moiety is as described 
above for esters. 

[0074] “Phosphonoester” means a moiety that comprises a 
—P(ORPR)(O)—O— structure Where RPR is —H, a protect 
ing group or an organic moiety as described for esters. 
Typically, phosphonoesters as used here comprise a hydro 
gen atom, a protecting group or an organic moiety contain 
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ing about 1-50 carbon atoms and 0 to about 10 heteroatorns 
(e.g., O, S, N, P, Si) linked to a formula 1 steroid nucleus at 
R1-R6, R10, R15, R17 or R18 through the —P(ORPR)(O)— 
O— structure, i.e., organic rnoiety-P(ORPR)(O)—O-steroid 
or steroid-P(ORPR)(O)—O-organic moiety. The organic 
moiety is as described above for esters. 

[0075] “Phosphiniester” means a rnoiety that comprises a 
—P(ORPR)—O— structure Where RPR is —H, a protecting 
group or an organic moiety as described for esters. Typically, 
phosphiniesters as used here comprise a hydrogen atom, a 
protecting group or an organic moiety containing about 1-50 
carbon atoms and 0 to about 10 heteroatorns (e.g., O, S, N, 
P, Si) linked to a formula 1 steroid nucleus at R1-R6, R10, 
R15, R17 or R1 through the —P(ORPR)—O— structure, i.e., 
organic rnoiety-P(ORPR)—O—-steroid or steroid 
P(ORPR)—O-organic moiety. The organic moiety is as 
described above for esters. 

[0076] “Sulfate ester” means a rnoiety that comprises a 
—P—S(O)(O)—O— structure. Typically, sulfate esters as 
used here comprise a hydrogen atom, a protecting group or 
an organic moiety containing about 1-50 carbon atoms and 
0 to about 10 heteroatorns (e.g., O, S, N, P, Si) linked to a 
formula 1 steroid nucleus at R1-R6, R10, R 5, R17 or R18 
through the —O—S(O)(O)—O— structure, e.g., organic 
rnoiety-O—S(O)(O)—O-steroid. The organic moiety is as 
described above for esters. 

[0077] “Sul?te ester” means a rnoiety that comprises a 
—O—S(O)—O— structure. Typically, sul?te esters as used 
here comprise an organic moiety containing about 1-50 
carbon atoms and 0 to about 10 heteroatorns (e.g., O, S, N, 
P, Si) linked to a formula 1 steroid nucleus at R1-R6, R10, 
R15, R17 or R18 through the —O—S(O)—O— structure, 
e.g., organic rnoiety-O—S(O)—O-steroid. The organic rnoi 
ety is as described above for esters. 

[0078] “Thioacetal” means a rnoiety that comprises a 
—S—C(O)— structure. Typically, thioacetal groups as used 
here comprise an organic moiety containing about 1-50 
carbon atoms and 0 to about 10 heteroatorns (e.g., O, S, N, 
P, Si) linked to a formula 1 steroid nucleus at R1-R6, R10, 
R15, R17 or R18 through the —S—C(O)— structure, e.g., 
organic rnoiety-S—C(O)-steroid or steroid-S—C(O)-or 
ganic moiety. The organic moiety is as described above for 
esters. 

[0079] “Arnide” means an organic moiety as described for 
ester that comprises 1, 2, 3, 4 or more —C(O)—NRPR 
rnoieties, usually 1 or 2, Where RPR is —H or a protecting 
group, RPR is usually H. In some embodiments, the 
—C(O)NRPR-group is linked to the steroid nucleus at 
R1-R6, R10, R15, R17 or R18, i.e., organic rnoiety-C(O)NRPR 
steroid or steroid-C(O)NRPR-organic rnoiety. 

[0080] “Ether” means an organic moiety as described for 
ester that comprises 1, 2, 3, 4 or more —O— rnoieties, 
usually 1 or 2. In some embodiments, the —O— group is 
linked to the steroid nucleus at R1-R6, R10, R15, R17 or R18, 
e.g., organic rnoiety-O-steroid. 

[0081] “Thioether” means an organic moiety as described 
for ester that comprises 1, 2, 3, 4 or more —S— rnoieties, 
usually 1 or 2. In some embodiments, the —S— group is 
linked to the steroid nucleus at R1-R6, R10, R15, R17 or R18, 
e.g., organic rnoiety-S-steroid. 
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[0082] “Acyl group” means an organic moiety as 
described for ester that comprises 1, 2, 3, 4 or more 
—C(O)— groups. In some embodiments, the —C(O)— 
group is linked to the steroid nucleus at R1-R6, R10, R15, R17 
or R18, e.g., organic rnoiety-C(O)-steroid. 

[0083] “Thioacyl” means an organic moiety as described 
for ester that comprises 1, 2, 3, 4 or more —C(S)— groups. 
In some embodiments, the —C(S)— group is linked to the 
steroid nucleus at R1-R6, R10, R15, R17 or R18, e.g., organic 
rnoiety-C(S)-steroid. 
[0084] “Carbonate” means an organic moiety as described 
for ester that comprises 1, 2, 3, 4 or more —O—C(O)—O— 
structures. Typically, carbonate groups as used here corn 
prise an organic moiety containing about 1-50 carbon atoms 
and 0 to about 10 heteroatorns (e.g., O, S, N, P, Si) linked to 
a formula 1 steroid nucleus at R1-R6, R10, R15, R17 or R18 
through the —O—C(O)—O— structure, e.g., organic rnoi 
ety-O—C(O)—O-steroid. 
[0085] “Carbarnate” means an organic moiety as described 
for ester that comprises 1, 2, 3, 4 or more —O—C(O)NRPR 
structures Where RPR is —H, a protecting group or an 
organic moiety as described for ester. Typically, carbarnate 
groups as used here comprise an organic moiety containing 
about 1-50 carbon atoms and 0 to about 10 heteroatorns 
(e.g., O, S, N, P, Si) linked to a formula 1 steroid nucleus at 
R1-R6, R10, R15, R17 or R18 through the —O—C(O)— 
NRPR-structure, e.g., organic rnoiety-O—C(O)—NRPR-ste 
roid or steroid-O—C(O)—NRPR-organic rnoiety. 

