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(57) ABSTRACT 
Compounds, pharmaceutical compositions, and methods for 
modulating processes mediated by steroid receptors. In 
particular, preparation and methods of use of non-steroidal 
compounds and compositions that are agonists, partial ago 
nists, and antagonists for the androgen receptor are 
described. Further, described are the methods of making and 
use of critical intermediates including a stereoselective 
synthetic route to intermediates for the AR modulators. 
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ANDROGEN RECEPTOR MODULATOR 
COMPOUNDS AND METHODS 

[0001] This application claims priority to US. Provisional 
Application Serial No. 60/150,988, ?led Aug. 27, 1999, the 
entire disclosure of Which is incorporated by reference 
herein. 

FIELD OF THE INVENTION 

[0002] This invention relates to non-steroidal compounds 
that are modulators (i.e. agonists and antagonists) of andro 
gen receptors, and to methods for the making and use of such 
compounds. 

BACKGROUND OF THE INVENTION 

[0003] Intracellular receptors (IRs) form a class of struc 
turally-related genetic regulators scientists have named 
“ligand dependent transcription factors.” R. M. Evans, Sci 
ence, 240:889 (1988). Steroid receptors are a recogniZed 
subset of the IRs, including the progesterone receptor (PR), 
androgen receptor (AR), estrogen receptor (ER), glucocor 
ticoid receptor (GR) and mineralocorticoid receptor (MR). 
Regulation of a gene by such factors requires both the IR 
itself and a corresponding ligand, Which has the ability to 
selectively bind to the IR in a Way that affects gene tran 
scription. 
[0004] Ligands to the IRs can include loW molecular 
Weight native molecules, such as the hormones progester 
one, estrogen and testosterone, as Well as synthetic deriva 
tive compounds such as medroxyprogesterone acetate, 
diethylstilbesterol and 19-nortestosterone. These ligands, 
When present in the ?uid surrounding a cell, pass through the 
outer cell membrane by passive diffusion and bind to spe 
ci?c IR proteins to create a ligand/receptor complex. This 
complex then translocates to the cell’s nucleus, Where it 
binds to a speci?c gene or genes present in the cell’s DNA. 
Once bound to DNA, the complex modulates the production 
of the protein encoded by that gene. In this regard, a 
compound that binds an IR and mimics the effect of the 
native ligand is referred to as an “agonist”, While a com 
pound that inhibits the effect of the native ligand is called an 
“antagonist.” 
[0005] Ligands to the steroid receptors are knoWn to play 
an important role in health of both Women and men. For 
example, the native female ligand, progesterone, as Well as 
synthetic analogues, such as norgestrel (18-homonorethis 
terone) and norethisterone (17ot-ethinyl-19-nortestoster 
one), are used in birth control formulations, typically in 
combination With the female hormone estrogen or synthetic 
estrogen analogues, as effective modulators of both PR and 
ER. On the other hand, antagonists to PR are potentially 
useful in treating chronic disorders, such as certain hormone 
dependent cancers of the breast, ovaries, and uterus, and in 
treating non-malignant conditions such as uterine ?broids 
and endometriosis, a leading cause of infertility in Women. 
Similarly, AR antagonists, such as cyproterone acetate and 
?utamide, have proved useful in the treatment of prostatic 
hyperplasia and cancer of the prostate. 

[0006] The effectiveness of knoWn modulators of steroid 
receptors is often tempered by their undesired side-effect 
pro?le, particularly during long-term administration. For 
example, the effectiveness of progesterone and estrogen 
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agonists, such as norgestrel and diethylstilbesterol respec 
tively, as female birth control agents must be Weighed 
against the increased risk of breast cancer and heart disease 
to Women taking such agents. Similarly, the progesterone 
antagonist, mifepristone (RU486), if administered for 
chronic indications, such as uterine ?broids, endometriosis 
and certain hormone-dependent cancers, could lead to 
homeostatic imbalances in a patient due to its inherent 
cross-reactivity as a GR antagonist. Accordingly, identi?ca 
tion of compounds that have good speci?city for one or more 
steroid receptors, but have reduced or no cross-reactivity for 
other steroid or intracellular receptors, Would be of signi? 
cant value in the treatment of male and female hormone 
responsive diseases. 

[0007] A group of quinolinone and coumarin analogs 
having a fused ring system of the aryl, piperidine, pyrroli 
dine, or indoline series have been described as androgen 
modulators. See US. Pat. No. 5,696,130; Int. Patent Appl. 
WO 97/49709; L. G. Hamann, et. al. J. Med. Chem, 
41:623-639 (1998); J. P. EdWards, et. al., Bioorg. Med. 
Chem. Lett., 8:745-750 (1998). 

[0008] In addition, novel enantioselective synthetic routes 
to N-alkyl or N-aryl 3,4-dihydro-2H-1,4-benZoxaZine com 
pounds are described. Such compounds are key intermedi 
ates in the preparation of quinolinones and other fused ring 
structures of the instant invention. Often, When such fused 
ring compounds are chiral and possess biological activity, 
only one enantiomer is biologically active, or the enanti 
omers possess different biological activity. Isolating and 
testing such enantiomers often yields a compound With 
enhanced selectivity, loWer toxicity, and greater potency. 
Therefore, it Would be highly advantageous to selectively 
prepare these types of compounds in the desired con?gura 
tion. See Atarashi S., et al., J. Heterocyclic Chem, 281329 
(1991); Xie, L. 1., Chinese Chemical Letters, 6:857 (1995); 
Mitscher, L. A., et al., J. Med. Chem, 30:2283 (1987). 

[0009] The entire disclosures of the publications and ref 
erences referred to above and hereafter in this speci?cation 
are incorporated herein by reference. 

SUMMARY OF THE INVENTION 

[0010] The present invention is directed to novel com 
pounds, pharmaceutical compositions, and methods for 
modulating processes mediated by steroid receptors. More 
particularly, the invention relates to non-steroidal com 
pounds and compositions that are high-af?nity, high-speci 
?city agonists, partial agonists (i.e., partial activators and/or 
tissue-speci?c activators) and antagonists for the androgen 
receptor Also provided are methods of making and 
using such compounds and pharmaceutical compositions, as 
Well as critical intermediates used in their synthesis. 

[0011] In another aspect of the invention, a stereoselective 
synthetic route to intermediate compounds for these AR 
modulators is described. This aspect of the invention relates 
to preparing N-alkylated amino alcohol intermediates ste 
reoselectively. 

