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BACKGROUND OF THE INVENTION

The invention relates to methods to make and use steroids, such as 16a-bromo-

3B-hydroxy-5a-androstane-17-one (16a-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.

BrEA and its preparation from the steroid compound 33-hydroxyandrost-5-en-17-
one (dehydroepiandrosterone 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., U.S. patent numbers 2833793, 2911418,
3148198, 3471480, 3976691, 4268441, 4427649, 4542129, 4666898, 4956355, 5001119,
5043165, 5077284, 5028631, 5110810, 5157031, 5162198, 5175154, 5277907, 5292730,
5296481, 5372996, 5387583, 5407684, 5424463, 5461042, 5478566, 5506223, 5518725,
5527788, 5527789, 5532230, 5559107, 5562910, 5583126, 5585371, 5587369, 5591736,
5593981, 5610150, 5635496, 5641766, 5641768, 5656621, 5660835, 5686438, 5696106,
5700793, 5707983, 5709878, 5710143, 5714481, 5728688, 5736537, 5744462, 5753237,
5756482, 5776921, 5776923, 5780460, 5795880, 5798347, 5798348, 5804576, 5807848,
5807849, 5811418, 5824313, 5824668, 5824671, 5827841, 5837269, 5837700, 5843932,
5846963, 5859000, 5872114 and 5872147, 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, QOertel, et al., J. Steroid Biochem. 1972 3:493-496, Pashko, et al.,
Carcinogenesis 1981 2:717-721, Schwartz et al., Nutr. Cancer 1981 3:46-53; Dyner et al.,
J. Acquired Immune Deficiency 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.
The use DHEA and other steroids in various applications, e.g., modulating immune

responses have been described, e.g., U.S. patent numbers 5869090, 5863910, 5856340,
5824668, 5804576, 5753237, 5714481, 5709878, 5407684, 5206008, 5077284, 4978532,
4898694, 4542129, 3711606 and 3710795. U.S. patent 4956355 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 immunodeficiency virus ("HIV™)
infection.

Various biological effects and/or metabolic conversions 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.
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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 Biochem. 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, lida 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, Lona,
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. N.Y. Acad.
Sci. 1995 774:323, Padgett et al., J. Immunol. 1994 153:1544-1552, Pashko et al.,
Carcinogenesis 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. N.Y. Acad. 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 53:524-31,
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.,
Endocrinology 1998 139:3903-3912, Wong et al.. J. Biol. Chem. 1999 274:5443-5453, Xie
et al., Endocrinology 1999 140:219-227, Yen et al.. Lipids 1977 12:409-413, Zackheim et
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al., Arch. Dermatology 1998 134:949-954, Zhang et al., Biochem. Biophys. Acta
1991
1096:179-186, Zhu et al., Carcinogenesis 1988 19:2101-2106.

Compositions containing BrEA that were used to deliver the compound to cells
or cell extracts usually included a significant amount of water. Such compositions
contained solvents such as dioxane or dimethylsulfoxide (“DMSQO”), which contained
water, or an aqueous cyclodextrin solutions to facilitate compound delivery to cells,
see, e.g., J.Pharmacol Exp. Ther. 1998, 285:876-83, Cancer Res. 1986 46:3389-95,
Carcinogenesis 1985 6:333-35, Carcinogenesis 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 suboptimal properties. For example, solvents
such as dioxane, DMSO or chloroform are generally not preferred or suitable
parenteral excipients, particularly for human use. Formulations that contain BrEA or
related steroids and that have improved properties, e.g., lower toxicity, improved
chemical stability or desirable characteristics for large-scale synthesis are needed.

Mammalian immune responses to infections or other conditions are often
characterized by responses mediated by different effector cell populations. In some
situations, helper T cells designated Th1 in the murine system, facilitate immune
effector functions that are typically dominated by cell-mediated responses. In other
cases, helper T cells designated Th2 cells facilitate immune effector functions that
are typically dominated by humoral responses. A vigorous Th1 response is usually
needed to clear infections ar to slow the nrogression ¢f 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.

H:\kimh\keep\Specis\39190-00 claims.doc 06/05/05
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is an FTIR (Fourier transform infrared) spectrum obtained by USP
method <197> of BrEA hemihydrate that was prepared by precipitation of BrEA from
ethanol and water. Figure 2 is a FTIR spectrum obtained by USP method <197> of
anhydrous BrEA that was prepared by precipitation of BrEA from anhydrous
methanol. Figure 3 shows a DSC endotherm of BrEA hemihydrate that was prepared
by precipitation of BrEA from ethanol and water. Figure 4 shows a DSC endotherm of
anhydrous BrEA that was prepared by precipitation of BrEA from anhydrous
methanol. Figure 5 is an XRD (powder X-ray diffraction) spectrum of BrEA
hemihydrate that was prepared by precipitation of BrEA from ethanal and water.
Figure 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

According to a first aspect of the invention, there is provided 16a-bromo-3p-
hydroxy-5a-androstan-17-one hemihydrate.

A second aspect of the invention provides 16a-bromo-3p-hydroxy-5a-
androstan-17-one hemihydrate as defined above substantially free of anhydrous
16a-bromo-3p-hydroxy-5a-androstan-17-one or substantially free of amorphous
16a-bromo-3@-hydroxy-5a-androstan-17-one.

A third aspect of the invention provides a pharmaceutical formulation
comprising 16a-bromo-3p-hydroxy-5a-androstan-17-one hemihydrate as defined
above and one or more excipients.

A fourth aspect of the invention provides a method to make 16a-bromo-3p-
hydroxy-5a-androstan-17-one hemihydrate comprising contacting water, 16a-
bromo-3B-hydroxy-5a-androstan-17-one and a C1-C6 alcohol.

A fifth aspect of the invention provides a method to treat and/or prevent an
infection in a subject comprising administering to the subject an effective amount of a
compound selected from the group consisting of 16a-bromo-3p-hydroxy-5a-
androstan-17-one hemihydrate and a compound having the structure

H:\kimh\keep\Specis\39180-00 daims.doc 06/05/05
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wherein, R' is -OH, -SH, -NH,, an ester, a thioester, a phosphoester, a sulfate
ester, an amide, an amino acid, a peptide, an ether, a thioether, a carbonate, a
carbamate, an optionally substituted monosaccharide, an optionally substituted
oligosaccharide or a polymer,

R®is -OH, -SH, -NH,, =0, =S, an ester, a thioester, a phosphoester, a sulfate
ester, an amino acid, an ether, a thioether, an acyl group, a thioacyl group, a
carbonate, a carbamate or a halogen;

R*is -OH, -SH, -NH,, an ester, a thioester, a phosphoester, a sulfate ester, an
amino acid, a peptide, an ether, a thioether, a carbonate, a carbamate, an optionally
substituted monosaccharide, an optionally substituted oligosaccharide or a polymer;
R®is -H or -CH,; and

R®is -CH2-, -O-, -S- or -CHR"’- where R'® is -OH, -SH, -N(H),, =O or =S.

A sixth aspect of the invention provides a method to treat and/or prevent an
inflammation condition or autoimmune disease in a subject comprising administering
to the subject an effective amount of a compound selected from the group
consisting of 16a-bromo-3p-hydroxy-5a-androstan-17-one hemihydrate and a
compound having the structure

~U 4
C ad

..3

wherein, R' is -OH, -SH, -NH,, an ester, a thioester, a phosphoester, a sulfate
ester, an amide, an amino acid, a peptide, an ether, a thioether, a carbonate, a
carbamate, an optionally substituted monosaccharide, an optionally substituted
oligosaccharide or a polymer;

R?is -OH, -SH, -NH,, =0, =S, an ester, a thioester, a phosphoester, a sulfate
ester, an amino acid, an ether, a thioether, an acyl group, a thioacyl group, a

H:\kimh\keep\Specis\39190-00 daims.doc 06/05/05
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carbonate, a carbamate or a halogen;

R*is -OH, -SH, -NH,, an ester, a thioester, a phosphoester, a sulfate ester, an
amino acid, a peptide, an ether, a thioether, a carbonate, a carbamate, an optionally
substituted monosaccharide, an optionally substituted oligosaccharide or a polymer;

R is -H or -CH;,; and

R%is -CH,-, -O-, -S- or -CHR"’- where R’ is -OH, -SH, -N(H)., =O or =S.

A seventh aspect of the invention provides pharmaceutical formulation
comprising one or more excipients and a compciund having the structure

CH; R

~ wherein, R'is -OH, -SH, -NH,, an ester, a thioester, a phosphoester, a sulfate
ester, an amide, an amino acid, a peptide, an ether, a thioether, a carbonate, a
carbamate, an optionally substituted monosaccharide, an optionally substituted
oligosaccharide or a polymer;

R%is -OH, -SH, -NH,, =0, =S, an ester, a thioester, a phosphoester, a sulfate
ester, an amino acid, an ether, a thioether, an acyl group, a thioacyl group, a
carbonate, a carbamate or a halogen;

R*is -OH, -SH, -NH, an ester, a thioester, a phosphoester, a sulfate ester, an
amino acid, a peptide, an ether, a thioether, a carbonate, a carbamate, an optionally

substituted monosaccharide, an optionally substituted oligosaccharide or a polymer;
RS is -H or -CH;; and

R®is -O-, -S- or -CHR'"- where R" is -OH, -SH, -N(H),, =O or =S.

An eighth aspect of the present invention provides use of a compound
selected from the group consisting of 16a-bromo-3p-hydroxy-5a-androstan-17-one
hemihydrate and a compound having the structure

CH; R*

wherein, R' is -OH, -SH, -NH,, an ester, a thioester, a phosphoester, a sulfate

H:\kimh\keep\Specis\39180-00 daims.doc 06/05/05
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ester, an amide, an amino acid, a peptide, an ether, a thioether, a carbonate, a
carbamate, an optionally substituted monosaccharide, an optionally substituted
oligosaccharide or a polymer;

R3is -OH, -SH, -NH,, =0, =S, an ester, a thioester, a phosphoester, a sulfate
ester, an amino acid, an ether, a thioether, an acyl group, a thioacyl group, a
carbonate, a carbamate or a halogen;

R*is -OH, -SH, -NH,, an ester, a thioester, a phosphoester, a sulfate ester, an
amino acid, a peptide, an ether, a thioether, a carbonate, a carbamate, an optionally
substituted monosaccharide, an optionally substituted oligosaccharide or a polymer,

R®is -H or -CHj3; and

R®is -CH2-, -O-, -S- or -CHR'- where R is -OH, -SH, -N(H),, =O or =S

in the manufacture of a medicament for the treatment and/or prevention of an
infection.

A ninth aspect of the present invention provides use of a compound selected
from the group consisting of 16a-bromo-3p-hydroxy-5a-androstan-17-one
hemihydrate and a compound having the structure

CH; R*

wherein, R' is -OH, -SH, -NH,, an ester, a thioester, a phosphoester, a sulfate
ester, an amide, an amino acid, a peptide, an ether, a thioether, a carbonate, a
carhamate an optionally substituted moncsacchaiide, ain Opliunaiiy substituted
oligosaccharide or a polymer;

R%is -OH, -SH, -NH,, =0, =S, an ester, a thioester, a phosphoester, a sulfate
ester, an amino acid, an ether, a thioether, an acyl group, a thioacyl group, a
carbonate, a carbamate or a halogen;

R*is -OH, -SH, -NH,, an ester, a thioester, a phosphoester, a sulfate ester, an
amino acid, a peptide, an ether, a thioether, a carbonate, a carbamate, an optionally
substituted monosaccharide, an optionally substituted oligosaccharide or a polymer;

R®is -H or -CH;; and

R?is -CH-, -O-, -S- or -CHR'- where R is -OH, -SH, -N(H), =O or =S

in the manufacture of a medicament for the treatment and/or prevention of an
inflammation condition or autoimmune disease.

H:\kimh\keep\Specis\39180-00 daims.doc 06/05/05
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A tenth aspect of the present invention provides use of a compound selected
from the group consisting of 16a-bromo-3p-hydroxy-5a-androstan-17-one
hemihydrate and a compound having the structure

4
CH; R

/

5 wherein, R' is -OH, -SH, -NH,, an ester, a thioester, a phosphoester, a sulfate
ester, an amide, an amino acid, a peptide, an ether, a thioether, a carbonate, a
carbamate, an optionally substituted monosaccharide, an optionally substituted
oligosaccharide or a polymer,;

R%is -OH, -SH, -NH,, =0, =S, an ester, a thioester, a phosphoester, a sulfate

10 ester, an amino acid, an ether, a thioether, an acyl group, a thioacyl group, a
carbonate, a carbamate or a halogen;

R*is -OH, -SH, -NH,, an ester, a thioester, a phosphoester, a sulfate ester, an
amino acid, a peptide, an ether, a thioether, a carbonate, a carbamate, an optionally
substituted monosaccharide, an optionally substituted oligosaccharide or a polymer;

15 R®is -H or -CHs; and

R® is -CH,-, -O-, -S- or -CHR'’- where R'® is -OH, -SH, -N(H),, =O or =S

for the treatment and/or prevention of an infection.

An eleventh aspect of the present invention provides use of a compound
selected from the group consisting of 16a-bromo-3p-hydroxy-5a-androstan-17-one
20  hemihvdrate and a comnound having the structure

CH; R*

wherein, R' is -OH, -SH, -NH,, an ester, a thioester, a phosphoester, a sulfate
ester, an amide, an amino acid, a peptide, an ether, a thioether, a carbonate, a
carbamate, an optionally substituted monosaccharide, an optionally substituted
25 oligosaccharide or a

H:\kimh\keep\Spedis\39190-00 daims.doc 06/05/05
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polymer;

R®is -OH, -SH, -NH,, =0, =S, an ester, a thioester, a phosphoester, a sulfate
ester, an amino acid, an ether, a thioether, an acyl group, a thioacyl group, a
carbonate, a carbamate or a halogen,

R*is -OH, -SH, -NH,, an ester, a thioester, a phosphoester, a sulfate ester, an
amino acid, a peptide, an ether, a thioether, a carbonate, a carbamate, an optionally
substituted monosaccharide, an optionally substituted oligosaccharide or a polymer;

R®is -H or -CH;; and

R? is -CH,-, -O-, -S- or -CHR'’- where R'? is -OH, -SH, -N(H),, =O or =S

for the treatment and/or prevention of an inflammation condition or
autoimmune disease.

DETAILED DESCRIPTION OF THE INVENTION

Definitions. As used herein and unless otherwise stated or implied by

context, the following terms have the meanings defined here.

An “invention formulation” or “formulation” means an invention composition
that one can administer parenterally to a human or animal without further
manipulations that change the ingredients or the ingredient proportions that are
present. Formulations are suitable for human or veterinary application.

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 processing is required before it is a formulation, e.g.,
mixing or addition of a desired amount of an ingredient.

An “excipient” means a component or an ingredient that is acceptable in the
sense of being compatible with the other ingrediente of invention compositions or
formulations 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, cottonseed oil, N,N-dimethylacetamide, a C,.,, alcohol (e.g.,
ethanol), glycerol, peanut oil, a polyethylene glycol (“PEG”), vitamin E, poppyseed
oil, propylene glycol, safflower oil, sesame oil, soybean oil and vegetavie oil.
Excipients, as used herein will optionally exclude chloroform, dioxane, vegetable oil,
DMSO or any combination of these. Excipients
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comprise one or more components typically used in the pharmaceutical formuiation arts,
e.g.. fillers, binders, disintegrants and lubricants.

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

‘e~
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ic and game anima
include cows, horses, pigs, deer, bison, buffalo, felines, e.g., domestic cat, canines, e.g.,
dog, avians, e.g., chicken, emu, ostrich, and fish, e.g., trout, catfish and salmon. Subject
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.

Expressions that refer to “a formula 1 compound(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.

“Alkyl” as used here means linked normal, secondary, 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 specified, e.g., C,s alkyl means an alkyl moiety
containing 1, 2, 3, 4, 5, 6, 7 or 8 carbon atoms. Examples include methyl, ethyi, 1-propyl
(n-propyl), 2-propy! (i-propyl, -CH(CHs),), 1-butyl (n-butyl), 2-methyl-1-propy! (i-butyl, -
CH,CH(CHas),), 2-buty! (s-butyl, -CH(CH3)CH,CHs ), 2-methyl-2-propy! (t-butyl, -C(CH,),),
1-pentyl (n-pentyl), 2-pentyl (-CH(CH,)CH,CH,CH,), 3-pentyl (-CH(CH,CHa),), 2-methyl-2-
buty! (-C(CH3),CH,CH,3), 3-methyl-2-butyl (-CH(CH3)CH(CHa).), 3-methyl-1-butyl (-
CH,CH,CH(CHa);), 2-methyl-1-butyl (-CH,CH(CH;)CH,CHj,), 1-hexyl, 2-hexyl (-
CH(CH;)CH,CH,CH,CHj), 3-hexyl (-CH(CH,CH3)(CH,CH,CH3)), 2-methyl-2-pentyl (-
C(CH,),CH,CH,CH,), 3-methyl-2-pentyl (-CH(CH;)CH(CH,)CH,CH3), 4-methyl-2-pentyl (-
CH(CH3)CH,CH(CHy3);), 3-methyl-3-pentyl (-C(CH3)(CH,CH,),), 2-methyl-3-pentyl (-
CH(CH,CH3)CH(CHs),), 2,3-dimethyl-2-butyl (-C(CH3),CH(CHj3),), 3.3-dimethyl-2-butyl (-
CH(CH,)C(CHa)s), cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.

“‘Alkenyl” means linked normal, secondary, tertiary 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 alkeny! group or moiety is 2 to about 20. unless
otherwise specified, e.g., Cy. alkenyl means an alkenyl moiety containing 1, 2, 3,4, 5, 6,7
or 8 carbon atoms.

“Alkynyl” means linked normal, secondary, tertiary 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 specified,
e.g., C,5 alkynyl means an alkynyl moiety containing 1, 2, 3. 4, 5, 6, 7 or 8 carbon atoms.

"Aryl" means phenyl or naphthyl.
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“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. Substituents include ethers (-O-), ketones (-C(O)-), -

ORPR _.c(0)ORPR -.c(0)0-, -C(S)ORPR, -¢(S)0-, -OC(0)-, -C(O)H, -OCH2-, -
OCH2CH2-, <OCH20-, -OCH2CH20-, -NRPR. N(RPR)5, -NHRPR _NHC(0)-, -CHp-
NRPR. _CH2-NHRPR, .CH2-NHC(0)-, -C(O)NH-, -C(O)NHRPR _OC(O)NRPR-, -
OC(O)NHRPR, -NRPRC(0)NRPR-, .NRPRC(O)NHRPR, -NRPRCH>-, -NRPRCH2CH3-, -
S-, -SRPR .5(0)-, -S(0)(0)-, -S(O)ORPR, -S(O)H. -CN, -NO2, halogen, and
combinations of these moieties where RPR independently is hydrogen, a protecting gr;Jup

or both RPR together are a protecting group. Substituents are independently 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.

Heterocycle. “Heterocycle" or “heterocyclic” includes by way of example and not
limitation the heterocycles described in Paquette, Leo A.; "Principles of Modern
Heterocyclic Chemistry" (W. 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. '

Examples of heterocycles include by way of example and not limitation pyridyl,
thiazolyl, tetrahydrothiophenyl, sulfur oxidized tetrahydrothiophenyl, pyrimidinyl, furanyl,
thienyl, pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl, benzofuranyl, thianaphthalenyl, indolyl,
indolenyl, quinolinyl, isoquinolinyl, benzimidazolyl, piperidinyl, 4-piperidonyl, pyrrolidinyl, 2-
pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl,
decahydroquinolinyl, octahydroisoquinolinyl, azocinyl, triaziny!, 6H-1,2,5-tniadiazinyi,
2H,6H-1,5,2dithiazinyl, thienyl, thianthreny!, pyranyl, isobenzofuranyl, chromenyl,
xanthenyl, phenoxathiinyl, 2H-pyrrolyl, isothiazolyl, isoxazolyl, pyrazinyl, pyridazinyl,
indolizinyl, isoindolyl, 3H-indolyl, 1H-indazoly, purinyl,v4H-quino|iziny|, phthalazinyl,
naphthyridinyl, quinoxaliny!, quinazolinyl, cinnolinyl, pteridinyl, 4aH-carbazolyl, carbazolyl,
B-carbolinyl, phenanthridinyl, acridinyl, pyrimidinyl, phenanthrolinyl, phenazinyl,
phenothiazinyl, furazanyl, phenoxazinyl, isochromanyl, chromanyl, imidazolidinyl,
imidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl, indolinyl, isoindolinyl, quinuclidinyl,
morpholiny!, oxazolidinyl, benzotriazolyl, benzisoxazolyl, oxindoly!l, benzoxazolinyl, and
isatinoyl.

By way of example and not limitation. carbon bonded heterocycles are bonded at
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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, 5-pyridyl, 6-pyridyl, 3-
pyridazinyl, 4-pyridazinyl, 5-pyridazinyl, 6-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5—
pyrimidinyl, 6-pyrimidinyl, 2-pyrazinyl, 3-pyrazinyl, 5-pyrazinyl, 6-pyrazinyl, 2-thiazolyl, 4-
thiazolyl, or 5-thiazolyl.

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, imidazole,
imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole, pyrazoline, 2-pyrazoline, 3-
pyrazoline, piperidine, piperazine, indole, indoline, 1H-indazole, 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-aziridyl, 1-azetedyl, 1-pyrrolyl, 1-
imidazolyl, 1-pyrazolyl, and 1-piperidinyl.

“Heteroaryl” means an aromatic ring or two or more fused rings tﬁat 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 (-S-) where X is -H, a protecting group or C,.
s alkyl, usually -H. Examples are as described for heterocycle.

“Alcohol” as used herein, usually in the context of excipients, means an alcohol
that comprises a C,.y, alkyl moiety substituted at a hydrogen atom with one hydroxyl
group. Alcohols include ethanol, n-propanol. i-propanol, n-butanol, i-butanol, s-butanol, ¢-
butanol, n-pentanol, i-pentanol, 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., C,.« alcohols (alcohols having 2, 3 or 4 carbon
atoms).

“Halogen™ means fluorine, chlorine, bromine or iodine.

“Protecting group” means a moiety that prevents the atom to which it is linked from
participating in unwanted reactions. For example. for -OR”®, R"® may be hydrogen or a
protecting group for the oxygen atom found in a hydroxy!, while for -C(0)-OR"®, RP® may
be hydrogen or a carboxy! protecting group, for -SR"?, R"® may be hydrogen or a
protecting group for sulfur in thiols for instance, and for -NHR® or -N(R"®),-, R"R 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., R' or R
These groups may require protection against reactions taking place elsewhere in the
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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.

“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.,
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nucleus at, e.g., R' or R? through the -C(0)-O- structure, e.g., organic moiety-C(O)-O-
steroid or organic moiety-O-C(O)-steroid. The organic moiety usually comprises one
or more of any of the organic groups described above, e.g., C,.z0 alkyl moieties, C.2
alkenyl moieties, C,.5 alkynyl moieties, aryl moieties, C,.q 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(0)-, =0, =S, -N(R?), (including -NH,), -C(O)OR™®
(including -C(O)OH), -OC(O)R™® (including -O-C(0)-H), -ORPR (including -OH), -SR"R
(including -SH), -NO_, -CN, -NHC(O)-, -C(O)NH-, -OC(0)-, -C(0)O-, -O-A8, -S-A8, -
C(0)-A8, -OC(0)-A8, -C(0)O-A8, =N-, -N=, =N-OH, -OPO;(R"?),, -OSO;3H, or
halogen moieties or atoms, where each R"® is -H, an independently selected
protecting group or both R® together comprise a protecting group, and A8 is C.5
alkyl, C, alkenyl, C,.s alkynyl, C,4 alkyl-aryl (e.g., benzyl), aryl (e.g. phenyi) or Co.4
alkyl-C,.5 heterocycle. Substitutions are independently chosen. The organic moiety
includes compounds defined by the R4 variable. The organic moieties exclude
obviously unstable moieties, e.g., -O-O-, except where such unstable moieties are
transient species that one can use to make a compound with sufficient 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, -NH, or -OH.

“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 O to about 10 heteroatoms (e.g., O, S, N, P, Si),
where the organic moiety is bonded to a formula 1 steroid nucleus at R? through the -C(S)-
O- structure, e.g., organic moiety-C(S)-O-steroid or organic moiety-O-C(S)-steroid. The
organic moiety is as described above for esters.

“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 1_0 heteroatoms (e.g., O, S, N, P, Si),
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where the organic moiety is bonded to a formula 1 steroid nucleus at R? through the -C(O)-
S- structure, e.g., organic moiety-C(O)-S-steroid or organic moiety-S-C(O)-steroid. The
organic moiety is as described above for esters.

‘Phosphoester” or "phosphate ester” means a moiety that comprises a
-0-P(OR?)(0)-O- structure where R is hydrogen (-H), a protecting group or an organic
moiety as de i
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 R'-R%, R', R'®, R" or R'® through the -O-P(0)(O)-O- structure, e.g., organic
moiety-O-P(O)(OH)-O-steroid. The organic moiety is as described above for esters.

“‘Phosphothioester” means a moiety that comprises a -O-P(SR”?)(0)-O- structure
where R™ 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 R'-R®, R'’, R, R" or R'®
through the -O-P(0O)(0O)-O- structure, e.g., organic moiety-O-P(O)(SH)-O-steroid. The
organic moiety is as described above for esters.

“Phosphonoester’ means a moiety that comprises a -P(OR”®)(0)-O- structure
where RPR is -H, a protecting group or an organic moiety as described for esters.

Typically, phosphonoesters 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 R'-R®, R'®, R, R" or R"®
through the -P(ORPR)(0)-O- structure, i.e., organic moiety-P(OR"?)(0)-O-steroid or steroid-
P(ORP®)(0)-0O-organic moiety. The organic moiety is as described above for esters.

“Phosphiniester” means a moiety that comprises a -P(ORPR)-O- structure where
R"Mis-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 heteroatoms (e.g., O, S, N,
P, Si) linked to a formula 1 steroid nucleus at R'-R®, R'®, R'®, R or R'® through the -
P(ORPR)-O- structure, i.e., organic moiety-P(OR"?)-O-steroid or steroid-P(OR"®)-O-organic
moiety. The organic moiety is as described above for esters.

“Sulfate ester means a moiety that comprises a -O-S(0)(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 heteroatoms (e.g.,
0. S, N. P, Si) linked to a formula 1 steroid nucleus at R'-R®, R, R'®, R"" or R'® through
the -O-S(0)(O)-O- structure, e.g., organic moiety-O-S(0O)(O)-O-steroid. The organic

moiety is as described above for esters.
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“Sulfite ester” means a moiety that comprises a -O-S(0O)-O- structure. Typically,
sulfite esters as used here comprise 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 R'-R®%, R'®, R', R" or R through the -O-S(0)-O- structure, e.g., organic
moiety-O-S(0O)-O-steroid. The organic moiety is as described above for esters.

“Thioacetal” means a moiety that compris
thioacetal grbups as used here comprise 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 R'-R®%, R, R, R" or R'® through the -S-C(O)- structure, e.g., organic moiety-
S-C(O)-steroid or steroid-S-C(O)-organic moiety. The organic moiety is as described
above for esters.

“Amide” means an organic moiety as described for ester that comprises 1, 2, 3, 4
or more -C(O)-NR""- moieties, usually 1 or 2, where R™? is -H or a protecting group, R is
usually H. In some embodiments, the -C(O)NR"R- group is linked to the steroid nucleus at
R'-R® R', R'®, RV or R', i.e., organic moiety-C(O)NR"R-steroid or steroid-C(O)NRPR-
organic moiety.

“Ether” means an organic moiety as described for ester that comprises 1, 2, 3, 4 or
more -O- moieties, usually 1 or 2. In some embodiments, the -O- group is linked to the
steroid nucleus at R'-R®, R"®, R'>, R" or R'®, e.g., organic moiety-O-steroid.

“Thioether" means an organic moiety as described for ester that comprises 1, 2, 3,
4 or more -S- moieties, usually 1 or 2. In some embodiments, the -S- group is linked to
the steroid nucleus at R'-R®, R'®, R'*, R' or R e.g., organic moiety.-S-steroid.

“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 R'-R®, R, R'®, R or R'®, e.g., organic moiety-C(O)-steroid.

“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 R'-R®, R, R'*, R" or R", e.g., organic moiety-C(S)-steroid.

“Carbonate” means an organic moiety as described for ester that comprises 1, 2, 3,
4 or more -O-C(0)-O- structures. Typically, carbonate groups as used here comprise 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 R'-R®, R'®, R'®, R'" or R'® through
the -O-C(0O)-O- structure, e.g., organic moiety-O-C(0O)-O-steroid.

“Carbamate” means an organic moiety as described for ester that comprises 1, 2,
3. 4 or more -O-C(O)NR"®- structures where R™ is -H, a protecting group or an organic
moiety as described for ester. Typically, carbamate groups as used here comprise an
organic moiety containing about 1-50 carbon atoms and O to about 10 heteroatoms (e.g.,
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0, S, N, P, Si) linked to a formula 1 steroid nucleus at R'-R®, R*, R'>, R" or R'® through
the -O-C(0)-NR"?- structure, e.g., organic moiety-O-C(Q)-NR""-steroid or steroid-O-C(O)-
NR"R-organic moiety.

As used herein, "monosaccharide" means a polyhydroxy aldehyde or ketone
having the empirical formula (CH20)» where n is 3, 4, 5, 6 or 7. Monosaccharide includes
open chain and closed chain forms, but will usually be closed chain forms.
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-isomers of glucose,
fructose, mannose, idose, galactose, allose, gulose, altrose, talose, fucose, erythrose,
threose, lyxose, erythrulose, ribulose, xylulose, ribose, arabinose, xylose, psicose,
sorbose, tagatose, glyceraldehyde, dihydroxyacetone and their monodeoxy derivatives
such as rhamnose. Monosaccharides are optionally protected or partially protected. ‘

Optionally substituted alkyl group, optionally substituted alkeny! group, optionally
substituted alkynyl group, optionally substituted aryl moiety and optionally substituted
heterocycle mean substitutions that include C,_;, alkyl moieties, C,.,0 alkenyl moieties, C,.
20 alkynyl moieties, aryl moieties, C,.g 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-, -NRPR- -C(0)-, -N(RP®),, -C(O)ORP®, -OC(O)R™R, -OR"R, -SR"?, -NO,, -CN, -
NHC(O)-, -C(O)NH-, -OC(0)-, -C(0)O-, -O-A8, -S-A8, -C(0)-A8. -OC(0)-A8, -C(0O)O-A8,
=N-, -N=, -OPO,RR, -OSO,H or halogen moieties or atoms, where R°® independently is -
H, a protecting group or both RPR together are a protecting group and A8 is Cy.s alkyl, C,4
alkenyl, C,.s alkynyl, C,.4 alkyl-aryl (e.g., benzyl), aryl (e.g. phenyl) or C,4 alkyl-C,.s
heterocycle. Substitutions are independently chosen. The organic moieties 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 transient species that one
can use to make a compound with sufficient chemical stability for the one or more of the
uses described herein.

Optionally substituted “monosaccharide” comprise any C3-C7 sugar, D-, L- or DL-
configurations, e.g., erythrose, glycerol. ribose, deoxyribose, arabinose, glucose,
mannose, galactose, fucose, mannose, glucosamine, N-acetylneuraminic 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-C,.s alkyl, -S-C,.6 alkyl, -O-C,. alkenyl, -S-C, alkenyl, optionally
protected amine, optionally protected carboxyl, halogen, thiol or protected thiol. The

linkage between the monosaccharide the steroid is « or f3.
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Optionally substituted “oligosaccharide” comprises 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-configurations. Suitable sugars and substitutions are as described for
monosaccharides. The linkage between the oligosaccharide and the steroid is a or 3, as
are the linkages between the monosaccharides that comprise the oligosaccharide.

