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Fused Heterocyclic Succinimide Compounds and Analogs X

Thereof, Modulators of Nuclear Hormone Receptor Function

This application claims priority from U.S. Application Serial No. 60/233,519,
filed September 19, 2000, from U.S. Application Serial No. 60/284,730, filed April
18, 2001, and from U.S. Application Serial No. 60/284,438, filed April 18, 2001,
which provisional applications are incorporated herein by reference in their entirety,

Field of the Invention
The present invention relates to fused cyclic compounds, to methods of using
such compounds in the treatment of nuclear hormone receptor-associated conditions
such as cancer, and to pharmaceutical compositions containing such compounds.

Background of the Inveation

Nuclear hormone receptors (NHR 's) constitute a large super-family of ligand-
dependent and sequence-specific transcription factors. Members of this family
influence transcription either directly, through specific binding to the promoter target
genes (Evans, in Science 240: 889-895 (1988)), or indirectly, via protein-protein
interactions with other transcription factors (Jonat et al., Cell 62: 1189-1204 (1990),
Schuele et al., Cell 62: 1217-1226 (1990), and Yang-Yen et al., Cell 62: 1205-1215
(1990)). The muclear hormone receptor super-family (also known in the art as the
“steroid/thyroid hormone receptor super-family™) includes receptors for a variety of
hydrophobic ligands, including cortisol, aldosterone, estrogen, progesterone,
testosterone, vitamine D3, thyroid hormone and retinoic acid (Evans, 1988, supra).
In addition to these conventional nuclear hormone receptors, the super-family
contains a number of proteins that have no known ligands, termed orphan nuclear
hormone receptors (Mangelsdorf et al., Cell 83: 835-839 (1995), O'Malley et al., Mol.
Endocrinol: 10: 1293 (1996), Enmark et al., Mol. Endocrinol. 10, 1293-1307 (1996)
and Giguere, Endocrin. Rev. 20, 689-725 (1999)). The conventional nuclear hormone
receptors are generally transactivators in the presence of ligand, and can either be
active repressors or transcriptionally inert in the absence of ligand. Some of the
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orphan receptors behave as if they are transcriptionally inert in the absence of ligand.
Others, however, behave as either constitutive activators or repressors. These orphan
nuclear hormone receptors are either under the control of ubiquitous ligands that have
not been identified, or do not need to bind ligand to exert these activities.

In common with other transcription factors, the nuclear hormone receptors
have a modular structure, being comprised of three distinct domains: an N-terminal
domain of variable size containing a transcriptional activation function AF-1, a highly
conserved DNA binding domain and a moderately conserved ligand-binding domain,
The ligand-binding domain is not only responsible for binding the specific ligand but
also contains a transcriptional activation function called AF-2 and a dimerisation
domain (Wuriz et al., Nature Struc. Biol. 3, 87-94 (1996), Parker et al., Nature Struc.
Biol. 3, 113-115 (1996) and Kumar et al., Steroids 64, 310-319 (1999)). Although the
overall protein sequence of these receptors can vary significantly, all share both a
common structural arrangement indicative of divergence from an ancestral archetype,
and substantial homology (especially, sequence identity) at the ligand-binding
domain.

The steroid binding nuclear hormone receptors (SB-NHR 's) comprise a sub-
family of nuclear hormone receptors. These receptors are related in that they share &
stronger sequence homology to one another; particularly in the ligand binding domain
(LBD), than to the other members of the NHR super-family (Evans, 1988, suprs) and
they all utilize steroid based ligands. Some examples of this sub-family of NHRs are
the androgen receptor (AR), the estrogen receptor (ER), the progesterone receptor
(PR), the glucocorticoid receptor (GR), the mineralocorticoid receptor (MR), the
aldosterone receptor (ALDR) and the steroid and xenobiotic receptor (SXR) (Evans et
al., WO 99/35246). Based on the strong sequence homology in the LBD, several
orphan receptors may also be members of the SB-NHR sub-family.

Consistent with the high sequence homology found in the LBD for each of the
SB-NHR'’s, the natural ligands for each is derived from a common steroid core.
Examples of some of the steroid based ligands utilized by members of the SB-NHR's
include cortisol, aldosterone, estrogen, progesterone, testosterone and

2
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dihydrotestosterone. Specificity of a particular steroid based ligand for one SB-NHR
versus another is obtained by differential substitution about the steroid core. High
affinity binding to a particular SB-NHR, coupled with high level specificity for that
particular SB-NHR, can be achieved with only minor structural changes about the
steroid core (e.g., Waller et al., Toxicol. Appl. Pharmacol. 137, 219-227 (1996) and
Mekenyan et al., Environ. Sci. Technol. 31, 3702-3711 (1997), binding affinity for
progesterone towards the androgen receptor as compared to testosterone).

Numerous synthetically derived steroidal and non-steroidal agonists and
antagonists have been described for the members of the SB-NHR family. Many of
these agonist and antagonist ligands are used clinically in man to treat a variety of
medical conditions. RU486 is an example of a synthetic agonist of the PR, which is
utilized as & birth control agent (Vegeto et al., Cell 69: 703-713 (1992)), and
Flutamide is an example of an antagonist of the AR, which is utilized for the
treatment of prostate cancer (Neri et al, Endo. 91, 427-437 (1972)). Tamoxifen is an
example of a tissues specific modulator of the ER fimction, that is used in the
treatment of breast cancer (Smigel, J. Natl. Cancer Inst. 90, 647-648 (1998)).
Tamoxifen can function as an antagonist of the ER in breast tissue while acting as an
agonist of the ER in bone (Grese et al., Proc. Natl. Acad. Sci. USA 94, 14105-14110
(1997)). Because of the tissuc selective effects for Tamoxifen, this agent and
agents like it are referred to as “partial-agomist” or partial-antagonist”. In addition to
synthetically derived non-endogenous ligands, non-endogenous ligands for NHR’s
can be obtained from food sources (Regal et al., Proc. Soc. Exp. Biol. Med. 223, 372-
378 (2000) and Hempstock et al., J. Med. Food 2, 267-269 (1999)). The flavanoid
phytoestrogens are an example of an unnatural ligand for SB-NHR’s that are readily
obtained from a food source such as soy (Quella et al., J. Clin. Oncol. 18, 1068-1074
(2000) and Banz et al., J. Med. Food 2, 271-273 (1999)). The ability to modulate the
transcriptional activity of individual NHR by the addition of a small molecule ligand,
makes them ideal targets for the development of pharmaceutical agents for 2 variety
of discase states.

As mentioned above, non-natural ligands can be synthetically engineered to
serve as modulators of the function of NHR’s. In the case of SB-NHR's, engineering
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of an unnatural ligand can include the identification of a core structure which mimics
the natural steroid core system. This can be achieved by random screening against
several SB-NHR s or through directed approaches using the available crystal
structures of a variety of NHR ligand binding domains (Bourguet et al., Nature 3785,
377-382 (1995), Brzozowski, et al., Nature 389, 753-758 (1997), Shiau et al., Cell 95,
927-937 (1998) and Tanenbaum et al., Proc. Natl. Acad. Sci. USA 95, 5998-6003
(1998)). Differential substitution about such a steroid mimic core can provide agents
with selectivity for one receptor versus another. In addition, such modifications can
be employed to obtain agents with agonist or antagonist activity for a particular SB-
NHR. Differential substitution about the steroid mimic core can result in the
formation of a series of high affinity agonists and antagonists with specificity for, for
example, ER versus PR versus AR versus GR versus MR. Such an approach of
differential substitution has been reported, for example, for quinoline based
modulators of steroid NHR in J. Med. Chem., 41, 623 (1999); WO 9749709; US
5696133; US 5696130; US 5696127; US 5693647; US 5693646; US 5688810; US
5688808 and WO 9619458, all incorporated herein by reference.

The compounds of the present invention comprise a core which servesasa
steroid mimic, and are useful as modulators of the function of steroid binding nuclear
hormone receptors, as well as other NHR as described following.