[0012] These and various other advantages and features of 
novelty that characteriZe the invention are pointed out With 
particularity in the claims annexed hereto and forming a part 
hereof. The folloWing detailed description of the invention 
provides a better understanding of the invention, its advan 
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tages, and objects obtained by its use, as Well as preferred 
embodiments of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] In accordance With the present invention, We have 
developed novel compounds, compositions, and methods of 
preparation of non-steroidal compounds that are AR modu 
lators. Speci?cally, We have developed high affinity, high 
speci?city agonists, partial agonists (i.e., partial activators 
and/or tissue-speci?c activators) and antagonists for the 
androgen receptor and methods of preparing these com 
pounds and compositions. 

[0014] In accordance With the present invention and as 
used herein, the folloWing structure de?nitions are provided 
for nomenclature purposes. Furthermore, in an effort to 
maintain consistency in the naming of compounds of similar 
structure but differing substituents, the compounds 
described herein are named according to the folloWing 
general guidelines. The numbering system for the location of 
substituents on such compounds is also provided. 

[0015] The term “alkyl” refers to an optionally substituted 
straight-chain or branched-chain hydrocarbon radical having 
from 1 to about 10 carbon atoms, more preferably from 1 to 
about 6 carbon atoms, and most preferably from 1 to about 
4 carbon atoms. EXamples of alkyl radical include methyl, 
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert 
butyl, pentyl, heXyl, octyl and the like. 

[0016] The term “alkenyl” refers to a straight-chain or 
branched-chain hydrocarbon radical having one or more 
carbon-carbon double-bonds and having from 2 to about 10 
carbon atoms, preferably from 2 to about 6 carbon atoms, 
and most preferably from 2 to about 4 carbon atoms. 
Preferred alkenyl groups include allyl. EXamples of alkenyl 
radicals include ethenyl, propenyl, 1,4-butadienyl and the 
like. 

[0017] The term “allyl” refers to the radical CH2=CH— 
CH2. 
[0018] The term “alkynyl” refers to a straight-chain or 
branched-chain hydrocarbon radical having one or more 
carbon-carbon triple-bonds and having from 2 to about 10 
carbon atoms, preferably from 2 to about 6 carbon atoms, 
and most preferably from 2 to about 4 carbon atoms. 
EXamples of alkynyl radicals include ethynyl, propynyl, 
butynyl and the like. 

[0019] The term aryl refers to optionally substituted aro 
matic ring systems. The term aryl includes monocyclic 
aromatic rings, polycyclic aromatic ring systems, and pol 
yaromatic ring systems. The polyaromatic and polycyclic 
ring systems may contain from tWo to four, more preferably 
tWo to three, and most preferably tWo, rings. 

[0020] The term “heteroaryl” refers to optionally substi 
tuted aromatic ring systems having one or more heteroatoms 
such as, for eXample, oXygen, nitrogen and sulfur. The term 
heteroaryl may include ?ve- or siX-membered heterocyclic 
rings, polycyclic heteroaromatic ring systems, and polyhet 
eroaromatic ring systems Where the ring system has from 
tWo to four, more preferably tWo to three, and most prefer 
ably tWo, rings. The terms heterocyclic, polycyclic het 
eroaromatic, and polyheteroaromatic include ring systems 
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containing optionally substituted heteroaromatic rings hav 
ing more than one heteroatom as described above (e.g., a siX 
membered ring With tWo nitrogens), including polyhetero 
cyclic ring systems from tWo to four, more preferably tWo to 
three, and most preferably tWo, rings. The term heteroaryl 
includes ring systems such as, for example, pyridine, quino 
line, furan, thiophene, pyrrole, imidaZole and pyraZole. 

[0021] The term “alkoXy” refers to an alkyl ether radical 
Wherein the term alkyl is de?ned as above. EXamples of 
alkoXy radicals include methoXy, ethoXy, n-propoXy, isopro 
poXy, n-butoXy, iso-butoXy, sec-butoXy, tert-butoXy and the 
like. 

[0022] The term “aryloXy” refers to an aryl ether radical 
Wherein the term aryl is de?ned as above. EXamples of 
aryloXy radicals include phenoXy, benZyloXy and the like. 

[0023] The term “cycloalkyl” refers to a saturated or 
partially saturated monocyclic, bicyclic or tricyclic alkyl 
radical Wherein each cyclic moiety has about 3 to about 8 
carbon atoms. EXamples of cycloalkyl radicals include 
cyclopropyl, cyclobutyl, cyclopentyl, cycloheXyl and the 
like. 

[0024] The term “cycloalkylalkyl” refers to an alkyl radi 
cal as de?ned above Which is substituted by a cycloalkyl 
radical having from about 3 to about 8 carbon atoms. 

[0025] The term “arylalkyl” refers to an alkyl radical as 
de?ned above in Which one hydrogen atom is replaced by an 
aryl radical as de?ned above, such as, for example, benZyl, 
2-phenylethyl and the like. Preferably, arylalkyl refers to 
arylmethyl. 

[0026] The terms alkyl, alkenyl, and alkynyl include 
optionally substituted straight-chain, branched-chain, cyclic, 
saturated and/or unsaturated structures, and combinations 
thereof. 

[0027] The terms cycloalkyl, allyl, aryl, arylalkyl, het 
eroaryl, alkynyl, and alkenyl include optionally substituted 
cycloalkyl, allyl, aryl, arylalkyl, heteroaryl, alkynyl, and 
alkenyl groups. 

[0028] The terms haloalkyl, haloalkenyl and haloalkynyl 
include alkyl, alkenyl and alkynyl structures, as described 
above, that are substituted With one or more ?uorines, 
chlorines, bromines or iodines, or With combinations 
thereof. 

[0029] The terms heteroalkyl, heteroalkenyl and het 
eroalkynyl include optionally substituted alkyl, alkenyl and 
alkynyl structures, as described above, in Which one or more 
skeletal atoms are oXygen, nitrogen, sulfur, or combinations 
thereof. 