Nucleoside includes 3TC, AZT. D4T. dd!l, ddC, G, A, U C, T, dG, dA, dT and dC.

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

PEG means an ethylene glycol polymer that contains about 20 to about 2000000
linked monomers, typically about 50-1000 linked monomers, usually about 100-300.
Polyethylene glycols include PEGs containing various numbers of linked monomers, e.g.,
PEG20, PEG30, PEG40, PEG60, PEG80, PEG100, PEG115, PEG 200, PEG 300,
PEG400, PEG500, PEG600, PEG 1000, PEG1500, PEG2000, PEG 3350, PEG4000,
PEG4600, PEG5000, PEG6000, PEG8000, PEG 11000, PEG12000, PEG2000000 and
any mixtures thereof.

Amino acid. “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 (a) 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 deesterification, 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.

In general, the amino acids corresponding to the residues employed in the
invention compounds are naturally occurring and have no signiﬁc.ant pharmacological
activity per se. However, optimal pharmacokinetic activity, (substantially 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 a
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
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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 R? and R? are independently selected
hydrogen or organic moieties as described above for esters. In some embodiments one of
R?* and R? 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 § independently selected

heteroatoms, which are typically selected from oxygen, nitrogen, sulfur and phosphorus.
In general, fewer intervening atoms are used when more rapid hydrolysis is desired,
although larger structures are suitable if, e.g., they possess sufficient flexibility or have
conformations to allow positioning of the carboxyl group in proximity to the amino acid-
steroid bond.

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 analogs
where the side chain is a C,.,s homolog of the corresponding natural compound, e.g.,
methylene, ethylene, propylene, 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, e.g. by esterification or
amidation wherein the ester or amide bonds are hydrolyzable in vivo. R22 also is taken
together with R39 to form a proline residue (-CH,-);. Thus, R23 is generally a side group
such as -H, -CHj3, -CH(CHj3)3, -CH>-CH(CH3)2, -CHCH3-CH»-CHj3, -CH>-CgHs, -CH2CHa-
S-CHj3, -CH,0H, -CH(OH)-CHj3, -CH»-SH, -CH>-CgH40H, -CH2-CO-NH», -CH>-CH>-CO-
NH,, -CH>-COOH, -CH>-CH>-COOH, -(CH>)4-NH» and -(CH>)3-NH-C(NH»)-NH,. R23
also includes 1-guanidinoprop-3-yl, benzyl, 4-hydroxybenzyl, imidazol-4-yl, indol-3-yl,
methoxyphenyl and ethoxyphenyl. The optimal R30 group is readily selected using routine
assays.

In general, the amino acid residue has the structure shown in the formulas below.
Ordinarily, nis 1 or 2, R22is -H and R23 is a moiety containing one or more of the following
groups: amino, carboxyl, amide, carboxyl ester, hydroxyl, C¢-C7 aryl, ether ('-O-), thioether

(-S-), n-, s- or t-alkyl (C| - Cg), guanidinyl, imidazolyl, indolyl, sulfhydryl, sulfoxide, and

phosphoryl. The R22 and R23 substituents can have a wide variety of structures including
those disclosed herein, e.g., esters, ethers or carbonates.

When the amino acid residues contain one or more chiral centers, any of the D, L,
meso, threo or erythro (as 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
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they can be susceptible to both non-enzymatic as well as potential targeted enzymatic
hydrolysis, and are more efficiently transported by amino acid or dipeptidy! transport
systems in the gastrointestinal tract.

Examples of suitable amino acid residues include the following: Glycyl,
aminopolycarboxylic acids, e.g., aspartic acid, B-hydroxyaspartic acid, glu'tamic acid, -
hydroxyglutamic acid, 3-methylaspartic acid, B-methylglutamic acid, 3, 3-dimethylaspartic
acid, y-hydroxyglutamic acid, B.y-dihydroxyglutamic acid, B-phenylglutamic acid, y-
methyleneglutamic acid, 3-aminoadipic acid, 2-aminopimelic acid, 2-aminosuberic acid
and 2-aminosebacic acid residues; amino acid amides such as glutaminy! and
asparaginyl; polyamino- or polybasic-monocarboxylic acids such as arginine, lysine, -
aminoalanine, y-aminobutyrine, ornithine, citruline, homoarginine, homocitrulline, 5-
hydroxy-2,6-diaminohexanoic acid (commonly, hydroxylysine, including allohydroxylysine)
and diaminobutyric acid residues; other basic amino acid residues such as histidinyl;
diaminodicarboxylic acids such as a,a'-diaminosuccinic acid, a,a'-diaminoglutaric acid,
a,a’-diaminoadipic acid, a,a'-diaminopimelic acid, a,a'-diamino-p-hydroxypimelic acid,
a,a'-diaminosuberic acid, a,a'-diaminoazelaic acid, and a,a'-diaminosebacic acid
residues; imino acids such as proline, 4- or 3-hydroxy-2-pyrrolidinecarboxylic acid
(commonly, hydroxyproline, including allohydroxyproline), y-methylproline, pipecolic acid,
5-hydroxypipecolic acid, -N({[CH2JnCCORPR),, whereinnis 1, 2, 3, 4, 5 or 6 and RPR js —-H
or a protecting group, and azetidine-2-carboxylic acid residues; a mono- or di-alkyl
(typically Cy - Cg branched or normal) amino acid such as alanine, valine, leucine,
allylglycine, butyrine, norvaline, norleucine, heptyline, a-methylserine, a-amino-a-methyl-y-
hydroxyvaleric acid, a-amino-a-methyl-3-hydroxyvaleric acid, a-amino-a-methyl-e-
hydroxycaproic acid, isovaline, a-methylglutamic acid, a-aminoisobutyric acid, a-
aminodiethylacetic acid, a-aminodiisopropylacetic acid, a-aminodi-n-propylacetic acid, a-
aminodiisobutylacetic acid, a-aminodi-n-butylacetic acid, a-aminoethylisopropylacetic acid,
a-amino-n-propylacetic acid, a-aminodiisoamyacetic acid, a-methylaspartic acid, a-
methylglutamic acid, 1-aminocyclopropane-1-carboxylic acid; isoleucine, alloisoleucine,
tert-leucine, 3-methyltryptophan and a-amino--ethyl-3-pheny!propionic acid residues; p-
phenylserinyl; aliphatic a-amino-B-hydroxy acids such as serine, 3-hydroxyleucine, -
hydroxynorleucine, B-hydroxynorvaline, and a-amino-p-hydroxystearic acid residues; a-
Amino, a-, y-, 8- or e;hydroxy acids such as homoserine, y-hydroxynorvaline, &-
hydroxynorvaline and epsilon-hydroxynorleucine residues: canavinyl and canalinyl; y-
hydroxyornithinyl; 2-Hexosaminic acids such as D-glucosaminic acid or D-galactosaminic

acid residues; a-amino-f-thiols such as penicillamine, B-thiolnorvaline or B3-thiolbutyrine
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residues; other sulfur containing amino acid residues including cysteine; homocystine; -
phenylmethionine; methionine; S-allyl-L-cysteine sulfoxide; 2-thiolhistidine; cystathionine;
and thiol ethers of cysteine or homocysteine; phenylalanine, tryptophan and ring-
substituted a amino acids such as the phenyl- or cyclohexylamino acids a-
aminophenylacetic acid, a-aminocyclohexylacetic acid and a-amino-B-cyclohexy!propionic
acid; phenylalanine analogues and derivatives comprising ary!, lower alky!, 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-nitro-phenylalanine); furyl-, thienyl-, pyridyl-,
pyrimidinyl-, purine or naphthylalanines; and tryptophan analogues and derivatives
including kynurenine, 3-hydroxykynurenine, 2-hydroxytryptophan and 4-carboxytryptophan
residues; a-amino substituted amino acid residues including sarcosine (N-methylglycine),
N-benzylglycine, N-methylalanine, N-benzvlalanine, N-methylphenylalanine, N-
benzylphenylalanine, N-methylvaline and N-benzylvaline; and a-Hydroxy and substituted
a-hydroxy amino acid residues including serine, threonine, allothreonine, phosphoserine
and phosphothreonine residues.

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

Also of interest are hydrophobic amino acids such as mono-or di-alkyl or ary!
amino acids, cycloalkylamino acids and the like. These residues, together with R29- R34
(R31-R34 are defined below) can contribute to cell permeability by modulating the
lipophilicity of a formula 1 or formula 2 compound. Typically, the residue does not contain
a sulfhydryl or guanidino substituent.

Peptide. One, 2. 3 or more of R'-R* can comprice 2 "peptidc”, i.c., tWo oFf moie
amino acids as defined 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 first residue and the next residue
distal to the steroid residue. Such cleavage sites are optionally flanked by enzymatic
recognition structures, e.g. particular residues recognized by a hydrolytic enzyme, e.g., a

peptidase located in the serum or in cells.
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Peptidolytic enzymes are well known, and in particular include carboxypeptidases.
Carboxypeptidases digest polypeptides by removing C-terminal residues, and are specific
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 a-amino group to
the steroid nucleus. It is expected that the peptide will be cleaved by the appropriate
dipeptidase, protéase or by chemical hydrolysis, leaving the carboxyl of the proximal
amino acid residue to autocatalytically cleave the amidate bond.

Examples of suitable dipeptidyl groups (designated by their single letter symbols)
are shown in the table below.

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
| lle isoleucine
L Leu leucine
T Thr threonine
\% Val valine
P Pro proline
K Lys lysine
H His histidine
Q GIn glutamine
E Glu glutamic acid
w Trp tryptophan
R Arg arginine
D Asp aspartic acid
N Asn asparagine
C Cys cysteine

Dipeptides

AA, AR, AN, AD, AC, AE, AQ, AG, AH. Al, 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, EP, ES, ET, EW, EY, EV, QA, QR,
QN, QD, QC, QE, QQ, QG. QH, Ql, QL, QK, QM, QF, QP, 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, I, IL, IK, IM, IF, IP, IS, IT, IW. 1Y, 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, KiI,
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,
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. PV, SA, SR, SN, SD, SC, SE, SQ, SG, SH, S|, SL, SK,
TA.TR. TN, TD, TC, TE, TQ, TG, TH, TI, TL, TK, TM™,
P, .TV.WA,WRWNWDWCWEWQWGWHWIWLWK
WM, WF, WP WSWTWW.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 W

<

Such dipeptides include species where both amino acids are in the L configuration.
the D configuration or mixtures of configurations.

Tripeptides, i.e., 3 linked amino acid residues, are also useful embodiments.
Tripeptides include those where A,C, D, E,F, G, H,|,K,L,M,N,P,Q,R,S, T.V.WorY
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 benzy! 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 Gl 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.

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) R¥Z-NH-{[C(R®)(R¥)],-C(0)-N(R*")}~[C(R*®*)(R*®)],-C(O)-O-steroid,
(B) R¥-04C(0)-[C(R*)(R*)])4-N(R*")},-C(O)-[C(R¥)(R*)])-N(R*")-O-steroid, or
(C) R*®-0-{C(0)-[C(R®)(R¥)]¢-N(R*)}.-C(O)-[C(R**)(R¥)]-N(R*')-C(O)-O-steroid, wherein
(A), (B) or (C) are independently selected and they are bonded to 1, 2, 3 or more of R’
twougih R, where each R*°-R** I1s independently selected; R? independently are -H or a
C1-20 organic moiety (e.g., C, alkyl, e.g. -CHj or -C,Hs); R30 independently are the side
chain of an amino acid, including the side chain of naturally occurring amino acids as
described above, e.g., -H, -CHj, -CH,CeHs; R*'is -H or a protecting group; R*? and R*
independently comprise -H, a protecting group, an ester or an amide where each atom or
group is independently chosen; a, b, ¢ and d independently are 1, 2, 3, 4 or 5, usually 1; e,
f and g independently are an integer from O to about 1000, typically they independently are
0.1,2,3.4,5,6,70r8; a, b, canddindependently are 1 or 2; e, f and g independently
are0,1,2,3,40r5. _

If the amino acid(s) or residue(s) has 2 or more amine groups, e.g., a lysinyl or

arginyl. or ornithinyl residue. then R? is usually -H and R30 may comprise -
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[C(R34)7),oN(RPR)- where n2is 0, 1, 2, 3, 4, 5 or 6, RPR is —H or a protecting group and
each R34 independently is -H, C|-Caq optionally substituted alkyl, C¢-Cag optionally
substituted aryl, C7-C,¢ optionally substituted alkylaryl, C7-C5¢ optionally substituted
arylalkyl, C|-Co¢ optionally substituted alkoxy, C¢-Coq optionally substituted aryloxy or
hydroxyl. Such compounds will contain a plurality of steroid moieties. For example when
both the epsilon (¢) or delta (8) and alpha (o) 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.

Salt. Invention embodiments include salts and complexes of invention compounds
(formula 1 compounds), including pharmaceutically acceptable or salts that are relatively
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 about 4-10,
that can participate in forming a salt, a complex, a composition with partial salt and partial
complex properties 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 optionally used with
synthetic intermediates of invention compounds. When a water-soluble composition is
desired, monovalent salts are usually used.

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

Ceniters vitiivenuon cumpounds, SUCn as basic centers on the invention pynmidine 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.

Salt(s) of invention compounds may comprise a combination of appropriate cations
such as alkali and alkaline earth metal ions or ammonium and quaternary ammonium ions
with the acid anion moiety of the phosphoric acid or phosphonic acid group, which may be
present in invention polymers or monomers.

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 bése is reacted in an organic
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solution containing the acid, in which case the salt usually separates directly or one can
concentrate the solution.

Suitable amine salts include amines having sufficient basicity to form a stable salt,
usually amines of low toxicity including trialkyl amines (tripropylamine, triethylamine,
trimethylamine), procaine, dibenzylamine, N-benzyl-betaphenethylamine, ephenamine,
N,N'-dibenzylethylenediamine, N-ethylpiperidine, benzylamine and dicyclohexylamine.

Salts include organic sulfonic acid or organic carboxylic acid salts, made for
example by addition of the acids to basic centers, typically amines. Exemplary sulfonic
acids include Cg-16 aryl sulfonic acids, Cg-16 heteroaryl sulfonic acids and C1-16 alkyl
sulfonic acids such as phenyl sulfonic acid, a-naphthalene sulfonic acid, B-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 C1-1g alkyl, Cg-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.

Invention salts include those made from inorganic acids, e.qg., HF, HCI, HBr, HI,
H2S04, H3PO4, Na2CO3, K2CO3, CaCOg3, MgCO3 and NaClO3. Suitable anions, which

++ ++

are optionally present with a cationsuchaCa ', Mg ', Li*, Na® or K+, include arsenate,
arsenite formate, sorbate, chlorate, perchlorate, periodate, dichromate, glycodeoxycholate,
cholate, deoxycholate, desoxycholate, taurocholate, taurodeoxycholate, taurolithocholate,

tetraborate, nitrate, nitrite, sulfite, sulfamate, hyposulfite, bisulfite, metabisulfite, thiosulfate,

thiocyanate, silicate, metasilicate, CN-, gluconate, gulcuronate, hippurate, picrate,
hydrosulfite, hexafluorophosphate, hypochlorite, hypochlorate, borate, metaborate,
tungstate and urate.

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.

The invention compositions include compounds in their un-ionized, as well as
zwitterionic form, and combinations with stoiochimetric amounts of water as in hydrates.

Stereoisomers. The compounds of the invention (formula 1 compounds) 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
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or diastereomeric partners, and these are all within the scope of the invention. Chiral

centers may be found in invention compounds at, for example, R1, R2, R® and R4.

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 stereospecific synthesis from chiral
precursors before chromatographic resolution hefore spontaneous crystallization,

Stereospecific 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 racemization at chiral sites. One
advantage of stereospecific synthesis is that it does not produce undesired enantiomers
that must be removed from the final product, thereby lowering overall synthetic yield. In
general, those skilled in the art would understand what starting materials and reaction
conditions should be used to obtain the desired enantiomerically enriched or pure isomers
by stereospecific synthesis.

If a suitable stereospecific synthesis cannot be empirically designed or determined
with routine experimentation 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 separated
by HPLC. See for example, Proceedings Chromatographic Society - International
Symposium on Chiral Separations, Sept. 3-4, 1987. Examples of chiral columns that could
be used to screen for the optimal separation technique would include Diacel Chriacel OD,
Regis Pirkle Covalent D-phenylglycine, Regis Pirkle Type 1A, Astec Cyclobond Il, Astec
Cyclobond lll, 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 cclumns 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 nct esterified or amidated.

Another method entails converting the enantiomers in the mixture to diasteriomers
with chiral auxiliaries and then separating the conjugates by ordinary column
chromatography. 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
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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.

Enzymatic resolution is another method of potential 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 stereospecific cleavage, so it is frequently necessary to routinely
screen several enzymes. If esters are to be cleaved, then one selects a group of
esterases, phosphatases, and lipases and determines their activity on the derivative.
Typical esterases are from liver, pancreas or other animal organs, and include porcine
liver esterase.

If the enatiomeric mixture separates from solution or a melt as a conglomerate, i.e.,
a mixture of enantiomerically 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.

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 specific then the
product will be enriched in that enantiomer.

Further guidance in the separation of enantiomeric mixtures can be found, by way
of example and not limitation, in "Enantiomers, Racemates, and resolutions”, Jean
Jacques. Andre Collet, and Samuel H. Wilen (Krieger Publishing Company, Malabar, FL,
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, Crystallization-
Induced Asymmetric Transformations, pages 369-378, and section 7, Experimental
Aspects and Art of Resolutions, pages 378-435; still more particularly, section 5.1.4,
Resolution of Alcohols, Transformation of Alcohols into Salt-Forming Derivatives, pages
263-266. section 5.2.3, Covalent Derivatives of Alcohols, Thiols, and Phenols, 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
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Sulfoxides, pages 335-339, and section 5.2.7, Chromatographic Behavior of Covalent
Diastereomers, pages 348-354.

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% propylene glycol means 20% v/v
nropylene glycol is present in an invention com

position 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.

As used herein, “innate immunity” refers to one or more components typically
associated with nonspecific immune defense mechanisms in a subject. These components
include the alternate complement pathway, e.g., Factor B, Factor D and properdin; NK
cells, phagocytes (monocytes, macrophages), neutrophils, eosinophils, dendritic cells,
fibrocytes; 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., intracellular bacteria
such as mycobacteria, or Listeria inhibit.

As used herein, references to CD molecules, specific 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 scientific literature. References to ThO, 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 ThO, 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 |. Kimber and M.K. Selgrade, editors, T Lymphocyte Subpopulations in
Immunotoxicology, John Wiley & Sons Ltd., 1998, ISBN 0-471-97194-4, pages 1-53.

“Immunosuppressive molecule” means molecules such as cyclosporin,
cyclohexamide, mitomycin C, adriamycin, 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.
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“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 receptors. 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 (CARp),, and
heterodimers, e.q.. 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 CARf3 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 steroid 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 (including 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.

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 (i) a DNA recognition sequence (“DNARS" hereafter), i.e.,
a sequence that the steroid receptor specifically recognizes and binds to and (ii) a
transcription factor that can bind to the steroid receptor-formula 1 compound complex. 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 compound
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, steroid receptor homodimer-formula
1 compound-DNA (or DNARS) combinations, steroid receptor heterodimer-formula 1
compound-transcription factor combinations, steroid receptor homodimer-formula 1
compound-transcription factor combinations, steroid receptor heterodimer-formula 1
compound-DNA (or DNARS)-transcription factor combinations and steroid receptor
homodimer-formula 1 compound-DNA (or DNARS)-transcription factor combinations.

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
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decreased transcription of a regulated gene. Receptors (and transcription factors) can
modulate transcription of their target gene(s) by enhancing transcription or decreasing it.

General methods. Methods have been described, for example Karl Fischer (KF)
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 KF Coulometer or equivalent) according
to a published procedure (U.S. Pharmacopoeia, vol. 23, 1995, chapter <921>, U.S.
Pharmacopeial 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 five place analytical balance (Sartorius, Model RC210D, or a suitable equivalent).
The amounts of water specified in invention compositions and formulations is the amount
obtained by KF analysis.

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., Rockville, MD; Stout et al., X-Ray Structure
Determination; A Practical Guide, MacMillan Co., New York, N.Y., 1986). The diffraction
pattem, 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 preferred orientation effects arising from differences in, e.g.,
crystal habit, particle size or other measurement conditions. Peaks on XRD spectra are
typically defined 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.

Other techniques that are used to identify or describe a crystalline material such as
BrEA hemihydrate include melting point (MP), differential scanning calorimetry (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
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infrared 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
wavelengths. '

Invention Embodiments. 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 ciystalline BrEA hemihydrate refers to solid
BrEA and water having an ordered arrangement of substantially all of the constituent
molecules in a defined three-dimensional spatial pattern or lattice. Crystalline BrEA
hemihydrate may comprise one or more crystal habits, e.g., tablets, rods, plates or
needles. BrEA hemihydrate that is substantially free of other forms of BrEA means a dry or
substantially dry (where a liquid(s) comprises less than about 10% w/w of the total weight)
solid preparation where more than about 55% w/w of the BrEA in the preparation is
present as BrEA hemihydrate. Such compositions typically comprise at least about 560%
w/w, or at least about 70% w/w, or at least about 80% w/w, usually at least about 90% w/w
or at least about 95% wi/w, or at least about 98% w/w of BrEA hemihydrate, with the
remaining BrEA being present as other forms of BrEA such as the amorphous or
anhydrous BrEA. Solid BrEA hemihydrate will typically comprise at least about 90% w/w,
usually at least about 97% or about 98% w/w of the compound and less than about 10%
w/w, usually less than about 3% or 2% w/w of by-products, which may include the 163
isomer of BrEA or one or more by-products of BrEA synthesis. Often the amount of solid
BrEA that is present in a solid or a liquid medium will not contain detectable amounts of
other forms of BrEA (using standard analytical methods such as, e.g., FTIR, DSC or XRD)
and the hemihydrate will may thus comprise about 99-100% w/w of the total amount of
BrEA that is present.

Other invention embodiments include compositions that comprise a substantial
amount of BrEA hemihydrate that is present in compositions that comprise one or more
other forms of BrEA, e.g., amorphous BrEA or anhydrous BrEA, and optionally one or
more additional components, such as any excipient described herein. As used herein, the
“substantial amount” of BrEA hemihydrate in these compositions comprises at least about
15-20% wiw or at least about 20% w/w of BrEA hemihydrate of the total amount of BrEA
that is present, typically at least about 25% w/w, more typically at least about 30% wi/w,
often at least about 35% w/w and usually at least about 45% w/w. These compositions are
generally solids, e.g., formulations or unit dosages, but they also include suspensions,
precipitates, gels and colloids that contain solid BrEA. Such suspensions or precipitates
may arise from, e.g., precipitation of BrEA hemihydrate from a solution that contains water
or from addition of solid BrEA to a liquid excipient(s). Obviously, compositions that
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comprise a substantial amount of BrEA may be substantially free of other forms of solid
BrEA as discussed above.

BrEA hemihydrate may conveniently be identified by reference to BrEA
hemihydrate characterized by one or more of (1) its melting or decomposition point or
range (optionally expressed as +/- 2°C), (2) one or more BrEA hemihydrate DSC transition
temperatures or ranges (any of which may be aptionally expressed as +/- 2°C), (3) one or
more characteristic BrEA hemihydrate IR absorption bands, (4) 1,V 2, 3,4, 5, 6 ormore of
the highest intensity XRD peaks (any one or more of which are optionally expressed as +/-
0.1° Theta or +/- 0.2° Theta) obtained from an XRD spectrum of BrEA hemihydrate using
Cu-Ka radiation (e.g., obtained essentially according to the method described at U.S.
Pharmacopoeia, volume 23, 1995, <941>, p.1843-1845), (5) the presence of less than
about 3% or less than about 2% w/w of other compounds, (6) a water content of dry BrEA
hemihydrate of about 2.5% w/w (e.g., 2.3-2.7% w/w), where dry BrEA hemihydrate means
compound dried by filtration, optionally washed once with an anhydrous solvent such as
hexane, filtered again and dried in vacuo at about 60°C until no further weight loss occurs
over 24 hours at about 60°C (e.g., where water content is determined essentially by the
Karl Fisher or other method described at U.S. Pharmacopoeia, vol. 23, 1995, p 1801-1802
or 1840-1843 methods <731> or <921>), (7) cell constants and the orientation matrix
obtained from single crystal X-ray crystallography of BrEA hemihydrate (obtained, e.g.,
essentially as described in WO 99/04774 at example 13), (8) a description of crystal
shapes as observed at about 100X magnification to about 150X magnification by polarized
light microscopy or (9) average BrEA hemihydrate crystal size and shape descriptions.

Thus, for example, BrEA hemihydrate may be characterized by or one or more of
its IR absorption bands, e.g., the carbonyl peaks at 1741 cm™ and 1752 cm™, and either its
melting or decomposition point or range and/or 1, 2, 3, 4, 5, 6 or more of the XRD peaks
(usually the highest intensity peaks) at Theta (X-ray diffraction angle) values of 17.8, 23.8,
24.2,26.9-27.2, 28.6, 30.1 and 32.2.

BrEA hemihydrate is suitable.to prepare compositions comprising an excipient(s)
suitable for human pharmaceutical use or for veterinary use. Such compositions are used
to prepare formulations and unit dosages. Unit dosages typically comprise tablets,
capsules, lozenges or sterile solutions, including sterile solutions for parenteral
administration. Solid unit dosage forms typically comprise about 5-1000 mg of BrEA
hemihydrate, typically about 20-400 mg, e.g., about 25 mg, about 50 mg, about 100 mg,
about 150 mg or about 250 mg per unit dose.

The invention provides a method to make BrEA hemihydrate comprising contacting
water, 16a-bromo-3p-hydroxy-5a-androstan-17-one and a C1-Cé alcohol (e.g., methanol,

ethanol, propanol. isopropanol. butanol) and water. Typically the only one C1-C6 alcohol is
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present, e.g., ethanol, which is anhydrous or which may comprise up to about 2% wiw
water. In some embodiments, the method utilizes a solution that comprises about 5-25%
w/w water, about 30-45% w/w ethanol and about 30-45% w/w of a BrEA preparation.
Typical BrEA preparations are solid preparations that comprise at least about 80% wi/w,
usually at least about 90% wiw or at least about 95% w/w of BrEA. The solutions may
comprise about 18-229% wiw water ahout 37-423% w/w ethanol and about 37-43% w/w of a
BrEA preparation. In conduding the precipitation or crystallization method, the solution will
typically be at a temperature of about -20°C to about 45°C, usually at about 0°C to about
20°C. The solution is maintained at this temperature range for about 30 minutes to about
12 hours and the solution is optionally agitated using slow to moderate agitation during
crystallization.

A related embodiment comprises a method to prepare BrEA hemihydrate
comprising precipitating BrEA from a solution comprising at least about 15-25% w/w water,
about 35-45% w/w of a BrEA preparation and at least about 35-45% w/w of one or more
water-miscible solvents, typically C,¢ alcohols (methanol, ethanol, propanol, isopropanol,
butanol). The BrEA preparation may optionally comprise one or more by-products of BrEA
synthesis. Typical BrEA hemihydrate preparations or batches comprise less than about
5% wiw, usually less than about 3% or about 2% w/w of other compounds, such as by-
products of BrEA synthesis. Aspects of this method include contacting water with an
organic solution that comprises BrEA and an organic solvent such as a C1-C6 alcohol
(e.g., ethanol) or acetone. Addition of water to such solutions leads to precipitation of BrEA
hemihydrate. Solutions that contain BrEA hemihydrate crystals or precipitate are invention
embodiments that are used to prepare solid BrEA that is later dried and stored, typically at
ambient temperatures.

Precipitation of BrEA hemihydrate from water-containing solutions is accomplished
by known methods, e.g., reducing the solution's temperature, using saturated or nearly
saturated BrEA solutions, vacuum concentration of saturated or nearly saturated BrEA
solutions (Which is typically conducted at a relatively low temperature, usually about 15-
25°C), seeding with saturated or nearly saturated BrEA solutions with BrEA hemihydrate
crystals (e.g., about 10-100 mg per 1-10 L of solution), by heating a saturated or nearly
saturated BrEA solution (about 25-35°C for a few minutes followed by allowing the
temperature to fall or by actively cooling the solution) and optionally seeding the solution
with BrEA hemihydrate crystals or by addition of a liquid, e.g., additional water or ethanol,
to a saturated or nearly saturated BrEA ethanol-water solution, which causes the solution
to become supersaturated. BrEA may also be precipitated from other solvents or solvent
systems, including acetone and acetone-ethanol. Such solvents are typically water

miscible. Two-stage precipitation of BrEA may also be used to recover solid BrEA
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hemihydrate, e.g., initial precipitation and recovery of the solid, followed by either cooling
and seeding of the mother liquor or by allowing the mother liquor to stand, e.g., for about
one, two or more days at ambient temperature, to obtain a second crop of crystals. Also,
BrEA hemihydrate crystals may optionally be recrystallized, essentially as described
herein, to further increase the purity of the final solid. Methods for crystallizing organic

compounds have bee ioed, e.g., A.S. Myerscn, Handbook of Industnal
Crystallization, 1993, Butterworth-Heinemann, Stoneham, MA, p 1-101.

Other related embodiments comprise a product produced by the process of
contacting a solution comprising BrEA and an organic solvent with water. Typically the
solutions are as described above, e.g., a solution comprising about 3-5% v/v water and at
least about 40% v/v of one or more water-miscible solvents, typically polar solvents such
as C,¢ alcohols or ketones (e.g., methanol, ethanol, propanol, isopropanol, butanol,
typically ethanol or acetone). Such processes are accomplished by any one or more of
the techniques described in the paragraph above, e.g., cooling of a saturated or nearly
saturated BrEA water-ethanol solution and optionally seeding the cooled solution with
BrEA hemihydrate. An embodiment related to this comprises solutions or solids that
comprise wet BrEA hemihydrate crystals or wet filtered or centrifuged BrEA hemihydrate
cakes, which may be obtained after crystallization. Examples of these embodiments
include adding water to a BrEA-alcohol solution, e.g., slow addition of about 0.5-1.5
volumes or about 0.8-1.2 volumes of water to about 6 volumes of a BrEA-ethanol solution
to obtain BrEA hemihydrate. Other examples of these embodiments include adding water
to a BrEA-ketone solvent solution, e.g., slow addition of about 0.5-1.5 volumes or about
0.8-1.2 volumes of water to about 10 volumes of a BrEA-acetone solution to obtain BrEA
hemihydrate.

Another related embodiment is BrEA hemihydrate that is milled to an average
particle size of about 0.01-200 uM, or about 0.1-10 uM or about 0.5-5 uM. Average particle
size or diameter for milled BrEA hemihydrate may thus be relatively small, e.g., about
0.03-2.0 uM or about 0.1-1.0 uM, or somewhat larger, e.g., about about 0.5-5.0 uM or
about 1-5.0 uM. Milled BrEA hemihydrate is suitable for preparing solid formulations and
parenteral formulations for human or veterinary use. The milled material facilitates
dissolution of BrEA hemihydrate in solvents or excipients and facilitates mixing with solids
or solid excipients.