Summary of the Invention
The present invention provides fused cyclic compounds of the following
formula I and salts thereof, which compounds are especially useful as modulators of
nuclear hormone receptor function:

- Y
Q;
~ L\N ,\Az
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As used in formula I, and throughout the specification, the symbols have the
following meanings unless otherwise indicated, and are, for each occurrence,
independently selected:

G is an aryl or heterocyclo (e.g., heteroaryl) group, where said group is mono- or
polycyclic, and which is optionally substituted at one or more positions,
preferably with hydrogen, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, alkynyl or substituted alkynyl, halo, cycloalkyl or substituted
cycloalkyl, cycloalkenyl or substituted cycloalkenyl, aryl or substituted aryl,
heterocyclo or substituted heterocyclo, arylalkyl or substituted arylalkyl,
heterocycloalkyl or substituted heterocycloalkyl, CN, R'OC=0, R'C=0,
R'C=S, R'HNC=0, R'R?NC=0, HOCR'R?, nitro, R'0OCH,, R'0, NH,,
NR‘R’, SR', S=OR', SO,R’, SO,OR', SO,NR'R", (R'O}R"0)P=0, oxo,
(R')R")P=0, or (R"YNHR')P=0;

Z,i8 O, S, NH, or NR%;

Z,is O, S, NH, or NR¢;

A,isCRorN;

A,is CR’ or N; _

Y ig J-J*-F" where J is (CR’R”)n and n = 0-3, " is a bond or O, S, S=0, SO,, NH,
NR’, C=0, OC=0, NR'C=0, CR'R”, C=CR'R¥, R?’P=0, R?P=8, R’0P=0,
R?NHP=0, OP=OOR?, OP=ONHR?, OP=OR?, 0SO,, C=NR’, NHNH,
NHNRS, NR*NH, N=N, cycloalky! or substituted cycloalkyl, cycloalkeny! or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo or aryl or
substituted aryl, and J” is (CR'R")n and n = (-3, where Y is not a bond;

W is CR'R"™—CR'R”, CR*=CRY, CR’'R"—C~0, NR>—CR'R”, N=CR?, N=N, NR’—
NR’, S—CR'R”, SO—CR'R”, SO,—CRR’, cycioalky! or substituted
cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo or
substituted heterocyclo, or aryl or substituted aryl, wherein when W is not
NR*—CR'R7, N=CR, N=N, NR°—NR’, S—CR'R”, SO—CR"R”, SO,—
CR'R7, or heterocyclo or substituted heterocyclo, then J' must be O, S, $=0,
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$0,, NH, NR’, OC=0, NR'C=0, OP=00R?, OP=ONHR?, 0SO,, NHNH, %
NHNRS, NR*NH, or N=N;

Q, is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalky] or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
(e.g., heteroaryl) or substituted heterocyclo (e.g., substituted heteroaryl), halo,
CN, R'OC=0, R*C=0, R*R°NC=0, HOCRR?, nitro, R'OCH,, R'0, NH,,
C=OSR!, SO,R' or NR'R*; .

Q, is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
(e.g., heteroaryl) or substituted heterocyclo (e.g., substituted heteroaryl), halo,
CN, R'OC=0, R‘C=0, R*R*NC=0, HOCR'R’, nitro, R'OCH,, R'0, NH,,
C=0OSR/, SO,R' or NR'R?%;

L is a bond, (CR’R")n, NH, NR®, NH (CR'R")n, or NR*(CR'R”)n, where n = 0-3;

R' and R" are each independently H, alky] or substituted alkyl, cycloalky! or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkyalkyl,
cycloalkenylalky] or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl;

R? is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl;

R? and R* are each independently H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,
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cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalky! or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl, halo, CN, hydroxylamine, hydroxamide, alkoxy or substituted
alkoxy, amino, NR'R?, thiol, alkylthio or substituted alkylthio;

R! is H, alky] or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl
or substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalky] or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, ary! or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=O,
SO,OR', or SO,NR'R"; '

R’ is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0, SO,R!, -
SO,OR!, or SO,NR'R";

R® is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkemylelkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, CN, OH, OR', R'C~O,
R'NHC=0, SO,R', SO,0R!, or SO,NR'R"; '

R’ and R” are each independently H, alky! or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, halo, CN, OR', nitro,
hydroxylamine, hydroxylamide, amino, NHR*, NR’R’, NOR/, thiol, alkylthio
or substituted alkylthio, R'C=0, R'00=0, R'NHC=0, SO,R’, SOR',
PO,R'R", RRYNC=0, C=0OSR’, SO,R', SO,0R’, or SO,NR'R", or, wherein
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A, or A, contains a group R” and W contains a group R’, said R’ groups of A,
or A, and W together form a heterocyclic ring;
R®and RY are each independently H, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
5 cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or

substituted cycloalkyalkyl, cycloalkenylalkyl or substituted cycloalkenylalkyl,
heterocycloalkyl or substituted heterocycloalkyl, aryl or substituted aryl,
arylalkyl or substituted arylalkyl, nitro, halo, CN, OR', amino, NHR*, NR’R?,
NOR', alkylthio or substituted alkylthio, C=0OSR', R'OC=0, R'C=0,

10 R'NHC=0, R'R"NC=0, SO,0R, S=OR/, SO,R, PO,R'R’, or SO,NR'R’;
and

R? and R are each independently H, alky! or substituted alky}, alkenyl or substituted

alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or

15 substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, CN, OH, OR!, R'C=0,
R'0C=0, R'NHC=0, SO,R!, SO,OR!, or SO,NR'R"".
Compounds within formula I are novel, a preferred subgenus of which is the

20 following formula Ia:

Z; :

Y
Q; |\
/L\N A
G \
A1""'-----w
Z
Q,

(Ia)
where G, L, Z,, Z,, A,, A,, Q, and Q, are a3 defined above;
25 Y is J-I’-J” where J is (CR’R")n and n= 0-3, J* is a bond or O, S, $=0, SO,, NH,
NR’, CR'R”, R?P=0, R*P=S, R?0P=0, R’NHP=0, OP=O0R?, OP=ONHR?,
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0S0,, NHNH, NHNR*, NR°NH, N=N, cycloalkyl or substituted cycloalkyl,
cycloalkenyl or substituted cycloalkenyl, or heterocyclo or substituted
heterocyclo, and J” is (CR'R")n and n = 0-3, where Y is not a bond; and

W' is CR'R"—CR'R7, CR'R"—C=0, NR™—CR'R”, N=CR", N=N, NR°—NR’,
cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocyclo or substituted heterocyclo, or l_lryl or substituted aryl, wherein,
when W' is not NR®—CRR”, N=CR®, N=N, NR*—NR?, or heteoc;lrclo or
substituted heterocyclo, then J' must be O, S, S=0, SO,, NH, NR’, OP=00R?,
OP=ONHR?, 0S0,, NHNH, NHNR¢, NR*NH, or N=N; or altcrnatively,

Y’ is NR’—CR'R? and W' is CR*=CRY; or, altematively,

Y'is CR'R™—C=0 and W' is NR*—CR'R";

where R, R4 R', R7, R%, R? and R” are as defined above and with the provisos that (1)
when Y’ is -O-, Q, and Q, are hydrogen, Z, and Z, are O, W' is -CH,-CH,-,
and A, and A, are CH, then G-L is not phenyl, monosubstituted phenyl or
phenyl which is substituted with two or more of the following groups:
methoxy, halo, NO,, methyl, CH,-S-, OH, CO,H, trifluoromethyl, -C(0)-CH,,
NH,, 4-7-epoxy, hexahydro-1H-isoindole-1,3(2H)dione, or -C(O)-CH,;
(2) when Y is -O-, Q, and Q, are hydrogen, Z, and Z, are O, W' is CH,-CH,,
and one of A, and A, is CH and the other is CR’, then G-L is not unsubstituted
phenyl; .
(3) when Y' is -O-, Q, and Q, are hydrogen, Z, and Z, are O, W' is CH,-CH,,
and one of A, and A, is CH and the other is C-CH,, then G-L is not phenyl

" substituted with chloro and/or methyl;

(4) when Y' is -O- or -S-, Q, and Q, are hydrogen, Z, and Z, are O, W'is CH-
CH,, and one of A, and A, is CH and the other is CH or C-alkyl, then G-L is
not N-substituted piperazine-alkyl- or N-substituted imidazolidine-alkyl-;
(5) whea Y' is -O-; Q, and Q, are hydrogen, Z, and Z, are O, W' is CH,-CH,,
and A, and A, are CH, then G-L is not oxazole or triazole;
(6) when Y is -O-; Q, and Q, are hydrogen or methyl, Z, and Z, are O, W' is
CH;-CH,, and A, end A, are CH or C-CH,, then G-L is not thiazole or
substituted thiazole (in addition such compounds where G-L is optionally
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S;.lbsﬁtl.ltﬂl thiadiazole or partially satureted thiazole are optionally removed
by proviso where A, and A, are both CH);