[0086] As used herein, “rnonosaccharide” means a poly 
hydroXy aldehyde or ketone having the empirical formula 
(CHZO)n Where n is 3, 4, 5, 6 or 7. Monosaccharide includes 
open chain and closed chain forms, but Will usually be 
closed chain forrns. Monosaccharide includes heXofuranose 
and pentofuranose sugars such as 2‘-deoXyribose, ribose, 
arabinose, Xylose, their 2‘-deoXy and 3‘-deoXy derivatives 
and their 2‘,3‘-dideoXy derivatives. Monosaccharide also 
includes the 2,3‘ dideoXydidehydro derivative of ribose. 
Monosaccharides include the D-, L- and DL-isorners of 
glucose, fructose, rnannose, idose, galactose, allose, gulose, 
altrose, talose, fucose, erythrose, threose, lyXose, erythru 
lose, ribulose, Xylulose, ribose, arabinose, Xylose, psicose, 
sorbose, tagatose, glyceraldehyde, dihydroXyacetone and 
their rnonodeoXy derivatives such as rharnnose. Monosac 
charides are optionally protected or partially protected. 

[0087] Optionally substituted alkyl group, optionally sub 
stituted alkenyl group, optionally substituted alkynyl group, 
optionally substituted aryl moiety and optionally substituted 
heterocycle rnean substitutions that include C1_2O alkyl rnoi 
eties, C2_2O alkenyl rnoieties, C2_2O alkynyl rnoieties, aryl 
rnoieties, C2_9 heterocycles or substituted derivatives of any 
of these. Typical substitutions for these organic groups 
include 1, 2, 3, 4 or more, usually 1 or 2, —O—, —S—, 

—O-A8, —S-A8, —C(O)—A8, —OC(O)-A8, —C(O)O-A8, 
=N—, —N=, —OPOZRPR, —OSO3H or halogen rnoieties 
or atorns, Where RPR independently is —H, a protecting 
group or both RPR together are a protecting group and A8 is 
C1_8 alkyl, C1_8 alkenyl, CL8 alkynyl, C1_4 alkyl-aryl (e.g., 
benZyl), aryl (e.g. phenyl) or CL4 alkyl-CL5 heterocycle. 
Substitutions are independently chosen. The organic rnoi 
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eties as described here, and for other any other moieties 
described herein, exclude obviously unstable moieties, e.g., 
—O—O—, except Where such unstable moieties are tran 
sient species that one can use to make a compound With 
sufficient chemical stability for the one or more of the uses 
described herein. 

[0088] Optionally substituted “monosaccharide” comprise 
any C3-C7 sugar, D-, L- or DL-con?gurations, e.g., eryth 
rose, glycerol, ribose, deoxyribose, arabinose, glucose, man 
nose, galactose, fucose, mannose, glucosamine, N-acetyl 
neuraminic acid, N-acetylglucosamine, 
N-acetylgalactosamine that is optionally substituted at one 
or more hydroxyl groups. Suitable substitutions include 
hydrogen, protected hydroxyl, carboxyl, aZido, cyano, 
—O-Clr6 alkyl, —S—C1_6 alkyl, —O—C2_6 alkenyl, 
—S—C2V6 alkenyl, optionally protected amine, optionally 
protected carboxyl, halogen, thiol or protected thiol. The 
linkage betWeen the monosaccharide the steroid is 0t or [3. 

[0089] Optionally substituted “oligosaccharide” com 
prises tWo, three, four or more of any C3-C7 sugars that are 
covalently linked to each other. The linked sugars may have 
D-, L- or DL-con?gurations. Suitable sugars and substitu 
tions are as described for monosaccharides. The linkage 
betWeen the oligosaccharide and the steroid is 0t or [3, as are 
the linkages betWeen the monosaccharides that comprise the 
oligosaccharide. 

[0090] Nucleoside includes 3TC, AZT, D4T, ddl, ddC, G, 
A, U, c, T, dG, dA, dT and dC. 

[0091] Polymer includes biocompatible organic polymers, 
e.g., PEGs and polyhydroxyalkyl polymers. 

[0092] PEG means an ethylene glycol polymer that con 
tains about 20 to about 2000000 linked monomers, typically 
about 50-1000 linked monomers, usually about 100-300. 
Polyethylene glycols include PEGs containing various num 
bers of linked monomers, e.g., PEG20, PEG30, PEG40, 
PEG60, PEG80, PEG100, PEG115, PEG 200, PEG 300, 
PEG400, PEGSOO, PEG600, PEG 1000, PEG1500, 
PEG2000, PEG 3350, PEG4000, PEG4600, PEGSOOO, 
PEG6000, PEG8000, PEG1 000, PEG12000, PEG2000000 
and any mixtures thereof. 

[0093] Amino Acid. 

[0094] “Amino acid” means an amino acid moiety that 
comprises any naturally-occurring or synthetic amino acid 
residue, i.e., any moiety comprising at least one carboxyl 
and at least one amino residue directly linked by one, tWo 
three or more carbon atoms, typically one (0t) carbon atom. 
The nature and identity of the intervening structure located 
betWeen the carboxyl and amino groups can have a variety 
of structures including those described herein. Typically, 
amino acids linked to the steroid through the amine group 
have sufficient conformation and length to be capable of 
autocatalytic hydrolysis of the amino acid-steroid bond and 
release of the steroid. This can occur When the free carboxyl 
is generated in vivo by deesteri?cation, deamidation or 
peptidolytic cleavage of the precursor containing a linkage 
betWeen the amino acid’s amine group and the steroid. 
Hydrolysis of the bond betWeen an amino acid’s carboxyl or 
amino group and the steroid can also occur by chemical or 
enZymatic activity, e.g., esterase cleavage or non-enZymatic 
hydrolysis. 
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[0095] In general, the amino acids corresponding to the 
residues employed in the invention compounds are naturally 
occurring and have no signi?cant pharmacological activity 
per se. HoWever, optimal pharmacokinetic activity, (substan 
tially complete hydrolysis upon hydrolysis of the distal 
amide or ester bond) may be achieved by using non 
naturally occurring amino acid residues. The intervening 
structure may be as simple as methylene When the amino 
acid residue is glycyl, or substituted methylene for other 0t 
amino acids. The structure ordinarily contains up to about 5 
carbon or heteroatoms in the direct linkage betWeen the 
amino acid’s carboxyl carbon and the amine nitrogen. Thus, 
amino acids can comprise intervening ethylene, propylene, 
butylene, or pentylene groups or their substituted analogs, 
such as for example, oxyesters or ethers in Which oxygen 
replaces carbon and, as appropriate, hydrogen. An example 
of such an intervening structure Would be —CH—O— 
C(R22)(R23)—, Where R22 and R23 are independently 
selected hydrogen or organic moieties as described above 
for esters. In some embodiments one of R22 and R23 is 
hydrogen and the other is a C2-20 organic moiety. Typically 
the organic moieties contain about 1-20 carbon atoms and 0, 
1, 2, 3, 4 or 5 independently selected heteroatoms, Which are 
typically selected from oxygen, nitrogen, sulfur and phos 
phorus. In general, feWer intervening atoms are used When 
more rapid hydrolysis is desired, although larger structures 
are suitable if, e.g., they possess suf?cient ?exibility or have 
conformations to alloW positioning of the carboxyl group in 
proximity to the amino acid-steroid bond. 