While it is possible to administer BrEA hemihydrate as a pure compound to a
subject, it is usually presented as a solid formulation or used to prepare a liquid
formulation. Formulations will typically be used to prepare unit dosages, e.g., tablets,
capsules or lozenges for oral, buccal or sublingual administration. that comprise about 10-
1000 mg or typically about 25-400 mg of BrEA hemihydrate. Alternatively, embodiments
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include a product for parenteral (e.g., subcutaneous, subdermal, intravenous,
intramuscular, intraperitoneal) administration made by the process of contacting BrEA
hemihydrate and a liquid excipient, e.g., any one, two, three or more of PEG 100, PEG
200, PEG 300, PEG 400, propylene glycol, benzyl benzoate, benzyl alcohol or ethanol,
and optionally sterilizing the solution and optionally dispensing the solution into vials or

ampuies (iypicaily ambe ), which may be single-use or multi-use and optionally
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storing the formulation at reduced temperature (about 0-12°C, or about 2-10°C). Such
products for parenteral administration typically comprise BrEA at a concentration of about
10-170 mg/mL, usually at about 20-110 mg/mL or about 30-100 mg/mL, and optionally one
or more of a salt, buffer or bacteriostat or preservative (e.g., NaCl, BHA, BHT or EDTA).

Other embodiments include a product produced by the process of contacting BrEA
hemihydrate, which may be substantially free of other forms of BrEA, with an excipient
suitable for human pharmaceutical use or for veterinary use. The product is useful to make
formulations or unit dosage forms that contain the hemihydrate.

Formulations made from or containing BrEA hemihydrate will usually be stored
under conditions that limit the amount of water that reaches the formulation, e.g., silica gel
in a sealed container that holds a formulation. Water permeation characteristics of
containers have been described, e.g., Containers - Permeation, Chapter, USP 23, 1995,
U.S. Pharmacopeial Convention, Inc., Rockville, MD, p.1787.

Embodiments include invention compositions that transiently occur when a method
step or operation is performed. For example, when a formula 1 compound such as BrEA,
containing less than about 3% water is contacted with an excipient, e.g., a PEG, an
alcohol, propylene glycol or benzyl benzoate, the composition before addition of one
ingredient with another is a non-homogenous mixture. As the ingredients are contacted,
the mixture's homogeneity increases and the proportion of ingredients relative to each
other approaches a desired value. Thus, invention compositions, which contain less than
about 3% water can comprise about 0.0001-99% of a formula 1 compound such as BrEA
and one or more excipients. These transient compositions are intermediates that
necessarily arise when one makes an invention composition or formulation and they are
included in invention embodiments to the extent that they are patentable.

In general, the formula 1 compound that is present in invention compositions and
formulations is completely dissolved in the non-aqueous excipients. However, in some
embodiments, e.g., transient compositions and some formulations, the formula 1
compound is partially dissolved while the remaining portion is present as a solid, which
can be a suspension or a colloid.

Invention compositions and formulations suitable for parenteral delivery of formula
1 compounds to humans or animals typically comprise two. three or more excipients.
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Exemplary embodiments include (1) any two, three or four of propylene glycol, PEG200,
PEG300, ethanol and benzyl benzoate and (2) any two, three or four of propylene glycaol,
PEG100, PEG200, PEG300, PEG400 and benzyl benzoate.

Invention compositions and formulations generally comprise about 0.01-10% of
BrEA, usually about 1-5%, and about 0.01-3% water, typically about 0.05-3%, usually
ion formulations are usually presented as unit or multi-unit
dosages suitable for parenteral administration once or twice per day or once per 2-3 days.
Unit dosages comprise about 3-1000 mg of BrEA per unit dose, typically about 5-500 mg,
usually about 10-200 mg. For treating retroviruses such as HIV in humans, a unit dose
usually comprises about 10-250 mg of BrEA, usually about 100-200 mg, in a volume of
about 1-6 mL, usually about 2-4 mL.

Invention embodiments include the product made by a process of combining,
mixing or otherwise contacting BrEA and one, two or more excipients. Such products are
produced by routine methods of contacting the ingredients. Such products optionally also
contain a diluent, a disintegrant and a binder, or other excipients described herein orin
references cited herein.

BrEA in the presence of significant amounts of water was found to epimerize at the
bromine atom, leading to a mixture of the 16a- and 163-BrEA isomers. Invention
compositions and formulations comprising BrEA or BrEA hemihydrate will usually have a
water content of less than about 3%, typically less than about 0.3%, usuaily less than
about 0.1%. These compositions and formulations were found to have a good stability
when stored at ambient temperature (about 5-40°C as used herein) in closed containers
compared to control compositions and formulations having more water. Such liquids are
also characterized by an unexpected reduction in precipitation of the compound, which
water appears to induce.

Invention embodiments include compositions that comprise less than about 3%
water, a formula 1 compound and a compound that is not generally considered suitable for
human use but is useful to make an invention formulation for veterinary use. Veterinary
formulations are compositions useful for the purpose of administering invention
compositions to primates, cats, dogs, horses, cows, rabbits and other subjects and may
contain excipients acceptable in the veterinary art and are compatible with formula 1
compounds such as BrEA. These veterinary compositions may not always be suitable for
human use because they contain an excipient that is not suitable for human use, e.g., an
alcohol other than ethanol such as methanol, propanol or butano!. Typically such
excipients will be present at relatively low levels, e.g., about 1-30%, usually about 1-5%.

Invention embodiments include compositions and formulations, e.g., unit dosage

forms and sterile solutions, that comprise (1) about 1-100 mg/mL of a formula 1
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compound(s), about 57.5% propylene glycol, about 25% PEG300, about 12.5% ethanol
and about 5% benzyl benzoate; (2) about 1-60 mg/mL of a formula 1 compound(s), about
70% propylene glycol, about 25% PEG300 and about 5% benzyl benzoate; (3) about 1-60
mg/mL of a formula 1 compound(s), about 25% PEG300, about 35% propylene glycol,
about 35% mannitol and about 5% benzyl benzoate; (4) about 1-60 mg/mL of a formula 1
compound(s), about §7.8% pronylene glvcol, a mixture comprising about 25% PEG300
and PEG200 (e.g., PEG300:PEG200 in a ratio of about 1:10 to about 10:1), about 12.5%
ethanol and about 5% benzyl benzoate; (5) about 1-60 mg/mL of a formula 1
compound(s), about 75% propylene glycol, a mixture comprising about 25% PEG300 and
PEG200 (e.g., a PEG300:PEG200 in a ratio of about 1:10 to about 10:1) and about 5%
benzyl benzoate; (6) about 1-60 mg/mL of a formula 1 compound(s), about 25% PEG300
and PEG200 (e.g., PEG300:PEG200 in a ratio of about 1:10 to about 10:1), about 35%
propylene glycol, about 35% mannitol and about 5% benzyl benzoate; (7) any of
formulations (1) through (6) where the formula 1 compound(s) is about 40-55 mg/mL; (8)
any of formulations (1) through (6) where the formula 1 compound(s) is about 30-100
mg/mL; (9) any of formulations (1) through (8) where 1, 2, 3 or 4 formula 1 compounds are
present; (10) any of formulations (1) through (8) where 1 or 2 formula 1 compounds are
present; (11) any of formulations (1) through (8) where 1 formula 1 compound is present;
(12) any of formulations (1) through (11) where the formula 1 compound comprises
independently at 1, 2 or 3 of any of R'-R® R'®, R'®*, R' or R'® an independently selected
ester, thioester, carbonate, carbamate, amino acid or peptide of 1 or 2 independently
selected formula 1 compounds; (13) any of formulations (1) through (12) where the
formula 1 compound comprises or is BrEA or BrEA hemihydrate; (14) any of formulations
(1) through (13) where the formula 1 compound comprises or is an ester, a sulfate ester or
phosphoester of BrEA.

Other embodiments include the product obtained by storing invention compositions
or formulations, e.g., unit dosage forms, any of embodiments (1)-(14) above, or
compositions used to make formulations, at about 10-40°C for at least about 3 days, e.g.,
storage at ambient temperature for about 1-24 months. invention formulations will typically
be stored in hermetically or induction sealed containers for these time periods. invention
compositions will typically be held in closed containers. The specification and claims
disclose exemplary suitable formulations and unit dosage forms for these embodiments.

Other embodiments include compounds compositions and formulations where one
or more of R™-R®, R'°, R**, R" and R'® comprise an amino acid or a peptide, e.g., R', R? or
R* comprises an amino acid or a peptide, R® is a halogen and R® and R°® are both -CH,.
The peptide at one or more of R'-R® can comprise a cell surface binding peptide such as

the entire protein or a sequence from fibronectin or retronectin, e.g., KQAGDV.
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In the formula 1 compounds, each R* is independently selected. In some
embodiments one R* is hydrogen and the other is another moiety. In other embodiments,
both R* are independently selected moieties other than hydrogen, e.g., a C1to C20
organic moiety.

R'-R®, R, R', R and R" include moieties, e.g., esters, thioesters, carbonates,

s, peptides and/or carbamates, that are chemically and/or enzymatically
hydrolyzable, often under bhysiological conditions. Such moieties are independently
chosen. Typically these moieties will give rise to -OH, -SH or -NH at the R'-R® positions of
the steroid nucleus. Embodiments of formula 1 compounds include ones where (1) one of
R', R?and R* is a hydrolyzable moiety (e.g., ester, thioester, carbonate, amino acid,
peptide or carbamate), the other two of R', R? and R* are -H, R® is not hydrogen and R®
and R® are both -CHj, (2) two of R', R? and R* are hydrolyzable moieties (e.g.,
independently chosen esters, thioesters, carbonates, amino acids, peptides and/or
carbamates), the other of R', R? and R* is -H, R® is not hydrogen and R® and R°® are both -
CH,, (3)R', R? and R* are hydrolyzable moieties, R® is not hydrogen and R® and R® are
both -CHs. In these embodiments, the R® group is typically in the B-configuration and the
R', R? and R*-R® groups are typically in the a-configuration.

In other embodiments, one or more of R'-R%, R'®, R'S, R'” and R'®, usually one,
comprises an amino acid or a peptide, while the remaining groups are independently
selected from the moieties defined herein. In these embodiments, the peptides are
typically dimers (dipeptides) or trimers (tripeptides). For example one of R', R? or R*
comprises an amino acid, the remaining of R', R? or R* independently comprise -OH, =0,
an ester, a carbonate or a carbamate, while R® is a halogen, hydroxyl or an ester and R®
and R® independently are -H, -(CH2),-CHs, -(CH,),-CH2,OH, or -(CH,)a-CH2F, -(CH2)24-O-
(CHy),4-CH;, where nis 0, 1, 2, 3, 4, 5, 6, 7 or 8 often 0, 1, or 2, usually 0. Typically the
ester, carbonate or carbamate are hydrolyzable under physiological conditions.

Hydrolyzable moieties typically comprise acyl groups, esters. ethers, thioethers,
amides, amino acids, peptides, carbonates and/or carbamates. In general, the structure of
hydrolyzable moieties is not critical and can vary. In some embodiments, these moieties
contain a total of about 4 to about 10 carbon atoms. These hydrolyzable moieties in other
embodiments comprise an organic moiety, as described above for ester, that contains 2, '
3,4,5,6,7,8,9, 10, 11 or 12 carbon atoms and 1, 2, 3, 4, 5 or 6 heteroatoms, e.g.,
oxygen, nitrogen or sulfur. These hydrolyzable moieties can comprise no groups that are
charged in plasma, blood, intracellular cytoplasm or in the gut, or they can comprise 1, 2, 3
or more positive, negative or positive and negative charges under one or more of these
conditions. The charges may be fractional depending on the group and the conditions it is
under. These hydrolyzable moieties may comprise 1, 2. 3, 4 or more substitutions at a
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hydrogen atom(s) and/or a carbon atom(s), e.g., -OH, protected hydroxyl, -SH, protected
thiol, carboxyl, protected carboxyl, amine, protected amine, -O-, -S-, -CO-, -CS-, alkoxy,
alkylthio, alkenyloxy, aryl, -OP(Q)(0)-O-, -OS(0)(0)-O- and/or heterocycle. Such
substitutions are independently selected.

Formula 1 compounds that comprise a hydrolyzable moiety(ies) may include one
or mere independently chosen -Q-CHR*C(0)OR? -S-CHR*C(O)OR?®, -NH-
CHR*C(0)OR?, -O-CHR*C(S)OR?, -S-CHR?*'C(S)ORZ, |
-NH-CHR*C(S)OR?, -O-CHR?**OC(O)R?, -S-CHR**OC(O)R?*, -NH-CHR*OC(O)R%, -O-
CHR*C(O)N(R?),, -S-CHR*C(O)N(R?),, -NH-CHR*C(O)N(R?),, -O-CHR?**OR?, -S-
CHR*0OR?, -NH-CHR?**OR?, -0-CHR*C(R%),CH,0X, -S-CHR?**C(R%),CH,0X, -NH-
CHR*C(R?),CH,0X, -O-CHR*C(R%),0X, -S-CHR*C(R?),0X or -NH-CHR*C(R%),0X,
groups that one or more of R'-R%, R'®, R'®, R and R'® comprise. For these hydrolyzable
moieties, R independently is -H, -CH,-CgHs, -CH,CH,-CgHs, C1.5 alkyl, C,.s alkenyl, aryl or
heterocycle where each alkyl, alkenyl, aryl and heterocycle moiety is independently
optionally substituted with 1, 2, or 3, usually 1, -O-, -S-, -NH-, halogen, aryl, -OX, -SX, -
NHX, ketone (=O) or -CN moieties or the C, 4 alkyl is optionally substituted with 3, 4, 5 or 6
halogens, and X is -H or a protecting group. Exemplary R?* are -H, -CHs, -C3Hs, -CH,-C1.5
optionally substituted alkyl, -CH,CH,-C,.4 optionally substituted alkyl and -CH,CH,-O-C, 4
optionally substituted alkyl. R® indﬁependently is -H, -CH,-CgHs, -CH,CH,-CgHs, Cy.42 alkyl,
C..12 alkenyl, aryl, heterocycle, -CH,-heterocycle or -CH,-aryl, where each alkyl alkenyl,
aryl, heterocycle, -CH,-heterocycle or -CH,-aryl moiety is independently optionally
substituted with 1 or 2, usually 1, -O-, -S-, -NH-, halogen, aryl, -OX, -SX, -NHX, ketone
(=0), -C(O)OX or -CN moieties or the C;.42 alkyl, C,.12 alkenyl or aryl, are optionally
independently substituted with 3, 4, 5 or 6 halogens, where X is -H or a protecting group,
or the aryl, heterocycle, -CH,-heterocycle or -CH,-aryl moieties are optionally
independently substituted with 1, 2 or 3 C, alkyl moieties or with 1, 2 or 3 C,., alkoxy
moieties at the aryl moiety or at the heterocycle, usually at a ring carbon. Exemplary R2
are -H, -CH,, -C;Hs, -C3H7, -C4Hg, -CeHy3, -CgHs, -CeHsOH, -CsH4sOCHj3, -CeH4F, -CH2-C .5
optionally substituted alkyl, -CH,CH,-C,.4 optionally substituted alkyl and -CH,CH,-O-C, 4
optionally substituted alkyl.

Embodiments of formula 1 compounds include or exclude any subset of
compounds within the definition of formula 1, provided that at least one compound
remains. For example, a subset of formula 1 compounds that are usuaily included, for
example in the invention nonaqueous formulations and in the invention intermittent dosing
protocols and immune modulation methods, are formula 1 compounds where R?is
hydroxyl. or a group that can hydrolyze to hydroxyl, in either configuration and R® and R®

are methyl in the «-configuration. A subset compounds that are optionally excluded from
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formula 1 compounds comprises one or all compounds that are disclosed in one or more
prior art references or publications, e.g., one or more compounds that are disclosed in one
or more of the references cited herein, especially for those compounds that can render
any claim or embodiment unpatentable for novelty, obviousness and/or inventive step
reasons.

Exemplary embodiments of species and genera of formula 1 compounds are
named as described below. '

Group 1. Exemplary embodiments include the formula 1 compounds named
according to the compound structure designations given in Tables A and B below. Each
compound named in Table B is depicted as a compound having formula B

where R® and R® are both -CHs, there is no double bond at the 1-2-, 4-5- or 5-6-positions,
one R* is hydrogen, R’, R® and R® are all -CH,- and R’, R? R® and R* are the substituents
designated in Table A. The compounds named according to Tables A and B are referred
to as “group 1" compounds.

Compounds named in Table B are named by numbers assigned to R’, R?, R®and
R* according to the following compound naming convention, R'.RZ.R> R*, based on the
numbered chemical substituents depicted in Table A. Each Table A number specifies a
different structure for each of R', R?, R® and R*. When R, R%, R® or R* is a divalent
moiety. e.q., =0, the hydrogen at the corresponding position is absent. Thus, the group 1
compound named 1.2.1.1 is a formula B structure with a B-hydroxyl bonded to carbons at
the 3- and 7-positions (the variable groups R' and R? respectively). an a-bromine bonded
to carbon 16 (the variable group R®) and double bonded oxygen (=O) at carbon 17 (the
variable grdup R*), i.e., 1.2.1.1 has the structure shown below.

1.2.1.1
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TABLE A
R' R?
1 -OH 1 -H
2 = 2 -OH
3 -SH 3 =0
4 = 4 -CH3
5 -O-CH; 5 -OCH3
6 -0-5(0)(0)-C'Na* € -CCyH;
7 -O-S(0)(0)-0C 7 -OCH,CH,CH;
8 -CH, 8 -OCH,CH,CH,CHj,
9 -H 9 -Ci
10 -OC(O)C(CHas); 10 -Br
R’ R
1 -Br 1 =0
2 -Cl 2 -OH
3 -l 3 H
4 F 4 -F
5 -H 5 -Cl
6 -OH 6 -Br
7 =0 7 -l
8 -O-C(0)-CH, 8 -O-C(O)-CHs
9 -O-C(0)-CH,CH. 9 -O- ‘(O)-CH2CH3
TABLE B
L1, L2, L3, L 4, LS 6. 101017, 1118, 1119, 1.1.1.10, 1.1.2.1, 1.1.2.2,
1.1.2.3,1.1.2.4,1.1.25,1.1.2.6,1.1.2.7,1.1.2.8. 1.1.2.9, 1.1.2.10, 1.1.5.1, 1.1.3.2, 1.1.3.3, 1.1.3.4,
1.1.3.5,1.1.3.6,1.1.3.7,1.1.3.8, 1.1.3.9, 1.1.3.10, 1.1.4.1, 1.1.4.2, 1.1.4.3, 1.1.44,1.1.4.5. 1.1.4.6,
1.14.7,1.148,1.1.49,1.1.4.10, 1.1.5.1, 1.1.52.1.1.5.3. 1.1.5.4, 1.1.5.5, 1.1.5.6, 1.1.5.7. 1.1.5.8,
1.1.59,1.1.5.10, 1.1.6.1,1.1.6.2. 1.1.6.3,1.1.6.4,1.1.6.5. 1.1.6.6, 1.1.6.7,1.1.6.8, 1.1.6.9.1.1.6.10,
11.7.1,1.1.7.2, 1.1.7.3, 1.1.7.4, 1.1.7.5, 1.1.7.6, 1.1.7.7, 1.1.7.8, 1.1.7.9. 1.1.7.10. 1.1.8.1, 1.1.8.2
1.1.83.1.1.84.1.1.85.1.1.8.6,1.1.8.7,1.1.8.8.1.1.89.1.1.8.10. 1.1.9.1. 1.1.9.2. 1.1.9.3. 1.1.9.
1.1.9.5.1.1.9.6.1.1.9.7.1.1.9.8, 1.1.9.9, 1.1.9.10. 1.1.10.1. 1.1.10.2. 1.1.10.3. 1.1.10.4. 1.1.10.5,
1.1.10.6,1.1.10.7,1.1.10.8. 1.1.10.9, 1.1.10.10. 1.2.1.1, 1.2.1.2, 1.2.1.3. 1.2.1.4, 1.2.1.5. 1.2.1.6,
1.2.1.7.1.2.1.8, 1.2.1.9, 1.2.1.10. 1.2.2.1.1.2.2.2. 1.2.2.3,1.2.2.4,1.225.1.2.2.6, 1.2.2.7. 1.2.2.8,
1.2.29.1.2.2.10,1.23.1,1.2.3.2. 1.2.3.3,1.2.3.4,1.23.5,1.23.6,1.2.3.7,1.2.3.8, 1.23.9. 1.2.3.10,
1.2.4.1,1.242.1.2.4,5.1.2.44, 1.2.4.5,1.2.4.6. 1.2.4.7,1.2.4.5, 1.2.4.5.1.2.5.10, 1.2.5.1, 1.2.5.2,
1.2.53.1.254,1.255.1.2.56.1.25.7,1.2.5.8.1.2.59,1.2.5.10,1.2.6.1, 1.2.6.2, 1.2.6.3. 1.2.6.4,
1.2.6.5,1.2.6.6,1.2.6.7.1.2.6.8.1.2.6.9.1.2.6.10, 1.2.7.1,1.2.7.2,1.2.73. 1.2.7.4,1.2.7.5. 1.2.7.6,
1.2.7.7,1.2.7.8.1.2.79. 1.2.7.10. 1.2.8.1. 1.2.8.2. 1.2.8.3. 1.2.8.4.1.2.8.5. 1.2.8.6, 1.2.8.7. 1.2.8.8,
1.2.89.12.8.10.1.29.1.1.29.2.1.29.3,1.2.94,1.29.5.1.2.9.6. l 2 9.7.1.2.9.8.1.29.9.1.29.10,
1.2.10.1,1.2.10.2. 1.2.10.3. 1.2.10.4. 1.2.10.5. 1.2.10.6, 1.2.10.7. 1.2.10.8. 1.2.10.9. 1.2.10.10,
L3132, 1515, 1.3.1.4, 1.3.1.5. 1.3.1.6. 1.3.1.7. 1.3.1.8, l.3.l.9. 1.3.1.10. 1.3.2.1. 1.3.2.2,
1.32.3.1.3.24,1.3.2.5,1.3.2.6.1.32.7.1.3.2.8.1.3.29. 1.3.2.10. 1.3.3.1. 1.3.3.2. 1.3.3.53. 1.3.3.4,
1.33.5.1.3.3.6.1.3.3.7. 1.3.3.8. 1.3.3.9. 1.3.3.10. 1.3.4.1. 1.3.42.1.34.3. 1.3.4.4.1.3.45.1.3.4.6.
1.34.7.1348.1349,1.3.4.10.1.3.5.1.1.3.5.2.1.3.53.1.3.54.1.3.5.5. 1.3.5.6. 1.3.5.7. 1.3.5.8.
1.3.5.9,1.3.5.10. 1.3.6.1. 1.3.6.2. 1.3.6.3. 1.3.6.4. l.3.6.5. 1.3.6.6.1.3.6.7.1.3.6.8.1.3.6.9. 1.3.6.10
1.3.7.1.1.3.7.2.1.3.7.3. 1.3.7.4.1.3.7.5. 1.3.7.6. 1.3.7.7. 1.53.7.8. 1.3.79. 1.3.7.10. 1.3.8.1. 1.3.8.2
1.3.83.1.3.84.1.3.8.5.1.3.8.6.1.3.8.7.1.3.8.8.1.5.89.1.3.8.10.1.39.1.1.3.9.2.1.3.9.3.1.3.94,
1.3.9.5.13.96.139.7.1.3.9.8.1.3.99.1.3.9.10. 1.3. lO 1.1.3.10.2. 1.3.10.3. 1.3.10.4. 1.3.10.5,
1.3.10.6.1.3.10.7. 1.3.10.8. 1.3.10.9. 1.3.10.10. 1.4.1.1. 1.4.1.2. 1.4.1.3. l.4.l.4. 1.4.1.5. 1.4.1.6.
14171418 1,419, 1.4.1.10. 1421, 14221425, 1.424.1.425.1.426.1.42.7.1.4.2.8.
142914210, 1431, 14321433, 1434, 14351436, 1.45.7.1.43.8.1.4.39.1.4.3.10.
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1.44.1,144.2,1443,1444.1445,1.446.1.44.7,1448.1449,1.44.10,14.5.1,1.452,
1.4.53,1454,14551456.1.457.1.4.58.1.459,1.4.5.10.1.46.1.1.4.6.2.1.4.63,1.4.64,

1.46.5,1.46.6.1.4.6.7,1.468.1.4.69.1.46.10.14.7.1,1.4.72.1.4.73,1.4.7.4,1.4.7.5,1.4.7.6,
1.47.7.1.478.14.79,1.4.7.10,14.8.1,1.4.8.2.1.4.8.3. 1.4.84.1.485.1.4.86,1.4.8.7,14.838,
1.489.148.10.1.49.1.1.492,1493,1.49.4.149.5.1.496.1.49.7,149.8,1.499.1.49.10,
1.4.10.1,1.4.10.2,1.4.10.3. 1.4.10.4. 1.4.10.5. 1.4.10.6. 1.4.10.7. 1.4.10.8. 1.4.10.9, 1.4.10.10.
1.5.1.1.1.5.1.2.1.5.1.3.1.5.1.4.1.5.1.5.1.5.1.6.1.5.1.7, 1.5.1.8. 1.5.1.9, 1.5.1.10. 1.5.2.1, 1.5.2.2
1.52.3,1.52.4.1.525.1526.1.52.7,1.528.1.5.29,1.52.10. 1.53.1. 1.5.3.2. 1.5.3.3, 1.5.3 4,
1.5.3.5,1.5.3.6. 1.5.5.7. 1.5.3.8. 1.5.3.5. 1.5.3.10, 1.5.4.1. 1.54.2! 543,15 44,1545 1546,
1.54.7,1548,1549.154.10,155.1,1.5.52,1.5.53,1.554.1.55.5.1.5.5.6,1.5.5.7. 1.5.5.8.
1.5.59,1.55.10,1.5.6.1,1.5.6.2, 1.5.6.3.1.5.6.4.1.5.6.5.1.5.6.6. 1.5.6.7. 1.5.6.8,1.5.6.9,1.5.6.10,

1.5.7.1,1.5.7.2,1.5.73,1.5.74. 1.5.7.5.1.5.7.6. 1.5.7.7.1.5.7.8,1.5.79. 1.5.7.10, 1.5.8.1, 1.5.8.2.
1.583.1584.1.585.1.586.1.58.7.1.58.8.1.58.9,1.58.10.1.59.1.1.59.2,1.5.9.3,1.594,
1.59.5,1.596.1.59.7,1.59.8.1.599,1.59.10.1.5.10.1.1.5.10.2, 1.5.10.3. 1.5.10.4. 1.5.10.5.
1.5.10.6,1.5.10.7. 1.5.10.8. 1.5.10.9, 1.5.10.10. 1.6.1.1. 1.6.1.2. 1.6.1.3,1.6.1.4, 1.6.1.5. 1.6.1.6,
1.6.1.7,1.6.1.8.1.6.1.9, 1.6.1.10. 1.6.2.1. 1.6.2.2.1.6.2.3, 1.6.2.4,1.6.2.5.1.6.2.6, 1.6.2.7, 1.6.2.8,
1.6.29,1.62.10.1.6.3.1.1.6.3.2,1.6.3.3.1.6.3.4.1.6.3.5,1.6.3.6.1.6.3.7.1.6.3.8.1.6.3.9,1.6.3.10,
1.6.4.1,1.642.1.643,1.64.4.1.64.5.1.64.6,1.64.7,1.648.16.49,1.6.4.10,1.6.5.1,1.6.5.2,
1.6.53.1.6.54.1.6.5.5.1.6.5.6.1.6.5.7.1.6.5.8.1.6.5.9. 1.6.5.10. 1.6.6.1. 1.6.6.2, 1.6.6.3. 1.6.6.4.
1.6.6.5,1.6.6.6.1.6.6.7.1.6.6.8.1.6.6.9,1.6.6.10,1.6.7.1. 1.6.7.2.1.6.7.3.1.6.7.4,1.6.7.5. 1.6.7.6.
1.6.7.7,1.6.7.8. 1.6.7.9. 1.6.7.10. 1.6.8.1. 1.6.8.2. 1.6.8.3. 1.6.8.4.1.6.8.5. 1.6.8.6.1.6.8.7, 1.6.8.8,
1.6.8.9.1.6.8.10,1.6.9.1.1.6.9.2.1.6.9.3.1.6.9.4. 1.6.9.5. 1.6.9.6.1.69.7.1.6.9.8,1.6.9.9. 1.6.9.10.
1.6.10.1,1.6.10.2. 1.6.10.3. 1.6.10.4, 1.6.10.5. 1.6.10.6, 1.6.10.7, 1.6.10.8. 1.6.10.9, 1.6.10.10.
1.7.1.1, ] 7.1.2,1.7.13. 1.7.1.4, 1.7.1.5.1.7.1.6. 1.7.1.7, 1.7.1.8. [.7.1.9. 1.7.1.10, 1.7.2.1, 1.7.2.2.
1.7.23,1.7.24,1.725,1.7.2.6.1.7.2.7.1.7.2.8,1.7.29.1.7.2.10. 1.7.3.1. 1.7.3.2, 1.7.3.3, 1.7.3.4.
1.7.3.5,1.73.6.1.7.3.7,1.7.3.8,1.7.3.9,1.7.3.10, 1.7.4.1, 1.742,1.74.3. 1.7.44,1.7.4.5,1.74.6.
1.7.47,1.748.1.7.49.1.74.10,1.7.5.1. 1.7.52,1.7.5.3, 1.7.54,1.7.5.5. 1.7.5.6, 1.7.5.7, 1.7.5.8.
1.7.5.9,1.7.5.10.1.7.6.1. 1.7.6.2. 1.7.6.3, 1.7.6.4,1.7.6.5, 1.7.6.6, 1.7.6.7. 1.7.6.8, 1.7.6.9. 1.7.6.10,
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43.1.10,43.2.1,43.2.2,43.2.3,4.3.24,43.2.5,43.26,43.2.7,43.2.8.4329,43.2.10,433.1,
43.3.2,4333.4334,4335,43.3.6,43.3.7.433.8,433.9,43.3.10.43.4.1,4.3.42,43.4.3,
434.4,4345,43.46,43.4.7,43.48,4349.434.10,43.5.1,43.52,4353,43.54,43.55.
43.5.6.43.5.7,43.58.4.3.59,4.3.5.10,4.3.6.1,4.3.6.2,4.3.6.3.4.3.6.4.4.3.6.5.4.3.6.6,4.3.6.7.
43.6.8.43.69.4.3.6.10.43.7.1.4.3.7.2,4.3.73.4.3.7.4,43.75,43.7.6,4.3.7.7,4.3.7.8.4.3.7.9.
4.3.7.10.4.3.8.1.4.3.8.2.43.8.3. 4.3.8.4,4.3.8.5.43.8.6,43.8.7.4.3.8.8.4.3.8.9.4.3.8.10,4.3.9.1.
4392.4393.43.94.4395.43.96,4.3.9.7,43.9.8,4.3.9.9,4.3.9.10.4.3.10.1,4.3.10.2.
4.3.10.3.4.3.10.4.4.3.10.5,4.3.10.6.4.3.10.7.4.3.10.8,4.3.10.9,4.3.10.10.4.4.1.1.4.4.1 2,4.4.1 3,
44.14.44.15.44.16.44.1.7.44.18.44.1.9.4.4.1.10.44.2.1,4422.4423.442.4,4425,
4426,4427.442.8.4429,44.2.10,443.1,4432,4433,44.3.4.443.5,44.3.6,4.4.3.7.
4438,4439.443.10,444.1,4442, 4443,4444,4445,4446.4447.4448.4449.
444.10.445.1.4452,4453,4454.4455.44.56,44.5.7.44.58.4.459.445.10,44.6.1,
4462,44.63.4464.4465.44.66.44.6.7.446.8.4469.44.6.10.4.4.7.1.4.4.7.2,44.7.3.
4474,4475.44.76.44.7.7.44.78.44.79.44.7.10.44.8.1,448.2.4483.44.84,4485.
4.48.6.4.4.8.7.4.488.4489.44.8.10.449.1,4492.4493.4494.4495,4496,449.7.
4498.4499.449.10.4.4.10.1.4.4.10.2.4.4.10.3.4.4.10.4.4.4.10.5.4.4.10.6. 4.4.10.7,4.4.10.8,
4.4.109. 4. 4 10.10. 4.5.|.I. 4.5.I.2.4.5.l..). 4.5.!.4. 4.5.1.5. 4.5.|.6. 4.5.1.7.4.5.1.8.45.1.9.