(7) when Y" contains a group J selected from S, $=0, SO,, NH, NR’, R*P=0,
R?P=8, R?0P=0, R’NHP=0, OP=00R?, OP=ONHR?, OSO,, NHNH, NHR",
NR®NH or N=N, W' is CR’'R”- CR'R”, and Z, and Z, are O, then G-L is not
unsubstituted phenyl;

(8) when Y" is NR?, W' is unsubstituted or substituted phenyl, and Q, and Q,
are hydrogen, then Z, and Z, are not O;

(9) when Y' is -O-, Q, and Q, are hydrogen, Z, and Z, are O, W'is
dihydroisoxazole bearing an optionally substituted phenyl group, and A, and
A, are CH, then G-L is not unsubstituted phenyl or dichlorophenyl;

(10) when Y' is O, Q, and Q, are hydrogen, Z, and Z, are O, W' is ethylene
oxide, and A, and A, are CH, then G-L is not methylphenyl or chiorophenyl;
(11) when Y" is NR'—CR'R”, W' is CR*=CR", Q, and Q, are hydrogen, A,
and A, are CH, C-CH,, C-CH,-C/H, or C-CH,-CH,, and Z, and Z, are O, then
G-L is not unsubstituted phenyl, monosubstituted phenyl or methylpyridinyl;
(12) when Y" is CR'R’—C=0, W' is NR>—CRR’, Q, and Q, are hydrogen,
A, and A, are CH, and 2, and Z, are O, then G-L is not unsubstituted phenyl;
(13) when Y" is CHR’™—NR where R7 is unsubstituted phenyl, methoxy or
ethoxy and R’ is unsubstituted phenyl, methyl or -C(O)-C H,, W' is
dimethoxyphenylene or unsubstituted phenylene, Z, and Z, are O, Q, and Q,
are hydrogen, and A, and A, are CH, C-CN, C-C(0)-C¢H,, or -C(O)-
dimethoxyphenyl, then G-L is not unsubstituted phenyl;

(14) the compound of formula Ia is not 6,10-epithio-4H-thieno-
[3',4":5,6]cyclooct]1,2-flisoindole-7,9(5H,8H)-dione, 8-(3,5-dichlorophenyl)-
6,6a,9a,10,11,12,-hexahydro-1,3,6,1 0-tetramethyl-22,13-trioxide,

(6R,62aR ,98S,108);

(15) when Y' is O, W' is ~CH,-CH,-, Q, and Q, are methyl, Z, and Z, are O,
and A, end A, are CH, then G-L is not unsubstituted phenyl, phenyl
substituted with methoxy, pheayl-alkyl-, or morpholine-alkyl, nor is the

10
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compound bridged to itself through a group L which is alkylene to form a bis %
compound;

(16) when Y" is -O-, Q, and Q, are hydrogen, Z, and Z, are O, W'is CR'R"-
CR'R7, and A, and A, are CH, then G-L is not an unsubstituted phenyl group;
and

(17) when Y is —0O-, Q, and Q, are hydrogen, Z, and Z, are O, W' is
cyclopentyl, cyclohexyl, 3-phenyl-2-isoxazoline or CR'R”-CR’R” where R’
and R” are each independently defined as Cl, Br, H and 4-butyrolactone and
R’ and R are not all simultaneously H, and A, and A, are CH, then G-L is not
an unsubstituted naphthyl ring or a monosubstituted phenyl ring, where said
substituent is methoxy, Br, Cl, NO,, methyl, ethyl, CH,-phenyl, S-phenyl, or
O-phenyl.

Preferably, compounds of formula I are monomeric, and are not comprised

15  within other oligomers or polymers.

Another preferred novel subgenus is that of the following formula Ib:

Z,
r
Q, [\
e >n Ay
TN
Z:
Q,
Ib

where G, Z,, Z,, Q, and Q, are as defined above;
Y is J-J*-F" where J is (CR'R")n and n = 0-3, J° is a bond or O, S, $=0, SO,, NH,

NR’, CR'R”, R?P=0, R’P=S, R’0P=0, R’NHP=0, OP=00R?, OP=ONHR?,
0S0,, NHNH, NHNR®, NR°NH, N=N, cycloalkyl or substituted cycloalkyl,
cycloalkenyl or substituted cycloalkenyl, or heterocyclo or substituted
heterocyclo, and J” is (CR’R”)n and n = 0-3, where Y is not a bond; and
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W' is CR'/R"—CR'R”, CR’R"—C=0, NR—CR'R”, N=CR®, N=N, NR°—NR?,
cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
beterocyclo or substituted heterocyclo, or aryl or substituted aryl, wherein,

when W is not NR®—CRR”, N=CR®, N=N, NR*—NR?, or heterocyclo or substituted
heterocyclo, then J' must be O, S, S=0, SO,, NH, NR’, OP=00R?,
OP=ONHR’, 0S0,, NHNH, NHNR*, NR*NH, or N=N; or alternatively,

Y' is CR'R’-C=0 and W' is NR’- CR'R";

L is a bond; and

A, and A, are a3 defined above, especially where A, and/or A, are alkyl or optionally

subatituted alkyl (preferred such optional substituents being one or more groups V*

defined below), with the proviso that, when Y' = O and W' = -CH,-CH,-, then at Icast

one of A, or A, is not CH;

with the further provisos (2), (3), (6), (7) and (8) above.

The compounds of formula ] and salts thereof comprise a core which can serve
as a steroid mimic (and do not require the presence of a steroid-type (e.g., cyclo-
pentanoperhydrophenanthrene analog) structure).

Further Description of the Invention

The following are definitions of terms used in the present specification. The
initial definition provided for & group or term herein applies to that group or term
throughout the present specification individually or as part of another group, unless

The terms "alkyl” and "alk” refers to a straight or branched chain allkane
(hydrocarbon) radical containing from 1 to 12 carbon atoms, preferably 1 to 6 carbon
atoms. Exemplary such groups include, but are not limited to, methyl, ethyl, propyl,
isopropyl, n-butyl, t-butyl, isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-
dimethylpentyl, octyl, 2,2,4-trimethylpentyl, nonyl, decyl, undecyl, dodecyl, and the
like. “Substituted alkyl™ refers to an alkyl group substituted with one or more
substituents, preferably 1 to 4 substituents, at any available point of attachment.
Exemplary substituents include but are not limited to one or more of the following
groupe: halo (e.g., a single halo substituent or multiple halo substitutents forming, in
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the latter case, groups such as a perfluoroalkyl group or an alkyl group bearing Cl, or
CF,), alkoxy, alkylthio, hydroxy, carboxy (i.¢., -COOH), alkoxycarbonyl,
alkylcarbonyloxy, amino (i.e., -NH,), carbamoy] or substituted carbomoyl, carbamate
or substituted carbamate, urea or substituted urea, amidinyl or substituted amidinyl,
thiol (i.e., -SH), aryl, heterocycle, cycloalkyl, heterocycloalkyl, -S-aryl, -S-
heterocycle, -S=0-aryl, -S=0-heterocycle, arylalkyl-O-,

-8(0),-aryl, -S(O),-heterocycle, -NHS(O),-aryl, -NHS(O),-heterocycle,
-NHS(O),NH-aryl, -NHS(O),NH-heterocycle, -P(0),-aryl, -P(O),-heterocycle,
-NHP(0);-aryl, -NHP(O),-heterocycle, -NHP(O),NH-aryl, -NHP(O),NH-heterocycle,
<O-aryl, -O-heterocycle, -NH-aryl, ~NH-heterocycle, -NHC=0-aryl, -NHC=0-alkyl,
~-NHC=0-heterocycle, -OC=0-aryl, -OC=0-heterocycle, -NHC=ONH-aryl,
-NHC=ONH-heterocycle, -OC=00-aryl, -OC=00-heterocycle, -OC=ONH-ary],
-OC=0NH-heterocycle, -NHC=00-aryl, -NHC=00-heterocycle, -NHC=00-alkyl,
-C=ONH-aryl, -C=ONH-heterocycle, -C=00-aryl, -C=00-heterocycle, ¢