[0096] Ordinarily, R22 is —H, methyl or hydroxymethyl, 
usually —H, and R23 is a side chain or group of a naturally 
occurring amino acid. Amino acid side chains include ana 
logs Where the side chain is a C1_15 homolog of the corre 
sponding natural compound, e.g., methylene, ethylene, pro 
pylene, butylene or a substituted derivative thereof, e.g., an 
alkyl, ether or alkoxy (e.g., methoxy, ethoxy, propoxy) 
substituted derivative. In general, for carboxyl-containing 
side chains, if the C atom of the side chain carboxyl is linked 
by 5 or less atoms to the N then the carboxyl optionally Will 
be blocked, eg by esteri?cation or amidation Wherein the 
ester or amide bonds are hydrolyZable in vivo. R22 also is 
taken together with R30 to form a proline residue (—CH2— 
)3. Thus, R23 is generally a side group such as —H, —CH3, 
—CH(CH3)2, —CH2—CH(CH3)2, —CHCH3—CH2— 
CH3, —CH2—C6H5, —CH2CH2—S—CH3, —CHZOH, 
—CH(OH)—CH3, —CH2—SH, —CH2—C6H4OH, 
—CH2—CO—NH2, —CH2—CH2—CO—NH2, —CH2— 
COOH, —CH2—CH2—COOH, —(CH2)4—NH2 and 
—(CH2)3—NH—C(NH2)—NH2. R23 also includes 
1-guanidinoprop-3-yl, benZyl, 4-hydroxybenZyl, imidaZol 
4-yl, indol-3-yl, methoxyphenyl and ethoxyphenyl. The 
optimal R3O group is readily selected using routine assays. 

[0097] In general, the amino acid residue has the structure 
shoWn in the formulas beloW. Ordinarily, n is 1 or 2, R22 is 
—H and R23 is a moiety containing one or more of the 
folloWing groups: amino, carboxyl, amide, carboxyl ester, 
hydroxyl, C6-C7 aryl, ether (—O—), thioether (—S—), n-, 
s- or t-alkyl (C1-C6), guanidinyl, imidaZolyl, indolyl, sulf 
hydryl, sulfoxide, and phosphoryl. The R22 and R23 sub 
stituents can have a Wide variety of structures including 
those disclosed herein, e.g., esters, ethers or carbonates. 

[0098] When the amino acid residues contain one or more 
chiral centers, any of the D, L, meso, threo or erythro (as 



US 2004/0116359 A1 

appropriate) racemates or mixtures thereof, fall Within the 
scope of this invention. In general, if it is desired to rely on 
non-enZymatic means of hydrolysis, D isomers should be 
used. On the other hand, L isomers may be more versatile 
since they can be susceptible to both non-enZymatic as Well 
as potential targeted enzymatic hydrolysis, and are more 
ef?ciently transported by amino acid or dipeptidyl transport 
systems in the gastrointestinal tract. 

[0099] Examples of suitable amino acid residues include 
the folloWing: Glycyl; aminopolycarboxylic acids, e.g., 
aspartic acid, [3-hydroxyaspartic acid, glutamic acid, [3-hy 
droxyglutamic acid, [3-methylaspartic acid, [3-methyl 
glutamic acid, [3,[3-dimethylaspartic acid, y-hydroxy 
glutamic acid, [3,y-dihydroxyglutamic acid, 
[3-phenylglutamic acid, y-methyleneglutamic acid, 3-ami 
noadipic acid, 2-aminopimelic acid, 2-aminosuberic acid 
and 2-aminosebacic acid residues; amino acid amides such 
as glutaminyl and asparaginyl; polyamino- or polybasic 
monocarboxylic acids such as arginine, lysine, [3-aminoala 
nine, y-aminobutyrine, ornithine, citruline, homoarginine, 
homocitrulline, 5-hydroxy-2,6-diaminohexanoic acid (com 
monly, hydroxylysine, including allohydroxylysine) and 
diaminobutyric acid residues; other basic amino acid resi 
dues such as histidinyl; diaminodicarboxylic acids such as 
ot,ot‘-diaminosuccinic acid, ot,ot‘-diaminoglutaric acid, ot,ot‘ 
diaminoadipic acid, ot,ot‘-diaminopimelic acid, ot,ot‘-di 
amino-[3-hydroxypimelic acid, ot,ot‘-diaminosuberic acid, 
ot,ot‘-diaminoaZelaic acid, and ot,ot‘-diaminosebacic acid 
residues; imino acids such as proline, 4- or 3-hydroxy-2 
pyrrolidinecarboxylic acid (commonly, hydroxyproline, 
including allohydroxyproline), y-methylproline, pipecolic 
acid, S-hydroxypipecolic acid, —N([CH2]nCOORPR)2, 
Wherein n is 1, 2, 3, 4, 5 or 6 and RPR is —H or a protecting 
group, and aZetidine-2-carboxylic acid residues; a mono- or 
di-alkyl (typically C1-C8 branched or normal) amino acid 
such as alanine, valine, leucine, allylglycine, butyrine, nor 
valine, norleucine, heptyline, ot-methylserine, ot-amino-ot 
methyl-y-hydroxyvaleric acid, ot-amino-ot-methyl-o-hy 
droxyvaleric acid, ot-amino—ot-methyl-e-hydroxycaproic 
acid, isovaline, ot-methylglutamic acid, ot-aminoisobutyric 
acid, ot-aminodiethylacetic acid, ot-aminodiisopropylacetic 
acid, ot-aminodi-n-propylacetic acid, ot-aminodiisobutylace 
tic acid, ot-aminodi-n-butylacetic acid, ot-aminoethylisopro 
pylacetic acid, ot-amino-n-propylacetic acid, ot-aminodii 
soamyacetic acid, a-methylaspartic acid, ot-methylglutamic 
acid, 1-aminocyclopropane-1-carboxylic acid; isoleucine, 
alloisoleucine, tert-leucine, [3-methyltryptophan and 
ot-amino-[3-ethyl-[3-phenylpropionic acid residues; [3-phe 
nylserinyl; aliphatic ot-amino-[3-hydroxy acids such as 
serine, [3-hydroxyleucine, [3-hydroxynorleucine, [3-hydrox 
ynorvaline, and ot-amino-[3-hydroxystearic acid residues; 
ot-Amino, ot-, y-, 6- or e-hydroxy acids such as homoserine, 
y-hydroxynorvaline, o-hydroxynorvaline and epsilon-hy 
droxynorleucine residues; canavinyl and canalinyl; y-hy 
droxyornithinyl; 2-Hexosaminic acids such as D-glu 
cosaminic acid or D-galactosaminic acid residues; ot-amino 
[3-thiols such as penicillamine, [3-thiolnorvaline or 
[3-thiolbutyrine residues; other sulfur containing amino acid 
residues including cysteine; homocystine; [3-phenylme 
thionine; methionine; S-allyl-L-cysteine sulfoxide; 2-thiol 
histidine; cystathionine; and thiol ethers of cysteine or 
homocysteine; phenylalanine, tryptophan and ring-substi 
tuted a amino acids such as the phenyl- or cyclohexylamino 
acids ot-aminophenylacetic acid, ot-aminocyclohexylacetic 