4.:.3.2. 4.’.3.). 4.:.3.4. 4.:.:.3. 4.3.3.6. 4.5._».7. 4.5.3.8. 4.539.453.10.4.5.4.1.4.54.2, 4.5.4.).
4544.4545.4546.454.7.4.5.48.4.549.4.54.10.4.55.1.4.55.2.455.3,4.5.54.4.55.5.
4556.4557.4558.4.559.4.55.10.4.5.6.1.4.5.6.2.4.5.6.3.4.5.6.4.4.5.6.5.4.5.6.6.4.5.6.7.
456.8.45.69.4.56.10.4.5.7.1.4.5.7.2.4.5.73.45.7.4.45.75.4.5.7.6.4.5.7.7.4.5.7.8.4.5.79.
4.5.7.10. 4.5.8.1. 4.5.8.2. 4.5.8.3.4.5.8.4.4.5.8.5. 4.5.8.6. 4.5.8.7.4.5.8.8. 4.5.8.9.4.5.8.10.4.59.1.
4592.4593.4594.4.59.5.4.5.9.6.459.7.4.59.8.4.59.9.4.59.10.4.5.10.1.4.5.10.2,
4.5.103.4.5.10.4.4.5.10.5. 4.5.10.6. 4.5.10.7. 4.5.10.8. 4.5.10.9. 4.5.10.10. 4.6.1.1. 4.6.1.2. 4.6.1 3.
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4.6.1.4,4.6.1.5,4.6.1.6,4.6.1.7,4.6.1.8,4.6.1.9,4.6.1.10,4.6.2.1.4.6.2.2,4.6.2.3,4.6.2.4,4.6.2.5,
4.6.26,4.6.2.7,4.6.2.8,4.6.29,4.6.2.10.4.6.3.1,4.6.3.2,4.6.3.3.4.6.3.4,4.6.3.5,4.6.3.6,4.6.3.7,
4.6.3.8,4.6.3.9,4.6.3.10,4.6.4.1,46.42.46.43.46.4.4,4.64.5,4.64.6,4.6.4.7,4.648,4.6.4.9,
4.6.4.10,4.6.5.1,4.6.5.2,4.6.53,4.6.5.4,4.6.5.5,4.6.5.6,4.6.5.7,4.6.5.8,4.6.5.9,4.6.5.10,4.6.6.1,
4.6.6.2,4.6.6.3,4.6.6.4,4.6.6.5,4.6.6.6.4.6.6.7,4.6.6.8.4.6.6.9,4.6.6.10,4.6.7.1,4.6.7.2,4.6.7.3,
4.6.7.4,4.6.7.5,4.6.7.6,4.6.7.7,4.6.7.8,4.6.7.9.4.6.7.10,4.6.8.1,4.6.8.2,4.6.8.3,4.6.8.4,4.6.8.5,
4.6.8.6,4.6.8.7,4.6.8.8,4.6.8.9,4.6.8.10,4.6.9.1,4.6.9.2,4.6.9.3.4.6.9.4,4.6.9.5,4.6.9.6,4.69.7,
4.6.9.8.4.699,4.6.9.10,4.6.10.1,4.6.10.2,4.6.10.3,4.6.10.4,4.6.10.5,4.6.10.6. 4.6.10.7,4.6.10.8,
4.6.109,4.6.10.10,4.7.1.1,4.7.1.2,4.7.1.3,4.7.1.4,4.7.1.5,4.7.1.6,4.7.1.7,4.7.1.3,4.7.1.9,
4.7.1.10,4.7.2.1,4.7.2.2,4.7.2.3,4.7.2.4,4.72.5,4.7.2.6,4.7.2.7,4.7.2.8,4.7.2.9,4.7.2.10,4.7.3.1,
473.2,4733,47.3.4,4.73.5,47.3.6,4.7.3.7,4.7.3.8,4.7.3.9,4.7.3.10,4.7.4.1,4.7.4.2,4.7.4.3,
4.74.4,4745,4.74.6,4.74.7,47.4.8,4.7.4.9,4.74.10,4.7.5.1,4.7.52,4.7.53,4.7.54,4.7.5.5,
4.7.5.6,4.7.5.7,4.7.5.8,4.7.5.9,4.7.5.10,4.7.6.1,4.7.6.2,4.7.6.3,4.7.6.4,4.7.6.5,4.7.6.6,4.7.6.7,
4.7.6.8,4.769,4.7.6.10,4.7.7.1,4.7.7.2,4.7.73,4.7.74,4.7.71.5.4.7.7.6,4.7.7.7,4.7.1.8,4.7.7.9,
4.7.7.10,4.7.8.1,4.7.8.2,4.7.83,4.7.8.4,4.7.8.5,4.7.8.6,4.7.8.7.4.7.8.8,4.7.8.9,4.78.10,4.7.9.1,
479.2,4793.4.79.4,4.795,4.7.9.6,4.79.7,4.79.8,4.7.9.9,4.7.9.10,4.7.10.1, 4.7.10.2,
4.7.103,4.7.10.4,4.7.10.5,4.7.10.6,4.7.10.7,4.7.10.8,4.7.10.9. 4.7.10.10,4.8.1.1, 4.8.1.2, 4.8.1.3,
48.1.4,48.15,48.1.6,4.8.1.7,4.8.1.8.4.8.1.9,4.8.1.10,4.8.2.1.4.8.2.2,4.8.2.3,4.824,4.8.25,
4.8.2.6,48.2.7.4.8.2.8,4.8.29,4.8.2.10,4.8.3.1,4.8.3.2,4.8.3.3,4.8.3.4,4.8.3.5,4.83.6,4.83.7,
4.8.3.8.4.83.9,4.83.10,4.8.4.1,4.84.2,484.3.4.84.4,484.5.4846.4.84.7,48.4.8,48.49,
4.8.4.10.4.8.5.1,4.8.5.2,4.8.5.3,4.8.5.4.48.5.5,4.8.5.6.4.8.5.7.4.8.5.8,4.8.5.9,4.8.5.10,4.8.6.1,
4.8.6.2,486.3,48.6.4,4.8.6.54.8.6.6,4.8.6.7,4.8.6.8,4.8.6.9,4.8.6.10,4.8.7.1,4.8.7.2,4.8.7.3,
48.74,48.75,48.7.6,4.8.7.7,4.8.7.8.4.8.7.9,4.8.7.10,4.8.8.1,4.8.8.2,4.8.8.3,4.8.8.4,4.8.8.5,
48.8.6,4.8.8.7,4.8.8.8,4.8.8.9,4.8.8.10,4.8.9.1,4.89.2,4.89.3,4.8.9.4,4.89.5,4.89.6,4.89.7,
489.8.4.899,.4.89.10,4.8.10.1,4.8.10.2,4.8.10.3,4.8.10.4,4.8.10.5, 4.8.10.6, 4.8.10.7, 4.8.10.8,
4.8.10.9,4.8.10.10,4.9.1.1,4.9.1.2,49.1.3,49.1.4,49.1.5,4.9.1.6,4.9.1.7,4.9.1.8,4.9.1.9,
49.1.10,4.9.2.1,49.2.2,49.2.3,49.2.4,49.2,5,4.9.2.6,4.9.2.7.49.2.8,4.9.29,49.2.10.49.3.1,
4932,4933,49.34,493.549.3.6,49.3.7,49.3.8,49.3.9,4.9.3.10,49.4.1,49.42,49.43,
49.44,4945,49.4.6,494.7,49.4.8,49.49,49.4.10,4.9.5.1,49.52,49.53,49.54,495.5,
49.5.6,49.5.7,4.9.5.8,49.59,4.9.5.10,4.9.6.1,4.9.6.2,4.9.6.3,4.9.6.4,4.9.6.5,4.9.6.6.4.9.6.7,
4.9.6.8,4.9.69,4.9.6.10,4.9.7.1,49.7.2,49.7.3,4.9.74,49.7.5,4.9.7.6,4.9.7.7,4.9.7.8,4.9.7.9,
49.7.10,4.9.8.1,49.82,4.9.8.3,4.9.8.4,4.9.8.5,4.9.8.6,4.9.8.7.4.9.8.8,4.9.8.9,4.9.8.10,4.99.1,
4992,4993,49.94,49.9.5,49.9.6,4.9.9.7,499.8,49.9.9.49.9.10,4.9.10.1,49.10.2,
49.10.3,4.9.10.4,4.9.10.5.4.9.10.6,4.9.10.7,4.9.10.8. 4.9.10.9, 4.9.10.10, 4.10.1.1, 4.10.1.2,
4.10.1.3.4.10.1.4,4.10.1.5.4.10.1.6,4.10.1.7. 4.10.1.8,4.10.1.9. 4.10.1.10. 4.10.2.1, 4.10.2.2,
4.10.2.3.4.10.2.4,4.10.2.5.4.10.2.6. 4.10.2.7.4.10.2.8,4.10.2.9.4.10.2.10. 4.10.3.1, 4.10.3.2.
4.10.3.3.4.10.3.4.4.10.3.5,4.10.3.6.4.10.3.7,4.10.3.8,4.10.3.9.4.10.5.10,4.10.4.1,4.10.4.2,
4.10.4.3.4.10.4.4,4.10.4.5.4.10.4.6,4.10.4.7,4.10.4.8.4.10.4.9,4.10.4.10,4.10.5.1,4.10.5.2,
4.1053,4.10.5.4.4.10.5.5.4.10.5.6, 4.10.5.7, 4.10.5.8.4.10.5.9, 4.10.5.10. 4.10.6.1, 4.10.6.2,
4.10.6.3,4.10.6.4,4.10.6.5. 4.10.6.6. 4.10.6.7,4.10.6.8,4.10.6.9,4.10.6.10. 4.10.7.1, 4.10.7.2,
4.10.7.3.4.10.7.4,4.10.7.5. 4.10.7.6,4.10.7.7, 4.10.7.8,4.10.7.9,4.10.7.10. 4.10.8.1, 4.10.8.2,
4.10.8.3.4.10.8.4,4.10.8.5.4.10.8.6,4.10.8.7,4.10.8.8.4.10.8.9.4.10.8.10,4.10.9.1,4.10.9.2,
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52.42,5243,52.44,5245,52.4.6,52.4.7,524.8,5249,52.4.10,5.2.5.1,52.5.2,5253,
5.2.54,5255,52.5.6.525.7,5258,5259,52.5.10,52.6.1,5.2.6.2,5.2.6.3,5.2.6.4,5.2.6.5,
52.6.6,526.7.52.6.8,52.69,526.10,5.2.7.1,5.27.2,5.2.73,52.74,5.2.7.5,5.2.7.6,5.2.7.7,
5.2.7.8,52.79.5.2.7.10,5.2.8.1,5.2.8.2,5.2.8.3,5.2.8.4,5.2.8.5,5.2.8.6,5.2.8.7,5.2.8.8,5.2.8.9,
5.2.8.10,529.1,52.92,5.29.3,529.4,52.9.5,5.2.9.6,529.7,5.29.8,5.2.9.9,5.2.9.10,
5.2.10.1,5.2.10.2,5.2.10.3, 5.2.10.4, 5.2.10.5, 5.2.10.6, 5.2.10.7, 5.2.10.8, 5.2.10.9. 5.2.10.10,
5.3.1.1,53.1.2,53.1.3,5.3.1.4,5.3.1.5,5.3.1.6,5.3.1.7, 5.3.1.8,5.3.1.9,5.3.1.10, 5.3.2.1,5.3.2.2,
53.23,5324,53.25,53.2.6.53.2.7,53.2.8,53.2.9,5.3.2.10,5.3.3.1,5.3.3.2,5.3.3.3,53.34,
5.3.3.5,5.3.3.6,53.3.7,5.3.3.8,5.3.3.9,5.3.3.10,5.3.4.1,53.4.2,5.3.4.3,53.4.4,53.45,5.3.4.6,
53.4.7,53.4.8,53.49,534.10,53.5.1,53.52,5.3.53,5.3.54,5.3.5.5,5.3.5.6,5.3.5.7,53.5.8,
5.3.59,5.3.5.10,5.3.6.1,5.3.6.2,5.3.6.3,5.3.6.4,5.3.6.5,5.3.6.6,5.3.6.7,53.6.8,5.3.6.9,5.3.6.10,
5.3.7.1,53.7.2,53.7.3,5.3.74,5.3.7.5,5.3.7.6,5.3.7.7,5.3.7.8,5.3.7.9, 53.7.10, 5.3.8.1, 5.3.8.2,
5.3.83,53.84,53.85,53.86,53.8.7,5.3.8.8,5.3.8.9,5.3.8.10.53.9.1,5.3.9.2,53.9.3,53.94,
5.39.5,53.9.6,53.9.7,53.9.8,53.9.9,5.3.9.10.5.3.10.1, 5.3.10.2,5.3.10.3, 5.3.10.4, 5.3.10.5,
5.3.10.6,5.3.10.7,5.3.10.8. 5.3.10.9,5.3.10.10, 5.4.1.1,5.4.1.2,54.1.3,5.4.1. 4. 54.1.5,5.4.1.6,
54.1.7,54.1.8,54.1.9,54.1.10,54.2.1,5422.5423,54.24,5425,5426,542.7,54.2.38,
5429,54210,54.3.1,5432,543.3,5434.543.5,543.6,54.3.7,5.4.3.8,5.43.9,5.4.3.10,
5.44.1,5442,5443,5444,5445,5446.544.7,5448,5449.544.10,5.45.1,545.2,
5.453,5454,5455,5456,545.7,54.58,54.59,54.5.10,54.6.1,5.4.6.2.5.4.6.3,54.6.4,
5.46.5,54.6.6.54.6.7,54.6.8,54.69,54.6.10,54.7.1,54.7.2,54.7.3,54.74,54.7.5,54.7.6,
54.77,5478,5479,54.7.10,54.8.1,54.8.2,54.83,54.84,54.85,54.8.6,5.4.8.7,54.8.8,
54.89,54.8.10.549.1,5492,5493,549.4,5495,54.9.6,549.7,549.8,549.9,54.9.10,
5.4.10.1,5.4.10.2,5.4.10.3,5.4.10.4,5.4.10.5, 5.4.10.6,5.4.10.7, 5.4.10.8, 5.4.10.9. 5.4.10.10,
5.5.1.1,55.1.2,5.5.1.3,5.5.1.4,5.5.1.5,5.5.1.6,5.5.1.7.5.5.1.8,5.5.1.9, 5.5.1.10, 5.5.2.1, 5.5.2.2,
5.5.23,5524,5525,55.2.6,5.5.2.7,5.5.2.8,5.5.2.9,5.5.2.10,5.5.3.1,5.5.3.2,5.5.3.3,5.3.3.4,
5.53.5,5.53.6,553.7,553.8,553.9,553.10,5.54.1,554.2,554.3,554.4,5.54.5,554.6,
5547,5548.5549,554.10,555.1,555.2,55.5.3,5.554,5.5.5.5,5.5.5.6,5.5.5.7,5.5.5.8,
5.5.5.9,5.5.5.10,5.5.6.1,5.5.6.2,5.5.6.3,5.5.6.4,5.5.6.5,5.5.6.6, 5.5.6.7,5.5.6.8, 5.5.6.9,5.5.6.10,
5.5.7.1,55.72,55.73,55.7.4,55.7.5.5.5.7.6,5.5.7.7,5.5.7.8,5.5.7.9,5.5.7.10,5.5.8.1,5.5.8.2,
55.83,55.84,5585,558.6,55.8.7,5.5.8.8,5.5.8.9,5.5.8.10,5.59.1,5.5.9.2,5.5.9.3,55.94,
5.59.5,5596,559.7,559.8,5.599,5.5.9.10,5.5.10.1,5.5.10.2,5.5.10.3. 5.5.10.4, 5.5.10.5,
5.5.10.6,5.5.10.7,5.5.10.8, 5.5.10.9, 5.5.10.10, 5.6.1.1,5.6.1.2, 5.6.1.3, 5.6.1.4, 5.6.1.5, 5.6.1.6,
5.6.1.7,5.6.1.8.5.6.1.9,5.6.1.10,5.6.2.1,5.6.2.2. 5.6.2.3,5.6.2.4,5.6.2.5,5.6.2.6. 5.6.2.7, 5.6.2.8,
5.6.2.9,5.6.2.10.5.6.3.1,5.6.3.2, 5.6.3.3,5.6.3.4, 5.6.3.5,5.6.3.6, 5.6.3.7,5.6.3.8, 5.6.3.9,5.6.3.10,
5.6.4.1,5.6.42.5.6.43.5.64.4,5.6.4.5,5.6.4.6,5.6.4.7.5.6.4.8,5.6.4.9.5.6.4.10,5.6.5.1,5.6.5.2,
5.6.53,5.6.5.4.5.6.5.5,5.6.5.6, 5.6.5.7,5.6.5.8. 5.6.5.9, 5.6.5.10,5.6.6.1,5.6.6.2, 5.6.6.3. 5.6.6 4,
5.6.6.5,5.6.6.6.5.6.6.7.5.6.6.8.5.6.6.9,5.6.6.10.5.6.7.1,5.6.7.2,5.6.7.3,5.6.7.4,5.6.7.5, 5.6.7.6,
5.6.7.7,5.6.7.8.5.6.7.9,5.6.7.10.5.6.8.1,5.6.8.2. 5.6.8.3,5.6.8.4.5.6.8.5.5.6.8.6,5.6.8.7,5.6.8.8,
S689,568.10,569.1.5.69.2.56.9.3.5.6.9.4.5.6.9.5.5.6.9.6,5.6.9.7.5.6.9.8.5.6.9.9,5.6.9.10,
5.6.10.1,5.6.10.2.5.6.10.3. 5.6.10.4, 5.6.10.5. 5.6.10.6, 5.6.10.7, 5.6.10.8. 5.6.10.9, 5.6.10.10,
5.7.1.1,5.7.1.2.5.7.1.3,5.7.1.4,5.7.1.5.5.7.1.6.5.7.1.7.5.7.1.8.5.7.1.9, 5.7.1.10, 5.7.2.1, 5.7.2.2,
5.72.3.5.7.2.4.5.7.2.5.5.7.2.6,5.7.2.7.5.7.2.8,5.7.2.9. 5.7:2.10,5.7.3.1, 5.7.3.2, 5.7.3.3.5.7.3 4,
57.3.5.5.7.3.6.5.7.3.7.5.7.3.8,5.7.3.9.5.7.3.10.5.7.4.1. 5.7.4.2,5.74.3. 5.7.4.4,5.7.4.5. 5.7.4.6,
5.74.7,5748.5749.574.10.5.7.5.1.5.7.5.2.5.7.5.3,5.7.5.4.5.7.5.5.5.7.5.6.5.7.5.7. 5.7.5.8,
5.7.5.9,5.7.5.10,5.7.6.1,5.7.6.2. 5.7.6.3. 5.7.6.4. 5.7.6.5,5.7.6.6. 5.7.6.7.5.7.6.8, 5.7.6.9. 5.7.6.10,
5.7.7.1,5.7.7.2.5.7.7.3.5.7.74.5.7.7.5.5.7.7.6. 5.7.7.7. 5.7.7.8. 5.7.7.9. 5.7.7.10. 5.7.8.1. 5.7.8.2,
5.78.3.5.7.84.5.7.8.5,5.7.8.6.5.7.8.7,5.7.8.8.5.7.8.9. 5.7.8.10. 5.7.9.1.5.7.9.2. 5.7.9.3. 5.7.9. 4,
5.79.5.5.7.9.6.5.7.9.7.5.7.9.8.5.7.9.9,5.7.9.10. 5.7.10.1. 5.7.10.2, 5.7.10.3. 5.7.10.4. 5.7.10.5,
5.7.10.6.5.7.10.7,5.7.10.8. 5.7.10.9. 5.7.10.10. 5.8.1.1. 5.8.1.2, 5.8.1.3. 5.8.1.4. 5.8.1.5. 5.8.1.6.
5.8.1.7,5.8.1.8.5.8.1.9.5.8.1.10. 5.8.2.1. 5.8.2.2.5.8.2.3. 5.8.2.4.5.8.2.5. 5.8.2.6.5.8.2.7. 5.8.2.8,
5.829.5.82.10.5.8.3.1.5.8.3.2.5.8.3.3,5.8.3.4. 5.8.3.5.5.8.3.6. 5.8.3.7.5.8.3.8. 5.8.3.9. 5.8.3.10.
584.1.5842.584.3.584.4.5.84.5.584.6.5.8.4.7.5.8.4.8.5849.5.84.10.5.8.5.1.5.8.5.2,
5.8.5.3.5.854.5.8.5.5.5.8.5.6,5.8.5.7.5.8.5.8.5.8.5.9.5.8.5.10.5.8.6.1.5.8.6:2.5.8.6.3. 5.8.6.4,
5.8.6.5.5.8.6.6.5.8.6.7.5.8.6.8.5.8.6.9.5.8.6.10.5.8.7.1.5.8.7.2,5.8.7.3.5.8.7.4. 5.8.7.5. 5.8.7.6,
5.8.7.7.5.8.7.8.5.8.7.9.5.8.7.10. 5.8.8.1. 5.8.8.2. 5.8.8.3. 5.8.8.4.5.8.8.5. 5.8.8.6. 5.8.8.7. 5.8.8.8.
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5.8.89,5.8.8.10,5.89.1,5.89.2,5.89.3,5.89.4,5.89.5.5.89.6,5.89.7,5.8.9.8,5.89.9,5.8.9.10,
5.8.10.1,5.8.10.2.5.8.10.3.5.8.10.4, 5.8.10.5. 5.8.10.6, 5.8.10.7, 5.8.10.8, 5.8.10.9. 5.8.10.10,
59.1.1,59.1.2,59.1.3,59.1.4,59.1.5,59.1.6, 5.9.].7.5.9.].8 5.9.1 9 5.9.1.10,59.2.1,5.9.2:2,

5 9 3. 5 5. 9 3 6 5. 9 3 7 5.9.3.8. 5.9.3.9, 5.9 3.10, 5.9.4.] 5 9 4 2 5. 9 4 3 5. 9 4 4 5.9.4.5, 5.9.4.6,
59.4.7,59.4.8,59.49,59.4.10,59.5.1,59.52,59.5.3,5.9.54,59.5.5,59.5.6,59.5.7. 59.5.8,
5.9.59,59.5.10,5.9.6.1,5.9.6.2. 5.9.6.3,5.9.6.4, 5.9.6.5, 5.9.6.6, 5.9.6.7,5.9.6.8, 5.9.6.9, 5.9.6.10,
59.7.1,59.7.2,59.7.3,59.7.4,59.7.5,59.7.6,59.7.7. 59.7.8,59.79,5.9.7.10,5.9.8.1,5.9.8.2,
59.8.3,59.84,59.85,59.8.6,59.8.7,59.8.8,5.9.8.9,5.9.8.10,5.95.i,5.5.5.2,55.9.3,5.294,
599.5,599.6,599.7,5998.59.9.9,59.9.10,5.9.10.1, 5.9.10.2,5.9.10.3, 5.9.10.4. 5.9.10.5,
5.9.10.6,5.9.10.7,5.9.10.8, 5.9.10.9, 5.9.10.10, 5.10.1.1, 5.10.1.2, 5.10.1.3, 5.10.1.4, 5.10.1.5,
5.10.1.6,5.10.1.7,5.10.1.8,5.10.1.9, 5.10.1.10, 5.10.2.1,5.10.2.2, 5.10.2.3, 5.10.2.4, 5.10.2.5,
5.10.2.6,5.10.2.7,5.10.2.8,5.10.2.9,5.10.2.10, 5.10.3.1, 5.10.3.2, 5.10.3.3, 5.10.3.4, 5.10.3.5,
5.10.3.6.5.10.3.7,5.10.3.8,5.10.3.9,5.10.3.10,5.10.4.1,5.10.4.2, 5.10.4.3, 5.10.4.4, 5.10.4.5,

5.10.4.6,5.10.4.7,5.10.4.8,5.10.4.9,5.10.4.10, 5.10.5.1, 5.10.5.2, 5.10.5.3, 5.10.5.4, 5.10.5.5,
5.10.5.6,5.10.5.7, 5.10.5.8,5.10.5.9, 5.10.5.10, 5.10.6.1, 5.10.6.2. 5.10.6.3, 5.10.6.4. 5.10.6.5,
5.10.6.6,5.10.6.7,5.10.6.8, 5.10.6.9, 5.10.6.10, 5.10.7.1, 5.10.7.2, 5.10.7.3, 5.10.7.4, 5.10.7.5,
5.10.7.6,5.10.7.7,5.10.7.8, 5.10.7.9,5.10.7.10, 5.10.8.1, 5.10.8.2, 5.10.8.3, 5.10.8.4. 5.10.8.5,
5.10.8.6,5.10.8.7,.5.10.8.8, 5.10.8.9.5.10.8.10, 5.10.9.1,5.10.9.2, 5.10.9.3, 5.10.9.4, 5.10.9.5,
5.10.9.6,5.10.9.7,5.10.9.8. 5.10.9.9.5.10.9.10, 5.10.10.1. 5.10.10.2, 5.10.10.3, 5.10.10.4.
5.10.10.5.5.10.10.6,5.10.10.7.5.10.10.8, 5.10.10.9, 5.10.10.10,6.1.1.1, 6.1.1.2,6.1.1.3. 6.1.1 .4,
6.1.1.5,6.1.1.6,6.1.1.7,6.1.1.8,6.1.1.9,6.1.1.10.6.1.2.1, 6.1.2.2,6.1.2.3,6.1.2.4,6.1.2.5, 6.1.2.6,
6.1.2.7,6.1.2.8,6.1.2.9,6.1.2.10,6.1.3.1,6.1.3.2,6.1.3.3,6.1.3.4,6.1.3.5,6.1.3.6,6.1.3.7,6.1.3.8,
6.13.9,6.1.3.10,6.1.4.1,6.1.4.2,6.1.4.3,6.1.4.4.6.1.4.5,6.1.4.6,6.1.4.7.6.1.4.8,6.1.49,6.1.4.10,
6.1.5.1,6.1.5.2,6.1.5.3,6.1.5.4,6.1.5.5,6.1.5.6,6.1.5.7,6.1.5.8,6.1.5.9.6.1.5.10,6.1.6.1, 6.1.6.2,
6.1.6.3,6.1.6.4.6.1.6.5,6.1.6.6,6.1.6.7,6.1.6.8, 6.1.6.9, 6.1.6.10, 6.1.7.1, 6.1.7.2,6.1.7.3, 6.1.7.4,
6.1.7.5,6.1.7.6,6.1.7.7,6.1.7.8,6.1.7.9,6.1.7.10. 6.1.8.1, 6.1.8.2.6.1.8.3, 6.1.8.4,6.1.8.5, 6.1.8.6,
6.1.8.7,6.1.8.8,6.1.8.9,6.1.8.10,6.1.9.1,6.1.9.2,6.1.9.3,6.1.9.4,6.1.9.5.6.1.9.6,6.1.9.7, 6.1.9.8.
6.1.9.9,6.1.9.10,6.1.10.1,6.1.10.2, 6.1.10.3,6.1.10.4, 6.1.10.5,6.1.10.6, 6.1.10.7,6.1.10.8,
6.1.10.9,6.1.10.10,6.2.1.1,6.2.1.2,6.2.1.3,6.2.1.4,6.2.1.5.6.2.1.6,6.2.1.7, 6.2.1.8, 6.2.1.9,