[0030] The substituents of an “optionally substituted” 
structure include, for eXample, one or more, preferably one 
to four, more preferably one to tWo, of the folloWing 
preferred substituents: alkyl, alkenyl, alkynyl, aryl, het 
eroaryl, alkoXy, aryloXy, cycloalkyl, cycloalkylalkyl, aryla 
lkyl, amino, alkylamino, dialkylamino, F, Cl, Br, I, CN, 
N02, NRloRll, NHCH3, N(CH3)2, SH, SCH3, OH, OCH3, 
OCF3, CH3, CF3, C(O)CH3, CO2CH3, COZH and C(O)NH2, 
C1-C4 alkyl, C1-C4 haloalkyl, C3-C8 cycloalkyl, C1-C4 het 
eroalkyl, and 0R9. 
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[0031] A 2H-1,4-benZoXaZin-3(4H)-one is represented by 
the following structure: 

5 H 
N 4 O 

6 7@ j 
8 ‘1) 

[0032] A 2H-1,4-benZoXaZine is represented by the fol 
lowing structure: 

5 4 
N 

s \ 3 

7 2 

O 
8 l 

[0033] A 7H-[1,4]oXaZino[3,2-g]quinolin-7-one is repre 
sented by the following structure: 

[0034] A lH-[l,4]oXaZino[3,2-g]quinoline is represented 
by the following structure: 

9 10 H 
N1 

8/ l2 
7\ 3 

N O 
6 5 4 

[0035] A lH-[l,4]oXaZino[3,2-g]quinoline-2(3H)-one is 
represented by the following structure: 

9 10 H1 
N O 

s 

7\ 3 
N O 
6 5 4 

[0036] A 3H-[1,4]oXaZino[3,2-g]quinolin-2,7-dione i 
represented by the following structure: 
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[0037] A pyrido[1‘,2‘:4,5][1,4]oXaZino[3,2-g]quinolin 
9(8H)-one is represented by the following structure: 

ll l2 

l0 / 

0 g 3 7 

[0038] A 1H-pyrrolo[1‘,2‘:4,5][1,4]oXaZino[3,2-g]quino 
lin-8(7H)-one is represented by the following structure: 

[0039] A quinoXalin-2(1H)-one is represented by the fol 
lowing structure: 

8 H 
N 1 O 

7 

6@[ I 
5 If 

[0040] A quinoXaline is represented by the following 
structure: 

5 4 
N 

s \ 3 

7@ J 2 
8 T 

[0041] ApyraZino[3,2-g]quinolin-2,7-dione is represented 
by the following structure: 

9 10 I: O 
8/ 
7 

/3 
O N N 

6 5 4 
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[0057] R12 is hydrogen, Cl-C6 alkyl, Cl-C6 het 
eroalkyl, Cl-C6 haloalkyl, aryl, heteroaryl, C2-C8 
alkenyl or arylalkyl, wherein the alkyl, heteroalkyl, 
haloalkyl, aryl, heteroaryl, alkenyl and arylalkyl 
groups may be optionally substituted; 

[0058] R13 is hydrogen, Cl-C8 alkyl, C3-C8 cycloalkyl, 
Cl-C8 heteroalkyl, Cl-C8 haloalkyl, aryl, heteroaryl, or ary 
lalkyl, Wherein the alkyl, heteroalkyl, haloalkyl, aryl, het 
eroaryl and arylalkyl groups may be optionally substituted; 
or 

[0059] R13 and R4 taken together can form a saturated 
or unsaturated three- to seven-membered ring that 
may be optionally substituted; 

[0060] R14 and R15 each independently are hydrogen, 
Cl-C8 alkyl, C3-C8 cycloalkyl, Cl-C8 heteroalkyl, 
Cl-C8 haloalkyl, aryl, heteroaryl, arylalkyl, C2-C8 
alkynyl or C2-C8 alkenyl, Wherein the alkyl, 
cycloalkyl, heteroalkyl, haloalkyl, aryl, heteroaryl, 
arylalkyl, alkynyl and alkenyl groups may be option 
ally substituted; 

[0061] RA is F, Br, Cl, I, CN, Cl-C6 alkyl, Cl-C6 
haloalkyl, Cl-C6 heteroalkyl, OR16, NR16R17, SR16, 
CH2R16, CORN, CO2R17, CONR17R17, SOR17 or 
SO2R17, Wherein the alkyl, heteroalkyl, and 
haloalkyl groups may be optionally substituted; 

[0062] R16 is hydrogen, Cl-C8 alkyl, Cl-C8 haloalkyl, 
Cl-C8 heteroalkyl, CORN, COZR17 or CONR17R17, 
Wherein the alkyl, heteroalkyl, and haloalkyl groups 
may be optionally substituted; 

[0063] R17 is hydrogen, Cl-C4 alkyl, Cl-C4 haloalkyl 
or Cl-C4 heteroalkyl, Wherein the alkyl, heteroalkyl, 
and haloalkyl groups may be optionally substituted; 

[0064] m is 0, 1 or 2; 

[0065] n is 1 or 2; 

[0066] V is o, s or CR14R15; 

[0067] W is o, s(o)m, NR13, NC(Y)R11, or Nso2R11 

[0068] X and Z each independently are O, S(O)m, 
NR11, NC(Y)R11, NSO2R12 or NS(O)R12; 

[0069] Y is O or S; and 

[0070] any tWo of R4, R5, R6, R7, and R13 taken 
together can form a saturated or unsaturated three- to 
seven-membered ring that may be optionally substi 
tuted; 

[0071] 
[0072] Preferred R1 groups include hydrogen, F, Cl, Br, I, 
N02, 0R9, NRloRll, S(O)mR9, Cl-C8 alkyl, Cl-C8 
cycloalkyl, Cl-C8 heteroalkyl, Cl-C8 haloalkyl, allyl, Cl-C8 
aryl, Cl-C8 arylalkyl, Cl-C8 heteroaryl, C2-C8 alkynyl, and 
C2-C8 alkenyl. The alkyl, cycloalkyl, heteroalkyl, haloalkyl, 
allyl, aryl, arylalkyl, heteroaryl, alkynyl, and alkenyl groups 
may be optionally substituted. More preferred R1 groups 
include H, F, Cl, 0R9, NRloRll, S(O)mR9, and Cl-C2 alkyl. 
Particularly preferred R1 groups include H, F, and Cl. 