Jun. 17, 2004 

acid and ot-amino-[3-cyclohexylpropionic acid; phenylala 
nine analogues and derivatives comprising aryl, loWer alkyl, 
hydroxy, guanidino, oxyalkylether, nitro, sulfur or halo 
substituted phenyl (e.g., tyrosine, methyltyrosine and 
o-chloro-, p-chloro-, 3,4-dicloro, o-, m- or p-methyl-, 2,4, 
6-trimethyl-, 2-ethoxy-5-nitro, 2-hydroxy-5-nitro and p-ni 
tro-phenylalanine); furyl-, thienyl-, pyridyl-, pyrimidinyl-, 
purine or naphthylalanines; and tryptophan analogues and 
derivatives including kynurenine, 3-hydroxykynurenine, 
2-hydroxytryptophan and 4-carboxytryptophan residues; 
ot-amino substituted amino acid residues including sarcosine 
(N-methylglycine), N-benZylglycine, N-methylalanine, 
N-benZylalanine, N-methylphenylalanine, N-benZylpheny 
lalanine, N-methylvaline and N-benZylvaline; and ot-Hy 
droxy and substituted ot-hydroxy amino acid residues 
including serine, threonine, allothreonine, phosphoserine 
and phosphothreonine residues. 

[0100] Any one of the foregoing or other knoWn amino 
acids are suitably employed in this invention. Typically 
amino acids are capable of autocatalytically hydrolyZing the 
amino acid-steroid bond. Thus, they typically contain, or 
upon being hydrolyZed in vivo, contain a free carboxyl 
group or amine group. 

[0101] Also of interest are hydrophobic amino acids such 
as mono-or di-alkyl or aryl amino acids, cycloalkylamino 
acids and the like. These residues, together With RZQ-R34 
(Rn-R34 are de?ned beloW) can contribute to cell perme 
ability by modulating the lipophilicity of a formula 1 or 
formula 2 compound. Typically, the residue does not contain 
a sulfhydryl or guanidino substituent. 

[0102] Peptide. 
[0103] One, 2, 3 or more of Rl-R4 can comprise a “pep 
tide”, i.e., tWo or more amino acids as de?ned above. 
Typically the amino acids are linked through normal peptide 
bonds, i.e., —CO—NH—, betWeen adjacent amino acid 
residues. Peptides comprise dipeptides (dimers), tripeptides 
(trimers), short peptides of 4, 5, 6, 8, 10 or 15 residues, and 
longer peptides or proteins having about 100 or more 
residues. Invention compounds that comprise a peptide can 
be used as immunogens, prodrugs or as synthetic precursors 
for other steroid derivatives. In one embodiment, the peptide 
Will contain a peptidolytic enZyme cleavage site at the 
peptide bond linking the ?rst residue and the next residue 
distal to the steroid residue. Such cleavage sites are option 
ally ?anked by enZymatic recognition structures, e.g. par 
ticular residues recogniZed by a hydrolytic enZyme, e.g., a 
peptidase located in the serum or in cells. 

[0104] Peptidolytic enZymes are Well knoWn, and in par 
ticular include carboxypeptidases. Carboxypeptidases digest 
polypeptides by removing C-terminal residues, and are 
speci?c in many instances for particular C-terminal 
sequences. Such enZymes and their substrate requirements 
in general are Well knoWn. For example, a dipeptide having 
a given pair of residues and a free carboxyl terminus is 
covalently bonded through its ot-amino group to the steroid 
nucleus. It is expected that the peptide Will be cleaved by the 
appropriate dipeptidase, protease or by chemical hydrolysis, 
leaving the carboxyl of the proximal amino acid residue to 
autocatalytically cleave the amidate bond. 

[0105] Examples of suitable dipeptidyl groups (designated 
by their single letter symbols) are shoWn in the table beloW. 
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SYMBOL 

1 Letter 3-Letter AMINO ACID 

Y Tyr tyrosine 
G Gly glycine 
F Phe phenylalanine 
M Met methionine 
A Ala alanine 
S Ser serine 
I Ile isoleucine 
L Leu leucine 
T Thr threonine 
V Val Valine 
P Pro proline 
K Lys lysine 
H His histidine 
Q Gln glutamine 
E Glu glutamic acid 
W Trp tryptophan 
R Arg arginine 
D Asp aspartic acid 
N Asn asparagine 
C Cys cysteine 

Dipeptides 

[0106] AA, AR, AN, AD, AC, AE, AQ, AG, AH, AI, AL, 
AK, AM, AF, AP, AS, AT, AW, AY, AV, RA, RR, RN, RD, 
RC, RE, RQ, RG, RH, RI, RL, RK, RM, RF, RP, RS, RT, 
RW, RY, RV, NA, NR, NN, ND, NC, NE, NQ, NG, NH, NI, 
NL, NK, NM, NF, NP, NS, NT, NW, NY, NV, DA, DR, DN, 
DD, DC, DE, DQ, DG, DH, DI, DL, DK, DM, DF, DP, DS, 
DT, DW, DY, DV, CA, CR, CN, CD, cc, CE, CQ, CG, CH, 
CI, CL, cK, CM, cF, CP, cs, CT, CW, CY, CV, EA, ER, EN, 
ED, EC, EE, EQ, EG, EH, EI, EL, EK, EM, EF, EF, ES, ET, 
EW, EY, EV, QA, QR, QN, QD, QC, QE, QQ, QG, QH, QI, 
QL, QK, QM, QF, OP, Qs, QT, QW, QY, QV, GA, GR, GN, 
GD, GC, GE, GQ, GG, GH, GI, GL, GK, GM, GF, GP, GS, 
GT, GW, GY, GV, HA, HR, HN, HD, HC, HE, HQ, HG, HH, 
HI, HL, HK, HM, HF, HP, HS, HT, HW, HY, HV, IA, IR, IN, 
ID, IC, IE, IQ, IG, IH, II, IL, IK, IM, IF, IP, IS, IT, IW, IY, 
IV, LA, LR, LN, LD, LC, LE, LQ, LG, LH, LI, LL, LK, LM, 
LF, LP, LS, LT, LW, LY, LV, KA, KR, KN, KD, Kc, KE, KQ, 
KG, KH, KI, KL, KK, KM, KF, KP, Ks, KT, KW, KY, KV, 
MA, MR, MN, MD, MC, ME, MQ, MG, MH, MI, ML, MK, 
MM, MF, MP, MS, MT, MW, MY, MV, FA, FR, FN, FD, Fc, 
FE, FQ, FG, FH, FI, FL, FK, FM, FF, FP, Fs, FT, FW, FY, 
FV, PA, PR, PN, PD, PC, PE, PQ, pg, PH, PI, PL, PK, PM, 
PF, PP, PS, PT, PW, PY, PV, SA, SR, SN, SD, sc, SE, sQ, 
SG, SH, SI, SL, sK, SM, sF, SP, 55, ST, SW, SY, SV, TA, 
TR, TN, TD, TC, TE, TQ, TG, TH, TI, TL, TK, TM, TF, TP, 
TS, TT, TW, TY, TV, WA, WR, WN, WD, WC, WE, WQ, 
WG, WH, WI, WL, WK, WM, WF, WP, WS, WT, WW, WY, 
WV, YA, YR, YN, YD, YC, YE, YQ, YG, YH, YI, YL, YK, 
YM, YF, YP, YS, YT, YW, YY, YV, VA, VR, VN, VD, VC, 
VE, VQ, VG, VH, VI, VL, VK, VM, VF, VP, VS, VT, VW, 
VY, VV 