" -N(alkyl)S(O),-aryl, -N(alkyl)S(0),-heterocycle, -N(alkyl)S(O),NH-aryl,

-N(alkyl)S(0),NH-heterocycle, -N(alkyl)P(0),-aryl, -N(alkyl)P(O),-heterocycle,
~N(alkyl)P(O),;NH-aryl, -N(alkyl)P(O),NH-heterocycle, -N(alkyl)-aryl, -N(alkyl)-
heterocycle, -N(alkyl)C=0-aryl, -N(alkyl)C=0-heterocycle, -N(alkyl)C=ONH-aryl,
~N(alkyl)C=ONH-heterocycle, -OC=ON(alkyl)-aryl, -OC=ON(alkyl)-heterocycle,
~N(alkyl)C=00-aryl, -N(alky])C=OO-heterocycle, -C=ON(alkyl)-aryl,
-C~ON(alkyl)-heterocycle, -NHS(O),N(alkyl)-aryl, -NHS(O),N(alkyl)-heterocycle,
-NHP(O),N(alkyl)-aryl, NHP(O),N(alkyl)-heterocycle, -NHC=ON(alkyl)-aryl,
-NHC=ON(alkyl)-heterocycle, -N(alkyl)S(O),N(alkyl)-aryl,
~N(alky1)S(O);N(alkyi)-heterocycle, -N(alkyl)P(O),N(alkyl)-aryl,
-N(alkyl)P(O),N(alkyi)-heterocycle, -N(alkyl)C=ON(alkyl)-eryl, and .
-N(alkyl)C=ON(alkyl)-heterocycle. In the aforementioned exemplary substitutents, in
each instance, groups such as "alkyl”, “aryl” and “heterocycle” can themselves be
optionally substituted; for example, "alkyl" in the group "NCH=00-alkyl" recited
above can be optionally substituted so that both "NHC=00-alkyl" and "NHC=00-
substituted alkyl" are exemplary substitutents. Exemplary alkyl substituents also

13
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include groups such as "T" and "T-R"" (which are defined below), especially for
substituted alky] groups within A, or A,.

The term “alkenyl” refers to a straight or branched chain hydrocarbon radical
containing from 2 to 12 carbon atoms and at least one carbon-carbon double bond.
Exemplary such groups include ethenyl or allyl. “Substituted alkenyl™ refers to an
alkenyl group substituted with one or more substituents, preferably 1 to 4 substituents,
at any available point of attachment. Exemplary substituents include, but are not
limited to, alkyl or substituted alkyl, as well as those groups recited above as
exemplary alkyl substituents.

The term “alkynyl” refers to a straight or branched chain hydrocarbon radical
containing from 2 to 12 carbon atoms and at least one carbon to carbon triple bond.
Exemplary such groups include ethynyl. “Substituted alkynyl” refers to an alkynyl
group substituted with one or more substituents, preferably 1 to 4 substituents, at any
available point of attachment. Exemplary substituents include, but are not limited to,
alkyl or substituted alkyl, as well as those groups recited above as exemplary alkyl
substituents.

The term “cycloalkyl” refers tq a fully saturated cyclic hydrocarbon group
containing from 1 to 4 rings and 3 to 8 carbons per ring. Exemplary such groups
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, etc. “Substituted
cycloalkyl” refers to a cycloalkyl group substituted with one or more substituents,
preferably 1 to 4 substituents, at any available point of attachment. Exemplary
substituents include, but are not limited to, nitro, cyano, alkyl or substituted alkyl, as
well as those groups recited sbove as exemplary alkyl substituents, and as previously
mentioned as preferred aryl substituents in the definition for G. Exemplary
substituents also include spiro-attached or fused cyclic substituents, especially
cycloalkenyl or substituted cycloalkenyl.

The term “cycloalkenyl” refers to a partially umsaturated cyclic hydrocarbon
group containing 1 to 4 rings and 3 to 8 carbans per ring. Exemplary such groups
include cyclobutenyl, cyclopentenyl, cyclohexenyl, etc. “Substituted cycloalkenyl”
refers to a cycloalkenyl group substituted with one more substituents, preferably 1 to
4 substituents, at any available point of attachment. Exemplary substituents include
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but are not limited to nitro, cyano, alkyl or substituted alkyl, as well as those groups
recited above as exemplary alkyl substituents, and as previously mentioned as
preferred aryl substituents in the definition for G. Exemplary substituents also
include spiro-attached or fused cyclic substituents, especially cycloalkyl or substituted
cycloalkyl.

The terms "alkoxy” or "alkylthio” refer to an alkyl group as described above
bonded through an oxygen linkage (-O-) or a sulfur linkage (-S-), respectively. The
terms “substituted alkoxy” or “substituted alkylthio™ refer to a substituted alky} group
as described above bonded through an oxygen or sulfur linkage, respectively.

The term "alkoxycarbonyl" refers to an alkoxy group bonded through a
carbonyl group.

The term "alkylcarbonyl® refers to an alky! group bonded through a carbonyl
group. The term “alkylcarbonyloxy”™ refers to an alkyicarbonyl group bonded through
an oxygen Imhge.

The terms “arylalkyl”, “substituted arylalkyl,” “cycloalkylatkyl,” “substituted -
cycloalkylatkyl,” "cycloalkenylalkyl", "substituted cycloalkenylalkyl”,
“heterocycloalkyl™ and “substituted heterocycloalkyl” refer to aryl, cycloalkyl,
cycloalkenyl and heterocyclo groups bonded through an alkyl group, substituted on
the aryl, cycloalkyl, cycloalkenyl or heterocyclo and/or the alkyl group where
indicated as “substituted.” i

The term "aryl” refers to cyclic, aromatic hydrocarbon groups which have 1 to
5 aromatic rings, especially monocyclic or bicyclic groups such as phenyl, biphenyl or
naphthyl. Where containing two or more aromatic rings (bicyclic, etc.), the aromatic
1ings of the aryl group may be joined at a single point (e.g., biphenyl), or fused (e.g.,
naphthyl, phenanthrenyl and the like). “Substituted aryl” refers to an aryl group
substituted by one or more substituents, preferably 1,2,3,4 or 5 substituents, at any
point of attachment. Exemplary substituents include, but are not limited to, nitro,
cycloalky] or substituted cycloaikyl, cycloalkenyl or substituted cycloalkenyl, cyano,
alkyl-S(0),- (m=0, 1 or 2), alkyl or substituted alkyl, as well as those groups recited
above as exemplary alkyl substituents and as previously mentioned as preferred aryl
substituents in the definition for G. Exemplary substituents also include fused cyclic
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substituents, such as heterocyclo or cycloalkenyl, or substituted heterocyclo or
cycloalkenyl, groups (e.g., thereby forming a fluoroenyl, tetrahydronapthalenyl, or
dihydroindeny] group).

“Carbamoyl” refers to the group -CONH- which is bonded on one end to the
remainder of the molecule and on the other to hydrogen or an organic moiety (such as
alkyl, substituted alkyl, aryl, substituted aryl, heterocycle, alkylcarbonyl, hydroxyl
end substituted nitrogen). “Carbamate” refers to the group —O-CO-NH- which is
bonded on one end to the remainder of the molecule and on the other to hydrogen or
an organic moiety (such as those listed above). “Urea” refers to the group -NH-CO-
NH- which is bonded on one end to the remainder of the molecule and on the other to
hydrogen or an organic moiety (such as those listed above). “Amidinyl” refers to the
group ~C(=NH)(NH,). “Substituted carbamoy}l,” “substituted carbamate,”
“gubstituted urea” and “substituted amidinyl™ refer to carbamoyl, carbamate, urea or
amidiny] groups as described above in which one more of the hydrogen groups are
replaced by an organic moiety (such as those listed above).