6.2.1.10,6.2.2.1,6.2.2.2,6.2.2.3,6.2.2.4,6.2.2.5,6.2.2.6,6.2.2.7,6.2.2.8.6.2.2.9,6.2.2.10,6.2.3.1,
6.2.3.2,6.2.3.3,6.2.3.4,6.2.3.5,6.2.3.6,62.3.7,62.3.8,6.2.39,62.3.10,6.24.1,62.4.2,6.2.43,
6.244,624.5,6246,6247.62.4.8,62.49,62.4.10,6.2.5.1,6.2.52.6.2.5.3,6.2.54,6.2.5.5,
6.2.56,6.2.5.7,6.2.5.8.6.2.59.6.2.5.10,6.2.6.1.6.2.6.2,6.2.6.3,6.2.6.4.6.2.6.5,6.2.6.6,6.2.6.7,
6.2.6.8,6.2.6.9.6.2.6.10,6.2.7.1.6.2.72.6.2.73,6.2.7.4,6.2.7.5.6.2.7.6,6.2.7.7,6.2.7.8.6.2.7.9,
6.2.7.10.6.2.8.1.6.2.8.2.6.2.83.6.2.84,.6.2.8.5.6.2.8.6.6.2.8.7.6.2.8.8.6.2.89,62.8.10.6.29.1.
6.2.9.2,6.293.6.294.6.2.95.62.9.6.6.2.9.7,6.2.9.8.6.2.9.9,62.9.10.6.2.10.1,6.2.10.2,
6.2.103,6.2.104,6.2.10.5. 6.2. 10.6. 6.2.10.7,6.2.10.8,6.2.109,6.2.10.10.6.3.1.1,6.3.1.2,6.3.1.3,
21862166317 A31863.1.9.6.3.1.10.6.3.2.1,6.3.2.2.6.3.2.3.6.3.2.4.6.3.2.5.
2.7.6.3.2.8.6.3.2.9. 6 3.2.10,6.3.3.1,6.3.3.2,6.3.3.3,6.3.3.4,6.3.3.5,6.3.3.6. 6.3.5.7.
6.3.3.8,6.3.3.9,6.3.3.10.6.34.1.6.3.42,63.43,63.44,63.4.56346.634.7,634.8,63.49,
6.3.4.10,6.3.5.1.6.3.5.2.6.3.5.3.6.3.5.4,6.3.5.5.6.3.5.6.6.3.5.7,6.3.5.8.6.3.59,6.3.5.10,6.3.6.1,
6.3.6.2.6.3.6.3. 6.).6.4.6.3.6,3.6.3.6.6.6367 6.3.6.8,6.3.6.9.63.6.10.6.3.7.1,6.3.7.2.6.3.7.3,
6.3.7.4.63.7.5.6.3.7.6.6.3.7.7.6.3.7.8,6.3.79,6.3.7.10.6.3.8.1,6.3.8.2. 6.3.8.3.6.3.8.4. 6.3.8.5.
6.3.8.6,6.3.8.7.6.3.8.8.6.3.89.6.3.8.10,6.3.9.1.6.3.9.2.6.3.9.3.6.3.9.4.6.3.9.5.6.3.9.6.6.3.9.7,
6.3.9.8.6.3.99.6.3.9.10.6.3.10.1.6.3.10.2. 6.3.10.3. 6.3.10.4. 6.3.10.5.6.3.10.6, 6.3.10.7.6.3.10.8,
6.3.109.6.3.10.10.6.4.1.1.6.4.1.2,64.1.3,6.4.1.4.6.4.1.5.6.4.1.6.6.4.1.7.6.4.1.8,6.4.1.9.
6.4.1.10.6.4.2.1.6422.6423.64.24,642.5.6426,64.2.7.64.28.64.2.9,64.2.10.64.3.1,
6432.6433.6434.6435.64.3.6.6.4.3.7.64.38.64.3.9.64.3.10.6.44.1,6.44.2.6.4.4.3.
6444.6445.6446.644.7.64.48.6449.64.4.10.6.4.5.1.64.52.64.53.6.454.64.5.5.
6.456.64.5.7.64.58,64.59.64.5.10.64.6.1.6.4.62.6.4.6.3.64.64.6.4.6.5,6.4.6.6.64.6.7.
6.46.8.6.469.64.6.10.6.4.7.1.6.4.72.64.73.6.4.74.6.4.7.5.6.4.7.6.6.4.7.7.6.4.7.8.6.4.79.
6.4.7.10.6.4.8.1.6.4.8.2.6.4.8.3.6.4.8.4.6.4.8.5.6.4.8.6.6.4.8.7.6.4.8.8.6.4.89.6.4.8.10.6.4.9.1.
6492 .6493.6494.6495.64.96.6.4.9.7.649.8.6.4.9.9.64.9.10.6.4.10.1.6.4.10.2.
6.4.10.3.6.4.104.6.4.10.5.6.4.10.6.6.4.10.7.6.4.10.8.6.4.109.6.4.10.10,6.5.1.1. 6.5.1.2. 6.5.1.3.
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6.5.1.4,6.5.1.5,6.5.1.6,6.5.1.7,6.5.1.8,6.5.1.9,6.5.1.10, 6.5.2.1,6.5.2.2,6.5.2.3,6.5.2.4, 6.5.2.5,
6.52.6,6.5.2.7,6.5.2.8,6.5.2.9,6.52.10,6.5.3.1, 6.5.3.2,6.53.3,6.5.3.4.6.5.3.5, 6.5.3.6, 6.5.3.7,
6.53.8,6.53.9,6.5.3.10,6.5.4.1,6.54.2,6.5.4.3,6.5.4.4,6.5.4.5,6.54.6.6.54.7,6.54.8,6.5.4.9,
6.5.4.10,6.5.5.1,6.5.5.2,6.5.5.3,6.5.5.4,6.5.5.5, 6.5.5.6,6.5.5.7,6.5.5.8,6.5.5.9, 6.5.5.10, 6.5.6.1,
6.5.6.2,6.5.63,6.5.6.4,6.5.6.5,6.5.6.6,6.5.6.7,6.5.6.8, 6.5.6.9,6.5.6.10,6.5.7.1,6.5.7.2, 6.5.7.3,
6.5.7.4.6.5.7.5,6.5.7.6,6.5.7.7,6.5.7.8,6.5.7.9.6.5.7.10, 6.5.8.1,6.5.8.2, 6.5.8.3, 6.5.8.4, 6.5.8.5,
6.5.8.6,6.5.8.7,6.5.8.8,6.5.8.9. 6.5.8.10,6.5.9.1, 6.5.9.2,6.5.9.3,6.59.4,6.5.9.5,6.59.6,6.5.9.7,
6.5.9.8,6.59.9,6.5.9.10,6.5.10.1.6.5.10.2,6.5.10.3, 6.5.10.4, 6.5.10.5, 6.5.10.6, 6.5.10.7, 6.5.10.8,
6.5.10.9,6.5.10.10, 6.6.1.1, 6.6.1.2. 6.6.1.3. 6.6.1 .4, 6.6.1.5, 6.6.1.6, 6.6.1.7, 6.6.1.8,6.6.1.9,
6.6.1.10,6.6.2.1,6.6.2.2,6.6.2.3,6.6.2.4,6.6.2.5,. 6.6.2.6,6.6.2.7,6.6.2.8,6.6.2.9, 6.6.2.10, 6.6.3.1,
6.6.3.2,6.6.3.3,6.6.3.4,6.6.3.5,6.6.3.6,6.6.3.7,6.6.3.8,6.6.3.9,6.6.3.10,6.6.4.1.6.6.4.2, 6.6.4.3,
6.6.4.4,6.64.5,6.6.4.6,6.6.4.7,6.6.4.8,6.6.4.9,6.6.4.10,6.6.5.1,6.6.52.6.6.5.3,6.6.5.4,6.6.5.5,
6.6.5.6,6.6.5.7,6.6.5.8,6.6.5.9,6.6.5.10,6.6.6.1, 6.6.6.2, 6.6.6.3,6.6.6.4,6.6.6.5, 6.6.6.6, 6.6.6.7,
6.6.6.8.6.6.6.9,6.6.6.10,6.6.7.1,6.6.7.2,6.6.7.3, 6.6.7.4,6.6.7.5,6.6.7.6.6.6.7.7,6.6.7.8, 6.6.7.9,
6.6.7.10,6.6.8.1,6.6.8.2,6.6.8.3.6.6.8.4.6.6.8.5, 6.6.8.6,6.6.8.7,6.6.8.8,6.6.8.9,6.6.8.10,6.6.9.1,
6.6.9.2,6.6.9.3,6.6.94,6.6.9.5,6.6.9.6,6.6.9.7,6.6.9.8, 6.6.9.9.6.6.9.10,6.6.10.1, 6.6.10.2,
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7.7.5.3.7.754.7.75.5.7.7.56.7.7.57.7.7.5.8.7.7.59. 7.7.5.10. 7.7.6.1. 7.7.6.2. 7.7.6.3. 7.7.6 4.
7.7.6.5.7.7.6.6.7.7.6.7.7.7.6.8.7.7.6.9.7.7.6.10.7.7.7.1. 7.7.7.2. 7.7.7.53. 1.7.7.4. 7.7.7.5. 1.7.7.6.
7.7.7.2.7.7.7.8.7.7.79.7.7.7.10.7.7.8.1.7.7.8.2.7.7.8.3. 7.7.84. 7.7.8.5.7.7.8.6. 7.7.8.7. 7.7.8.8,

1
1
1
1
. 1

7.1
7.1
7.1
7.1
7.1
7.1
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7.7.8.9,7.7.8.10,7.79.1,7.7.9.2,7.79.3, 7.7.9.4, 7.71.9.5, 7.1.9.6, 1.7.9.7, 7.7.9.8, 7.7.9.9, 7.1.9.10,
7.7.10.1, 7.7.10.2, 7.7.10.3, 7.7.10.4, 7.7.10.5, 7.7.10.6, 7.7.10.7, 7.7.10.8, 7.7.10.9, 7.7.10.10,
7.8.1.1,7.8.1.2,7.8.1.3,7.8.1.4,7.8.1.5,7.8.1.6,7.8.1.7, 7.8.1.8, 7.8.1.9, 7.8.1.10, 7.8.2.1, 7.8.2.2,
7.8.2.3,7.8.24,7.82.5,7.82.6.7.8.2.7,7.8.2.8,7.8.2.9,7.8.2.10,7.8.3.1, 7.8.3.2, 7.8.3.3, 7.8.3.4,
7.8.3.5,7.8.3.6,7.8.3.7,7.8.3.8,7.8.3.9,7.83.10, 7.8.4.1,7.8.4.2,7.8.4.3. 7.8.4.4,7.8.4.5, 7.8.4.6,
7.8.4.7,7.8.4.8,7.8.4.9,7.8.4.10.7.8.5.1,7.8.5.2,7.8.5.3,7.8.5.4,7.8.5.5, 7.8.5.6, 7.8.5.7, 7.8.5.8,
7.8.5.9,7.8.5.10,7.8.6.1,7.8.6.2, 7.8.6.3, 7.8.6.4, 7.8.6.5, 7.8.6.6. 7.8.6.7. 7.8.6.8, 7.8.6.9, 7.8.6.10,
7.8.7.1,7.8.7.2,7.8.7.3,7.8.7.4,78.7.5,7.8.7.6, 7.8.7.7, 7.8.7.8, 7.8.7.9, 7.8.7.10, 7.8.8.1, 7.8.8.2,
7.8.8.3,7.8.8.4,7.8.8.5,7.8.8.6,7.8.8.7,7.8.8.8,7.8.8.9,7.8.8.10,7.89.1,7.892,7.89.3, 7.8.94,
7.8.9.5,7.8.9.6,7.89.7,7.8.9.8,7.89.9,7.8.9.10, 7.8.10.1, 7.8.10.2, 7.8.10.3, 7.8.10.4, 7.8.10.5,
7.8.10.6,7.8.10.7, 7.8.10.8, 7.8.10.9, 7.8.10.10, 7.9.1.1, 7.9.1.2, 7.9.1.3, 7.9.1.4, 7.9.1.5, 1.9.1.6,
7.9.1.7,79.1.8,79.1.9,7.9.1.10,7.9.2.1,7.9.2.2,7.9.2.3,79.2.4,79.2.5, 7.9.2.6, 7.9.2.7,7.9.2.8,
7.9.29,79.2.10,7.9.3.1,79.3.2,7.9.3.3,7.9.3.4,7.9.3.5.7.9.3.6, 7.9.3.7,7.9.3.8, 7.9.3.9, 7.9.3.10,
79.4.1,79.42,7943,79.44,79.45,794.6,7.9.4.7,79.4.8,7.9.49.79.4.10,7.9.5.1,7.9.5.2,
7.9.53,79.5.4,79.55,79.5.6,79.5.7,7.9.5.8,7.9.5.9, 7.9.5.10,7.9.6.1,7.9.6.2, 7.9.6.3, 7.9.6 4,
7.9.6.5,7.9.6.6,7.9.6.7,7.9.6.8,7.9.6.9, 7.9.6.10, 7.9.7.1, 7.9.7.2, 79.7.3, 7.9.7.4, 7.9.1.5, 7.9.7.6,
7.9.7.7,79.7.8,79.79,7.9.7.10, 7.9.8.1, 7.9.8.2. 7.9.8.3, 7.9.8.4. 7.9.8.5. 7.9.8.6, 7.9.8.7, 7.9.8.8,
7.9.89,79.8.10,7.99.1,7.99.2,7.9.9.3,7.9.9.4, 7.9.9.5,7.9.9.6, 7.9.9.7,7.9.9.8, 7.9.9.9, 7.9.9.10,
7.9.10.1,7.9.10.2,7.9.10.3,7.9.10.4, 7.9.10.5, 7.9.10.6, 7.9.10.7, 7.9.10.8. 7.9.10.9, 7.9.10.10,
7.10.1.1, 7.10.1.2,7.10.1.3, 7.10.1.4. 7.10.1.5, 7.10.1.6, 7.10.1.7. 7.10.1.8, 7.10.1.9, 7.10.1.10,
7.10.2.1,7.10.2.2,7.10.2.3,7.10.2.4,7.10.2.5, 7.10.2.6. 7.10.2.7, 7.10.2.8. 7.10.2.9, 7.10.2.10,
7.10.3.1,7.10.3.2,7.10.3.3,7.10.3.4, 7.10.3.5, 7.10.3.6, 7.10.3.7, 7.10.3.8. 7.10.3.9, 7.10.3.10,
7.104.1,7.10.4.2,7.10.4.3,7.10.4.4,7.10.4.5, 7.10.4.6, 7.10.4.7, 7.10.4.8, 7.10.4.9, 7.10.4.10,
7.10.5.1,7.10.5.2, 7.10.5.3, 7.10.5.4, 7.10.5.5, 7.10.5.6, 7.10.5.7. 7.10.5.8. 7.10.5.9, 7.10.5.10,
7.10.6.1,7.10.6.2, 7.10.6.3, 7.10.6.4, 7.10.6.5, 7.10.6.6, 7.10.6.7. 7.10.6.8, 7.10.6.9, 7.10.6.10,
7.10.7.1,7.10.7.2,7.10.7.3. 7.10.7.4, 7.10.7.5, 7.10.7.6, 7.10.7.7, 7.10.7.8, 7.10.7.9, 7.10.7.10,
0.8.1,7.10.8.2,7.10.8.3, 7.10.8.4,7.10.8.5, 7.10.8.6, 7.10.8.7. 7.10.8.8, 7.10.8.9, 7.10.8.10,
0.9.1,7.10.9.2,7.10.9.3, 7.10.9.4, 7.10.9.5, 7.10.9.6, 7.10.9.7, 7.10.9.8, 7.10.9.9, 7.10.9.10,
0.1
0.1

7.10.10.2, 7.10.10.3, 7.10.10.4. 7.10.10.5. 7.10.10.6, 7.10.10.7, 7.10.10.8, 7.10.10.9,
.1.6,8.1.1.7, 8.1.1.8, 8.1.1.

-

O

.15,

, 8.1.1.10,
132,

-

«Jde O,

L P oo
NeBRS B
w

-

ode

. « O,

-

—_ 0N W W —
90 00 00 00 00 00 00 =

...............

8.6,8.1.8.7. 8.1
.9.8,8.1.9.9.8.1.9.10,8.1.10.1. 8.1.10.2. 8.1.
8,8.1 2
1

00 00 90 00 00 00 00 00 00 N N N N~
Noua
5 &
N 00 00 00 00 00 0

8.2.5.1,8.2.5.2,8.2.5.3,82.54,8.2.5.5.8.2.5.6,8.2.5.7. 8.2.5.8,8.2.5.9. 8.2.5.10. 8.2.6.1, 8.2.6.2,
8.2.6.3.8.2.6.4.8.2.6.5. 8.2.6.6. 8.2.6.7, 8.2.6.8. 8.2.6.9. 8.2.6.10.8.2.7.1. 8.2.7.2. 8.2.7.3, 8.2.7.4,
8.2.7.5,8.2.7.6, 8.2.7.7.8.2.7.8. 8.2.7.9. 8.2.7.10. 8.2.8.1. 8.2.8.2.8.2.8.3. 8.2.8.4. 8.2.8.5. 8.2.8.6,
8.2.8.7,.8.2.8.8.8.2.8.9.8.2.8.10.8.2.9.1,82.9.2.8.2.9.3.8.2.9.4.8.2.9.5. 8.2.9.6. 8.2.9.7, 8.2.9.8,
8.2.9.9,8.2.9.10.8.2.10.1.8.2.10.2. 8.2.10.3. 8.2.10.4. 8.2.10.5. 8.2.10.6. 8.2.10.7, 8.2.10.8,
8.2.10.9.8.2.10.10. 8.3.1.1. 8.3.1.2.8.3.1.3. 8.3.1.4. 8.3.1.5. 8.3.1.6. 8.3.1.7. 8.3.1.8. 8.3.1.9.
8.3.1.10,8.3.2.1,83.2.2,8.3.2.3.8.3.2.4.83.2.5. 8.3.2.6.8.3.2.7. 8.3.2.8. 8.3.2.9. 8.3.2.10, 8.3.3.1.
8.3.3.2.8.3.3.3.8.3.3.4.8.3.3.5.8.3.3.6. 8.3.3.7. 8.3.3.8. 8.3.3.9. 8.3.3.10. 8.3.4.1.8.3.4.2. 8.3.4.3,
8.3.4.4.83.4.5.83.4.6.83.4.7.8.3.4.8.83.49.83.4.10.8.3.5.1.8.3.5.2.8.3.5.3.8.3.5.4.8.3.5.5.
8.3.5.6.8.3.5.7.8.3.5.8.8.3.5.9. 8.3.5.10. 8.3.6.1. 8.3.6.2. 8.3.6.3. 8.3.6.4. 8.3.6.5. 8.3.6.6. 8.3.6.7.
8.3.6.8.8.3.6.9.8.3.6.10.8.3.7.1. 8.3.7.2.8.3.7.3. 8.3.7.4.8.3.7.5. 8.3.7.6.8.3.7.7. 8.3.7.8. 8.3.7.9.

- 8.3.7.10. 8.3.8.1. 8.3.8.2.8.3.8.3. 8.3.8.4. 8.3.8.5. 8.3.8.6. 8.3.8.7. 8.3.8.8. 8.3.8.9. 8.3.8.10. 8.3.9.1,

8.3.9.2.8.3.9.3.8.3.9.4.83.9.5.8.3.9.6.8.3.9.7.8.3.9.8.8.3.9.9.8.3.9.10. 8.3.10.1. 8.3.10.2.
8.3.10.3.8.3.10.4.8.3.10.5. 8.3.10.6. 8.3.10.7. 8.3.10.8. 8.3.10.9. 8.3.10.10. 8.4.1.1. 8.4.1.2. 8.4.1 3.
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8.4.14,84.1.584.1.6,84.1.7,84.1.8.84.1.9,8.4.1.10,8.42.1,8.4.2.2,84.2.3,8.4.2.4,8425,
8.4.2.6,84.2.7,8.4.2.8,8429,84.2.10.84.3.1,8.4.3.2,8.4.3.3,84.3.4,843.5,843.6,843.7,
8.4.3.8,843.9.843.10,8.4.4.1,8442.84.43.84.4.4,8445,844.6,84.47,8.4438,84.4.9,
8.4.4.10,8.4.5.1,84.5.2,84.53,84.54.84.5.5.84.5.6,84.5.7,8.4.58,84.59,8.4.5.10, 8.4.6.1,
8.4.6.2,8.4.6.3,8.4.6.4,8.4.6.5,8.4.6.6.8.4.6.7.8.4.6.8,84.6.9,84.6.10.84.7.1,84.7.2,84.7.3,
8.4.7.4,84.7.5,84.7.6,84.7.7,8.4.7.8.84.7.9,8.4.7.10,8.4.8.1,8.4.82,8.4.8.3,84.8.4,84.8.5,
8.4.86,8.4.8.7,84.8.8,84.89,84.8.10.8.4.9.1,8.4.9.2,8.4.9.3,8.4.9.4,84.9.5,84.9.6,84.9.7,
8.4.9.8,84.99,849.10,8.4.10.1,8.4.10.2,8.4.10.3. 8.4.10.4, 8.4.10.5, 8.4.10.6, 8.4.10.7, 8.4.10.8,
8.4.10.9,8.4.10.10,8.5.1.1, 8.5.1.2,8.5.1.3, 8.5.i.4. 8.5.1.5,8.5.1.6, 8.5.1.7, 8.5.1.8, 8.5.1.9,
8.5.1.10, 8.5.2.1, 8.5.2.2,8.5.2.3. 8.5.2.4,8.5.2.5, 8.5.2.6,8.5.2.7,8.5.2.8,8.5.2.9, 8.5.2.10. 8.5.3.1,
8.5.3.2,85.3.3,85.3.4,853.5,8.5.3.6.8.53.7.85.3.8,8.53.9,85.3.10,8.5.4.1,85.4.2,85.4.3,
8.54.4,8545,854.6,854.7,8548.854.9.85.4.10,8.55.1,85.5.2,8.5.5.3,8.5.5.4,85.5.5,
8.5.5.6,85.5.7,8.5.5.8,8.5.59.8.5.5.10. 8.5.6.1. 8.5.6.2. 8.5.6.3, 8.5.6.4, 8.5.6.5, 8.5.6.6, 8.5.6.7,
8.5.6.8,8.5.6.9,8.5.6.10,8.5.7.1,8.5.7.2. 8.5.7.3. 8.5.7.4,8.5.7.5, 8.5.7.6, 8.5.7.7, 8.5.7.8, 8.5.7.9,
8.5.7.10,8.5.8.1,8.5.8.2,8.5.8.3. 8.5.8.4.8.5.8.5. 8.5.8.6,8.5.8.7,8.5.8.8,8.5.8.9,8.5.8.10,8.5.9.1,
85.92,8593,8.594,859.5,859.6.8.59.7.859.8,8.59.9,8.59.10, 8.5.10.1, 8.5.10.2,
8.5.10.3,8.5.10.4. 8.5.10.5, 8.5.10.6. 8.5.10.7, 8.5.10.8, 8.5.10.9, 8.5.10.10, 8.6.1.1, 8.6.1.2, 8.6.1.3,
8.6.14,8.6.1.5.8.6.1.6,8.6.1.7.8.6.1.8.8.6.1.9.8.6.1.10. 8.6.2.1, 8.6.2.2, 8.6.2.3. 8.6.2.4, 8.6.2.5,
8.6.2.6,8.6.2.7,8.6.2.8,8.6.2.9. 8.6.2.10. 8.6.3.1. 8.6.3.2, 8.6.3.3. 8.6.3.4. 8.6.3.5, 8.6.3.6, 8.6.3.7,
8.6.3.8,8.6.3.9.8.6.3.10.8.6.4.1. 8.6.4.2. 8.6.4.3. 8.6.4.4, 8.6.4.5, 8.6.4.6, 8.6.4.7, 3.6.4.8, 8.6.4.9,
8.6.4.10,8.6.5.1.8.6.5.2.8.6.5.3. 8.6.5.4. 8.6.5.5. 8.6.5.6, 8.6.5.7, 8.6.5.8. 8.6.5.9. 8.6.5.10, 8.6.6.1,
8.6.6.2. 8.6.6.3. 8.6.6.4,8.6.6.5. 8.6.6.6.8.6.6.7. 8.6.6.8. 8.6.6.9, 8.6.6.10, 8.6.7.1, 8.6.7.2, 8.6.7.3,
8.6.7.4,8.6.7.5,8.6.7.6,8.6.7.7, 8.6.7.8. 8.6.7.9, 8.6.7.10, 8.6.8.1. 8.6.8.2, 8.6.8.3, 8.6.8.4, 8.6.8.5,
8.6.8.6,8.6.8.7, 8.6.8.8, 8.6.8.9. 8.6.8.10.8.6.9.1. 8.6.9.2, 8.6.9.3, 8.6.9.4, 8.6.9.5, 8.6.9.6, 8.6.9.7,
8.6.9.8,8.6.9.9. 8.6.9.10.8.6.10.1, 8.6.10.2. 8.6.10.3. 8.6.10.4, 8.6.10.5. 8.6.10.6, 8.6.10.7, 8.6.10.8,
8.6.10.9, 8.6.10.10.8.7.1.1,8.7.1.2,8.7.1.3. 8.7.1.4. 8.7.1.5. 8.7.1.6, 8.7.1.7. 8.7.1.8, 8.7.1.9,
8.7.1.10,8.7.2.1,8.7.2.2,8.7.2.3. 8.7.2.4.8.7.2.5. 8.7.2.6,8.7.2.7,8.7.2.8,8.7.2.9, 8.7.2.10, 8.7.3.1,
8.73.2,8.7.3.3,8.7.3.4,8.7.3.5,.8.7.3.6.8.7.3.7. 8.7.3.8, 8.7.3.9,8.7.3.10, 8.7.4.1,8.7.4.2, 8.7.4.3,
8.7.44,8.74.5,8.74.6,.87.4.7,8.7.4.8.8.74.9,8.74.10, 8.7.5.1,8.7.5.2,8.7.5.3, 8.7.5.4, 8.7.5.5,
8.7.5.6,8.7.5.7,8.7.5.8,8.7.5.9, 8.7.5.10. 8.7.6.1, 8.7.6.2, 8.7.6.3, 8.7.6.4, 8.7.6.5, 8.7.6.6, 8.7.6.7,
8.7.6.8,8.7.6.9, 8.7.6.10, 8.7.7.1, 8.7.7.2. 8.7.7.3. 8.7.7.4,8.7.7.5,8.7.7.6. 8.7.7.7, 8.7.7.8, 8.7.7.9,
8.7.7.10,8.7.8.1. 8.7.8.2,8.7.8.3. 8.7.8.4. 8.7.8.5, 8.7.8.6, 8.7.8.7, 8.7.8.8. 8.7.8.9, 8.7.8.10, 8.7.9.1,
8.79.2,87.9.3,8.7.9.4.8.79.5.8.7.9.6.8.7.9.7. 8.79.8, 8.7.9.9, 8.7.9.10, 8.7.10.1, 8.7.10.2,
8.7.10.3,8.7.10.4. 8.7.10.5. 8.7.10.6. 8.7.10.7. 8.7.10.8. 8.7.10.9, 8.7.10.10, 8.8.1.1, 8.8.1.2, 8.8.1.3,
8.8.1.4,88.1.5.88.1.6.8.8.1.7.8.8.1.8.8.8.1.9.8.8.1.10, 8.8.2.1,8.8.2.2. 8.8.2.3. 8.8.2.4,8.8.2.5,
8.8.2.6,8.8.2.7.8.8.2.8,8.8.2.9. 8.8.2.10. 8.8.3.1. 8.8.3.2. 8.8.3.3, 8.8.3.4.8.8.3.5. 8.8.3.6, 8.8.3.7.
8.8.3.8.8.8.3.9.8.8.3.10.8.8.4.1.88.4.2.8.8.4.3.8.8.4.4.8.84.5,8.8.4.6.8.8.4.7.8.8.4.8,88.49,
8.8.4.10.8.8.5.1.8.8.5.2. 8.8.5.3.8.8.5.4.8.8.5.5. 8.8.5.6. 8.8.5.7, 8.8.5.8, 8.8.5.9, 8.8.5.10, 8.8.6.1,
8.8.62.8243 8864 RRAS5 RR6.6.8.8.6.7.8.8.6.8, 88.69.88.6.10,8.8.7.1.8.8.7.2.8.8.7.3,
8.8.7.4,8.8.7.5.8.8.7.6.8.8.7.7. 8.8.7.8.8.8.7.9. 8.8.7.10, 8.8.8.1, 8.8.8.2. 8.8.8.3. 8.5.8.4, 8.5.8.5,
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9.9.3.5.99.3.6.9.9.3.7.9.9.3.8.9.9.3.9.9.9.3.10.9.9.4.1.9.9.4.2,9.9.43,9.9.4.4,9.9.4.5,9.9.4.6,
9.9.4.7.9.94.8,9.9.4.9.9.9.4.10.9.9.5.1.9.9.5.2,9.9.5.3,9.9.54.9.9.5.5.9.9.5.6,9.9.5.7,9.9.5.8,
9.9.59,9.9.5.10,9.9.6.1.9.9.6.2.9.9.6.3,9.9.6.4. 9.9.6.5.9.9.6.6.9.9.6.7,9.9.6.8, 9.9.6.9,9.9.6.10,
99.7.1.9.9.7.2,9.9.7.3.99.7.4.9.9.7.5.9.9.7.6.9.9.7.7,9.9.7.8.9.9.7.9,9.9.7.10. 9.9.8.1, 9.9.8.2,
9.9.8.3.9.9.8.4,9.9.8.5.9.9.8.6.9.9.8.7.9.9.8.8.9.9.89,9.9.8.10.9.9.9.1,9.9.9.2.99.9.3,99.94,
9.9.9.5.9.9.9.6.9.9.9.7.9.9.9.8.9.9.9.9.9.9.9.10.9.9.10.1,9.9.10.2.9.9.10.3, 9.9.10.4,9.9.10.5,
9.9.10.6.9.9.10.7.9.9.10.8.9.9.10.9.9.9.10.10. 9.10. .10.1.2,9.10.1.3.9.16.1.4, 9.10.1.5,
9.10.1.6.9.10.1.7,9.10.1.8.9.10.1.9. 9.10.1.10, 9.10. .10.2.2,9.10.2.3,9.10.2.4,9.10.2.5,
9.10.2.6.9.10.2.7.9.10.2.8,9.10.2.9.9.10.2.10. 9.10. .10.3.2,9.10.3.3,9.10.3.4.9.10.3.5,
9.10.3.6.9.10.3.7.9.10.3.8.9.10.3.9.9.10.3.10. 9.1 .10.4.2.9.10.4.3,9.10.4.4.9.10.4.5,
9.10.4.6.9.10.4.7,9.10.4.8.9.10.49.9.10.4.10. 9.1 .10.5.2,9.10.5.3,9.10.5.4.9.10.5.5.
9.10.5.6.9.10.5.7,9.10.5.8.9.10.5.9.9.10.5.10, 9.1 .10.6.2,9.10.6.3.9.10.6.4. 9.10.6.5,
9.10.6.6.9.10.6.7,9.10.6.8.9.10.6.9.9.10.6.10. 9.1 .10.7.2,9.10.7.3.9.10.7.4. 9.10.7.5.
9.10.7.6.9.10.7.7.9.10.7.8.9.10.7.9.9.10.7.10. 9.1 .10.8.2.9.10.8.3.9.10.8.4,9.10.8.5.
9.10.8.6.9.10.8.7.9.10.8.8.9.10.8.9.9.10.8.10. 9.1 .10.9.2.9.10.9.3.9.10.9.4.9.10.9.5.
9.10.9.6.9.10.9.7.9.10.9.8.9.10.9.9.9.10.9.10. 9.1 l 9.10.10.2.9.10.10.3.9.10.10.4.
9.10.10.5.9.10.10.6.9.10.10.7.9.10.10.8.9.10.10.9. 9.10.10.10. 10.1.1.1, 10.1.1.2. 10113

Q

—OOO\JO\U\AMN—'
OOO\OOOO\OO

o

0.
0.
0.
0.
0.
0.
0.

10.1.1.4. 10.1.1.5. 10.1.1.6, 10.i.i.7. i0.i.1.8. 12.1.1.9. 101 1 10, 10.1.2.1, 10.1.2.2. 10.1.2

10.1.2.4.10.1.2.5.10.1.2.6. 10.1.2.7. 10.1.2.8. 10.1.2.9.10.1.2.10. 10.1.3.1. 10.1.3.2. 10.1.3.).
10.1.3.4.10.1.3.5.10.1.3.6. 10.1.3.7. 10.1.3.8. 10.1.3.9.10.1.3.10. 10.1.4.1, 10.1.4.2. 10.1.4.3.
10.1.4.4.10.1.4.5.10.1.4.6.10.1.4.7.10.1.4.8.10.1.4.9.10.1.4.10. 10.1.5.1. 10.1.5.2. 10.1.5.3.
10.1.5.4.10.1.5.5.10.1.5.6. 10.1.5.7. 10.1.5.8. 10.1.5.9. 10.1.5.10. 10.1.6.1. 10.1.6.2. 10.1.6.3,
10.1.6.4.10.1.6.5.10.1.6.6. 10.1.6.7. 10.1.6.8. 10.1.6.9. 10.1.6.10. 10.1.7.1. 10.1.7.2. 10.1.7.3.
10.1.7.4.10.1.7.5.10.1.7.6, 10.1.7.7. 10.1.7.8. 10.1.7.9. 10.1.7.10. 10.1.8.1. 10.1.8.2. 10.1.8.3.
10.1.8.4.10.1.8.5.10.1.8.6. 10.1.8.7. 10.1.8.8. 10.1.8.9.10.1.8.10. 10.1.9.1.10.1.9.2. 10.1.9.3.

10.1.9.4.10.1.9.5.10.1.9.6.10.1.9.7.10.1.9.8. 10.1.9.9.10.1.9.10. 10.1.10.1. 10.1.10.2. 10.1.10.3.
10.1.10.4. 10.1.10.5. 10.1.10.6. 10.1.10.7. 10.1.10.8. 10.1.10.9. 10.1.10.10. 10.2.1.1.