[0107] Such dipeptides include species Where both amino 
acids are in the L con?guration, the D con?guration or 
mixtures of con?gurations. 

[0108] Tripeptides, i.e., 3 linked amino acid residues, are 
also useful embodiments. Tripeptides include those Where 
A, C, D, E, F, G, H, I, K, L, M, N, P, Q, R, S, T,V,WorY 
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is linked by a standard peptide bond to the amino or the 
carboxyl terminus of any of the dipeptides listed above. The 
sequence —X1-pro-X2— (Where X1 is any amino acid and 
X2 is hydrogen, any amino acid residue or a carboxyl ester 
of proline) Will be cleaved by luminal carboxypeptidase to 
yield X1 With a free carboxyl, Which in turn autocatalytically 
cleaves the amidate bond. X2 usually Will be a benZyl ester 
of the carboxy group of X2. Other embodiments include 
tetrapeptides such as ones Where any tWo of the dipeptides 
listed above, Which may be the same or different dipeptides 
(e.g., AA and AA linked together or, e.g., AA and GI linked 
together), are linked to each other by a peptide bond through 
the amino terminus or carboxyl terminus. One, 2 or more 
tetrapeptides may bonded to the formula 1 or formula 2 
compound through the tetrapeptide’s amino or carboxyl 
terminus. 

[0109] In some embodiments, the formula 1 or formula 2 
compound comprises one or more amino acids or peptides 

having the structure (A), (B) or (C): (A) R32—NH—{ 
[C(R29)(R3°)]b—C(O)—I;L(R31)}r—[C(R29)(R3°)]a— 
C(O)—O-steroid, (B) R —O—{C(O)—[C(R29)(R3O)]d— 
N(R31)}g—C(O)—[C(R29 )(R3O)]C—N(R31)—O—steroid, or 
(c) R33—O—{C(O)—[C(R29)(R3°)]d—N(R31)}S—C(O)— 
[C(R29)(R3O)]c—N (R31)—C(O)—O-steroid, Wherein (A), 
(B) or (C) are independently selected and they are bonded to 
1, 2, 3 or more of R1 through R4, Where each RZQ-R31 is 
independently selected; R29 independently are —H or a 
C1-20 organic moiety (e.g., C1_6 alkyl, e.g. —CH3 or 
—CZHS); R3O independently are the side chain of an amino 
acid, including the side chain of naturally occurring amino 
acids as described above, e.g., —H, —CH3, —CH2C6H5; 
R is —H or a protecting group; R32 and R33 independently 
comprise —H, a protecting group, an ester or an amide 
Where each atom or group is independently chosen; a, b, c 
and d independently are 1, 2, 3, 4 or 5, usually 1; e, f and g 
independently are an integer from 0 to about 1000, typically 
they independently are 0, 1, 2, 3, 4, 5, 6, 7 or 8; a, b, c and 
d independently are 1 or 2; e, f and g independently are 0, 
1, 2, 3,4or 5. 

[0110] If the amino acid(s) or residue(s) has 2 or more 
amine groups, e.g., a lysinyl or arginyl, or ornithinyl residue, 
then R29 is usually —H and R30 may comprise —[C(R34)2] 
n2N(RPR — Where n2 is 0, 1, 2, 3, 4, 5 or 6, RPR is —H or 
a protecting group and each R34 independently is —H, 
Cl-C2O optionally substituted alkyl, CG-C2O optionally sub 
stituted aryl, C7-C2O optionally substituted alkylaryl, C7-C2O 
optionally substituted arylalkyl, Cl-C2O optionally substi 
tuted alkoxy, CG-C2O optionally substituted aryloxy or 
hydroxyl. Such compounds Will contain a plurality of steroid 
moieties. For example When both the epsilon (e) or delta (6) 
and alpha (01) amino groups of lysine or ornithine are 
substituted With steroid moieties the amidate is believed to 
be capable of releasing tWo molecules of active drug, each 
expected to emerge under different pharmacokinetics and 
therefore further sustaining the drug release. 

[0111] Salt. 

[0112] Invention embodiments include salts and com 
plexes of invention compounds (formula 1 compounds), 
including pharmaceutically acceptable or salts that are rela 
tively non-toxic. Some of the invention compounds have 
one or more moieties that carry at least a partial positive or 
negative charge in aqueous solutions, typically at a pH of 
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about 4-10, that can participate in forming a salt, a complex, 
a composition With partial salt and partial complex proper 
ties or other noncovalent interactions, all of Which We refer 
to as a “salt(s)”. Salts are usually biologically compatible or 
pharmaceutically acceptable or non-toxic, particularly for 
mammalian cells. Salts that are biologically toxic are option 
ally used With synthetic intermediates of invention com 
pounds. When a Water-soluble composition is desired, 
monovalent salts are usually used. 

[0113] Metal salts typically are prepared by reacting the 
metal hydroxide With a compound of this invention. 
Examples of metal salts that are optionally prepared in this 
Way are salts containing Li", Na", and K". A less soluble 
metal salt can be precipitated from the solution of a more 
soluble salt by adding a suitable metal compound. Invention 
salts may be formed from acid addition of certain organic 
acids, such as organic carboxylic acids, and inorganic acids, 
such as alkylsulfonic acids or hydrogen halide acids, to 
acidic or basic centers on invention compounds, such as 
basic centers on the invention pyrimidine base analogs. 
Metal salts include ones containing Na”, Li", K", Ca++or 
Mg++. Other metal salts may contain aluminum, barium, 
strontium, cadmium, bismuth, arsenic or Zinc ion. 