[0073] Preferred R2 groups include hydrogen, F, Cl, Br, I, 
CF3, CF2Cl, CF2H, CFH2, CFZORQ, CHZORQ, 0R9, 
S(O)mR9, NRloRll, Cl-C8 alkyl, C3-C8 cycloalkyl, C1-C8, 

and pharmaceutically acceptable salts thereof. 
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heteroalkyl, Cl-C8 haloalkyl, allyl, aryl, arylalkyl, het 
eroaryl, C2-C8 alkynyl, or C2-C8 alkenyl. The alkyl, 
cycloalkyl, heteroalkyl, haloalkyl, allyl, aryl, arylalkyl, het 
eroaryl, alkynyl, and alkenyl groups may be optionally 
substituted. More preferred R2 groups include H, F, Cl, 
methyl, ethyl, CF3, CF2H, CF2Cl, CFH2, and 0R9. Particu 
larly preferred R2 groups include H, Cl, methyl, ethyl, CF3, 
CF2H, CF2Cl. 
[0074] Preferred R3 groups include hydrogen, F, Cl, Br, I, 
0R9, S(O)mR9, NRloRll, Cl-C6 alkyl, Cl-C6 heteroalkyl 
and Cl-C6 haloalkyl. The alkyl, heteroalkyl, and haloalkyl 
groups may be optionally substituted. More preferred R3 
groups include hydrogen, F, Cl, 0R9, NRloRll, and 
S(O)mR9. 
[0075] Preferred R4 groups include H, 0R9, C(Y)OR11, 
Cl-C8 alkyl, C3-C8 cycloalkyl, Cl-C8 heteroalkyl, Cl-C8 
haloalkyl, C2-C8 alkynyl, C2-C8 alkenyl, aryl, arylalkyl, and 
heteroaryl. The alkyl, cycloalkyl, heteroalkyl, haloalkyl, 
alkynyl, alkenyl, aryl, arylalkyl and heteroaryl groups may 
be optionally substituted. More preferred R4 groups include 
H, 0R9, C(Y)OR11, Cl-C4 alkyl, Cl-C4 heteroalkyl, Cl-C4 
haloalkyl, C2-C4 alkynyl, and C2-C4 alkenyl. Particularly 
preferred R4 groups include H, 0R9, C(Y)OR11, Cl-C4 
alkyl, Cl-C4 haloalkyl, and Where R4 and R13 together form 
a ?ve- or six-membered ring. 

[0076] Also preferred are compounds Where R4 and R13 
together form a saturated or unsaturated three- to seven 
membered ring optionally substituted With 1-2 substituents. 
Examples of such substituents include, for example, hydro 
gen, F, Cl, Br, Cl-C4 alkyl, C3-C8 cycloalkyl, Cl-C4 het 
eroalkyl, Cl-C4 haloalkyl, OR9 and NRloRll. The alkyl, 
cycloalkyl, heteroalkyl, haloalkyl groups may be optionally 
substituted. 

[0077] Also preferred are compounds Where R4 and R13 
together form a ?ve- to seven-membered ring optionally 
substituted With 1-2 substituents. Examples of such substitu 
ents include F, Cl-C4 alkyl, Cl-C4 heteroalkyl, Cl-C4 
haloalkyl, and 0R9. The alkyl, heteroalkyl, and haloalkyl 
groups may be optionally substituted. 

[0078] Preferred R5 groups include H, 0R9, C(Y)OR11, 
Cl-C8 alkyl, C3-C8 cycloalkyl, Cl-C8 heteroalkyl, Cl-C8 
haloalkyl, C2-C8 alkynyl, C2-C8 alkenyl, aryl, arylalkyl, and 
heteroaryl. The alkyl, cycloalkyl, heteroalkyl, haloalkyl, 
alkynyl, alkenyl, aryl, arylalkyl and heteroaryl groups may 
be optionally substituted. More preferred R5 groups include 
hydrogen, 0R9, C(Y)OR11, Cl-C4 alkyl, and Cl-C4 
haloalkyl. 

[0079] Also preferred are compounds Where R4 and R5 
taken together form a saturated or unsaturated three- to 
seven-membered ring that may be optionally substituted. 

[0080] Preferred R6 groups include hydrogen, Cl-C8 alkyl, 
C3-C8 cycloalkyl, allyl, Cl-C8 heteroalkyl, Cl-C8 haloalkyl, 
C2-C8 alkynyl, C2-C8 alkenyl, aryl, arylalkyl and heteroaryl. 
The alkyl, cycloalkyl, allyl, heteroalkyl, haloalkyl, alkynyl, 
alkenyl, aryl, arylalkyl and heteroaryl groups may be option 
ally substituted. More preferred R6 groups include hydro 
gen, CH3, and CH2CH3. 

[0081] Also preferred are compounds Where R6 and R5 
taken together form a saturated or unsaturated three- to 
seven-membered ring that may be optionally substituted. 
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[0082] Preferred R7 groups include hydrogen, Cl-C8 alkyl, 
C3-C8 cycloalkyl, Cl-C8 heteroalkyl, Cl-C8 haloalkyl, C2-C8 
alkynyl, C2-C8 alkenyl, aryl, arylalkyl and heteroaryl. The 
alkyl, cycloalkyl, heteroalkyl, haloalkyl, alkynyl, alkenyl, 
aryl, arylalkyl and heteroaryl groups may be optionally 
substituted. More preferred R7 groups include hydrogen, 
CH3, and CHZCH3 

[0083] Also preferred are compounds Where R6 and R7 
taken together form a saturated or unsaturated three- to 
seven-rnernbered ring that may be optionally substituted. 

[0084] Preferred R8 groups include hydrogen, F, Cl, Br, I, 
NO2, OR9, S(O)mR9, Cl-C4 alkyl, Cl-C4 heteroalkyl, Cl-C4 
haloalkyl, and NRloRll. The alkyl, heteroalkyl and 
haloalkyl groups may be optionally substituted. More pre 
ferred R8 groups include hydrogen and F. 

[0085] Preferred R9 groups include hydrogen, C(Y)R12, 
Cl-C6 alkyl, Cl-C6 heteroalkyl, Cl-C6 haloalkyl, aryl, het 
eroaryl, arylalkyl, C2-C8 alkynyl and C2-C8 alkenyl. The 
alkyl, heteroalkyl, haloalkyl, aryl, heteroaryl, arylalkyl, 
alkynyl, and alkenyl groups may be optionally substituted. 
More preferred R9 groups include hydrogen, C(Y)R12, and 
Cl-C6 alkyl. Particularly preferred R9 groups include CH3, 
CH2CH3, CH2CH2CH3, and C(O)CH3. 
[0086] Preferred R1O groups include hydrogen, C(Y)R12, 
C(Y)OR12, SO2R12, S(O)R12, Cl-C6 alkyl, Cl-C6 het 
eroalkyl, Cl-C6 haloalkyl, aryl, heteroaryl, arylalkyl, C2-C8 
alkynyl, and C2-C8 alkenyl. The alkyl, heteroalkyl, 
haloalkyl, aryl, heteroaryl, arylalkyl, alkynyl, and alkenyl 
groups may be optionally substituted. More preferred R1O 
groups include hydrogen, Cl-C6 alkyl, C(Y)R12, C(Y)OR12, 
SO2R12. 
[0087] Preferred R11 groups include hydrogen, Cl-C6 
alkyl, Cl-C6 heteroalkyl, Cl-C6 haloalkyl, aryl, heteroaryl, 
arylalkyl, C2-C8 alkynyl, and C2-C8 alkenyl. The alkyl, 
heteroalkyl, haloalkyl, aryl, heteroaryl, arylalkyl, alkynyl, 
and alkenyl groups may be optionally substituted. More 
preferred R11 groups include hydrogen and Cl-C4 alkyl. 