The terms “heterocycle”, heterocyclic™ and “heterocyclo” refer to fully
saturated, or partially or fully unsaturated, including aromatic (i.e., “heteroaryl™)
cyclic groups (for example, 3 to 7 membered monocyclic, 7 to 11 membered bicyclic,
or 10 to 16 membered tricyclic ring systems) which have at least one heteroatom in at
least one carbon atom-containing ring. Each ring of the heterocyclic group containing
a heteroatom may have 1, 2, 3, or4hetaoutoms'lclectedﬁumniu'ogm atoms, oxygen
atoms and/or sulfur atoms, where the nitrogen and sulfur heteroatoms may optionally
be oxidized and the nitrogen heteroatoms may optionally be quaternized. (The term
“heteroarylium™ refers to a heteroary] group bearing a quaternary nitrogen atom and
thus a positive charge.) The heterocyclic group may be attached to the remainder of
the molecule at any heteroatom or carbon atom of the ring or ring system. Exemplary
monocyclic heterocyclic groups include ethylene oxide, azetidinyl, pyrrolidinyl,
pyrrolyl, pyrazolyl, oxetanyl, pyrazolinyl, imidazolyl, imidazolinyl, imidazolidinyl,
oxazolyl, oxazolidinyl, isoxazolinyl, isoxazolyl, thiazolyl, thiadiazolyl, thiazolidinyl,
isothiazolyl, isothiazolidinyl, furyl, tetrahydrofuryl, thienyl, oxadiazolyl, piperidinyl,
piperazinyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrmrolodinyl, 2-oxoazepinyl,
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azepinyl, hexahydrodiazepinyl, 4-piperidonyl, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, triazinyl, triazolyl, tetrazolyl, tetrahydropyranyl, morpholinyl,
thiamorpholinyl, thiamorpholinyl sulfoxide, thiamorpholinyl sulfone, 1,3-dioxolane
and tetrahydro-1,1-dioxothienyl, and the like. Exemplary bicyclic heterocyclic groups
include indolyl, isoindolyl, benzothiazolyl, benzodioxolyl, benzoxazolyl,
benzoxadiazolyl, benzothienyl, quinuclidinyl, quinolinyl, tetrshydroisoquinolinyl,
isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl, benzofuryl, benzofurazanyl,
chromonyl, coumnarinyl, benzopyranyl, cinnolinyl, quinoxalinyl, indazolyl,
pyrrolopyridyl, furopyridinyl (such as furo[2,3-c]pyridinyl, furo[3,2-b]pyridinyl] or
furo[2,3-b]pyridinyl), dihydrobenzodioxinyl, dihydrodioxidobenzothiophenyl,
dihydroisoindolyl, dihydroindolyl, dihydroquinolinyl, dihydroquinazolinyl (such as
3,4-dihydro-4-oxo-quinazolinyl), triazinylazepinyl, tetrahydroquinolinyl and the like.
Exemplary tricyclic heterocyclic groups include carbazolyl, benzidolyl,
phenanthrolinyl, dibenzofuranyl, acridinyl, phenanthridinyl, xanthenyl and the like.

“Substituted heterocycle,” “substituted heterocyclic,” and “substituted
heterocyclo™ (such as “substituted heteroaryl™) refer to heterocycle, heterocyclic or
heterocyclo groups substituted with one or more substituents, preferably 1 to 4
substituents, at any available point of attachment. Exemplary substituents include,
but are not limited to, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, nitro, oxo (i.e., = O), cyano, alkyl-S(0),- (m =0, 1 or 2), alkyl or
substituted alkyl, as well as those groups recited above as exemplary alkyl
substituents, and as previously mentioned as preferred heterocyclo substituents in the
definition for G.

The term “quaternary nitrogen” refers to a tetravalent positively charged
nitrogen atom including, for example, the positively charged nitrogen in a
tetraalkylammonium group (c.g., tetramethylammonium, N-methylpyridinium), the
positively charged nitrogen in protonated ammonium species (e.g., trimethyl-
hydroammonium, N-hydropyridinium), the positively charged nitrogen in amine N-
oxides (e.g., N-methyl-morpholine-N-oxide, pyridine-N-oxide), and the positively
charged nitrogen in an N-amino-ammonium group (e.g., N-aminopyridinium).

The terms "halogen”™ or "halo” refer to chlorine, bromine, fluorine or iodine.
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The terms “hydroxylamine” and “hydroxylamide” refer to the groups OH-NH-
and OH-NH-CO-, respectively.

When a fimctional group is termed “protected™, this means that the group is in
modified form to mitigate, especially preclude, undesired side reactions at the
protected site. Suitable protecting groups for the methods and compounds described
herein include, without limitation, those described in standard textbooks, such as
Greene, T. W. et al., Protective Groups in Organic Synthesis, Wiley, N.Y. (1991).

When a term such as "(CRR)n" is used, it denotes an optionally substituted
alkyl chain existing between the two fragments to which it is bonded, the length of
which chain is defined by the range described for the term n. An example of this is
n=0-3, implying from zero to three (CRR) units existing between the two fragments,
which are attached to the primary and terminal (CRR) units. In the situation where
the term n is set to zero {n = 0) then a bond exists between the two fragments attached
to (CRR). . .

Unless otherwise indicated, any heteroatom with unsatisfied valences is
assumed to have hydrogen atoms sufficient to satisfy the valences.

Divalent groups, such as those in the definition of W (e.g., NR*-CR'R"),
may be bonded in either direction to the remainder of the molecule (e.g,
.?I-NR”-CR’RT-IA?- or, -?.-CR’RT-NR’-.IAT for the aforementioned group within
the definition of W). _ _

Carboxylate anion refers to a negatively charged group -COO .

The compounds of formula I form salts which are also within the scope of this
invention. Reference to a compound of the formula I herein is understood to include
reference to salts thereof, unless otherwise indicated. The term “salt(s)”, as employed
herein, denotes acidic and/or basic salts formed with inorganic and/or organic acids
and bases. In addition, when a compound of formula I contains both a basic moiety,
such as but not limited to a pyridine or imidazole, and an acidic moiety such as but
not limited to a carboxylic acid, zwitterions (“inner salts™) may be formed and are
included within the term “salt(s)” as used herein. Pharmaceutically acceptable (i.c.,
non-toxic, physiologically acceptable) salts are preferred, although other salts are also
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useful, e.g., in isolation or purification steps which may be employed during
preparation. Salts of the compounds of the formula I may be formed, for example, by
reacting a compound I with an amount of acid or base, such as an equivalent amount,
in a medium such as one in which the salt precipitates or in an aqueous medium
followed by lyophilization.

The compounds of formula I which contain a basic moiety, such as but not
limited to an amine or a pyridine or imidazole ring, may form salts with a variety of
organic and inorganic acids. Exemplary acid addition salts include acetates (such as
those formed with acetic acid or trihaloacetic acid, for example, trifluoroacetic acid),
adipates, alginates, ascorbates, aspartates, benzoates, benzenesulfonates, bisulfates,
borates, butyrates, citrates, camphorates, camphorsulfonates,
cyclopentanepropionates, digluconates, dodecylsulfates, ethanesulfonates, fumarates,
glucoheptanoates, glycerophosphates, hemisulfates, heptanoates, hexanoates,
hydrochlorides, hydrobromides, hydroiodides, hydroxyethanesulfonates (¢.g., 2-
hydroxyethanesulfonates), lactates, maleates, methanesulfonates,
naphthalenesulfonates (¢.g., 2-naphthalenesulfonates), nicotinates, nitrates, oxalates,
pectinates, persulfates, phenylpropionates (e.g., 3-phenylpropionates), phosphates,
picrates, pivalates, propionates, salicylates, succinates, sulfates (such as those formed
with sulfuric acid), sulfonates (such as those mentioned herein), tartrates,
thiocyanates, toluenesulfonates such as tosylates, undecanoates, and the like.

The compounds of formula I which contain an acidic moiety, such but not
limited to a carboxylic acid, may form salts with a variety of organic and inorganic
bases. Exemplary basic salts include ammonium salts, alkali metal salts such as
sodium, lithium and potassium salts, alkaline carth metal salts such as calcium and
magnesium salts, salts with organic bases (for example, organic amines) such as
benzathines, dicyclohexylamines, hydrabamines (formed with N,N-
bis(dehydroabietyl)ethylenediamine), N-methyl-D-glucamines, N-methyl-D-
glycamides, t-butyl amines, and salts with amino acids such as arginine, lysine and
the like. Basic nitrogen-containing groups may be quaternized with agents such as
lower alkyl halides (c.g. methyl, ethyl, propyl, and butyl chlorides, bromides and
iodides), dialkyl sulfates (e.g. dimethyl, diethyl, dibutyl, and diamy] suifates), long
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chain halides (e.g. decyl, lauryl, myristyl and stearyl chlorides, bromides and jodides),
aralkyl halides (e.g. benzyl and phenethyl bromides), and others.

Prodrugs and solvates of the compounds of the invention are also
contemplated herein. The term *“prodrug” as employed herein denotes a compound
which, upon administration to a subject, undergoes chemical conversion by metabolic
or chemical processes to yield a compound of the formula 1, or a salt and/or solvate
thereof. Solvates of the compounds of formula I include, for example, hydmtes.

Compounds of the formula L, and salts thereof, may exist in their tautomeric
form (for example, as an amide or imino ether). All such tautomeric forms are
contemplated hercin as part of the present invention.

All stereoisomers of the present compounds (for example, those which may
exist due to asymmetric carbons on various substituents), including enantiomeric
forms and diastereomeric forms, are contemplated within the scope of this invention.
Individual stereoisomers of the compounds of the invention may, for example, be
substantially free of other isomers (e.g., as a pure or substantially pure optical isomer
having a specified activity), or may be admixed, for example, as racemates or with all
other, or other selected, sterecisomers. The chiral centers of the present invention
may have the S or R configuration as defined by the [TUPAC 1974 Recommendations.
The racemic forms can be resolved by physical methods, such as, for example,
fractional crystallization, separation or crystallization of diastercomeric derivatives or
separation by chiral column chromatography. The individual optical isomers can be
obtained from the racemates by any suitable method, including without limitation,
conventional methods, such as, for example, salt formation with an optically active
acid followed by crystallization.