10.2.1.5.10.2.1.4.10.2.1.5. 10.2.1.6. 10.2.1.7. 10.2.1.8.10.2.1.9. 10.2.1.10. 10.2.2. 1, lO.._.2.~.
10.2.2.3.10.2.2.4.10.2.2.5.10.2.2.6.10.2.2.7. 10.2.2.8. 10.2.2.9. 10.2.2.10. 10.2.3.1. 10.2.3.2.
10.2.3.3.10.2.3.4.10.2.3.5. 10.2.3.6.10.2.3.7. 10.2.3.8. 10.2.3.9. 10.2.3.10. 10.2.4.1. 10.2.4.2,
10.2.4.3.10.24.4.10.2.4.5.10.2.4.6. 10.2.4.7.10.2.4.8. 10.2.4.9. 10.2.4.10. 10.2.5.1. 10.2.5.2.
10.2.5.3.10.2.5.4.10.2.5.5. 10.2.5.6. 10.2.5.7. 10.2.5.8. 10.2.5.9. 10.2.5.10. 10.2.6.1. 10.2.6.2.
10.2.6.3.10.2.6.4.10.2.6.3. 10.2.6.6. 10.2.6.7. 10.2.6.8. 10.2.6.9. 10.2.6.10. 10.2.7.1. 10.2.7.2.
10.2.7.3.10.2.7.4. 10.2.7.5. 10.2.7.6. 10.2.7.7. 10.2.7.8. 10.2.7.9. 10.2.7.10. 10.2.8.1. 10.2.8.2.
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10.2.8.3,10.2.8.4.10.2.8.5. 10.2.8.6. 10.2.8.7. 10.2.8.8. 10.2.8.9. 10.2.8.10, 10.2.9.1, 102.9.2,
10.2.9.3. 10.2.9.4. 10.2.9.5. 10.2.9.6. 10.2.9.7. 10.2.9.8. 10.2.9.9, 10.2.9.10. 10.2.10.1. 10.2.10.2,

10.2.10.3. 10.2.10.4. 10.2.10.5. 10.2.10.6. 10.2.10.7. 10.2.10.8, 10.2.10.9. 10.2.10.10, 10.3.1.1,

10.3.1.2.
10.3.2.2,
10.3.3.2.
10.3.4.2.
10352,
10.3.6.2,
10.3.7.2,
10.3.8.2.
10.3.9.2,

10.4.1.1,
10.4.2.1.
10.4.3.1,
10.4.4.1,
10.4.5.1.
10.4.6.1.
10.4.7.1.
10.4.8.1.
10.4.9.1.

10.4.10.10.10.5.1.1,10.5.1.2. 10.5.1.3. 10.5.1.4. 10.5.1.5. 10.5.1.6. 10.5.1.7, 10.5.1.8, 10.5.1.9,
10.5.2.1,10.5.2.2. 10.5.2.3. 10.5.2.4. 10.5.2.5. 10.5.2.6. 10.5.2.7, 10.5.2.8. 10.5.2.9,
10.5.3.1,10.5.3.2. 10.5.3.3. 10.5.3.4. 10.5.3.5. 10.5.3.6. 10.5.3.7, 10.5.3.8, 10.5.3.9,
10.5.4.1,10.54.2.10.5.4.3,10.5.4.4. 10.5.4.5.10.5.4.6. 10.5.4.7. 10.5.4.8, 10.5.4.9,
10.5.5.1,10.5.5.2,10.5.5.3,10.5.5.4, 10.5.5.5. 10.5.5.6, 10.5.5.7. 10.5.5.8, 10.5.5.9,
10.5.6.1,10.5.6.2. 10.5.6.3. 10.5.6.4, 10.5.6.5. 10.5.6.6, 10.5.6.7. 10.5.6.8, 10.5.6.9,
10.5.7.1,10.5.7.2,10.5.7.3. 10.5.7.4, 10.5.7.5. 10.5.7.6, 10.5.7.7, 10.5.7.8, 10.5.7.9,
10.5.8.1.10.5.8.2. 10.5.8.3.10.5.8.4. 10.5.8.5. 10.5.8.6. 10.5.8.7. 10.5.8.8, 10.5.8.9,
10.5.9.1.10.59.2.10.59.3.10.5.9.4, 10.5.9.5.10.5.9.6. 10.5.9.7. 10.5.9.8. 10.5.9.9,
10.5.10.1,10.5.10.2. 10.5.10.3. 10.5.10.4, 10.5.10.5, 10.5.10.6. 10.5.10.7, 10.5.10.8,
10.5.10.10. 10.6.1.1. 10.6.1.2.10.6.1.3. 10.6.1.4. 10.6.1.5. 10.6.1.6. 10.6.1.7, 10.6.1.8,

10.5.1.10.
10.5.2.10.
10.5.3.10.
10.5.4.10.
10.5.5.10.
10.5.6.10.
10.5.7.10.
10.5.8.10.
10.5.9.10.

10.5.10.9
10.6.1.9.
10.6.2.9.
10.6.3.9.
10.6.4.9.
10.6.5.5.
10.6.6.9.
10.6.7.9.
10.6.8.9.
10.6.9.9.

10.7.1.8.
10.7.2.8.
10.7.3.8.
10.7.4.8.
10.7.5.8.
10.7.6.8.
10.7.7.8.
10.7.8.8.
10.7.9.8.

10.3.1.3.
10.3.2.3.
10.3.3.3.
10.3.4.3.
10.3.5.3.
10.3.6.3.
10.3.7.3.
10.3.8.3.
10.3.9.3,

10.4.1.2,
10.4.2.2,
10.4.3.2.
10.4.4.2,
10.4.5.2.
10.4.6.2.
10.4.7.2.
10.4.8.2.
10.4.9.2.

10.6.1.10

10.6.2.10.
10.6.3.10,
10.6.4.10.

N7 AN

10.0.5.10.

10.6.6.10,
10.6.7.10.

10.6.8.10
10.6.9.10

10.7.1.9.
10.7.2.9.
10.7.5.9.
10.7.4.9.
10.7.5.9.
10.7.6.9.
10.7.7.9.
10.7.8.9.
10.7.9.9.

10.3.1.4.10.3.1.5.10.3.1.6. 10.3.1.7.10.3.1.8. 10.3.1.9, 10.3.1.10, 10.3.2.1,
10.3.2.4.10.3.2.5.10.3.2.6. 10.3.2.7. 10.3.2.8. 10.3.2.9, 10.3.2.10, 103 .3.1,
10.3.3.4.10.3.3.5.10.3.3.6, 10.3.3.7. 10.3.3.8. 10.3.3.9. 10.3.3.10, 10.3.4.1,
10.3.4.4.10.3.4.5.10.3.4.6.10.3.4.7.10.3.4.8.10.3.4.9.10.5.4.10, 10.3.5.1,
10.3.5.4.10.3.5.5. 10.3.5.6. 10.3.5.7. 10.3.5.8. 10.3.5.9. 10.3.5.10, 10.3.6.1,
10.3.6.4,10.3.6.5. 10.3.6.6. 10.3.6.7. 10.3.6.8, 10.3.6.9. 10.3.6.10, 10.3.7.1,
10.5.7.4.10.3.7.5. 10.3.7.6. 10.3.7.7. 10.3.7.8, 10.3.7.9, 10.3.7.10, 10.3.8.1,
10.3.8.4.10.3.8.5.10.3.8.6.10.3.8.7.10.3.8.8. 10.3.8.9. 10.3.8.10, 10.3.9.1,

10.3.9.4.10.3.9.5.10.3.9.6. 10.3.9.7.10.3.9.8. 10.3.99, 10.3.9.10, 10.3.10.1,
10.3.10.2. 10.3.10.3, 10.3.10.4. 10.3.10.5. 10.3.10.6, 10.3.10.7, 10.3.10.8, 10.3.10.9, 10.3.10.10.

10.4.13.104.1.4,10.4.1.5.10.4.1.6.10.4.1.7,10.4.1.8.10.4.1.9. 10.4.1.10,
10.4.2.3.104.24.10.4.2.5.10.4.2.6.10.4.2.7. 10.4.2.8.10.4.2.9. 10.4.2.10,
10.4.3.3.104.3.4.10.4.3.5,10.4.3.6.10.4.3.7. 10.4.3.8.10.4.3.9. 10.4.3.10.
10.4.43,104.44.10.4.4.5.10.4.46.10.4.4.7,104.48.10.44.9,10.4.4.10,
10.4.5.3.104.5.4.10.4.5.5,10.4.5.6.10.4.5.7.10.4.5.8.10.4.5.9, 10.4.5.10,
10.4.6.3.10.4.6.4. 10.4.6.5. 10.4.6.6. 10.4.6.7. 10.4.6.8, 10.4.6.9. 10.4.6.10.
10.4.7.3.104.7.4,10.4.7.5.10.4.7.6. 10.4.7.7,104.7.8.10.4.7.9, 10.4.7.10,
10.4.8.3,104.8.4.10.4.8.5.10.4.8.6.10.4.8.7.10.4.8.8.10.4.8.9,10.4.8.10.
10.49.3,10.49.4.10.4.9.5,10.4.9.6,10.4.9.7.10.4.9.8.10.4.9.9, 10.4.9.10,
10.4.10.1.10.4.10.2, 10.4.10.3, 10.4.10.4. 10.4.10.5, 10.4.10.6, 10.4.10.7. 10.4.10.8, 10.4.10.9.

.10.6.2.1,
10.6.3.1.
10.64.1.
10.6.5.1.
10.6.6.1.

10.6.7.1.
10.6.8.1.
. 10.6.9.1.

10.6.2.2.10.6.2.3. 10.6.2.4. 10.6.2.5, 10.6.2.6. 10.6.2.7. 10.6.2.8.
10.6.3.2. 10.6.3.3. 10.6.3.4. 10.6.3.5. 10.6.3.6. 10.6.3.7. 10.6.3.8.
10.6.4.2.10.6.4.3.10.6.4.4.10.6.4.5. 10.6.4.6. 10.6.4.7, 10.6.4.8.
10.6.5.2.10.6.5.3. 10.6.5.4. 10.6.5.5.10.6.5.6. 10.6.5.7, 10.6.5.8,
10EL2. 1I0E6A2 INAAT 10.6.6.5.10.6.6.6.10.6.6.7.10.6.6.8.
10.6.7.2.10.6.7.3. 10.6.7.4. 10.6.7.5. 10.6.7.6. 10.6.7.7, 10.6.7.8.
10.6.8.2.10.6.8.3. 10.6.8.4. 10.6.8.5. 10.6.8.6. 10.6.8.7, 10.6.8.8.
10.6.9.2.10.6.9.3. 10.6.9.4. 10.6.9.5. 10.6.9.6. 10.6.9.7. 10.6.9.8.

.10.6.10.1.10.6.10.2. 10.6.10.3. 10.6.10.4. 10.6.10.5. 10.6.10.6. 10.6.10.7.
10.6.10.8. 10.6.10.9. 10.6.10.10. 10.7.1.1. 10.7.1.2. 10.7.1.3. 10.7.1.4. 10.7.1.5. 10.7.1.6. 10.7.

10.7.1.10.
10.7.2.10.
10.7.3.10.
10.7.4.10.
10.7.5.10.
10.7.6.10.
10.7.7.10.
10.7.8.10.
10.7.9.10.

10.7.2.1.10.7.2.2. 10.7.2.5. 10.7.2.4. 10.7.2.5. 10.7.2.6. 10.7.2.7.
10.7.3.1.10.7.3.2. 10.7.3.5. 10.7.3.4. 10.7.3.5. 10.7.3.6. 10.7.3.7.
10.7.4.1.10.7.4.2. 10.7.4.5. 10.7.4.4. 10.7.4.5. 10.7.4.6. 10.7.4.7.
10.7.5.1.10.7.5.2. 10.7.5.3. 10.7.5.4. 10.7.5.5. 10.7.5.6. 10.7.5.7.
10.7.6.1.10.7.6.2. 10.7.6.3. 10.7.6.4. 10.7.6.5. 10.7.6.6. 10.7.6.7.
10.7.7.1.10.7.7.2. 10.7.7.3.10.7.7.4. 10.7.7.5. 10.7.7.6. 10.7.7.7.
10.7.8.1.10.7.8.2. 10.7.8.3. 10.7.8.4. 10.7.8.5. 10.7.8.6. 10.7.8.7.
10.7.9.1.10.7.9.2. 10.7.9.3. 10.7.9.4. 10.7.9.5. 10.7.9.6. 10.7.9.7.
10.7.10.1. 10.7.10.2. 10.7.10.3. 10.7.10.4. 10.7.10.5. 10.7.10.6.

1.

10.7.10.7.10.7.10.8. 10.7.10.9. 10.7.10.10. 10.8.1.1. 10.8.1.2. 10.8.1.5. 10.8.1.4. 10.8.1.5. 10.8.1.6.
10.8.1.7.10.8.1.8.10.8.1.9. 10.8.1.10. 10.8.2.1. 10.8.2.2. 10.8.2.5. 10.8.2.4. 10.8.2.5. 10.8.2.6.
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10.8.2.7.10.8.2.8.10.8.2.9, 10.8.2.10. 10.8.3.1. 10.8.3.2.10.8.3.3, 10.8.3.4. 10.8.3.5, 10.8.3.6,
10.8.3.7,10.8.3.8.10.8.3.9. 10.8.3.10. 10.8.4.1. 10.8.4.2.10.8.4.3. 10.8.4.4, 10.8.4.5. 10.8.4.6,
10.8.4.7.10.8.4.8.10.8.4.9.10.8.4.10, 10.8.5.1. 10.8.5.2.10.8.5.3. 10.8.5.4. 10.8.5.5, 10.8.5.6.
10.8.5.7.10.8.5.8. 10.8.5.9. 10.8.5.10. 10.8.6.1. 10.8.6.2. 10.8.6.3. 10.8.6.4, 10.8.6.5. 10.8.6.6,
10.8.6.7,10.8.6.8. 10.8.6.9, 10.8.6.10. 10.8.7.1. 10.8.7.2.10.8.7.3. 10.8.7.4, 10.8.7.5. 10.8.7.6,
10.8.7.7.10.8.7.8. 10.8.7.9, 10.8.7.10, 10.8.8.1. 10.8.8.2. 10.8.8.3, 10.8.8.4. 10.8.8.5. 10.8.8.6,
10.8.8.7.10.8.8.8.10.8.8.9..10.8.8.10, 10.8.9.1, 10.8.9.2. 10.8.9.3, 10.8.9.4, 10.8.9.5, 10.8.9.6,
10.8.9.7.10.8.9.8. 10.8.9.9, 10.8.9.10. 10.8.10.1. 10.8.10.2, 10.8.10.3, 10.8.10.4. 10.8.10.5,
10.8.10.6. 10.8.10.7. 10.8.10.8, 10.8.10.9. 10.8.10.10. 10.9.i.i, i0.9.1.2, 10.9.1.3. i0.5.1 .4,
10.9.1.5.10.9.1.6.10.9.1.7, 10.9.1.8. 10.9.1.9, 10.9.1.10. 10.9.2.1, 10.9.2.2, 10.9.2.3, 10.9.2.4,
10.9.2.5.10.9.2.6.10.9.2.7. 10.9.2.8. 10.9.2.9, 10.9.2.10. 10.9.3.1, 10.9.3.2, 10.9.3.3, 10.9.3.4,
10.9.3.5.10.9.3.6.10.9.3.7, 10.9.3.8.10.9.3.9. 10.9.3.10. 10.9.4.1, 10.9.4.2, 10.9.4.3,10.9.4 4,
10.9.4.5,10.9.4.6.10.9.4.7.10.9.4.8.10.9.4.9. 10.9.4.10. 10.9.5.1, 10.9.5.2. 10.9.5.3, 10.9.5.4,
10.9.5.5,10.9.5.6.10.9.5.7. 10.9.5.8,10.9.5.9, 10.9.5.10. 10.9.6.1, 10.9.6.2, 10.9.6.3, 10.9.6.4,
10.9.6.5.10.9.6.6.10.9.6.7. 10.9.6.8, 10.9.6.9. 10.9.6.10. 10.9.7.1,10.9.7.2, 10.9.7.3, 10.9.7 4,
10.9.7.5,10.9.7.6. 10.9.7.7, 10.9.7.8, 10.9.7.9, 10.9.7.10. 10.9.8.1, 10.9.8.2. 10.9.8.3, 10.9.8.4,
10.9.8.5,10.9.8.6. 10.9.8.7. 10.9.8.8. 10.9.8.9. 10.9.8.10. 10.9.9.1. 10.9.9.2, 10.9.9.3, 10.9.9.4,
10.9.9.5.10.9.9.6.10.9.9.7,10.9.9.8. 10.9.9.9, 10.9.9.10. 10.9.10.1, 10.9.10.2, 10.9.10.3, 10.9.10.4,
10.9.10.5.10.9.10.6, 10.9.10.7. 10.9.10.8. 10.9.10.9, 10.9.10.10. 10.10.1.1, 10.10.1.2, 10.10.1.3,
10.10.1.4.10.10.1.5. 10.10.1.6. 10.10.1.7. 10.10.1.8. 10.10.1.9. 10.10.1.10, 10.10.2.1, 10.10.2.2,
10.10.2.3.10.10.2.4. 10.10.2.5. 10.10.2.6. 10.10.2.7. 10.10.2.8, 10.10.2.9. 10.10.2.10, 10.10.3.1,
10.10.3.2.10.10.3.3.10.10.3.4, 10.10.3.5. 10.10.3.6. 10.10.3.7, 10.10.3.8. 10.10.3.9, 10.10.3.10,
10.10.4.1.10.10.4.2.10.10.4.3,10.10.4.4, 10.10.4.5. 10.10.4.6. 10.10.4.7,10.10.4.8, 10.10.4.9,
10.10.4.10.10.10.5.1, 10.10.5.2, 10.10.5.3.10.10.5.4, 10.10.5.5, 10.10.5.6, 10.10.5.7, 10.10.5.8,
10.10.5.9. 10.10.5.10. 10.10.6.1. 10.10.6.2. 10.10.6.3. 10.10.6.4, 10.10.6.5. 10.10.6.6, 10.10.6.7,
10.10.6.8. 10.10.6.9. 10.10.6.10, 10.10.7.1, 10.10.7.2. 10.10.7.3, 10.10.7.4. 10.10.7.5, 10.10.7.6,
10.10.7.7.10.10.7.8. 10.10.7.9, 10.10.7.10, 10.10.8.1. 10.10.8.2. 10.10.8.3, 10.10.8.4, 10.10.8.5.
10.10.8.6.10.10.8.7.10.10.8.8, 10.10.8.9, 10.10.8.10. 10.10.9.1, 10.10.9.2, 10.10.9.3, 10.10.9.4.
10.10.9.5.10.10.9.6. 10.10.9.7, 10.10.9.8. 10.10.9.9. 10.10.9.10. 10.10.10.1. 10.10.10.2,
10.10.10.3. 10.10.10.4, 10.10.10.5, 10.10.10.6, 10.10.10.7, 10.10.10.8, 10.10.10.9. 10.10.10.10

Additional exemplary formula B compound groups include the following compound
groups disclosed below. Unless otherwise specified, the configurations of all hydrogen
atoms and R groups for the following compound groups are as defined for the group 1
compounds of formula B above.

Groun 2. This graun comprises compounds named in Table B having R', R?, R®
and R* substituents defined in Table A wherein the R', R?, R*> and R* substituents are
bonded to the steroid nucleus described for group 1 compounds, except that a double
bond at the 5-6 position is present. Thus, group (.)2 compound 1.3.1.1 has the structure

CHy

CH3 <ailBr

HO (0] 1.3.1.1.
Group 3. This group comprises compounds named in Table B having R', R? R®
and R* substituents defined in Table A wherein the R', R?, R® and R* substituents are
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bonded to the steroid nucleus as described for group 1 compounds, except that double
bonds at the 1-2- and 5-6 positions are present. Thus, group 3 compound 2.2.5.1 has the
structure

CHy,

CH,

o OH 2.25.1.

Group 4. This group comprises compounds named in Table B having R', R?, R®
and R* substituents defined in Table A wherein the R', R?, R® and R* substituents are
bonded to the steroid nucleus described for group 1 compounds, except that a double
bond at the 1-2 position is present. Thus, group 4 compound 5.2.7.8 has the structure

CHj; O/H\CH:’

o}
CH; o

H3CO OH 5.2.7.8.

Group 5. This group comprises compounds named in Table B having R’, R? R
and R* substituents defined in Table A wherein the R', R?, R* and R* substituents are
bonded to the steroid nucleus described for group 1 compounds, except that a double
bond at the 4-5 position is present. Thus, the group 5 compound named 3.5.2.9 has the

o/\\Csz

~Jl o

CH3 —ullICI

structure

HS OCHs 3.5209.

Group 6. This group comprises compounds named in Table B having R', R? R®
and R* substituents defined in Table A wherein the R', R? R® and R* substituents are
bonded to the steroid nucleus described for group 1 compounds, except that double bonds
at both the 1-2 and 4-5 positions are present. Thus, the group 6 compound named
10.2.7.8 has the structure
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CHs o
///

A
(CHyC00%  NF 7 Vou 10.2.7.8.

Groups 7-1 through 7-6. These groups comprise the 6 compound groups
described above, except that R® is hydrogen instead of methyl. Thus, group 7-1 has the
same steroid nucleus as group 1 above, i.e., no double bond is present, but R’ is -H.

5 Group 7-2 comprises the same steroid nucleus as group 2 above, i.e., a double bond is
present at the 5-6-position, but R® is -H. Compound groups 7-3 through 7-6 are assigned
a steroid nucleus in the same manner. Thus, the group 7-1 through group 7-6 cdmpounds
named 1.2.1.9 have the structures

’ O/\\O\CHZCH3

CH3 ~aliBr
10 HO OH group 7-1 compound 1.2.1.9,
CH,CH
y 07\ CHCH;
@]
CH3 -lBr
HO OH

group 7-2 compound 1.2.1.9,
0 CH,CH

CH3 ~ulllBr

HO OH group 7-3 compound 1.2.1.9,

15
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H OTCHzCH:;

HO OH group 7-4 compound 1.2.1.9,
o CH,CH;
o 0
CH3 “'“uBf
HO OH group 7-5 compound 1.2.1.9, and
H 0~ || " CH,CH,
(]
CH, -uniBr
5 HO OH group 7-6 compound 1.2.1.9.

Groups 8-1 through 8-6. These groups comprise each compound named in
groups 1-6, except that R® of formula B is -CH,OH instead of methyl. The groups 8-1
through group 8-6 compounds have structures that are named in the same manner as
group 1-6 compounds, except that -CH,OH instead of methyl is present at R®. These
10  groups are named in the same manner as groups 7-1 through 7-6. Thus, group 8-1 and
group 8-2 compounds named 1.2.1.9 have the structures

CH,OH
O/WCHz(:HJ
(@)
CH3 ""“lBr
HO OH group 8-1 compound 1.2.1.9, and
CH,OH
0~ \\ ~CH,CHs
o
CH, ~uillBr
15 HO OH group 8-2 compound 1.2.1.9.
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Groups 9-1 through 9-6. These groups comprise each compound named in
compound groups 1-6, except that R® of formula B is hydrogen instead of methyl. The
groups 9-1 through group 9-6 compounds have structures that are named in the same
manner as group 7-1 through 7-6 compounds. except that -H instead of methyl is present

5 atR® Thus, group 9-1 and group 9-2 compounds named 1.2.1.9 have the structures

CH,CH
CH 0~ \\ ~CH.CH,

kY J e}

HO OH group 9-1 compound 1.2.1.9, and
CH,CH
CH, O/“O\ HaCHy
HO OH group 9-2 compound 1.2.1.9.

Groups 10-1 through 10-6. These groups comprise each compound named in
10  compound groups 1-6 where R°® of formula 1 is -CH,OH instead of methyl. The groups 10-
1 through group 10-6 compounds have structures that are named in the same manner as
group 7-1 through 7-6 compounds, except that -CH,OH instead of methyl is present at RS.
Thus, group 10-1 and group 10-2 compounds named 1.2.1.9 have the structures

CH,CH
CH,OH CHjy 0/\\0\ 2~

<o liBr

[
.
I § ;

HO group 10-1 compound 1.2.1.9. and

CH,CH
CH, 0/\? &

alllBr

CH,OH

=

HO OH group 10-2 compound 1.2.1.9.
Groups 11-1 through 11-10-6. These groups comprise each compound named in
compound groups 1 through 10-6 where R’ substituents 1-10 listed in Table A are

replaced with the following substituents:
20 1 -O-C(O)-CH,CH,CH,CH; (-O-C(O)-CH,CH,CH,CH; replaces -OH,
which is R' substituent 1 in Table A)
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2 -0-C(0)-CH,CH,CH,CH,CH,CHs

3 -O-C(O)-CH,CH,OCH,CH,

4 -0-C(0)-CH,CH,0CH,CH,OCH,CH;
5 -0-C(0)-CH,CH,CH,CH,0CH,CH;
6 -O-C(0)-CH,CH,0CH,CH,CH,CH-
7 -O-CeH.Cl

8 -O-CeHsF,

9 -0-CgH4-O(CH,),-O-CH,CHs

10 -O-CeH4-C(O)O(CHa)0.sCHs

The group 11-1 through group 11-6 compounds have structures that are named in
the same manner as group 7-1 through 7-6 compounds, except that substituents 1-10 of
table A are replaced by the substituents 1-10 at R’ listed above. Thus group 11-1 and 11-
2 compounds named 1.2.1.9 have the structures

o, 107 T CHaCH
CH, 3 o
“Br
CH3(CH,);C(0)-0 OH group 11-1 compound 1.2.1.9
ch. O W CH.CHy
CHjy 3l ©
-Br
CH3(CHa)3C(0)-0 OH

group 11-2 compound
1.2.1.9.

Group 11-7-1 and 11-7-2 compounds named 1.2.1.9 have the structures
O/\\\CH2CH3
H o

CH -alIBr

\ AN Nl /
CH3(CH2)3C(0)-0 OH group 11-7-1 compound

1.2.1.9.

0—T™CH,CH
H o)

CH - iBr

CH3(CH,)3C(0)-0 OH group 11-7-2 compound

1.2.1.9.
Group 11-8-1 and 11-8-2 compounds named 1.2.1.9 have the structures
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CH,OH

0~ CH,CH;,
o)

CH - lIBr

CH3(CH);C(0)-0 OH group 11-8-1 compound

1.2.1.9.

CH,OH

0~ CH,CH;,
o)

CH -lIBr

CH3(CH;):C(0)-0 OH group 11-8-2 compound

1.2.1.9.
Groups 12-1 through 12-10-6. These groups comprise each compound named in
groups 1 through 10-6 where R' substituents 1-10 listed in Table A are replaced with the

following groups: .

1 -O-P(0)(0)-OCH,CH(CH3)CH; (-O-P(0)(0)-OCH,CH(CH;)CH, replaces -OH,
which is R' substituent 1 in Table A)

2 -O-P(0)(0)-OCH,CH,CH,CH,CH,

3 -O-P(0)(0)-OCH,CH,CH,CH,CH,CH;

4 -O-P(0)(0)-OCH,CH,CH(CH,CH,)CHs

5 -O-CH,CH,CH,CH,CH,CH;

6 -O-C,Hg

7 -O-CH,CH,CH,

8 -O-CH,CH,CH,CH,

9 -O-CH(CH;)CHCHj,4

10 -O-C(CH,)s

Groups 13-1 through 13-10-6. These groups comprise each compound named in
groups 1 through 10-6 where R' substituents 1-10 listed in Table A are replaced with the

following groups:

1 -O-(CH,).CH; (-O-(CH,)sCHj replaces -OH, which is R' substituent 1 in Table A)
2 -0O-C(O)-NH, :
3 -O-C(O)-NHCH;,

4 -O-C(0O)-NHC,Hs

5 -O-C(O)-NHCH,CH,CHj,

6 -O-C(O)-NHCH,CH,OCH,CH;

7 -O-C(O)-CH;,

8 -0O-C(0)-C,Hs

9 -O-C(0)-CH,CH,CH34

10 -O-C(0)-CH,CH,CH,CH,

Groups 14-1 through 14-10-6. These groups comprise each compound named in
groups 1 through 10-6 where R’ substituents 1-10 listed in Table A are replaced with the

following groups:
1 -O-CH,CeHs
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2 -O-CH,CeHs

3 -O-CH,CsH.OCH;

4 -0-CH,CsH.OCH;

5 -O-CH,CeH.F

6 -O-CH,CeHoF

7 -O-CH,CeH3(OCHa),

8 ‘O'CH2C5H3(00H3)2

9 -O-CH,CsH.OCH,CH,
10 -O-CH,CiH,OCH,CH,

Groups 15-1 through 15-10-6. These groups comprise each compound named in
groups 1 through 10-6 where R' substituents 1-10 listed in Table A are replaced with the

following groups:

1 -O-C(O)-CH,CH;NH, (-O-C(0O)-CH,CH,NH, replaces -OH, which is R'
substituent 1 in Table A)

2 -O-C(0)-CH,CH,CH,NH,

3 -O-C(O)-CH,0OH

4 -O-C(0)-CH,CH,OH

5 -0-C(0)-CH,CH,CH,OH

6 -O-C(0O)-CH,SH

7 -O-C(O)-CH,CH,SH

8 -0O-C(0)-CH,CH,CH,SH

9 -0-§(0)(0)-0-CH,-CH(O-C(0)-OH)-CH,-O-C(0)-C,Hs

10 -O-P(0)(0O)-0O-CH,-CH(O-C(0)-OH)-CH,-0O-C(0)-C,Hs

Groups 16-1 through 16-10-6. These groups comprise each compound named in
groups 1 through 10-6 where R' substituents 1-10 listed in Table A are replaced with the

following groups:

1 -O-C(O)-A4-NH,, where A4-NH, is a 4 carbon alkyl group substituted with

-NH, (-O-C(0)-A4-NH; replaces -OH, which is R' substituent 1 in Table A)

2 -O-C(O)-A6-NH;, where A6-NH, is a 6 carbon alky! group substituted with

-NH,

3 -O-C(0O)-A8-NH,, where A8-NH, is a 8 carbon alkyl group substituted with

-NH,

4 -O-C(0)-A4-OH, where A4-OH is a 4 carbon alkyl group substituted with -OH or -O-
-O-C(0O)-A6-OH, where A6-OH is a 6 carbon alkyl group substituted with -OH or -O-
-O-C(O)-A8-OH, where A8-OH is a 8 carbon alky! group substituted with -OH or -O-
-0-§(0)(0)-0O-CH,-CH(O-C(0)-0OH)-CH,-O-C(0)-C;H;
-0-P(O)(0)-0-CHy-CH(O-C(0)-OH)-CH-0-C(0)-CH;

9 -0-5(0)(0)-0O-CH,-CH(O-C(0)-0OH)-CH,-O-C(0)-C4Hqg

10 -O-P(0)(0)-O-CH,-CH(O-C(0)-OH)-CH,-O-C(0)-CsHq

Groups 17-1 through 17-10-6. These groups comprise each compound named in

oO~NO O,

compound groups 1 through 10-6 where R’ substituents 1-10 listed in Table A are

replaced with the following groups:

1 -0O-§(0)(0)-O-CH,-CH(O-C(0)-OH)-CH,-0O-C(0)-CsH13

2 -O-P(0)(0)-0O-CH,-CH(0O-C(0)-0OH)-CH,-O-C(0)-CgH3

3 -O-S(0)(0)-0O-CH,-CH(0O-C(0)-OH)-CH,-O-C(0)-CgH;7

4 -O-P(0)(0)-O-CH,-CH(0O-C(0)-OH)-CH,-0O-C(0)-CgH,;

5 -0-S(0)(0)-O-CH,-CH(0O-C(0)-0OH)-CH,-0-C(0)-CH,CsH,,OH
6 -O-P(0)(0)-O-CH,-CH(O-C(0)-OH)-CH,-O-C(0)-CH,CsH,,OH
7 -0O-§(0)(0)-0-CH,-CH(O-C(0)-OH)-CH,-O-C(0)-CH,C3HsOH
8 -0O-P(0)(0)-0O-CH,-CH(O-C(0)-OH)-CH,-0O-C(0)- CH,C;3HsOH
9 -O-S(0)(0)-0-CH,-CH(O-C(0)-0OH)-CH,-0-C(0)-CH,C;H,.OH
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10 -O-P(0)(0)-O-CH,-CH(O-C(0)-OH)-CH,-O-C(0)-CH,C;H:4sOH