[0088] Preferred R12 groups include hydrogen, Cl-C6 
alkyl, Cl-C6 heteroalkyl, Cl-C6 haloalkyl, aryl, heteroaryl, 
allyl, arylalkyl, C2-C8 alkynyl, C2-C8 alkenyl. The alkyl, 
heteroalkyl, haloalkyl, aryl, heteroaryl, allyl, arylalkyl, alky 
nyl, and alkenyl groups may be optionally substituted. More 
preferred R12 groups include hydrogen and Cl-C4 alkyl. 

[0089] Preferred R13 groups include hydrogen, Cl-C8 
alkyl, Cl-C8 heteroalkyl, Cl-C8 haloalkyl, C3-C8 cycloalkyl, 
aryl, heteroaryl, arylalkyl, heteroarylalkyl, C2-C8 alkynyl, 
and C2-C8 alkenyl. The alkyl, heteroalkyl, haloalkyl, 
cycloalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, alky 
nyl, and alkenyl groups may be optionally substituted. More 
preferred R13 groups include Cl-C4 alkyl, C2-C4 alkenyl, 
CZ-C4 alkynyl, Cl-C4 heteroalkyl and Cl-C4 haloalkyl. Par 
ticularly preferred R13 groups include CH3, CH2CH3, 
CH2CH2CH3, CH(CH3)2, CH2CH2(CH3), 
CH2(cyclopropyl), CH2CClF2, CHZCHFZ, and CH2CF3. 

[0090] Preferred R14 groups include hydrogen, Cl-C8 
alkyl, Cl-C8 heteroalkyl, Cl-C8 haloalkyl, C2-C8 alkynyl, 
CZ-C8 alkenyl, aryl, arylalkyl, and heteroaryl. The alkyl, 
heteroalkyl, haloalkyl, aryl, heteroaryl, arylalkyl, alkynyl, 
and alkenyl groups may be optionally substituted. More 
preferred R14 groups include hydrogen and Cl-C4 alkyl. 
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[0091] Preferred R15 groups include hydrogen, Cl-C8 
alkyl, Cl-C8 heteroalkyl, Cl-C8 haloalkyl, C2-C8 alkynyl, 
CZ-C8 alkenyl, aryl, arylalkyl, and heteroaryl. The alkyl, 
heteroalkyl, haloalkyl, aryl, heteroaryl, arylalkyl, alkynyl, 
and alkenyl groups may be optionally substituted. More 
preferred R15 groups include hydrogen and Cl-C4 alkyl. 

[0092] Preferred R16 groups include hydrogen, Cl-C8 
alkyl, Cl-C8 heteroalkyl, Cl-C8 haloalkyl, C2-C8 alkynyl, 
CZ-C8 alkenyl, CORN, CO2R17, CONR17R17, aryl, and 
heteroaryl. The alkyl, heteroalkyl, haloalkyl, aryl, het 
eroaryl, alkynyl, and alkenyl groups may be optionally 
substituted. More preferred R16 groups include hydrogen 
and Cl-C4 alkyl. 

[0093] Preferred RA groups include hydrogen, F, Cl, Br, I, 
CN, Cl-C6 alkyl, Cl-C6 heteroalkyl, Cl-C6 haloalkyl, OR16, 
NR16R17, SR16, CH2R16, CORN, CO2R17, CONR17R17, 
SOR17, and SO2R17. The alkyl, heteroalkyl, and haloalkyl 
groups may be optionally substituted. More preferred RA 
groups include hydrogen, F, Cl, CN, and OR16. 

[0094] Preferably n is 1 or 2. More preferably, n is 1. 

[0095] Preferably, In is 1 or 2. More preferably, In is 1. 

[0096] Preferred V groups include O and S. More prefer 
ably, V is O. 

[0097] Preferred W groups include O, S(O)m, NR13, 
NC(Y)R11, and NSOZRU. More preferred W groups include 
NR13, NC(Y)R11, and NSOZRU. Particularly preferred W 
groups include NR13. 

[0098] Preferred X groups include O, S(O)m, NRll, 
NC(Y)R11, NSOZR12 and NS(O)R12. More preferred X 
groups include O, S(O)m, and NRll. Particularly preferred X 
groups include O and S(O)m. Most preferably, X is O. 

[0099] Preferably Y is O. 

[0100] Preferred Z groups include O, S(O)m, NRll, 
NC(Y)R11, NSOZR12 and NS(O)R12. More preferred Z 
groups include O, S(O)m, and NRll. Most preferably, Z is 
NH. 

[0101] In one aspect, compounds of formula I are pre 
ferred. 

[0102] In another aspect, compounds of formula II are 
preferred. 
[0103] In still another aspect, compounds of formula III 
are preferred. 

[0104] In yet another aspect, compounds of formula IV are 
preferred. 
[0105] In one preferred aspect, R3 and R8 are each hydro 
gen; X and Y are each independently O or S; W is NR13; and 
Z is NRll. 

[0106] In another preferred aspect, R3 and R8 are each 
hydrogen; X and Y are each O, W is NR13; and Z is NRll. 

[0107] In still another preferred aspect, R3 and R8 are each 
hydrogen; R2 is CF3, X and Y are each O, W is NR13; and 
Z is NRll. 

[0108] In yet another preferred aspect, R1 R3, R4, R5, R6, 
R7, R8, R11 and RA are each hydrogen, R2 is CF3, R13 is 
Cl-C8 alkyl, W is NR13, Z is NRll, X and Y are each O; and 
In is 1 or 2. 
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[0109] In yet another preferred aspect, R1 R3, R6, R7, R8, 
R11 and RA are each hydrogen, R2 is CF3, R4, R5 and R13 are 
each Cl-C8 alkyl, W is NR13, Z is NRll, X and Y are each 
O; and m is 1 or 2. 

[0110] In yet another preferred aspect, R1 R3, R4, R5, R8, 
R11 and RA are each hydrogen, R2 is CF3, R6, R7 and R13 are 
each Cl-C8 alkyl, W is NR13, Z is NRll, X and Y are each 
O; and m is 1 or 2. 