All configurational isomers of the compounds of the present invention are
contemplated, ither in sdmixture or in pure or substentially pure form. The
definition of compounds of the present invention embraces both cis (Z) and trans (E)
alkene isomers, as well as cis and trans isomers of cyclic hydrocarbon or heterocyclo
rings. In certain cases, for example, the exo or endo conformation can be preferred
for the fused ring system bonded to G-L in formula I. For example, for androgen
receptor antagonists (or selective androgen receptor modulators), where Y is O or
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NR, the exo configuration can be preferred, while for most other definitions of Y, the
endo configuration can be preferred. As can be appreciated, the preferred
configuration can be a function of the particular compound and its preferred activity.
Separation of configurational isomers can be achieved by any suitable method, such
as column chromstography.

Throughout the specifications, groups and substituents thereof may be chosen
to provide stable moicties and compounds.

Embodiments indicated herein as exemplary or preferred are intended to be
illustrative and not limiting.
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Methods of Preparation ¢:l

The compounds of the present invention may be prepared by methods such as
those illustrated in the following Schemes I to XI. Solvents, temperatures, pressures,
and other reaction conditions may readily be selected by one of ordinary skill in the
art. Starting materials are commercially available or readily prepared by one of
ordinary skill in the art. Combinatorial techniques may be employed in the
preparation of compounds, for example, where the intermediates possess groups
suitable for these techniques. See the following which describe other methods which
may be employed in the preparation of compounds of the present invention: Li, ez al.,
Eur. J. Org. Chem. 9, 1841-1850 (1998); Li, Y-Q, Synletr. 5, 461-464 (1996);
Thiemann, et al., Bull. Chem. Soc. Jpn. 67, 1886-1893 (1994); Tsuge et al,,
Heterocycles 14, 423-428 (1980); Ward et al, Can J. Chem. 75, 681-693 (1997);
Ward et al., Can J. Chem. 69, 1487-1497 (1991); Ward et al., Tetrahedron Lett. 31,
845-848 (1990); Fleming et al., J. Org. Chem. 44, 2280-2282 (1979); Jankowski er
al., J. Organomet. Chem. 595, 109-113 (2000); Keglevich et al., J. Organomet. Chem.-
579, 182-189 (1999); Keglevich et al., J. Organomet. Chem. 570, 49-539 (1998),
Jankowski et al., Hetroat. Chem. T, 369-374 (1996); Jankowski et al., J. Am. Chem.
Soc. 113, 7011-7017 (1991); Quin et al., Tetrahedron Leit. 31, 6473-6476 (1990);
Quin et al., J. Org. Chem. 59, 120-129 (1994); Quin et al., J. Org. Chem. 58, 6212-
6216 (1993); Quin et al., Phosphorous, Sulfur Silicon Relat. Elem. 63, 349-362
(1991); Quin et al., Hetroat. Chem. 2, 359-367 (1991); Hussong et al., Phosphorus
Sulfur. 25, 201-212 (1985); Quin et al., J. Org. Chem. 51, 3341-3347 (1986); Myers
et al., J. Am. Chem. Soc. 114, 5684-5692 (1992); Myers et al., J. Am. Chem. Soc. 113,
6682-6683 (1991); Shen ef al.,US Patent No. 5817679; Cordone et al., J. Am. Chem.
Soc. 111, 5969-5970 (1989); Jung et al., J. Chem. Soc. Commun. 630-632 (1984);
Lay et al., J. Am. Chem. Soc. 104, 7658-7659 (1982); Gonzalez et al., J. Am. Chem.
Soc. 117, 3405-3421 (1995); Kreher et al., Chem Ber. 125, 183-189 (1992); Simig et
al., Synlett. 7, 425-426 (1990); Sha et al., J. Org. Chem. 55, 2446-2450 (1990); Drew
et al., J. Chem. Soc., Perkin Trans. 17, 1277-1284 (1985); Kreher et al., Anorg.
Chem., Org Chem. 31B, 599-604 (1976); Avalos ef al., Tetrahedron Lett. 39, 9301-
9304 (1998); Gousse et al., Macromolecules 31, 314-321 (1998); Mikhailyuclienko
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et al,, Khim. Geterotsiki. Soedin. 6, 751-158 (1993); Lubowitz e al., US Patent No.
4476184, Padwa et al., J. Org. Chem. 61, 3706-3714 (1996); Schlessinger et al., J.
Org. Chem. 59, 3246-3247 (1994); Buchmeiser et al., WO Publication No. 9827423;
Tanabe et al., Japanese Patent Document JP 07144477; Mochizucki ef al., Japanese
Patent Document JP 63170383; Hosoda et al., Japanese Patent Document JP
62053963; Onaka ef al., Japanese Patent Document JP 62053964; Kato ef al.,
Japanese Patent Document JP 53086035; Kato et al., Japanese Patent Document JP
51088631; Tottori ef al, Japanese Patent Document JP 49124225; Augustin et al.,
German Patent Document DD101271; Title ez al., French Patent Document FR
2031538; Gousse et al., Polym. Ins. 48, 723-731 (1999); Padwa et al., J. Org. Chem.
62, 40884096 (1997); Theurillat-Moritz et al., Tetrahedron: Asymmetry 7, 3163-
3168 (1996); Mathews et al.. J. Carbohydr. Chem. 14, 287-97 (1995); Srivastava et
al., Natl. Acad. Sci. Lent. (India) 15, 41-44 (1992); Mayorga et al., Rev. Cubana
Quim. 4, 1-6 (1988); Kondoli ez al., J. Chem. Res., Synop. 3,76 (1987); Primelles et
al., Cent. Azucar 7-14 (1985); Solov’eva et al, Khim. Geterotsikl. Soedin. §, 613-15
(1984); Liu et al., Yaoxue Xuebao 18, 752-759 (1983); Joshi et al., Indian J. Chem,
Sect. B. 22B, 131-135 (1983); Amos et al., WO Publication No. 9829495; Odagiri
et al., US Patent No. 4670536; Gallucci et al., European Patent Document EP
355435; Redmore, D. US Patent No. 3821232; Nakano et al., Heterocycles 35, 37-
40 (1993); Tomisawa et al, Chem. Pharm. Bull. 36, 1692-1697 (1988); Krow et al.,
J. Heterocycl. Chem. 22, 131-135 (1985); Krow et al., J. Org. Chem. 47, 1989-1993
(1982); Liu ef al., Yaoxue Xuebao 18, 752-759 (1983); Nishikawa et al., Yaoxue
Xuebao JP 01061457; and/or Rice et al., J. Med. Chem. 11, 183-185 (1968).