[0114] Salt(s) of invention compounds may comprise a 
combination of appropriate cations such as alkali and alka 
line earth metal ions or ammonium and quaternary ammo 
nium ions With the acid anion moiety of the phosphoric acid 
or phosphonic acid group, Which may be present in inven 
tion polymers or monomers. 

[0115] Salts are produced by standard methods, including 
dissolving free base in an aqueous, aqueous-alcohol or 
aqueous-organic solution containing the selected acid, 
optionally folloWed by evaporating the solution. The free 
base is reacted in an organic solution containing the acid, in 
Which case the salt usually separates directly or one can 
concentrate the solution. 

[0116] Suitable amine salts include amines having suffi 
cient basicity to form a stable salt, usually amines of loW 
toxicity including trialkyl amines (tripropylamine, triethy 
lamine, trimethylamine), procaine, dibenZylamine, N-ben 
Zyl-betaphenethylamine, ephenamine, N,N‘-dibenZylethyl 
enediamine, N-ethylpiperidine, benZylamine and 
dicyclohexylamine. 

[0117] Salts include organic sulfonic acid or organic car 
boxylic acid salts, made for example by addition of the acids 
to basic centers, typically amines. Exemplary sulfonic acids 
include C6_16 aryl sulfonic acids, C6_16 heteroaryl sulfonic 
acids and CL16 alkyl sulfonic acids such as phenyl sulfonic 
acid, ot-naphthalene sulfonic acid, [3-naphthalene sulfonic 
acid, (S)-camphorsulfonic acid, methyl (CH3SO3H), ethyl 
(C2H5SO3H), n-propyl, i-propyl, n-butyl, s-butyl, i-butyl, 
t-butyl, pentyl and hexyl sulfonic acids. Exemplary organic 
carboxylic acids include CL16 alkyl, C6_16 aryl carboxylic 
acids and C4_16 heteroaryl carboxylic acids such as acetic, 
glycolic, lactic, pyruvic, malonic, glutaric, tartaric, citric, 
fumaric, succinic, malic, maleic, oxalic, hydroxymaleic, 
benZoic, hydroxybenZoic, phenylacetic, cinnamic, salicylic, 
nicotinic and 2-phenoxybenZoic. 

[0118] Invention salts include those made from inorganic 
acids, e.g., HF, HCl, HBr, HI, H2SO4, H3PO4, Na2CO3, 
K2CO3, CaCO3, MgCO3 and NaClO3. Suitable anions, 
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Which are optionally present With a cation such a Ca“, 
Mg“, Li", Na+or K", include arsenate, arsenite formate, 
sorbate, chlorate, perchlorate, periodate, dichromate, gly 
codeoxycholate, cholate, deoxycholate, desoxycholate, tau 
rocholate, taurodeoxycholate, taurolithocholate, tetraborate, 
nitrate, nitrite, sul?te, sulfamate, hyposul?te, bisul?te, met 
abisul?te, thiosulfate, thiocyanate, silicate, metasilicate, 
CN', gluconate, gulcuronate, hippurate, picrate, hydro 
sul?te, hexa?uorophosphate, hypochlorite, hypochlorate, 
borate, metaborate, tungstate and urate. 

[0119] Salts also include the invention compound salts 
With one or more amino acids. Many amino acids are 
suitable, especially the naturally-occurring amino acids 
found as protein components, although the amino acid 
typically is one bearing a side chain With a basic or acidic 
group, e.g., lysine, arginine, histidine or glutamic acid, or a 
neutral group such as glycine, serine, threonine, alanine, 
isoleucine, or leucine. 

[0120] The invention compositions include compounds in 
their un-ioniZed, as Well as ZWitterionic form, and combi 
nations With stoiochimetric amounts of Water as in hydrates. 

[0121] Stereoisomers. 

[0122] The compounds of the invention (formula 1 com 
pounds) include enriched or resolved optical isomers at any 
or all asymmetric atoms as are apparent from the depictions. 
Both racemic and diasteromeric mixtures, as Well as the 
individual optical isomers can be isolated or synthesiZed so 
as to be substantially free of their enantiomeric or diaste 
reomeric partners, and these are all Within the scope of the 
invention. Chiral centers may be found in invention com 
pounds at, for example, R1, R2, R3 and R4. 

[0123] One or more of the folloWing methods are used to 
prepare the enantiomerically enriched or pure isomers 
herein. The methods are listed in approximately their order 
of preference, i.e., one ordinarily should employ stereospe 
ci?c synthesis from chiral precursors before chromato 
graphic resolution before spontaneous crystalliZation. 

[0124] Stereospeci?c synthesis is described in the 
examples. Methods of this type conveniently are used When 
the appropriate chiral starting material is available and 
reaction steps are chosen do not result in undesired racem 
iZation at chiral sites. One advantage of stereospeci?c syn 
thesis is that it does not produce undesired enantiomers that 
must be removed from the ?nal product, thereby loWering 
overall synthetic yield. In general, those skilled in the art 
Would understand What starting materials and reaction con 
ditions should be used to obtain the desired enantiomerically 
enriched or pure isomers by stereospeci?c synthesis. 

[0125] If a suitable stereospeci?c synthesis cannot be 
empirically designed or determined With routine experimen 
tation then those skilled in the art Would turn to other 
methods. One method of general utility is chromatographic 
resolution of enantiomers on chiral chromatography resins. 
These resins are packed in columns, commonly called Pirkle 
columns, and are commercially available. The columns 
contain a chiral stationary phase. The racemate is placed in 
solution and loaded onto the column, and thereafter sepa 
rated by HPLC. See for example, Proceedings Chromato 
graphic Society—International Symposium on Chiral Sepa 
rations, Sep. 3-4, 1987. Examples of chiral columns that 
could be used to screen for the optimal separation technique 
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Would include Diacel Chriacel OD, Regis Pirkle Covalent 
D-phenylglycine, Regis Pirkle Type 1A, Astec Cyclobond II, 
Astec Cyclobond III, Serva Chiral D—DL=Daltosil 100, 
Bakerbond DNBLeu, Sumipax OA-1000, Merck Cellulose 
Triacetate column, Astec Cyclobond I-Beta, or Regis Pirkle 
Covalent D-Naphthylalanine. Not all of these columns are 
likely to be effective With every racemic mixture. HoWever, 
those skilled in the art understand that a certain amount of 
routine screening may be required to identify the most 
effective stationary phase. When using such columns it is 
desirable to employ embodiments of the compounds of this 
invention in Which the charges are not neutraliZed, e.g., 
Where acidic functionalities such as carboxyl are not esteri 
?ed or amidated. 