Groups 18-1 through 18-10-6. These groups comprise each compound named in
groups 1 through 10-6 where R* substituents 1-10 listed in Table A are replaced with the
following groups:

1 -O-C(O)CH,NH,

2 -O-C(O)C(CHa)H-NH,

3 -0-C(O)C(CH,CeH:)H-NH,

4 -O-C(0)-O-NHC(CH,)H-CO,H

5 -0-C(0)-O-NHCH,-CO,H

6 -O-C(0)-O-NH(CH,CsHs)H-COH
7 -O-C(O)-CF,

8 -O-C(O)-CH.CF,

9 -O-C(0)-(CH,)sCFs

10 -O-C(0)-(CH,)sCHs

Groups 19-1 through 19-10-6. These groups comprise each compound named in
compound groups 1 through 10-6 where R* substituents 1-10 listed in Table A are

replaced with the following groups:
-O-C(0)-O-CH;,
-O-C(0)-O-CH,CH;,
-0-C(0)-0-C3H;
-0O-C(0)-0-C4Hq
-0O-C(0)-0-CgH13
-O-C(0)-0-C¢Hs
-0O-C(0)-0-C¢H.OH
-O-C(0)-0-C¢H,OCH;,4

9 -O-C(0)-0-C¢H,OCH,CH,4
10 -O-C(0)-O-C¢H.F

O~NOOEH WN-=

Groups 20-1 through 20-10-6. These groups comprise each compound named in
groups 1 through 10-6 where R* substituents 1-10 listed in Table A are replaced with the

following groups:
-O-C(0)-S-CH;,
2 -O-C(0)-S-CH,CH34
3 -0-C(0)-S-C;3H;

4 -O-C(0O)-S-C.H,

5 -0-C(0)-S-C¢H14
6
7
8

-—

-0-C(0)-S-CgHs
-O-C(0O)-S-CsH.OH
-0-C(0)-S-CsH,OCH;
9 -0O-C(0)-S-C¢H,OCH,CH,
10 -O-C(O)-S-C¢H4F

Groups 21-1 through 21-10-6. These groups comprise each compound named in
compound groups 1 through 10-6 where R* substituents 1-10 listed in Table A are

replaced with the following groups:
1 -O-C(S)-O-CH,
-O-C(S)-O-CH,CH;,

-SH

=S

-O-C(S)-0O-CgH,,

NAdWwhN
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6 -O-C(0)-O-CH,CsHs

7 -O-C(0)-0-CH,CeH,OH

8 -0O-C(0)-0-CH,C¢H,OCHj,4

9 -0O-C(0)-O-CH,CsHsOCH,CH;,
10 -O-C(0)-0O-CH,CeH4F

Groups 22-1 through 22-10-6. These groups comprise each compound named in
compound groups 1 through 10-6 where R? substituents 1-10 listed in Table A are

replaced with the following groups:
1 -O-C(S)-O-CH;

2 -O-C(S)-0-CH,CH;,

3 -O-C(S)-0-C;sH;

4 -O-C(S)-0O-CHq

5 -O-C(S)-0-CsHis

6 -O-C(0)-O-CH,CeHs

7 -0-C(0)-0-CH,CeH,OH

8 -0O-C(0)-0-CH,CsH,OCH;

9 -0-C(0)-0-CH,CsHs,OCH,CH,
10 -O-C(0)-O-CH,CeH4F

Groups 23-1 through 23-1 0-6. These groups comprise each compound named in
compound groups 1 through 10-6 where R® substituents 1-10 listed in Table A are

replaced with the following groups:
1 -O-C(S)-O-CH,

2 -O-C(S)-O-CH,CH;

3 -0-C(S)-0-C;H;

4 -O-C(S)-0-C4Hq

5 -O-C(S)-O-C¢Hi3

6 -O-C(0)-O-CH,C¢Hs

7 -O-C(0)-O-CH,CsH.OH

8 -O-C(0)-0O-CH,C¢H.OCH;

9 -0-C(0)-0-CH,C¢H.OCH,CH;
10 -O-C(O)-O-CH,CeH.F

Groups 24-1 through 24-10-6. These groups comprise each compound named in
compound groups 1 through 10-6 where R? substituents 1-10 listed in Table A are

replaced with the following groups:
-0-C(O)-O-CeH,
-0-C(0)-0-C¢H,OCH3
-SH '

=S
-O-CHR?*-C(0)-OR?
-0-CHR*-C(0)-R*
-O-CHR*-C(0)-N(R*),
-O-CHR?*-C(0)-NHR?
9 -O-CHR*-C(0)-NH,

10 -O-CHR*-C(0)-OC¢Hs

O~NODNAHWN -

Groups 25-1 through 25-10-6. These groups comprise each compound named in
compound groups 1 through 10-6 where R® substituents 1-10 listed in Table A are

replaced with the following groups:
1 -O-C(O)-O-CeHs
2 -O-C(0O)-O-CgH,OCH,
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-SH

=S
-O-CHR*-C(0)-OR?%
-O-CHR*-C(0)-R®
-O-CHR?-C(0)-N(R?),
-O-CHR*-C(0)-NHR?*
9 -O-CHR%*-C(0O)-NH,

10 -O-CHR?-C(0)-OC¢Hs.

ONOOS_W

Groups 26-1 through 26-25-10-6. These groups comprise each compound named
10  in compound groups 1 through 25-10-6 wherein R’ in formula B is -O-, instead of -CH,-.
Thus the 26-1 and 26-2 compounds named 1.2.5.9 have the structures

CH

3
o/\\\CHZCH3
o}

CHs

(0]

HO OH group 26-1 compound 1.2.5.9, and
CHs
O/PCHzc"h
0]

CH,

(0]

15 HO OH group 26-2 compound 1.2.5.9.

The compound group 26-8-1 and compound group 26-8-2 compounds named
1.2.5.9 have the structures

CH,0H

0~ \| T CHCH;,
/\' /( o

oo )

(o)

HO CH group 26-8-1 compound 1.2.5.9, and

20
CH,OH

0~ \| " CH,CH,
o}

CH,

HO OH group 26-8-2 compound 1.2.5.9.
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The group 26-11-1 and 26-11-2 compounds named 1.2.5.9 have the structures
0~ ~CH,CHs
CH, o

CH,
(0]
CH3(CH2)3C(O)-O OH Arninin 281114 coamnaanind
v‘ Uur/ e “ [} vvlll'.l\.lullu
1.25.9
ch. O W CHoCHy
CH, 370
(0]
5  CHy(CH)C(0)-0 OH group 26-11-2 compound
1.258.

Groups 27-1 through 27-25-10-6. These groups comprise each compound named
in compound groups 1 through 25-10-6 wherein R® in formula B is -O-, instead of -CH,-.
10  Thus the 27-1 and 27-2 compounds named 1.2.5.9 have the structures

CH,
0~ |~ CH,CH;,
o)
0]
CH,
HO OH group 27-1 compound 1.2.5.9, and
CH,
| ] T —— A o~
(o \\ whoLng
o
0]
CH4
HO OH group 27-2 compound 1.2.5.9.
15 The group 27-8-1 and group 27-8-2 compounds named 1.2.5.9 have the structures
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CH,OH
O/VCH20H3
0]
o
CH,
HO OH group 27-8-1 compound 1.2.5.9, and
CH,OH
O/FCH2CH3
o
(o)
CH,
HO OH group 27-8-2 compound 1.2.5.9.

The group 27-11-1 and 27-11-2 compounds named 1.2.5.9 have the structures
0~ W ~CH,CH,
CHj,4 o)

CH,
(o)
5  CH3(CH2)3C(0)-0 OH group 27-11-1 compound
1.2.5.9
CH 0~ W CH,CH;3
CH, 3 o
(@]
CHj;(CH);C(0)-0 OH group 27-11-2 compound
1.2.5.9.
10 Groups 28-1 through 28-25-10-6. These groups comprise each compound named

in compound groups 1 through 25-10-6 wherein R® in formula 8 is -O-, instead of -CH»-
and no double bond is present at the 1-2 position. Thus, there is, e.g., no group 28-3, 28-
4, 28-6, 28-8-3, 28-8-4 or 28-8-6, since a 1-2 double bond is present in these compounds
and a ring oxygen at the 2 position would be charged. The 28-1, 28-2 and 28-5

15  compounds named 1.2.5.9 have the structures
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CH

3
0~ | T CH,CH;,
o)

CH,
(o]
HO OH aroup 28-1 compound 1.2.5.9. and
CH,
0~ " CH,CH,
O
CHs
(0}
HO OH ' group 28-2 compound 1.2.5.9
CHs
0~ \| " CH.CHj
(0]
CH,
(o0}
F
S HO OH group 28-5 compound 1.2.5.9.

The group 28-8-1 and group 28-8-2 compounds named 1.2.5.9 have the structures

CH,OH
0~ \| " CH_CH;,
O
CH,
(0]
HO OH Aeatin 2Q 2 1 ArnmanAiirA 1 D 8 0 AanA
v‘ VMP Nt ~ "'JUU ~ e o V' A 1N
CH,OH
0~ \| T CH,CH,
(0}
CHs
(o]
10 HO OH group 28-8-2 compound 1.2.5.9.

The group 28-11-1 and 28-11-2 compounds named 1.2.5.9 have the structures
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0~ ~CH,CH,4
CH, o

CH,
0)
CH,(CH,);C(0)-0 OH group 28-11-1 compound
1.2.59
CH, 3 o
o
CH3(CH,);C(0)-0 OH group 28-11-2 compound
1.2.5.9.

Groups 29-1 through 29-25-10-6. These groups comprise each compound named
in compound groups 1 through 25-10-6 wherein R is -NH-, instead of -CH,-. The
compounds are named as described for compound groups 26-1 through 26-25-10-6.

Groups 30-1 through 30-25-10-6. These groups comprise each compound named
in compound groups 1 through 25-10-6 wherein R® is -NH-, instead of -CH,-. The
compounds are named as described for compound groups 26-1 through 26-25-10-6.

Groups 31-1 through 31-25-10-6. These groups comprise @ach compound named
in compound groups 1 through 25-10-6 wherein R® is -NH-, instead of -CH,-. and no
double bond is present at the 1-2 position. Thus, there is , e.g., no group 31-3, 31-4, 31-6,
31-8-3, 31-8-4 or 31-8-6. The compounds are named as described for compound groups
26-1 through 26-25-10-6.

Groups 32-1 through 32-25-10-6. These groups comprise each compound named
in compound groups 1 through 25-10-6 wherein two of R’ R® and R® independently are -
NH-, -O- or -S- instead of -CH,-. The compounds are named as described for compound
grcups 26-1 through 26-25-10-6.

Groups 33-1 through 33-25-10-6. These groups comprise each compound named
in compound groups 1 through 25-10-6 wherein each of R’ R® and R® independently are -
NH-, -O- or -S- instead of -CH,-. The compounds are named as described for compound
groups 26-1 through 26-25-10-6.

Groups 34-1 through 34-25-10-6. These groups comprise each compound named
in compound groups 1 through 25-10-6 wherein R’ is -S-, instead of -CH,-. The
compounds are named as described for compound groups 26-1 through 26-25-10-6.

-69-




10

15

20

25

30

35

WO 00/56757 PCT/US00/07883

Groups 35-1 through 35-25-10-6. These groups comprise each compound named
in compound groups 1 through 25-10-6 wherein R® is -S-, instead of -CH,-. The
compounds are named as described for compound groups 26-1 through 26-25-10-6.

Groups 36-1 through 36-25-10-6. These groups comprise each compound named
in compound groups 1 through 25-10-6 wherein R?® is -S-, instead of -CH,- and no double
bond is present at the 1-2 position. There is , e.g., no group 36-3, 36-4, 36-6, 36-8-3, 36-8-
4 or 36-8-6. The compounds are named as described for compound groups 26-1 through
26-25-10-6. _

Groups 37-1 through 37-25-10-6. These groups comprise each compound named
in all of the compound compound groups 1 through 36-25-10-6 described above wherein
R is not divalent, e.g., is not =O, and it is in the a-configuration, instead of the -
configuration as shown in formula B: _

Groups 38-1 through 38-25-10-6. These groups comprise each compound named
in all of the compound groups 1 through 36-25-10-6 described above wherein R? is not
divalent, e.g., is not =0, and it is in the a-configuration, instead of the B-configuration as
shown in formula B. '

Groups 39-1 through 39-25-10-6. These groups comprise each compound named
in all of the compound groups 1 through 36-25-10-6 described above wherein R® is not
divalent, e.g., is not =0, and it is in the B-configuration, instead of the a-configuration as
shown in formula B. | |

Groups 40-1 through 40-25-10-6. These groups comprise each compound named
in all of the compound groups 1 through 36-25-10-6 described above wherein R* is not
divalent, e.g., is not =0, and it is in the a-configuration, instead of the pB-configuration as
shown in formula B.

Groups 41-1 through 41-25-10-6. These groups comprise each compound named
in all of the compound groups 1 through 36-25-10-6 described above wherein R? and R* is
not divalent, e.g., they is not =O, and they are both in the a-configuration, instead of the -
configuration as shown in formula B.

Groups 42-1 through 42-25-10-6. These groups comprise each compound named
in all of the compound groups 1 through 36-25-10-6 described above wherein, when
hydrogen is present at the 5-position, it is in the 3-configuration, instead of the a-
configuration as shown in formula B

Any of the cpmpounds or general of compounds that are neamed in compound
groups 1 through 42-25-10-6 are sutiable for use in the methods described herein.

In some embodiments,.one, or more of R'-R®, R'%, R, R' and R'® independently
have the structure(s) and/or independently comprise the named compounds, -H, -OH, =0,
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-SH, =S, -NH,, -CN, -N3;, halogen, =CH,, =NOH, =NOC(O)CHa, -C(O)-CHa, -C(O)-(CH2)14-
CHs,, -CCH, -CCCHj3, -CH=CH,,
-CH=CH,CHj, -O-C(0)-(CH;)m-(CF2)a-CH3, -O-C(O)-(CH3)m-(CF2)s-CF3, -O-C(O)-(CH2)m-
(CF2)a-CH3F, -O-C(0)-0O-(CH,)m~(CF2)a-CHjs, -O-C(0)-O-(CHa)m-(CF2)a-CF3, -O-C(O)-O-
(CH2)m~(CF2)a-CH,F, -O-C(0)-NH-(CH_)m-(CF3)a-CHj, -O-C(O)-NH-(CH_)m-(CF,),-CF3, -O-
C(O)-NH-(CH2)m~(CF2)a-CH,F (wheremis 1,2,3,4,5,6,7,8,90r10,nis0,1,2,3,4,5,
6, 7, 8, 9 or 10, usually n is 0), -CH(CHj,)-(CH,),-C(O)NH-CH,COOH, -CH(CH,)-(CH,),-
C(O)NH-CH,SO3H, -OSi(CH,),C(CHj3)3, -C(OH)=CHCHj3;, =CH(CH,)0.1sCHa, -(CH2)o.
14CH2F, -(CH2)0.14CH;Cl, -(CH2)0.14CH:Br, -(CH,)0.1sCHal, -(CH2)2.10-O-(CH2)04CHj, ~(CH2)..
10-S-(CH,)04CHj, -(CH2)2.10-NH-(CH,)0.4CHj3, -O-(CH3)0.14CH,F, -O-(CH2)0.14CHCI, -O-
(CHg)0.14CH2Br, -O-(CH3)0.1sCH,l, -O-(CH_)2.10-0-(CH.)0.4CH3, -O-(CH2)2.10-S-(CH2)0.sCHs, -
O-(CHa)2-10-NH-(CH;)0.4CH3, -O-C(O)-(CH,)0.14CH,F, -O-C(0)-(CH,)o.14CH:CI, -O-C(O)-
(CH2)0.14CH,Br, -O-C(O)-(CH;)0.14CHal, -O-C(0)-(CH3)2.10-0O-(CH2)o4CHs, -O-C(O)-(CHz)..
10-S-(CH2)04CHj, -O-C(0)-(CH)2.10-NH-(CH,)o4CHs, -O-C(S)-(CH;)o.1sCH2F, -O-C(S)-
(CH2)0.14CH,CI, -O-C(S)-(CH3)0.14CH,Br, -O-C(S)-(CH,)o.14CHal, -O-C(S)-(CH3)2.10-O-
(CH2)0.4CH3, -O-C(S)-(CHz)2.10-S-(CH2)0.4CHa, -O-C(S)-(CHz)2.10-NH-(CH2)0.«CHs, -(CH2)o.
16NH2, -(CH2)0.1sCHs, -(CH2)0.15CN, -(CH2)0.1sCH=CH, -(CH2)o.1sNHCH(O), -(CHz)o.1cNH-
(CHg)0.1sCHa, -(CH2)0.1sCCH, -(CH3)0.1s0C(O)CHs, -(CHz)o.1sOCH(OH)CHs, -(CH)o.
15C(O)OCH3, -(CH2)0.15C(O)OCH,CHy3, ~(CH2)0.1sC(O)(CH2)0.1sCH3, -(CH2)0.1sC(O)(CHz)o.
1sCH,0H, -O(CH,)1.16NH,, -O(CH3)1.1sCH3, -O(CH3)1.4sCN, -O(CH),.,sCH=CH,, -O(CH>),.
1sNHCH(O), -O(CH3y)4.16NH-(CH,).1sCH3, -O(CH,).1sCCH, -O(CH,),.,sOC(O)CHs, -
O(CH,)1.1sOCH(OH)CHjs, -O(CH3)1.1sC(O)OCH;, -O(CH3)4.1sC(O)OCH,CHa, -O(CHa)1.
15C(O)(CH3)0.1sCHs, -O(CH,)1.1sC(O)(CH,)0.1sCH20H, -OC(O)(CHy)1.16NH2, -OC(O)(CH2):.
15CH3, -C(O)O(CH3)1.1sCN, -C(O)O(CHj,),.1sCH=CH,, -OC(O)(CH,);..:sNHCH(O), -
OC(O)(CHa)1.16NH-(CH3)1.1sCH3, -OC(O)(CH?2)1.1sCCH, -OC(O)(CH);.1s0C(O)CHs, -
OC(O)(CHy)1.1sOCH(OH)CH3, -OC(O)(CH2)4.4sC(O)OCHs3, -OC(0)(CH2);.1sC(O)OCH,CHj,
“OC(ONCHL) 3 CIONCH oo CH,, CT{CHCH)15C{CHCHalo1sCl 12CH
phosphoenolpyruvate, D-glucosamine, glucholic acid, glucuronic acid, pantothenic acid,
pyruvic acid, glucose, fructose, mannose, sucrose, lactose, fucose, rhamnose, galactose,
ribose, 2'-deoxyribose, 3'-deoxyribose, glycerol. 3-phosphoglycerate, a PEG (PEG 20,
PEG 100, PEG 200, PEG 10000), a polyoxyalkylene polymer, glycine, alanine,
phenylalanine, threonine, proline, 4-hydroxyproline or an oligonucleotide or analog that
comprises about 4 to about 21 monomers.

When a substituent is an oligonucleotide or a polymer usually only a one of these
is bonded to the formula 1 compound. Typically, when R'-R? and R*-R® comprise one or
more of these substituents (or others described herein), the substituent is present in the -
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configuration, while R® typically comprises a substituent in the B-configuration. In some
embodiments, R is in the a-configuration.

In some embodiments, one or more of R'-R®, R*, R'®, R'7 and R'® independently
comprise a nucleoside, a nucleotide, an oligonucleotide or an analog of any of these
moieties. Typically such moieties are linked to the steroid nucleus through a terminal
hydroxyl, thiol, acyl moiety or amine at the 5', 3' or 2’ positions, when a hydroxyl, thiol, acy!
moiety or amine is present at that position. For oligonucleotides and oligonucleotide
analogs, the linkage to the steroid occasionally is through a sugar hydroxy! at an intemal 2*
position.

Analogs of phosphodiester linkages include phosphorothioate linkages and others
as described in the cited references. Oligonucleotide coupling groups means any moiety
suitable for generating a phosphodiester linkage or phosphodiester analog linkage
between adjacent nucleotides or their analogs. Suitable oligonucleotide coupling groups
include -OH, H-phosphonate, alkylphosphonamidites or phosphoramidites such as 3-
cyanoethyl-phosphoramidite, N, N-diisopropylamino-f-cyanoethoxyphosphine and others
as described in the cited references. Suitable purine and pyrimidine bases include
adenine, guanine, cytosine, thymine, uracil and others as described in the cited
references. Suitable nucleosides, nucleotides, oligonucleotides and their analogs have
been described, see e.g., U.S. patents 4725677, 4973679, 4997927, 4415732, 4458066,
5047524, 4959463, 5212295, 5386023, 5489677, 5594121, 5614622, 5624621; and PCT
publication Nos. WO 92/07864, WO 96/29337, WO 97/14706, WO 97/14709, WO
97/31009, WO 98/04585 and WO 98/04575 all of which are incorporated herein by
reference. The formula 1 compounds, e.g., those named in any of the compound groups 1
through 42-25-10-6, are suitable for linkage to oligonucleotides modulate the lipophilicity of
oligonucleotides or the transport or permeation of an oligonucleotide into cells. Such
linkages may be biologically labile to facilitate release of the steroid from the
Siigoiucieviide once the conjugate has entered the cell.

Table 2 shows these and other exemplary moieties that one or more of R'-R®, R'®,
R'>, R" and R'® independently can comprise. Pr means a protecting group. These
moieties are often bonded to one or more of the R', R? and R* positions, usually to one or
two of those positions. For structures with more than one of a given variable, e.g., X in

structure A3 or A5, each is independently selected.
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O A o) B o)

)Léa/\opowx M\o/u\cm
n n
n=01,273.4,5 n=1273,4.5
X =H, Pr
c OX 5

o P _o
-~ ox

X = -H, -C(O)CH;

o OH
oF 0
N 7 OCH,
E o . '
X0 OH
G
_ 0
—ch, X = -H.

Y

CHy H  CH, '
" Y =-CHj, -OCH,. Br.CL F.1
CH,
CH,
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CH,

/k /\/0“ J\/ \r\/u\ Ot

/“\/ \n/\/cozx
/O CHj
X =-H.-Pr \”/ .
o

o CFs
\[( .
o . . <]

0O  cH, P
= 4 P
\CH3
. o
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o A2
\O&%CH:!
n

o A4
~ O)Ké/)c&,
n

A6
O
/U\/O\[(\/CO?(
(e}
X = H. Pr

Typical containers for storage of the invention compositions and formulations will

5  limit the amount of water that reaches the materials contained therein. Typically,
formulations are packaged in hermetically or induction sealed containers. The containers

are usually induction sealed. Water permeation characteristics of containers have been
described, e.g., Containers--Permeation, chapter. USP 23 <671>, United States
Pharmacopeial Convention, Inc.. 12601 Twinbrook Parkway, Rockville, MD 20852, pp.:

10 1787 et seq. (1995).
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The use of formula A compounds for treatment of certain diseases, e.g.,
infections such as malaria, HCV or Cryptosporidium, has been described. Formula A
compounds have the structure

R] R1 A

where Q, is -C(R,),- or -C(O)-; Q, is -C(R1),-, -C(Ry)(Y)-, -C(Y)- or -CH,-CH,-; Q; is -H
or -C(R)s-; Qg is -C(R})2-, -C(O)-, hydroxyvinylidine (-CH(CH=CHOH)-) or methyl
methylene (-CH(CH);-); Qs is =C(R),- or -C(O)-;
X and Y independently are -OH, -H, lower alkyl (e.g., Cy. alkyl), -O-C(O)-Rs,
-C(0)-ORs, halogen (i.e., -F, -Cl, -Br or -I) or =O; each R, independently is -H, -F, -Ci,
-Br, -1, -OH, C,5 alkoxy, or C,¢ alkyl; R, is -H, -OH, -F, -Cl, -Br, -I, C,¢ alkyl, Ci.6
alkoxy, -OR3, an ester (e.g., -O-C(0O)-R, or -C(0)-O-R,), a thicester (e.g., -O-C(S)-R4
or -C(S)-O-R,), a thioacetal (e.g., -S-C(O)-Rs. or -C(O)-S-Ry), a sulfate ester (e.g.. -O-
S(0)(0)-O-R,), a sulfonate ester (e.g., -O-S(0)-O-R,) or a carbamate (e.g., -O-C(O)-
NH-R, or -NH-C(0)-O-R,) or R,, together with the R, that is bonded to the same
carbon atom is =O; R; is -S(0)(0)-OM, -S(0)(0)-0O-CH,-CH(O-C(0)-R¢)-CH,-O-C(O)-
R¢. -P(0)(0)-0O-CH,-CH(O-C(0)-R;)-CH,-O-C(O)-R;, a glucuronide grcup of structure
(8)

COOH

HaC o}
OH

OH
CHy  (B),

or Rj is Cy.15 alkyl, C,.16 alkenyl, C,.yg alkynyl, a Cy.15 €ster or a C.qs thioester, where
any of the foregoing Ci.,s or C,.13 Mmoieties are optionally substituted at one or more
hydrogen atoms with one or more independently selected -ORPR, (including -OH), -
NHR™® (including -NH,) or -SR"R (including -SH) groups, or Ry is a C,.14 fatty acid,
Ca-10 alkynyl, (J)a-phenyl-C.s-alkyl, (J).-phenyl-C..s-alkenyl; R4 is -H, a protecting
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group, optionally substituted C,.,s alkyl, optionally substituted C,.,s alkenyl, optionally
substituted C,.,5 alkynyl, optionally substituted aryl, optionally substituted aryl-C,. .
alkyl, optionally substituted aryl-C,. alkenyl, optionally substituted aryl-C, alkynyl,
optionally substituted heterocycle-C,.¢ alkyl, optionally substituted C, alkenyl-
heterocycle, optionally substituted C,.¢ alkynyl-heterocycle or an optionally substituted
heterocycle, where any of the foregoing moieties are optionally substituted at one,
two, three, four, five or more carbon or hydrogen atoms with one or more
independently selected -O-, -S-, -NR"?- (including -NH-), -NH-C(O)-, -OR"® (including
-OH), -NHR"® (including -NH3), -SR® (including -SH), =0, =S, =N-OH, -CN, -NO,, -F,
-Cl, -Br or -1 groups or atoms; each Rs independently is straight or branched C,.,4
alkyl; each Rg independently is straight or branched C,.,4 alkyl; each R; independently
is straight or branched C,.,, alkyl or a glucuronide group of structure (B); each R™®
independently is -H or an independently selected protecting group; nis 0, 1, 2 or 3;
each J independently is -F, -Cl, -Br, -I, C,4 alkyl, C,4 alkenyl, C,., alkoxy,
carboxy, nitro, sulfate, sulfonyl, a C,.s carboxyl ester or a C.¢ sulfate ester; M is
hydrogen, sodium, -S(0O)(0)-O-CH,-CH(O-C(0O)-Re)-CH,-O-C(0)-Rs, -P(0)(0)-O-CH,-
CH(O-C(0O)-R7)-CH,-0O-C(O)-R; or a glucuronide group of structure (A); the dotted
lines in formula 1 represent an optional double bond, provided that there are not
double bonds at both the 4-5 and 5-6 positions and provided that when a double bond

. is present, zero or 1 R, group is bonded to carbon atoms at the 1-, 2-, 4-, 5-, 6- or 17

positions so that these carbon atoms are tetravalent; and the salts, stereoisomers,
positional isomers, metabolites, analogs or precursors.

The formula A compounds, particularly where both R, at the 11-position are
not hydroxyl, alkoxy or a moiey that can hydrolyze to a hydroxyl, are generally suitable
for use in the methods and compositions that are disclosed herein, e.g., their use to
enhance a subject's Th1 immune responses. Methods of administration and dosages
are accentially ac de

Intermittent dosing methods. One can intermittently administer the formula 1

compound(s), e.g., BrEA or a BrEA ester, to a subject without some of the undesired

aspects normally associated with discontinuous dosing. Such undesired aspects include
development of resistance of a pathogen (virus such as HIV or a parasite such as a
Plasmodium parasite) to the therapeutic agent or failure of the patient or subject to adhere
to a dosing regimen. Intermittent dosing protocols include administration of a formula 1
compound, e.g., orally, topically or parenterally as follows: (1) dosing for about 3 to about
20 days, (2) no dosing of the formula 1 compound for about 4 to about 20 days, (3) dosing
for about 4 to about 20 days and (4) optionally repeating the dosing protocol 1, 2, 3, 4, 5,
6. 10, 15, 20, 30 or more times. Often. the dosing of steps (1) and (3) will be maintained
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for about 3-15 days, usually about 3-5 days. In general, steps (1)-(3) of the dosing protocol
recited above, will be repeated at least one time, typically at least 2, 3, 4, 5 or 6 times. For
infections that tend to remain chronic, e.g., HIV, HCV or other chronic virus or parasite
infection, the intermittent dosing protocol is typically maintained over a relatively long time
period, e.g., for at least about 6 months to about 5 years.

In these intermittent dosing protocols, the formula 1 compound(s) can be
administered by any suitable rodte, e.g., intramuscular (i.m. or I.M.), subcutaneous (s.c. or
S.C.), intravenous (i.v. or I.V.), intradermal, other parenteral route, aerosol using about 0.1
to about 10 mg/kg/day, usually about 0.2-4 mg/kg/day. Alternatively, one can administer
the formula 1 compound(s) orally using about 4 to about 40 mg/kg/day, usually about 6-20
mg/kg/day. In some embodiments, the intermittent dosing methods exclude dosing

. protocols that are commonly used to deliver contraceptive steroids to, e.g., human

females, such as daily dosing for 21 days, followed by no dosing for 7 days. In general, the
non-aqueous formulations described herein that contain formula 1 compound(s) are
administered i.m. or s.c., while aqueous formulations that contain formula 1 compound(s)
is administered by i.v., i.m., s.c. or other parenteral routes. The daily doses can be
administered as a single dose, especially for doses given parenterally, or the dose cah be
subdivided into two, three or four subdoses, usually two, especially for doses given orally.
Exemplary embodiments are (a) administering a formula 1 compound(s), e.g.,
BrEA or an ester or carbonate of BrEA, once every other day for 20 days, followed by (b)
no dosing for 1, 2, 3, 4, 5, 6, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60 or more days and
then (c) administering the formula 1 compound(s) at least once more on one day, e.g.,
administering the formula 1 compound(s) once every other day for 20 days and (d)
optionally repeating (a), (b) and (c) 1, 2, 3, 4. 5 or 6 times or more. A subset of these
embodiments are (a) administering a formula 1 compound(s), e.g., BrEA or an ester or
carbonate of BrEA, once every other day for 20 days, followed by (b) no dosing for about

~n
LS te AV

ays aind tiien (C) adiminisiering ine formuia i compound(s) at ieast once more on

[«%

one day, e.g., administering the formula 1 compound(s) once every other day for 20 days
and (d) optionally repeating (a). (b) and (c) 1. 2, 3, 4, 5 or 6 times or more. In any of these
embodiments, one can administer the formula 1 compound(s) in 2 or 3 subdoses per day.
Other embodiments are (a) administering a formula 1 compound(s), e.g., BrEA or
an ester or carbonate of BrEA, once every day for about 8-12 days, followed by (b) no
dosing for 1, 2, 3, 4, 5, 6, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60 or more days and then
(c) administering the formula 1 compound(s) at least once more on one day, e.g.,
administering the formula 1 compound(s) once per day for about 8-12 days and (d)
optionally repeating (a), (b) and (c) 1, 2, 3, 4. 5 or 6 times or more. A subset of these

embodiments are (a) administering a formula 1 compound(s). e.g.. BrEA or an ester or
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carbonate of BrEA, once every day for about 10 days, followed by (b) no dosing for about
10-40 days and then (c) administering the formula 1 compound(s) at least once more on
one day, e.g., administering the formula 1 compound(s) once per day for about 10 days
and (d) optionally repeating (a), (b) and (c) 1, 2, 3, 4, 5 or 6 times or more. In any of these
embodiments, one can administer the formula 1 compound(s) in 2 or 3 subdoses per day.