All documents cited in the present specification, such as those cited in this
"Methods of Preparation” as well as other sections herein, are incorporated herein by
reference in their entirety. Reference to any document herein is not to be construed as
an admission that such document is prior art.
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Scheme 1
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As illustrated in Scheme I, a diene of formula II can be reacted with a
dienophile of formula III, under conditions readily selected by one skilled in the art
(such as by the addition of heat ("A™)), to obtain a compound of formula IV, which is
a compound of formula I. An intermediate diene of formula II can be obtained from
commercial sources or readily made by one skilled in the art, for example, in
accordance with the following literature documents and the references found therein:
Hofman et al., J. Agric. Food Chem. 45, 898-906 (1997); Baciocchi et al., J. Chem.
Soc., Perkin Trans. 2 8, 821-824 (1975); Wu et al., J. Heterocycles 38, 1507-1518
(1994); Yin et al., Tetrahedron Lett. 38, 5953-5954 (1997); Mic’ovic® et
al..Tetrahedron 20,2279-2287 (1964); Gorbunova et al., J. Org. Chem.. 35, 1557-
1566 (1999); Rassu et al., Chem. Soc. Rev. 29, 109-118 (2000); Kaberdin et al.,
Russ. Chem . Rev.. 68, 765-779 (1999); Barluenga et al., Aldrichimica Acta 32, 4-15
(1999); Bogdanowicz-Szwed et al., Pol. Wiad. Chem. 52, 821-842 (1998);
Casiraghi et al, Adv. Asymmetric Synth. 3, 113-189 (1998); and/or Baeckvall et al.,
Chem. Rev. 98,2291-2312 (1998). An intermediate diencophile of formula III can
be obtained from commercial sources or readily made by one skilled in the art, for
example, in accordance with the following literature references and the references
found therein: Deshpande et al., Heterocycles 51, 2159-2162 (1999); Seijas et al., J,
Chem. Res., Synop. 7,420-421 (1999); Langer et al., Eur. J. Org. Chem. 7, 1467-
1470 (1998); Kita et gl., Japanese Patent Document JP 09194458; Lopez-Alvarado er
al, J. Org. Chem. 61, 5865-5870 (1996); Condon et al., US Patent No. 5523277;
Sasakihara et al,, Japanese Patent Document JP 04290868; Igarashi ef al., Japanese
Patent Document JP 04149173; Aoyama ez al, Japanese Patent Document JP
04134063; Aoyama et al., Japanese Patent Document JP 04134062; Pastor er al., J.
Org. Chem. 53,5776-5779 (1988); and/or Tekahashi et al, Chem. Lett. 6, 1229-
1232 (1987). '
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Scheme I
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As illustrated in Scheme I, compounds of formula I can be obtained by
reaction of a primary amine of formula V with a substituted anhydride-like
intermediate of formula VI, for example, in a solvent such as acetic acid with or
without heating, to yield a compound of formula IV, which is a compound of formula
1. Primary amines of formula V can be obtained from commercial sources or readily
synthesized by one skilled in the art. Anhydride-like agents of formula VI can be
obtained from commercial sources or readily synthesized by one skilled in the art.
The documents listed following describe exemplary approaches for the synthesis of
intermediates of formula VI as well as synthetic approaches which can be applied to
the synthesis of compounds of formula IV (all incorporated herein by reference in
their entirety): Kohler, E. P.; Tighler, M.; Potter, H.; Thompson, H. T. J. Am. Chem.
Soc. 1939, 1057-1061; Yur’ev, Y. K.; Zefirov, N. S. J. Gen. Chem. U.S.S.R. (Engl.
Transl.) 1961, 31, 772-5; Norman G. Gaylord US Patent No. 3,995,099; Schueler, P.
E.; Rhodes, Y. E. J. Org. Chem. 1974, 39, 2063-9; Ishitobi, H.; Tanida, H; Tsuji, T.
Bull. Chem. Soc. Japan 1971, 44, 2993-3000; Stdjer, G.; Virdg, M.; Szabd, A. E.;
Bemniith, G.; Sohér, P.; Sillanpéi, R. Acta. Chem. Scand. 1996, 50, 922-30; Hart, H.;
Ghosh, T. Tetrahedron Lett. 1988,29,881-884; Kato, M.; Yamamotp, S.; Yoshihara,
T.; Furuichi, K; Miwa, T. Chem. Lett. 1987, 1823-1826; Kottwitz, J.; Vorbriiggen, H.
Synthesis 1995, 636-637; Creary, X. J. Org. Chem. 1975, 40, 3326-3331; Alder, K.;
Ache, H.-.; Flock, F. H. Chem. Ber. 1960, 93, 1888-1895; Toder, B. H.; Branca, S.
J.; Dieter, R. K_; Smith, A. B. Il Synth. Commun. 1975, 5, 435-439; Sprague, P. W;
Heikes, J. E.; Gougoutas, J. Z.; Malley, M. F.; Harris, D. N.; and/or Greenberg, R. J.
Med. Chem. 1985, 28, 1580-1590.
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The aforementioned approach(es) can be applied in a combinatorial fashion,
for example, by utilizing a multi-well reaction block such as is described in Waldemar
Ruediger, Wen-Jeng Li, John W., Allen Jr., and Harold N. Weller III, US Patent No.
5,961,925, Apparatus for Synthesis of Multiple Organic Compounds With Pinch
Valve Block (incorporated herein by reference in its entirety). By utilizing the above-
mentioned multi-well reaction block, one can, for example, perform multiples of 96
reactions at a time. Solvent can then be removed from the reaction tubes without
removal from the reaction block and the crude products can be precipitated using a
base such as sodium bicarbonate. The precipitates can be collected by filtration of the
reaction block and then the desired products can be transferred directly to 96 well
plates for screening. In this fashion, a large array of compounds of formula I can be
synthesized, and tests conducted as desired by an automated approach.
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Scheme III describes a method for preparing an intermediate compound of
formula VI which can be used to synthesize a compound of formula I, as described in
Scheme II. As described in Scheme IT1, a diene of formula I can be reacted with a
dieneophile of formula VII to yield the intermediate of formula VI. The methods
applied to obtain such a transformation are analogous to those described in Scheme L.
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Scheme IV describes a method for preparing an intermediate compound of
formula VI which can be used to synthesize a compound of formula I, as described in

- Scheme II. As shown in Scheme IV, a diene of formula II can be reacted with a

dieneophile of formula VIII to yield the intermediate of formula IX. The
intermediate of formula IX can be dehydrated to an anhydride-like intermediate of
formula VI. Dehydration of the bis-acid intermediate of formula IX to can be
achieved by a variety of methods, such as those known to one skilled in the art and
described in the following documents and the references embodied therein: Sprague ef
al., J. Med. Chem. 28, 1580-1590 (1985); and/or Retemi et al., J. Org. Chem. 61,
6296-6301 (1996).
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Schemes 1 to IV describe general methods for the synthesis of compounds of
formula I, and intermediates thereof, in which substitution about the ring system is
incorporated directly, for example, at the level of the intermediate diene, dienophile,
anhydride-like intermediate and amine groups. In addition to these approaches,
additional substitution can be incorporated onto an already-prepared compound of
formula 1 by a variety of approaches to prepare other compounds of the formula I.
Exemplary methods for further substitution are described in Schemes V to XI.



10

LDO0192 PCT 9’

Scheme V

Scheme V describes one such approach to incorporating additional
gubstitution into a structure of formula I. As illustrated in Scheme V, a compound of
fomuﬂax,whichisncompoundoffor:\nulalwherw\. and A, are CR’, W is NH—
CHR’ and Y is CHR™—CHR’, can be functionalized at the free amine of the group W
by reaction with any of a variety of electrophilic agents such as acid halides or alkyl
halides in the presence of base, for example, by methods known by one skilled in the
art. In Scheme V, X is a leaving group, and a compound of formula X1 is a
compound of formula I where A, and A, are CR’, W is NR’—CHR’ and Y is CHR"—
CHR’.
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Scheme VI

Scheme V1 describes an additional approach for further incorporating
substitution onto a compound of formula I. As illustrated in Scheme VI, a compound
of formula XII, which is a compound of formula I where A, and A, are CR’, W is S—
CHR" and Y is CHR'—CHR’, can be partially oxidized with an oxidizing agent such
as mCPBA or other agents such as those known to one skilled in the art, to give the
sulfoxide analog of formula XIII, which is a compound of formula I where A, and A,
are CR’, W is SO—CHR’ and Y is CHR’—CHR’. Further treatment of a compound
of formula XTIT with an oxidizing agent such as mCPBA or other agents such as those
known to one skilled in the art, can yield the sulphone analog of formula XIV, which
is a compound of formula I where A, and A, are CR’, W is SO,—CHR’ and Y is

+ CHR'—CHR’. Alternatively, a compound of formula XII can be converted directly

to a compound of formula XIV by prolonged treatment with an oxidizing agent, such
as mCPBA, or with other agents such as those known to one skilled in the art.

M
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Scheme V11 describes another approach to incorporating additional

substitution onto a compound of formula I. As illustrated in Scheme V11, a diene of

5 formula Jla can be reacted with a dienophile of formula II1, as described in Scheme 1, .
to yield a compound of formula IVa, which is a compound of formula I where Y is O,
A,isCR’and A, is C—CRH,)—T. The compound of formula IVa can be reacted
with a reagent of formula R"?~-T to obtain a compound of formula IVb or IVc which
are compounds of formula I where Y is O, A, is CR’ and A, is C—(CH,)—T—R"

10  or C—(CH,),—T—R", respectively. The reagent R%—T can be obtained from
commercial sources.or can readily be prepared by one skilled in the art.