[0126] Another method entails converting the enantiomers 
in the mixture to diasteriomers With chiral auxiliaries and 
then separating the conjugates by ordinary column chroma 
tography. This is a very suitable method, particularly When 
the embodiment contains free carboxyl, amino or hydroxyl 
that Will form a salt or covalent bond to a chiral auxiliary. 
Chirally pure amino acids, organic acids or organosulfonic 
acids are all WorthWhile exploring as chiral auxiliaries, all of 
Which are Well knoWn in the art. Salts With such auxiliaries 
can be formed, or they can be covalently (but reversibly) 
bonded to the functional group. For example, pure D or L 
amino acids can be used to amidate the carboxyl group of 
invention embodiments that comprise a carboxyl group and 
then separated by chromatography. 

[0127] EnZymatic resolution is another method of poten 
tial value. In such methods one prepares covalent derivatives 
of the enantiomers in the racemic mixture, generally loWer 
alkyl esters (for example of carboxyl), and then exposes the 
derivative to enZymatic cleavage, generally hydrolysis. For 
this method to be successful an enZyme must be chosen that 
is capable of stereospeci?c cleavage, so it is frequently 
necessary to routinely screen several enZymes. If esters are 
to be cleaved, then one selects a group of esterases, phos 
phatases, and lipases and determines their activity on the 
derivative. Typical esterases are from liver, pancreas or other 
animal organs, and include porcine liver esterase. 

[0128] If the enatiomeric mixture separates from solution 
or a melt as a conglomerate, i.e., a mixture of enantiomeri 
cally pure crystals, then the crystals can be mechanically 
separated, thereby producing the enantiomerically enriched 
preparation. This method, hoWever, is not practical for 
large-scale preparations and is of limited value for true 
racemic compounds. 

[0129] Asymmetric synthesis is another technique for 
achieving enantiomeric enrichment. For example, a chiral 
protecting group is reacted With the group to be protected 
and the reaction) mixture alloWed to equilibrate. If the 
reaction is enantiomerically speci?c then the product Will be 
enriched in that enantiomer. 

[0130] Further guidance in the separation of enantiomeric 
mixtures can be found, by Way of example and not limita 
tion, in “Enantiomers, Racemates, and resolutions”, Jean 
Jacques, Andre Collet, and Samuel H. Wilen (Krieger Pub 
lishing Company, Malabar, Fla., 1991, ISBN 0-89464-618 
4): Part 2, Resolution of Enantiomer Mixture, pages 217 
435; more particularly, section 4, Resolution by Direct 
CrystalliZation, pages 217-251, section 5, Formation and 
Separation of Diastereomers, pages 251-369, section 6, 
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CrystalliZation-Induced Asymmetric Transformations, 
pages 369-378, and section 7, Experimental Aspects and Art 
of Resolutions, pages 378-435; still more particularly, sec 
tion 5.1.4, Resolution of Alcohols, Transformation of Alco 
hols into Salt-Forming Derivatives, pages 263-266, section 
5.2.3, Covalent Derivatives of Alcohols, Thiols, and Phe 
nols, pages 332-335, section 5.1.1, Resolution of Acids, 
pages 257-259, section 5.1.2, Resolution of Bases, pages 
259-260, section 5.1.3, Resolution of Amino Acids, page 
261-263, section 5.2.1, Covalent Derivatives of Acids, page 
329, section 5.2.2, Covalent derivatives of Amines, pages 
330-331, section 5.2.4, Covalent Derivatives of Aldehydes, 
Ketones, and Sulfoxides, pages 335-339, and section 5.2.7, 
Chromatographic Behavior of Covalent Diastereomers, 
pages 348-354. 

[0131] Unless otherWise stated or implied by context, 
expressions of a percentage of a liquid ingredient, e.g., an 
excipient, in an invention composition or formulation mean 
the ingredient’s percent by volume (v/v). Thus, 20% pro 
pylene glycol means 20% v/v propylene glycol is present in 
an invention composition or formulation. The amount of 
excipient indicated in invention compositions is not affected 
by the form used, e.g., NF or USP grade solvent or excipient. 
Thus, an invention composition that comprises about 30% 
polyethylene glycol 300 NF can instead comprise a USP 
counterpart, provided that other limitations, such as the 
amount of Water present, are not exceeded. 

[0132] As used herein, “innate immunity” refers to one or 
more components typically associated With nonspeci?c 
immune defense mechanisms in a subject. These compo 
nents include the alternate complement pathWay, e.g., Factor 
B, Factor D and properdin; NK cells, phagocytes (mono 
cytes, macrophages), neutrophils, eosinophils, dendritic 
cells, ?brocytes; anti-microbial chemicals, e.g., defensins; 
physical barriers—skin, mucosal epithelium; and certain 
interleukins, chemokines and cytokines. Innate immunity 
plays a role in resistance to intracellular parasite infections, 
e.g., White blood cell infection, a liver infection, and other 
infections, e.g., lymph node infections. Enhancement of 
innate immunity mechanism by formula 1 compounds or 
method described herein may enhance phagolysosome 
fusion or movement, Which some pathogens, e.g., intracel 
lular bacteria such as mycobacteria, or Listeria inhibit. 

[0133] As used herein, references to CD molecules, spe 
ci?c immune cell subsets, immune responses and the like, 
generally use nomenclature that applies to molecules, cells 
or the like that are found in humans. Analogs or counterparts 
of such molecules, cells or the like in other species may have 
a differing nomenclature, but are included in this invention. 
A description of the nomenclature and function of various 
CD molecules and immune cell subsets are as found in the 
scienti?c literature. References to Th0, Th1 or Th2 cells and 
references to Th1 or Th2 immune responses in the context 
of human patients refers to the human counterparts of the 
murine Th0, Th1 or Th2 immune cells or responses. For 
revieWs see, e.g., A. K. Abbas et al., editors, Cellular and 
Molecular Immunology, W. B. Saunders Company, third 
edition, 1997, ISBN 0-7216-4024-9, pages 4-469, and 1. 
Kimber and M. K. Selgrade, editors, T Lymphocyte Sub 
populations in Immunotoxicology, John Wiley & Sons Ltd., 
1998, ISBN 0-471-97194-4, pages 1-53. 

[0134] “Immunosuppressive molecule” means molecules 
such as cyclosporin, cyclohexamide, mitomycin C, adria 
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mycin, taxol and amphotericin B. These molecules tend to 
have toxicities toward the immune system and are directly or 
indirectly immunosuppressive, i.e., toxic to dividing cells or 
they can doWnregulate immunity. 