One aspect of invention intermittent dosing is monitoring the subject's response to
dosing. For 'example, while dosing a subject who has a viral infection (e.g., HCV, HIV, SIV,
SHIV), one can measure the subject's or pathogen’s response, e.g., amelioration of one or
more symptoms or a change in infectious particles or viral RNA in the serum. Once a
response is observed dosing can be continued for one, two or three additional days,
followed by discontinuing the dosing for at least one day (at least 24 hours), usually for at
least 2 or 3 days. Once the subject’s response shows signs of remission (e.g., viral serum
RNA begins to increase), dosing can be resumed for another course. An aspect of the
subject'’s response to formula 1 compound(s) is that the subject may show a measurable
response within a short time, usually about 5-10 days, which allows straightforward
tracking of the subject's response, e.g., by monitoring viral titer in peripheral white blood
celis ("PBMC") or by measuring viral nucleic acid levels in the blood. One may monitor one
or more immune cell subsets, e.g., NK, LAK, dendritic cells or cells that mediate ADCC
immune responses, during and after intermittent dosing to monitor the subject's response
and to determine when further administration of the formula 1 compound is indicated.
These cell subsets are monitored as described herein, e.g., by flow cytometry.

For any of the treatments or methods described herein, prolonged beneficial
effects or a sustained immune response by a subject may result from a single
administration or a few daily administrations of the formula 1 compound for from
intermittent treatment with the formula 1 compound. A single administration means that a
formula 1 compound is administered to the subject in one, two, three or more doses within
a 24 hour pericd and nS further adiniinisiiaiion of any formula 1 compound to the subject
occurs for at least about 45 days to about 2 months, e.q., for 3, 4, 5, 6 or more months.
Prolonged beneficial effects or immune responses may also persist after a short course of
treatment has been completed (e.g., daily dosing for 2, 3, 4, 5 or 6 days) and the subject is
no longer receiving any formula 1 compound, or, in some cases, any other therapeutic
treatment to treat the primary cause of the subject's pathological condition. Such beneficial
effects can persist for more than about 5-30 days.

In some cases, beneficial effects from treatment have been observed for more than
3 months (4 or 5 or more months) after a short course.of treatment of a subject with a
formula 1 cdmpound. Thus, administration of a formula 1 compound provides a method to

effectively protect a subject against progression of an infection or against adverse
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consequences of unwanted immune reactions (e.g., inflammation) or against
immunosuppression (from infection, chemotherapy, etc), without any dosing of the
compound for at least 3 months after an initial dosing protocol, which could be an
intermittent or a continuous dosing protocol over, e.g., 1 day to about 4 months (1-15
days, about 1 month, about 2 months, etc).

Synthesis methods. Reagents and reaction conditions that one can use to make

the formula 1 compounds have been described, see e.g., the citations above, U.S. patent'
numbers 5874598, 5874597, 5874594, 5840900; PCT publication number WO 9901579.
General chemical synthetic methods to link a variety of organic moieties to various
reactive groups have been described. For example, in G. T. Hermanson, Bioconjugate
Technigues, Academic Press, 1996, functional targets such as amino acids, peptides and
carbohydrates are described at pages 3-136, while the chemistries of reactive groups in
the functional targets, e.g., amine, thiol, carboxyl, hydroxyl, aldehyde, ketone and reactive
hydrogen atoms (e.g., -H linked to an electron-donating moiety such as a heteroaryl
moiety) are described at pages 137-166. This reference also describes reagents useful to
make the derivatives, e.g., zero-length cross-linkers, heterobifunctional cross-linkers,
horhobifunctional cross-linkers, tags, probes and polymers are described at pages 169-
416 and 605-638. This reference also describes synthetic methods to modify
oligonucleotides at pages 639-671.

In one aspect, amino acids or peptides are linked to the steroid through the
amine group using a coupling reagent such as phosgene (Ci-CO-Cl) or CI-CS-CI and
suitably protected amino acids or peptides and steroids, which are protected as
needed. Such linkage generates an intervening -CO-O- or a -CS-O- moiety between
the amino acid or peptide and the steroid nucleus.

Exemplary synthesis schemes. By way of exemplification and not limitation, the

following methods are used to prepare the one or more of the compounds disclosed
hcrein. Starting matenials and straigniforwan d variaiions of ine sciemes are iound, e.g., in
the following references, which are incorporated herein by reference: A. P. Davis, etal.,
Tetrahedron Lett., 33: 5111-5112, 1992; |. Takashi, el al., Chem. Pharm. Buil., 34: 1928-
1933, 1986, |. Weisz, et al., Arch. Pharm., 319: 952-953, 1986; T. Watabe, et al., J. Med.
Chem.. 13: 311-312, 1970; M. Dauvis, et al., J. Chem.Soc. C., (11): 1045-1052, 1967; R. C.
Cambie, et al., J. Chem. Soc., Perkin Trans. 1, (20): 2250-2257, 1977, L. Minale, et al., J.
Chem Soc., Perkin Trans. 1, (20): 2380-2384, 1974; C. K. Lai, et al., Steroids, 42: 707-
711, 1983; S. Irie, et al., Synthesis, (9): 1135-1138, 1996; E. J. Corey, J. Am. Chem. Soc.,
118: 8765-8766. 1996; M. E. Annunziato, et al.. Bioconjugate Chem., 4: 212-218, 1993; N.
J. Cussans, et al., J. Chem. Soc., Perkin Trans. 1, (8): 1650-1653, 1980; D. H. R. Bartori.
etal., J. Chem. Soc., Chem. Commun., (9): 393-394, 1978; H. Loibner, et al., Helv. Chim.
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Acta, 59: 2100-2113, 1976; T. R. Kasturi, et al., Proc. Indian Acad. Sci., [Ser.}: Chem. Sci.,
90: 281-290, 1981; T. Back, J. Org. Chem., 46: 1442-1446, 1981; A. Canovas, et al., Helv.
Chim. Acta, 63: 486-487, 1980; R. J. Chorvat, et al., J. Org. Chem., 43: 966-972, 1978; M.
Gumulka, et al., Can. J. Chem., 63: 766-772, 1985; H. Suginome, et al., J. Org. Chem.,
55: 2170-2176, 1990; C. R. Engel, et al., Can. Heterocycles, 28: 905-922, 1989; H.
Sugimone, et al., Bull, Chem. Soc. Jpn., 62: 193-197, 1989; V. S. Salvi, et al.. Can.
Steroids, 48: 47-53, 1986, C. R. Engel, et al., Can. Steroids, 47: 381-399, 1986; H.
Suginome, et al., Chem. Lett., (5): 783-786, 1987; T. Iwadare, et al., J. Chem. Soc., Chem.
Commun., (11): 705-706, 1985; H. Nagano, et al., J. Chem. Soc., Chem. Commun., (10):
:656-657, 1985; V. S. Salvi, et al., Steroids, 27: 717-725, 1976; C. H. Engel, et al,
Steroids, 25: 781-790, 1975; M. Gobbini, et al., Steroids, 61: 572-582, 1996: A. G.
Gonzalez, et al., Tetrahedron, 46: 1923-1930, 1990; S. C. Bobzin, et al., J: Org. Chem.,
54: 3902-3907, 1989; B. Solaja, et al., Croat. Chem. Acta, 59: 1-17, 1986; Y. Kashman, et
al., Tetrahedron, 27: 3437-3445, 1971; K. Yoshida. et al., Chem. Pharm. Bull. (Tokyo), 15:
1966-1978, 1967; P. B. Soliman, et al., Chem. Commun. (11): 552-554, 1967; H.
Suginome, et al., J. Org. Chem., 55: 2170-2176, 1990; H. Suginome, et al., Journal Chem.
Lett., (5): 783-786, 1987, G. A. Tolstikov, et al., Zh. Org. Khim., 22: 121-132, 1986; T.
Terasawa, et al., J. Chem. Soc., Perkin Trans. 1, (4): 990-1003, 1979; Z. Zhuang, et al.,
Yougi Huaxue, (4): 281-285, 1986; W. T. Smith, et al., Trans. Ky. Acad. Sci., 45: 76-77,
1984; A. K. Batta, et al., Steroids, 64: 780-784, 1999; B. Ruan, et al., Steroids, 65: 29-39,
2000; L. Garrido,et al., Steroids, 65: 85-88, 2000; P. Ramesh, et al., Steroids, 64: 785-789,
1999; M. Numazawa, et al., Steroids, 64: 187-196, 1999: P. N. Rao, et al., Steroids, 64:
205-212, 1999; M. Numazawa, et al., Steroids, 64: 320-327, 1999; US patents 3281431,
3301872, 3325535, 3325536, 3952018, 4602008.5571795, 5627270, 5681964, 5744453;
international publication numbers WO 9408588, WO 9508558, WO 9508559, WO
9638466, WO 9809450; United Kingdom patent numbers GB 1168227, GB 813529, GB

patent applications EP 232788, EP 430078; and German patent number DE 19631189.
Scheme 1. For the structures shown in scheme 1, R>-R® are as defined for formula
1 compounds. Thus, when R® and R® are both -CHs in the B-configuration, R’, R® and R®
are all -CH,-, H at the 9 and 14 positions are in the a-configuration, acetate at the 3-
position is in the 3-configuration, and H at the 8 position is in the 3-configuration, the first
compound in scheme 1 is DHEA acetate. The acetate groups at the 3, 7, 16, 17 or other
positions in this scheme and in other schemes disclosed herein may independently be
other ester moieties as described herein, e.g., C,.so esters including -C(O)-(CH3)o.4-(CF>)o.
4-CF3, including -C(O)-CF,, -C(O)-C,.,9 optionally substituted alkyl, -C(O)-CH,-C ;.24
opticnally substituted alkenyl, -C(0)-CH,-C,.,s optionally substituted alkynyl, -C(O)-(CH,),.
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s-optionally substituted phenyl, or -C(O)-(CH,),s-optionally substituted heterocycle or other
organic moieties as disclosed herein or in the cited references.
Typical substituents for these organic moieties are as described herein, including

one, two, three or more independently selected -O-, =O, optionally protected hydroxyl, -S-,
5 optionally protected thiol, -NH-, optionally protected -NH,, optionally protected -C(O)OH, -

C(O)-NH-, -C(0)-NH,, -NH,-C(0)-H, -NH;-C(0)-Cq4H1.5, -NH2-C(0)-O-Cp4H .. -CN, -NO,,

-N; or halogen. Reactive groups are protected as needed, e.g., =O would usually be

protected in the LiCR reaction that is used to generate compound 1 in scheme 1 below.

Scheme 1

LDA,-78°C

TMSCI  R®

1. MCPBA
———

AcO 2. HCl

AcO

OH

R7
ACZO Rg
—_— |. Dibromantin
vridine —_— =
AcO PYHENCAcO 2. LiBr
DMAP
5 O HO
R RS \\5R

AcO

10

Abbreviations: _

LDA = lithium diisopropyl amide; MCPBA = m-chloroperbenzoic acid; TMSCI =
trimethychlorosilane; DMAP = 4-dimethylaminopyridine; Dibromantin = 1,3-dibromo-4,4-
dimethylhydantoin.

15 R =CR* R*=-H or a C1-C50 organic moiety as described herein, e.g., -H, -Cy.5
optionally substituted alkyl, -C,.50 optionally substituted alkenyl, -C.5o optionally substituted
alkynyl, -(CH,)o-optionally substituted pheny! or -(CH,)o.s-0ptionally substituted
heterocycle.
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Scheme 2. Compounds of formula 2 are prepared from structure A compounds
shown in scheme 1 using the last two steps of Scheme 1: (1) dibromantin, (2) LiBr, (3) Li-
C-R, where R is CR* and R* is -H or -C,_,, optionally substituted alkyl. When R, R® and R®
are all -CH,-, H at the 9 and 14 positions are in the a-configuration and H at the 8 position

5 isin the B-configuration the first compound in scheme 1 is DHEA acetate. Typical
substituents for the R* alkyl moiety includes one, two or more independently selected -O-,
optionally protected =O, optionally protected hydroxyl, -S-, optionally protected thiol, -NH-,
optionally protected -NH,, optionally protected -C(O)OH, -C(O)-NH-, -C(O)-NH,, -NH,-
C(0)-H, -NH-C(0)-Cq4H 1.9, -NH;-C(0)-0O-Cp.4H1.9, -CN, -NO,, -N; or halogen.
10

Scheme 2

.II/I/B r

>
N

Scheme 3. The allylic bromination at C-7 is done as in Scheme 1. R and R* are as

15 defined in Schemes 1 and 2.

[e) Scheme 3

RS

RQ

ACzo

O

pyridine
DMAP -

AcO
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Scheme 4. The addition of lithium reagent (lithium acetylide when R is -CH) to the
17-position >C=0 in the presence of the bromide at C-16 results in epoxide formation or in
a pinacol rearrangement. Alternatively, compounds without of structure 3 can be
dehydrated by mild acid catalysis to form compounds of formula 4 by treatment of the
5 alkene with Bry, H,O. R and R* are as defined in Schemes 1 and 2.

Scheme 4

AcO

AcO

AcO
10
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Scheme 5. Sodium borohydride gives a mixture of epimers at C-7, which may be
separated by standard methods, e.g., HPLC, TLC or column chromatography. To obtain
the pure 7a-OH compound, allylic bromination followed by hydrolysis is accomplished as

5 described in Schemes 1 and 3.

Scheme 5

ACzO
—_—i
pyridine

DMAP AcO

10 Scheme 6

Scheme 6. Formula 6 compounds are prepared by treatment of the acetate with

lithium acetylide as in Schemes 1, 2, 3 0or 4. R and R* are as defined in Schemes 1 and 2.

15
Scheme 7. Formula 7 compounds are prepared from the 3-acetate with reagents
described in Schemes 1 and 4. R and R* are as defined in Schemes 1 and 2.

N
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Scheme 8. Formula 8 compounds are prepared from the formula A compounds by
sodium borohydride reduction at C-17 followed by acetylation.

AcO

Scheme 9. The starting material is made using reactions described in Schemes 1
and 3.
10
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Scheme 9

RS OH

AcO

R® OH

""”OH
ACzO

™9

pyridine R

HO .
“oAc

Scheme 10. Reduction and acetylation at C-3 and hydrolysis and oxidation at C-17
5  will allow formula 10a and 10b compounds to undergo functionalization as shown in

Schemes 1-9 at C-3, C-16 and C-17. The 7-ox0 acetate can be substituted for the formula
A compound 3-acetate and functionalization at C-3, C-16 and C-17 is achieved similarly
for 7-oxo compounds using the reactions shown in schemes 1-9.

Treatment of 10a with LDA, followed by alkylation of the enolate allows introduction

10 of side chains such as R'®, whiich may be, e.g., C1-C20 alkyl (methyl, ethyl), C1-C20

alkenyl (CH,=CH-(CH,)o-), benzyl, -(CH,),.4-O-(CH,)o4-CHs.
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RS OAc Scheme 10 OAc

N

Oa

R® = -CHR'’- . )
(PhSe0),0 1. PhSeCl | R®=-CHR™-
PhIO, 2. H,0, -

Rs

Schemes 1-9 show the introduction of the hydroxyl function at the positions shown.

Methods to convert hydroxy! to other functional groups are accomplished essentially as
S5 described, e.g., in the references cited herein. For example, esters, of formula 1 - 10c

compounds, such as -O-C(0)-R® where R® is a C,.5, organic moiety, are prepared from the
steroid alcohol by treatment with the appropriate acid anhydride or acid chloride (RB-C(0)-
Cl) to form any desired ester. Ethers, such as -O-R®, are prepared from alcohols by
formation of the alkaline metal alkoxide (Na“ or K*) followed by treatment with a primary or

10  secondary iodide (R®-1). Thionoesters, R®-C(S)-O-, are prepared by treating the R®-C(O)-
O- ester with Lawesson's reagent.

Sulfates, NaO-S(0)(0)-0-, R®-0-S(0)(0)-0-. e.a.. CHa(CHg); ;5-S(OMO)-0-, 2re
prepared by treatment of alcohols with chlorosulfonic acid followed by NaOH or
alternatively by oxidation of sulfites using KMnQ,. If the alkyl (e.g., methyl) ester is desired

15  alkylchloro-sulfonate (methylchloro-sulfonate) can be used. Sulfites HO-S(O)-O- and
ammonium salts NH, O-S(0)-0, or R® 0-S(0)-0- esters (e.g., CH; O-S(0)-0-) are
prepared by standard methods. The ammonium salts are prepared by treatment of
alcohols with ammonia and sulfur dioxide. The esters such as alkyl, alkenyl and alkyny!
esters (e.g., methyl ester) are obtained when alcohols are treated with alkylchlorosulfite

20  (e.g., methycholorosulfite), alkenylchlorosulfite or alkynylchlorosulfite in the presence of a
suitable base such as triethylamine. Phosphoesters, R®.0-P(ORP?)(0)-O- are prepared by
treating the alcohol with diethylchlorophosphate in the presence of Na,CO,. Alternatively,
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if the alcohol is treated with phosphoric acid diesters in the presence of triphenylphospine
(PPh;) and diethylazodicaboxylate (DEAD) the corresponding triesters are formed with
inversion (Mitsunobu reaction).

Phosphothioesters, R®°0O-P(SR?)(0)-O- are generated by treatment of alcohols
with the monothio analog of diethylchlorophosphate as described for phosphoesters
yielding the phosphothioesters. Carbonates, R®O-C(0)-O- are generated from the
corresponding steroid alcohol using the chloroformate (R®-C(0)-Cl), e.g., Cy.0 alkyl,
alkenyl or alkyny! chloroformates (e.g. CH3(CH,)o.s-C(O)Cl). Carbamates, R®-NH-C(O)-O-
are made from steroid alcohols by treatment with isocyanates (R*N=C=0) or NaOCN in
the presence of trifluroroacetic acid. Aminoacid esters, ZNX-CHY-C(O)-O- are generated
by coupling the steroid alcohol with the acid chloride of the N-protected amino acid.

Oxidation of hydroxyl groups that are linked to the steroid nucleus is used to obtain
ketones and related functionalities. For example, conversion of alcohols to ketones can be
achieved using a variety of oxidizing agents such as CrOs in AcOH, or pyridinium
cholorchromate, pyridinium dichromate or oxalyl chloride with triethylamine (Swern
oxidation). Thioketones (=S) are prepared by treating ketones with Lawesson's reagent
(2,4-bis(4-methoxyphenyl)-1,3,2 4-dithiadiphosphetane-2,4-disulfide; commercially
available from Aldrich). Thioacetals, -C(SR®)(SR®)-. are prepared from ketones (-C(O)-) by
treatment with R®-SH thiols under acid catalysis conditions (e.g., HCI). Phosphonoesters,
RO-P(ORPR)(0)-, are generated by addition of the phosphorus acid diester to ketones in
the presence of KF to yield hydroxy phosphonoesters. One may optionally remove the
hydroxy group using a dehydration and hydrogenation sequence.

Substitution of hydroxyl groups is used to generate a number of functionalities. For
example, thiols, -SH, are prepared from alcohols by conversion of the alcohol with
inversion to the bromide using PBr;. Treatment of the bromide with thiourea followed by
NaOH gives the thiol. Thioethers, R8-S-,
€d 1Toin inois Dy treatment with NaOH and the required halide, e.g., alkyl halide.
Alternatively, alcohol derivatives like tosylates or mesylates can be displaced by thiolate
anions, R®-S', to yield the thioether. Thioesters, R-C(O)-S-, are prepared by treating the
tosylate (mesylate) of the alcohol with the sodium salt of the thioacid.

Substitution of hydroxyl groups can be used to generate both esters, R®0-C(O)-,
and amides, NHR®-C(O)-, linked to the steroid at carbon atoms. For amides and amines,
R®%is -H, a protecting group or a C,.s, organic moiety. These are synthesized from the
steroid bromide with inversion by displacement with NaCN. The cyanide group can be
hydrolyzed to the amide or the acid. The acid is esterified or treated by standard peptide
coupling reactions with an O-protected amino acid in the presence of a suitable carboxyl
activating agents such as dicyclohexylcarbodiimide (DCC) to form steroid -C(O)-NH-CHY -
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C(0)-OR, where Y is the side chain of an amino acid or a C1-C10 organic moiety and R is
a protecting group (or hydrogen when deprotected).

Amines and derivatives of amines, e.g., R®NH-, R8-C(O)NH-, R®OC(0)-NH- or
R®0O-C(0)-CHR®-NH- linked to steroid carbon atoms, are typically prepared by standard
methods. For example, amines (NH,-steroid) are generally prepared using the Hoffmann
rearrangement (Br,, NaOH) from the amide (NH,-C(O)-steroid) or the Curtius
rearrangement (NaNs) from the acid chloride of the steroid. The R® substituent can
subsequently be introduced by alkylation. Steroid alcohols can be used as starting
materials under standard Mitsunobu conditions (PPh;, DEAD) to yield N-Boc sulfonamides
using N-(t-butoxycarbonyl)-p-toluenesulfonamide. One can selectively remove either
protecting group. Treatment with trifluoroacetic acid affords the sulfonamide (R®-S(0)(0)-
NH-steroid). Alternatively, sodium napthalenide deprotects to give the N-Boc compound.
Amines (NH,-steroid) can be converted to amides (R®NH-C(O)-steroid) using acy!
chlorides (R®-C(0)-Cl). Treatment with ethyl chloroformate gives the N-carbamate (R®0-
C(O)-NH-steroid). The amine (NH_-steroid) can be alkylated with an a-bromoester (R®-
C(0)-CHY-NH,) to yield the amio acid substituted steroid (R®-O-C(O)-CHY-NH-steroid).

Where reactions such as substitutions give a product mixture, the desired
intermediate is optionally separated from other products or at least partially enriched (e.g.,
enriched at least about 10-fold, usually at least about 50-100-fold) from other products
before subsequent reactions are conducted. Substitution at steroid carbon atoms will
generally proceed with greatest efficiency at the 3-position, which is relatively sterically
unhindered and C-17 is generally somewhat less accessible than the C-3 position. The
relative reactivities of the C-3, C-7, C-17 and C-16 positions allows one to use their
reactivities to control the sequential introduction of different functional groups into the
same steroid molecule. Also, groups, such as hydroxyl at more reactive positions, C-3 or
C-17, may be sequentially protected or deprotected to allow introduction of functional
CUPS &t GIhET POSItions, 5uc

Polymers such as PEG are linked to the compounds essentially as described
above. For example, PEG200 or PEG300 is linked to the steroid at the 3, 7, 16, 17 or
other positions by an ether linkage (PEG-O-steroid) using a PEG alkoxide (PEG-ONa), to
displace the steroid bromide. Alternatively, PEG-Br can be treated with the steroid
alkoxide. Polyethylene glycol esters such as those described in U.S. patent 5681964 can
also be prepared using a suitable formula 1 compound and the methods described therein.
Monosaccharides or polysaccharides and oligonucleotides are linked to steroid hydroxyl
groups using known methods, see e.g., U.S. patent §627270.

Formula 1 steroid analogs that comprise one or more ring heteroatoms are

synthesized according to the folliowing methods.
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Scheme 11. Formula 1 compounds that comprise two or three ring heteroatoms

are prepared as shown in the schemes. In the scheme, X is =CH,-, -NH-, -O-, or -S-; R is
-H or -Br; R*' is an organic moiety having about 12 carbon atoms or less, typically C1 —
C8 optionally substituted alkyl (e.g., methyl, hydroxymethyl, ethyl, propyl) or C2 - C8

S  optionally substituted alkenyl having a single double bond (e.g., vinyl) with 1, 2, 3 or more
indepenently selected substituents (e.g., -OH, -COOH, -O-) and with any substituents that
comprise a functional group generally being protécted. Preparation of compound 20 from
19 is accomplished using a glycol such as HOC(CH3),C(CH3),0H in acid (H") (B.H.
Lipshutz et al., Synth. Commun. 12: 267, 1982). The use of a bulky protecting group

10  facilitates generation of a double bond at the 5-6 position over the 4-5 position.

Scheme 11
CH, CH,
CHO o) CH,
X \ CHs /\E /“\
R0 | X 0 CH,
o) " X
12 Wittig - R40
THF o
CH, ?Hz 14
Php? o I CH,
o X = CH,, O, NH, S
13
R4
14
THF
15
1) Os
15
2) Zn/H,0
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KOH/H,0

Y
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R = Br

CHs
RPR = protecting group
1) base (KOH)
18 > I .
2) protect OH RPRO /\/\/’\ORPR 24

Schemes 12A-12D. Compounds of structure 12 are generated as shown in the

schemes below. Most of the reactions are conducted essentially as described. See e.g.,
W.D. Langley, Org. Syn. I, 122, 1932 (compound 30); R. Ratcliffe et al., J. Org. Chemn. 35:
4000, 1970 (compound 32); A.l. Meyers et al., J. Org. Chem. 39: 2787, 1974 (compound
33, 41); J.L. Isidor et al., J. Org. Chem. 38: 544, 1973 (compound 35); G. Wittig et al.,
Chem. Ber. 87: 1318, 1954 (compound 36); P.M. Pojer et al., Tet. Lett. 3067, 1976
(compound 38); A. Maercker, Org. React. 14: 270, 1965 (compound 37); E.J. Corey et al.,
Tet. Lett. 3269 1975 (compound 37); R.S. Tipson, J. Org. Chem. 9: 235, 1944 (compound
39); G.W. Kabalka, J. Org. Chem. 51: 2386, 1986, B.B. Carson et al., Org. Synth. 1: 179,
1941 (compound 43); H.J. Bestman et al., Justus Liebigs Ann. Chem. 693: 132 1966
(compound 39); M. Miyano et al., J. Org. Chem. 37: 268, 1972 (compound 51); W.H.
Glaze et al., J. Org. Chem. 33: 1987, 1968 (compound 52).

Scheme 12A
o)
B
o  Bry HOAC ' o
30 J _— ) 31
0
HCI, H,O
31 > HO OH 32
Br
o
CrO;, pyridine
32 - 0% OH 33
CH,Clp
Br
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cie” o <Y CH,
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> PPh;
o) o 38
DMSO
0 S
OH N -
Hac)J\/ - HaC ~_— CH,
HOAc
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CH,
Clgc/\o 37\ CHa
‘3§ I
r— /\ /\ - ;
ﬁ B Cl3C’ \O’ N o
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CH,
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CH,
1) pyridine, che” o 49 CHj
tosyl chloride /
39 — o Do o
2) H,0 |
H,C OTos
0]
. ce” o 41 OH
H", HO
40 - o, o
H,C OTos
CI30/\0 H4C
butanol '
. , Cl,C o} 5
potassium butoxide
5 o)
40 _
AgCl R™=H
42 —- 12 X=0

Compounds of structure 12 where X is NH, S and CH, are prepared as shown in
10  schemes 12B, 12C and 12D respectively.

H*, H0 / OH
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45 ~ o’ Do N 46
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NH
o)
Scheme 12C
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1) H,S / OH
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C|3C/\O H3C
tosyl chloride / OTos
4 =~ o’ Do 48
pyridine 3 SH
(0]
HaC
potassium butoxide /
48 > o? 49
butanol S
(e}
X=8
Zn, THF
49 > 12
5
Scheme 12D
CHs
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39 ~ e’ Do | 0
Br
HaC
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1) HCI, H,0
50 > PN
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ClhC
NH,
HO/\K ce”
CH,
CH,

43 — 54

" HiC® CHs

CCI3/\O H;C

6 >~ cor” o / S7

e

H3C
3 CH;
c,e” Do
H*, H,O .
57 Cl3(:/\0 53
H,C
0]
Zn, THF
53 > 12 X =CHa
5 Scheme 13. The scheme and rections shown below are used to prepare the

compound of structure 13 and related compounds that are used to introduce oxygen,
carbon, nitrogen or sulfur into the R” and R® positions of formula 1 compounds. The

reactant in the preparation of compound 63, 3-chloro-2-methylpropene (reg. No. 563-47-

3). is available commercially (e 5. Aldrich, Fluka).
10
Scheme 13
CH CH,
Ho/w]/ THF HO/Y\O/\S/

PhsP S—CHs

(e}
58 o/ s
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CH,
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61 > o) OH
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65 - k | ?
2) t-b ithi AN
) t-butyllithium PPh; N0

61

PCT/US00/07883

Compound 59 and analogs of compound 59 where CH,, S or NH CH; replaces

oxygen are preapred as shown in the following reactions. Conditions suitable for
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conversion of compound 106 to 107 have been described (T. Hamada et al., Heterocycles
12: 647, 1979; T. Hamada et al., J. Am. Chem. Soc. 108: 140, 1986).

OH o)
/\/ . o
o i e 66
O
: /

| S—

5
1) PPhy, THF O o
66 > PhyP 67
2) t-butyllithium
O
H;C 0]
. THF 3
D)
CHs
Ho/\[( on
o
O
+ H,C O
| 3
.~ CHs CH
Cc 3
10 I S O/\S/
+ H,C OH
H*, H,0 3 \S/\O =
69 > 70
CHs
| HaC Br
. PBr3 ’ \\S//A\\O//A\\T44¢\\V// .
15 - YAl
CHs
15
H,C MgBr
Mg, THF TN N 7 9
n > 72
CH,
CH,
2 CH,
Cl/Y 2 73
CH,
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1) PPhs, THF
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Conversion of the methy! ketone (-C(O)-CH.) moiety in compounds having the

10 structure
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(R-C(0O)-CHj3) to other functionalities is accomplished as follows. The methyl ketone is
cleaved to yield a carboxyl moiety using, e.g., Br; or |, in base, followed by treatment with
acid (H3O") essentially as described (S.J. Chakrabarty Oxidations in Organic Chemistry
Part C, W. Trahnnousy, editor, Academic Press, NY, 1987, chapter 5; L.J. Smith et al.,
Org. Synth. 111 302, 1953), to yield R-C(O)-OH. The carboxylic acid is reduced to the
alcohol using LiAIH,. Conversion of the carboxylic acid to the bromide is accomplished
using, e.g., Br; in water, essentially as described (J.S. Meck et al., Org. Synth. V, 126,
1973; A. Mckillop et al., J. Org. Chem. 34: 1172, 1969).

Compounds of structure 11 are brominated using N-bromosuccinimide to obtain

steroids and analogs with bromine at the 7-position.
P

Cl,C o) CI3C/\ 0 Br 1A
PN
ClhC o) ClC
NBS
n .
. (o]
X =0, NH, S, CH, o)

The 11A compounds are deprotected to yield the aldehyde compounds 12. As shown in
scheme 11, the bromine atom is ultimately found at the 7-position. The bromine may be
converted to a hydroxyl by reaction of the steroid with base (e.g., aqueous KOH), and the
hydroxyl may in turn be protected using known methods, e.g., using C¢Hs-CH,-Br and
base (KOH). The alcohol is protected and deprotected essentially using described
methods, see, e.g., W.H. Hartung et al., Org. React. 7: 263, 1953; E.J. Rerst et al., J. Org.
Chem. 29: 3725, 1968; A.M. Felix et al., J. Org. Chem. 43: 4194, 1978; D.A. Evans et al.,
J. Am. Chem. Soc. 101: 6789, 1979; international publication number WO 98/02450.
Similar reactions are used to convert a bromine at other positions to a hydroxyl. Other
substituents are linked to the steroids as described in schemes 1-10.
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