[0111] In a preferred aspect, the present invention provides 
a pharmaceutical compositions comprising an effective 
amount of an androgen receptor modulating compound of 
formulas I through VI shoWn above Wherein R1 through R17, 
RA, V, W, X, Y, Z, m and n all have the same de?nitions as 
given above. 

[0112] In a further preferred aspect, the present invention 
comprises methods of modulating processes mediated by 
androgen receptors comprising administering to a patient an 
effective amount of a compound of the formulas I through 
VI shoWn above, Wherein R1 through R17, RA, V, W, X, Y, 
Z, m and n all have the same de?nitions as those given 
above. 

[0113] Any of the compounds of the present invention can 
be synthesiZed as pharmaceutically acceptable salts for 
incorporation into various pharmaceutical compositions. As 
used herein, pharmaceutically acceptable salts include, for 
eXample, hydrochloric, hydrobromic, hydroiodic, hydrof 
luoric, sulfuric, citric, maleic, acetic, lactic, nicotinic, suc 
cinic, oXalic, phosphoric, malonic, salicylic, phenylacetic, 
stearic, pyridine, ammonium, piperaZine, diethylamine, 
nicotinamide, formic, urea, sodium, potassium, calcium, 
magnesium, Zinc, lithium, cinnamic, methylamino, meth 
anesulfonic, picric, tartaric, triethylamino, dimethylamino, 
and tris(hydroXymethyl)aminomethane. Additional pharma 
ceutically acceptable salts are knoWn to those skilled in the 
art. 

[0114] AR agonist, partial agonist and antagonist com 
pounds (including compounds With tissue-selective AR 
modulator activity) of the present invention Will prove 
useful in the treatment of acne (antagonist), male-pattern 
baldness (antagonist), male hormone replacement therapy 
(agonist), Wasting diseases (agonist), hirsutism (antagonist), 
stimulation of hematopoiesis (agonist), hypogonadism (ago 
nist), prostatic hyperplasia (antagonist), osteoporosis (ago 
nist) male contraception (agonist), impotence (agonist), 
seXual dysfunction (agonist), cancer cacheXia (agonist), 
various hormone-dependent cancers, including, Without 
limitation, prostate (antagonist) and breast cancer and as 
anabolic agents (agonist). It is understood by those of skill 
in the art that a partial agonist may be used Where agonist 
activity is desired, or Where antagonist activity is desired, 
depending upon the AR modulator pro?le of the particular 
partial agonist. 
[0115] It is understood by those skilled in the art that While 
the compounds of the present invention Will typically be 
employed as a selective agonists, partial agonists or antago 
nists, that there may be instances Where a compound With a 
miXed steroid receptor pro?le is preferred. For eXample, use 
of a PR agonist (i.e., progestin) in female contraception 
often leads to the undesired effects of increased Water 
retention and acne ?are-ups. In this instance, a compound 
that is primarily a PR agonist, but also displays some AR and 
MR modulating activity, may prove useful. Speci?cally, the 
miXed MR effects Would be useful to control Water balance 
in the body, While the AR effects Would help to control any 
acne ?are-ups that occur. 
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[0116] Furthermore, is understood by those skilled in the 
art that the compounds of the present invention, including 
pharmaceutical compositions and formulations containing 
these compounds, can be used in a Wide variety of combi 
nation therapies to treat the conditions and diseases 
described above. Thus, the compounds of the present inven 
tion can be used in combination With other hormones and 

other therapies, including, Without limitation, chemothera 
peutic agents such as cytostatic and cytotoXic agents, immu 
nological modi?ers such as interferons, interleukins, groWth 
hormones and other cytokines, hormone therapies, surgery 
and radiation therapy. 

[0117] Representative AR modulator compounds (i.e., 
agonists and antagonists) according to the present invention 
include: 
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BH3 DMS 

N PPA 

R1 
OR H2504 

HZN 0 R6 HO OH O 

R2 OEt 
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[0118] Compounds of the present invention, comprising 
classes of heterocyclic nitrogen compounds and their deriva 
tives, can be obtained by routine chemical synthesis by those 
skilled in the art, e.g., by modi?cation of the heterocyclic 
nitrogen compounds disclosed or by a total synthesis 
approach. 

[0119] The sequences of steps for several general schemes 
to synthesiZe the compounds of the present invention are 
shoWn beloW. In each of the schemes the R groups (e.g., R1, 
R2, etc.) correspond to the speci?c substitution patterns 
noted in the Examples. HoWever, it Will be understood by 
those skilled in the art that other functionalities disclosed 
herein at the indicated positions of compounds of formulas 
I through VI also comprise potential substituents for the 
analogous positions on the structures Within the schemes. 

[0120] The synthesis of 7H-[1,4]oxaZino[3,2-g]quinolin 
7-one compounds (e.g., Structures 6 and 7), is depicted in 
Scheme I. The process of Scheme I begins With a cycliZation 

+ 

R2 ( 
R1 N chiral (‘0'6 

m l HPLC —> 

o N 0 R6 (-)-6 

LaWesson's 
Reagent 

RX 

R2 f 
R1 N 

m l s N 0 R6 
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of a haloacetyl halide onto 2-amino-5-nitrophenol (Structure 
1) With, for example, chloroacetyl chloride to afford a lactam 
(Structure 2). See D. R. Shridhar, et al., Org. Prep. Proc. Int., 
14: 195 (1982). The amide is then reduced to the correspond 
ing amine (Structure 3), With, for example, borane dimethyl 
sul?de. See Y. Matsumoto, et. al., Chem. Pharm. BulL, 
44:103-114 (1996). Treatment of a compound such as Struc 
ture 3 With an aldehyde or its corresponding hydrate or 
hemiacetal, for example tri?uoroacetaldehyde hydrate in the 
presence of a reducing agent, for example, sodium 
cyanoborohydride, in a carboxylic acid, for example tri?uo 
roacetic acid, affords a compound such as Structure 4. The 
nitro derivative is reduced to the corresponding aniline, With 
a reducing agent, for example, Zinc and calcium chloride, to 
afford Structure 5. Treatment of the aniline With a [3-ke 
toester or corresponding hydrate, for example 4,4,4-tri?uo 
roacetoacetate, at elevated temperatures, folloWed by treat 
ment With an acid, for example, sulfuric acid, affords a major 
product (Structure 6). The cycliZation of anilines as 
described above is knoWn as a Knorr cycliZation. See G. 
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Jones, Comprehensive Heterocyclic Chemistry, KatritZky, A. 
R.; Rees, C. W., eds. Pergamon, NY, 1984. Vol. 2, chap. 
2.08, pp 421-426, the disclosure of Which is herein incor 
porated by reference. In turn, the quinolinone nitrogen may 
be alkylated by, for example, treatment With sodium hydride 
followed by iodomethane, to afford a compound of Structure 
7. Alternatively, a quinolinone compound of Structure 6 can 
be converted to the corresponding quinoline by treatment 
With a dehydrating agent, for example, oxyphosphoryl chlo 
ride, to afford a compound of Structure 7A. 