[0135] “Steroid receptor” means a gene product, typically 
a protein monomer or dimer that can bind to a ligand, e.g., 

a natural steroid or an analog thereof, such as formula 1 
compounds. Steroid receptors include orphan steroid recep 
tors. Orphan steroid receptors are proteins for Which the 
natural ligand or biological function is at least partially 
unknoWn. As used here, steroid receptors include 
homodimers, e.g., SXR and (CAR[3)2, and heterodimers, 
e.g., PXR-CARB or RXR-CARB. Steroid receptors also 
include isoforms, e.g., PXR.1 and PXR.2 for the PXR 
receptor, and homologs of the steroid receptors, e.g., the 
homolog of CAR[3 knoWn as MB67. Isoforms are typically 
generated by different splicing pathWays for a nuclear RNA 
from one gene, While homologs are typically a distinct copy 
of a steroid receptor gene, Where the gene copy encodes only 
relatively small differences compared to the reference ste 
roid receptor gene product. Such differences are most often 
found in areas other than the dimeriZation region and the 
steroid binding region of the steroid receptor’s structure. 
Typically isoforms and homologs bind the same or similar 
ligands as the reference gene product or steroid receptor. 
Steroid receptors may be of human or animal origin, e.g., 
obtained from cells, tissues or cDNA expression libraries 
derived from cells or tissues of any primate, rodent (includ 
ing murine), avian, ovine, bovine, equine, canine or feline 
species or any of the species or any species Within any group 
(e.g., Family or Genus) of species mentioned elseWhere 
herein or in any reference cited herein. 

[0136] In the context of a combination of molecules that 
includes a steroid receptor and a formula 1 compound, 
“invention complexes” or “complexes” means a complex 
that comprises a steroid receptor and a formula 1 compound 
and optionally other molecules. These other molecules 
include a DNA recognition sequence (“DNARS” here 
after), i.e., a sequence that the steroid receptor speci?cally 
recogniZes and binds to and (ii) a transcription factor that 
can bind to the steroid receptor-formula 1 compound com 
plex. As used herein, these complexes can arise in cells in 
vitro or in vivo, or in cell-free systems. Complexes include, 
for example, steroid receptor heterodimer-formula 1 com 
pound combinations, steroid receptor homodimer-formula 1 
compound combinations, steroid receptor monomer-formula 
1 compound combinations, steroid receptor heterodimer 
formula 1 compound-DNA (or DNARS) combinations, ste 
roid receptor homodimer-formula 1 compound-DNA (or 
DNARS) combinations, steroid receptor heterodimer-for 
mula 1 compound-transcription factor combinations, steroid 
receptor homodimer-formula 1 compound-transcription fac 
tor combinations, steroid receptor heterodimer-formula 1 
compound-DNA (or DNARS)-transcription factor combina 
tions and steroid receptor homodimer-formula 1 compound 
DNA (or DNARS)-transcription factor combinations. 

[0137] An “agonist” or an “antagonist” is a compound or 
composition that respectively, either increases or decreases 
the activity of a receptor, Which can lead to increased or 
decreased transcription of a regulated gene. Receptors (and 
transcription factors) can modulate transcription of their 
target gene(s) by enhancing transcription or decreasing it. 
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[0138] General Methods. 

[0139] Methods have been described, for example Karl 
Fischer and loss on drying (LOD), to determine the 
content of Water or solvents in various compositions. LOD 
measures all volatiles in a sample, While KF is typically used 
to measure all Water. When Water is the only volatile present, 
LOD values are equal to or less than KF values for a given 
composition. KF measures Water in hydrates of a compound 
and LOD determines both Water and the amount of other 
volatiles that may be present. Invention compositions and 
formulations are conveniently assayed for Water content by 
KF titration (e.g., using a Metrohm 684 KP Coulometer or 
equivalent) according to a published procedure (U.S. Phar 
macopoeia, vol. 23, 1995, chapter <921>, U.S. Pharmacope 
ial Convention, Inc., Rockville, Md.) and manufacturer’s 
Coulometer instructions. The amount of material used in the 
assay, about 50-100 mg, is measured using a ?ve place 
analytical balance (Sartorius, Model RC21 OD, or a suitable 
equivalent). The amounts of Water speci?ed in invention 
compositions and formulations is the amount obtained by 
KF analysis. 

[0140] PoWder X-ray diffraction (XRD) methods have 
been used to characteriZe various crystalline compounds 
(see, e.g., U.S. Pharmacopoeia, volume 23, 1995, <941>, 
p.1843-1845, U.S. Pharmacopeial Convention, Inc., Rock 
ville, Md.; Stout et al., X-Ray Structure Determination; A 
Practical Guide, MacMillan Co., NeW York, NY, 1986). 
The diffraction pattern, or portions thereof, obtained from a 
crystalline compound is usually diagnostic for a given 
crystal form, although Weak or very Weak diffraction peaks 
may not alWays appear in replicate diffraction patterns 
obtained from successive batches of crystals. Also, the 
relative intensities of XRD bands, particularly at loW angle 
X-ray incidence values (loW Theta), may vary due to pre 
ferred orientation effects arising from differences in, e.g., 
crystal habit, particle siZe or other measurement conditions. 
Peaks on XRD spectra are typically de?ned at a given Theta 
value +/— about 0.1 to 0.2. XRD information from the 1, 2, 
3, 4, 5 or more main intensity XRD peaks, optionally 
combined With one or more other diagnostic data (melting 
point, DSC, IR), is usually suitable to characteriZe or 
describe a crystalline material such as BrEA hemihydrate 
from other crystal forms that contain the same compound. 

[0141] Other techniques that are used to identify or 
describe a crystalline material such as BrEA hemihydrate 
include melting point (MP), differential scanning calorim 
etry (DSC) and infrared absorption spectroscopy (IR) data. 
DSC measures thermal transition temperatures at Which a 
crystal absorbs or releases heat When its crystal structure 
changes or it melts. MP data and DSC thermal transition 
temperatures are typically reproducible Within about 1 or 2° 
C. on successive analyses. IR measures absorption of infra 
red light that is associated With the presence of particular 
chemical bonds that are associated With groups, e.g., 
hydroxyl, that vibrate in response to particular light Wave 
lengths. 
[0142] 
[0143] The invention provides BrEA hemihydrate, Which 
is typically substantially free of other forms of BrEA, such 
as amorphous BrEA or anhydrous BrEA. As used herein, 
BrEA hemihydrate or crystalline BrEA hemihydrate refers to 
solid BrEA and Water having an ordered arrangement of 
substantially all of the constituent molecules in a de?ned 

Invention Embodiments. 


































































































































































































