[0121] Alternatively, a quinolinone compound of Struc 
ture 6 can be transformed to the corresponding thio-com 
pound by treatment With, for example, LaWesson’s reagent 
[2,4-bis(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane-2, 
4-disul?de] to give a 7H-[1,4]oxaZino[3,2-g]quinolin-thione 
(e. g., Structure 8). See J. Voss, Encyclopedia ofReagents for 
Organic Synthesis, Paquette, L. A., Ed. John Wiley and 
Sons, NeW York, 1995; Vol. 1, pp 530-533, the disclosure of 
Which is herein incorporated by reference. Alternatively, a 
compound of Structure 6 (or chiral synthetic precursors of 
Structure 6) can be separated into its corresponding enanti 
omers, (+)-6 and (—)-6 by chiral HPLC, With, for example, 
a preparative ChiralpakAD column eluted With hexanes:iso 
propanol. 
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[0122] An alternate synthesis of 7H-[1,4]oxaZino[3,2-g] 
quinolin-7-one compounds (e.g., Structures 10 and 11) is 
shoWn in Scheme II. The process of Scheme II begins With 
a Knorr cycliZation of 7-amino-3,4-dihydro-4-p-methoxy 
benZyl-2H-1,4-benZoxaZine, and a [3-ketoester promoted by 
an acid, for example, sulfuric acid to afford a compound of 
Structure 10. Alkylation of the quinolinone nitrogen may be 
achieved by treatment With an aldehyde or its corresponding 
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hydrate, for example cyclopropanecarboxaldehyde in the 
presence of a reducing agent, for example, sodium 
cyanoborohydride, to afford the alkylated derivative of the 
corresponding quinolinone compound (e.g., Structure 11). 
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[0123] An additional synthetic route into quinoline com 
pounds (e.g., Structures 16 and 18) is shown in Scheme III. 
The process of Scheme III begins With reductive amination 
of 2-methoxy-4-nitroaniline With an aldehyde or its corre 
sponding hydrate, for example tri?uoroacetaldehyde hydrate 
in the presence of a reducing agent, for example, sodium 
cyanoborohydride, in an acid, for example tri?uoroacetic 
acid, to afford the corresponding N-alkylated amine. The 
nitro derivative is reduced to the corresponding aniline, With 
a reducing agent, for example, Zinc and calcium chloride, to 
afford a compound of Structure 13. Knorr cycliZation of the 
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aniline by heating With a [3-ketoester or corresponding 
hydrate, for example 4,4,4-tri?uoroacetoacetate, folloWed 
by treatment With an acid, for example, sulfuric acid, affords 
a product of Structure 14. Protection of the pyridone ring, 
With, for example isopropyl iodide mediated by a base, for 
example, cesium ?uoride, affords the corresponding imino 
ether. See T. Sato, et al, Synlett 1995, 845-846. Demethy 
lation of the anisole is accomplished by treatment With, for 
example, sodium thiophenolate to afford a compound of 
Structure 15. See C. Hansson, et al., Synthesis 1975, 191. 
Treatment of aminophenol derivative 15 With an ot-bro 
moester, for example, ethyl bromoacetate, and a base, With 
for example, potassium carbonate, affords a quinolinone 
compound (Structure 16). Treatment of quinolinone com 
pounds such as Structure 16 With an alkylidenation reagent, 
for example, Tebbe’s reagent, folloWed by reduction With, 
for example, sodium cyanoborohydride, in an acid, for 
example acetic acid, affords a quinoline compound (e.g., 
Structure 17). See S. H. Pine, et. al,]. Org. Chem. 1985, 50, 
1212, for the methylenation of amides. Deprotection can be 
accomplished in one of tWo Ways. Treatment of the imino 
ether (Structure 17) With a mineral acid, for example hydro 
chloric acid, affords a 7H-[1,4]oxaZino[3,2-g]quinolin-7 
one compound (Structure 18). Alternatively, this 
transformation can be carried out With a LeWis acid, for 
example boron trichloride, to afford Structure 18. See T. 
Sala, et al., J. Chem. Soc., Perkin Trans. 1, 1979, 2593. 
Quinolinone compounds of Structure 18 (or any chiral 
synthetic precursor of 18) can be separated into their cor 
responding enantiomers, (+)-18 and (—)-18 by chiral HPLC, 
With, for example, a preparative Chiralpak AD column 
eluted With hexaneszisopropanol. 
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[0124] The process of converting quinolinone compounds 
(e.g., Structure 16) into corresponding hydroxyalkyl quino 
line compounds (e.g., Structure 19) and then further con 
verting into corresponding hydroxyalkyl, acyloxyalkyl, and 
alkyloxyalkyl quinolinone derivatives (e.g., Structures 20, 
21, and 23 respectively) is shoWn in Scheme IV. The process 
of Scheme IV begins With a Tebbe ole?nation of a quino 

linone compound (e.g., Structure 16) followed by hydrobo 
ration of the resultant enamine to afford a hydroxyalkyl 

quinoline compound (Structure 19). See C. T. Goralski, et. 
al. Tetrahedron Lett. 1994, 35, 3251, for the hydroboration 
of enamines. Hydrolysis of the imino ether With an acid, for 

example hydrochloric acid, affords a hydroxy quinolinone 
compound (e.g., Structure 20). 

[0125] Alternatively, hydrolysis of the imino ether of a 
hydroxyalkyl quinoline compound (e.g., Structure 19) can 

be carried out With an acid, for example hydrochloric acid, 

in acetic acid, to afford an acyloxyalkyl quinolinone com 

pound (Structure 21) Alternatively, a hydroxy quinoline 
compound (e.g., Structure 19) can be O-alkylated by treat 

ment With a base, for example, sodium hydride, and an 

alkylating agent, With, for example methyl iodide, to afford 
an alkoxyalkyl quinoline compound (e.g., Structure 22). 
Imino ether hydrolysis of Structure 22 With an acid, for 

example hydrochloric acid in acetic acid, affords an alkoxy 

alkyl quinoline compound (Structure 23). Compound such 
as Structures 20, 21, or 23 can be separated into their 

corresponding enantiomers, (+)-20 and (—)-20, (+)-21 and 
(—)-21, or (+)-23 and (—)-23 by chiral HPLC, With, for 
example, a preparative Chiralpak AD column eluted With 

hexanes: isoprop anol. 

Schemel 

CF CF 

R2 ( 3 R2 ( 3 r 
R1 N o R1 N o R1 N R4 

m deprotect / R4M / —> —> OH 

\ i R7 R7 R7 
i-PrO N O R 6 0 g 0 R 6 O O 

16 

LaWesson's 
Reagent 

c1:3 

R2 f R2 f 
R1 / N s R1 / N s 

deprotect 
—> 

\ R7 R7 
i-PrO N o o N o 

R6 H R6 

26 

24 25 

c113 

27 



US 2003/0186970 A1 

[0126] Quinolinone compounds (e.g., Structure 16) may 
be converted into corresponding quinoline-diones (e.g., 
Structure 24), hydroXy quinolinones (e. g., Structure 25), and 
quinoline-thiones (e.g., Structures 26 and 27) by the pro 
cesses shoWn in Scheme V. The process of Scheme V begins 
With the deprotection of the imino ether of Structure 16 by 
treatment With a mineral acid, for example, hydrochloric 
acid, to afford a quinoline-dione compound of Structure 24. 
Alternatively, this transformation can be carried out With a 
LeWis acid, for eXample, boron trichloride, to afford a 
quinoline-dione compound (e.g., Structure 24). See T. Sala, 
et al., supra. A quinoline-dione compound (e.g., Structure 
24) can be converted to a hydroXy quinoline compound (e. g., 
Structure 25) by addition of an organometallic reagent, for 
eXample, methyl lithium, Which affords a hydroXy quinoline 
compound (Structure 25). 
[0127] Quinoline compounds (e.g., Structure 16) can 
optionally be converted into corresponding thio-compounds 
(e.g., Structure 25) by treatment With, for example, LaWes 
son’s reagent [2,4-bis(4-methoXyphenyl)-1,3-dithia-2,4 
diphosphetane-2,4-disul?de]. Hydrolysis of the imino ether 
With a LeWis acid, for eXample, boron trichloride, affords a 
quinoline-thione compound (Structure 26). 
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[0128] A synthesis of quinolinone compounds such as 
Structure 30 is shoWn in Scheme VI. The process of Scheme 
VI begins With the O-alkylation of an o-aminophenol, for 
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eXample, a 6-amino-7-hydroXyquinoline, With a haloketone, 
for eXample, chloroacetone, mediated by a base, for 
eXample, potassium carbonate, folloWed by treatment With a 
reducing agent, for eXample, sodium cyanoborohydride, in 
an acid, for eXample, acetic acid, to afford a quinoline 
compound of Structure 29. Hydrolysis of the imino ether of 
Structure 29 With an acid, for eXample, hydrochloric acid in 
acetic acid, affords a quinolinone compound of Structure 30. 
Alkylation of the quinolinone nitrogen is achieved by treat 
ment of quinolinone compounds (e.g., Structure 30) With an 
aldehyde or its corresponding hydrate, for eXample, cyclo 
propanecarboXaldehyde, With a reducing agent, for eXample, 
sodium cyanoborohydride, in an acid, for eXample, acetic 
acid, affords a compound of Structure 31. 
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[0129] An additional route to quinolinone compounds 
such as Structure 31D is shoWn in Scheme VIA. The process 
of Scheme VIA begins With the alkylation of a 6-amino 
quinolinone With, for eXample, 6-amino-7-methoXy-4-trif 
luoromethyl-1H-quinolin-2-one, With an alkyl halide, for 
eXample, isopropyl iodide, mediated by a base, for eXample, 
cesium ?uoride, to afford a compound of structure 31B. 
Demethylation of the methyl ether is accomplished by 
treatment With, for eXample, sodium thiophenolate to afford 
a compound of Structure 31C. Annulation of the oXaZine 
ring can be accomplished by treatment With a vicinal diha 
lide, for eXample, 1,2-dibromoethane, mediated by a base, 
for eXample potassium carbonate, to afford the correspond 
ing 1,4-oXaZine, Which in turn is converted to a compound 
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of Structure 31D by treatment With an acid, for example, 
hydrochloric acid in acetic acid at elevated temperatures. 
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[0130] Quinolinones (e.g., Structure 35) are prepared from 
benZoxaZines (e.g., Structure 34) by the synthetic route 
outlined in Scheme VII. Scheme VII begins With an alky 
lation of a haloketone onto 2-amino-5-nitrophenol (Struc 
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ture 1) With, for example, 2-bromobutanone, mediated by a 
base, for example, potassium carbonate, folloWed by treat 
ment With a reducing agent, for example, sodium 
cyanoborohydride, in an acid, for example acetic acid, to 
afford a benZoxaZine compound (e.g., Structure 32). The 
benZoxaZine is alkylated at the benZoxaZine nitrogen by 
treatment of a benZoxaZine compound (e.g., Structure 32) 
With an aldehyde, its corresponding hydrate or hemiacetal, 
With for example, tri?uoroacetaldehyde hydrate in the pres 
ence of a reducing agent, for example, sodium cyanoboro 
hydride, in an acid, for example tri?uoroacetic acid. This 
procedure affords an alkylated benZoxaZine compound (e.g., 
Structure 33). The nitro derivative of the alkylated benZox 
aZine compound (Structure 33) is reduced to the correspond 
ing aniline by catalytic hydrogenation or With a reducing 
agent, for example, Zinc and calcium chloride, to afford 
benZoxaZine compound (e.g., Structure 34). Knorr cycliZa 
tion of an aminobenZoxaZine (e.g., Structure 34) by heating 
With a [3-ketoester or corresponding hydrate, With for 
example, 4,4,4-tri?uoroacetoacetate, folloWed by treatment 
With an acid, for example, sulfuric acid, affords a quinoli 
none product (e.g., Structure 35). 
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[0131] Compounds such as the 3,4-dihydro-7-nitro-2H-1, 
4-benZoxaZines of Structure 33 are key intermediates in the 
preparation of quinolinones and other fused ring structures. 
In accordance With the current invention, We have developed 
a method to prepare these 3,4-dihydro-7-nitro-2H-1,4-ben 
ZoxaZines in enantiomerically pure form (Structure 39) from 
optically pure [3-aminoalcohols. A synthetic method for the 
preparation of enantiomerically pure, fused ring compounds, 
such as quinolinones 41, that relies upon such intermediates 
is shoWn in Scheme VIII. 




























































