In the above Scheme, R'? has the same definition as R” defined earlier, q is
zero or am integer from 0-8, and T is defined either as (1) a nucleophilic center such
as, but not limited, to a nitrogen, oxygen or sulfur-containing group, capable of

15  undergoing a nucleophilic substitution reaction with the leaving group T” or (2) a
leaving group capable undergoing a nmucleophilic substitution reaction with a
nucleophilic group T* (such as, but not limited, to a nitrogen, oxygen or sulfur-
containing nucleophilic group). T has the same definition as T. In the present case,
for example, a mucleophilic substitution reaction occurs when the attacking reagent

20  (the nucleophile) brings an electron pair to the substrate, using this pair to form the
new bond, and the leaving group (the nucleofuge) comes away with the electron pair,
leaving as an anionic intermediate. For a detailed discussion of the mechanism of

32
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aliphatic nucleophilic substitutions and a review of specific aliphatic nucleophilic
substitution reactions see Adwanced Organic Chemistry, Reactions, Mechanisms, and
Structure, 4th Addition. Jetry March (Ed.), John Wiley & Sons, New York (1992)
293-500 and the references therein. Compounds of the formulae IVa, IVb, or IVe
may, of course, be employed in the methods described herein (especially, in the
treatment of nuclear hormone receptor-associated conditions) without undergoing
further reaction of T or T'.
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An alternate approach to compounds of formula IVa, IVb and IVc is
S5 illustrated in Scheme VIIL For this approach, techniques such as those described in
_ Schemes IL, ITI and IV can be applicd to the preparation of an intermediate of
formula VIa, where T and q are as defined in Scheme VII. The intermediate of
formula Via can be reacted with a substitited amine of formula V, as described in
Scheme I, to yield the compound of formula IVa, which is 2 compound of formula I
10 whereY is O, A, is CR" and A, is C—(CH,),—T. The compound of formmla IVa can
be treated in the manner described in Scheme VII to obtain compounds of formula
IVD or IV which are compounds of formula I where Y is O, A, is CR” and A, is C—

(CH,),—T —R or C—(CH,),—T—R", respectively.
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Scheme IX describes another approach to incorporating further substitution
onto a compound of formula 1. As illustrated in Scheme IX (where X is a leaving

group), a diene of formula IIb can be reacted with a dienophile of formula ITI, as
described in Scheme I, to yield a compound of formule IVe, which is a compound of
formula I where Y is NH, and A, and A, are CR". The compound of formula IVe can
be functionalized at the free amine by reacting with a variety of electrophilic agents
such as acid halides or alkyl halides in the presence of base, for example by methods
known by one skilled in the art and described in Scheme V, to yield a compound of

formula IVf, which is a compound of formula I where Y is NR” and A, and A, are
CR’.
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Scheme X
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An alternate approach to compounds of formula IVe and IVT is illustrated
in Scheme X. For this approach, techniques as described in Schemes II, ITI and IV
can be applied to the preparation of an intermediate of formula VIb. The
intermediate of formuia VIb can be reacted with a substituted amine of formula V, as
described in Scheme II, to yield a compound of formula IVe, which is a compound of
formula I where Y is NH, and A, and A, are CR’. The latter intermediate can be
treated in the manner described in Scheme V to obtain a compound of formula IV,
which is a compound of formula I whereY is NR?, and A, and A, are CR’.
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5 Scheme X1 describes another approach to incorporating additional

substitution onto a compound of formula I. As illustrated in Scheme X1, a diene of
. formula IIe can be reacted with a dienophile of formula ITI, as described in Scheme I,

to yield a compound of formula IVg, which is a compound of formula I where Y is
SO and A, and A, are CR’, A compound of formula IVg can be treated with an

10 oxidizing agent such as mCPBA, as described in Scheme VI, to yield a compound of
formula IVh, which is a compound 'of formula I where Y is SO, and A, and A, are
CR’.

37
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Scheme XII describes another approach to incorporating additional
substitution onto a compound of formula I. As illustrated in Scheme XII, a
compound of formula XV, which can be prepared in accordance with the above
Schemes, can be incubated in the presence of a suitable enzyme or microorganism
resulting in the formation of a hydroxylated analog of formula XVI. Such a process
can be employed to yicld regiospecific as well as enantiospecific incorporation of a
hydroxyl group into a molecule of formula XV by a specific microorganism or by a
series of different microorganisms. Such microorganisms can, for example, be
bacterial, yeast or fungal in nature and can be obtained from distributors such as
ATCC or identified for use in this method such as by methods known to one skilled in
the art. Compound XV1 is a compound of formula I where Y is as described above
and A, and A, are preferably CR’.
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Scheme XIII describes another approach to incorporating additional
substitution onto a compound of formula I. As illustrated in Scheme X111, a
compound of formula XVII, which can be prepared in accordance with the above
Schemes, can be incubated in the presence of a suitable enzyme or microorganism
resulting in the formation of a diol analog of formula XVIII. Such a process can be
employed to yicld regiospecific as well as enantiospecific transformation of a
compound of formula XVII to a 1-2 diol of formula XVIII by a specific
microorganism or by a series of different microorganiams. Such microorganisms can,
for example, be bacterial, yeast or fungal in nature and can be obtained from
distributors such as ATCC or identified for use in this method such as by methods
known to one skilled in the art. Compound XVIII is a compound of formula I where
YisnsdesuibedabéweandA,andA,areprefanblyCR".

The present invention also provides the methods of Schemes
XTI and XT11.

Thus, in one embodiment, the present invention provides a method for
preparation of a compound of the following formula XVI, or salt thereof:

z Y
G""u:?': A.
Aq OH
A g,
m
where the symbols are as defined herein,

39



10

15

25

LD0192 PCT

w

comprising the steps of contacting a compound of the following formula XV, or salt
thereof:
za Y
elw °=L
A
S
XV

where the symbols are as defined above;
with an enzyme or microorganism capable of catalyzing the hydroxylation of said
compound XV to form said compound XVI, and effecting said hydroxylation.

In another preferred embodiment, the present invention provides a method
for preparation of a compound of the following formula XVIII, or salt thereof:

Y

oLy, N
KL

where the symbols are as defined herein,

comprising the steps of contacting a compound of the followmgfmnuhm or salt
thereof:

zz Y
cn °=A
JE,
Xvil
where the symbols are as defined sbove;
with an enzyme or microorganism capable of catalyzing the opening of the epoxide
ring of compound XVII to form the diol of seid compound XVIII, and effecting said
ring opening and diol formation.
All stereoconfigurations of the unspecified chiral centers of the compounds
of the formulae XV, XVI, XVII and XVIII are contemplated in the methods of the

present invention, either alone (that is, substantially free of other sterecisomers) or in
admixture with other stereoisomeric forms. Conversion of one isomer selectively
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(e.g., hydroxylation of the exo isomer preferentially to hydroxylation of the endo
isomer) when contacting an isomeric mixture is a preferred embodiment of the
invention. Conversion to one isomer selectively (e.g., hydroxylation on the exo face
‘“exo isomer™ preferentially to the endo face * endo isomer” or regioselective opening
of an epoxide to form only one of two possible regioisomers of a trans diol) is 4
preferred embodiment of the invention. Hydroxylation of an achiral intermediate to
form a single optical isomer of the hydroxylated product is also a preferred
embodiment of the invention. Resolution of a recemic mixture of an intermediate by
selective hydroxylation, or epoxide ring opening and diol formation, to generate one
of the two possible optical isomers is also a preferred embodiment of the invention.
The term “resolution” as used herein denotes partial, as well as, preferably, complete
resolution.

The terms "enzymatic process” or "enzymatic method", as used herein,
denote a process or method of the present invention employing an enzyme or
microorgenism. The term "hydroxylation”, as used herein, denotes the eddition of a
hydroxyl group to a methylene group as described above. Hydroxylation can be
achieved, for example, by contact with molecular oxygen according to the methods of

" the present invention. Diol formation can be achieved, for example, by contact with

water according to the methods of the present invention. Use of "an enzyme or
microorganism" in the present methods includes use of two or more, as well as a
single, enzyme or microorganism.

The enzyme or microorganisin employed in the present invention can be
any enzyme or microorganism capable of catalyzing the enzymatic conversions
described herein. The enyzmatic or microbial materials, regardless of origin or purity,
can be employed in the free state or immobilized on a support such as by physical
adsorption or entrapment. Microorganisms or enzymes suitable for use in the present
invention can be selected by screening for the desired activity, for example, by
contacting a candidate microorganism or enzyme with a starting compound XV or
XVII or salt thereof, and noting conversion to the corresponding compound XV1I or
XVIII or salt thereof. The enzyme may, for example, be in the form of animal or
plant enzymes or mixtures thereof, cells of microorganisms, crushed cells, extracts of
cells, or of synthetic origin.

Exemplary microorganisins include those within the genera: Streptomyces
or Amycolatopsis. Particularly preferred microorganisms are those within the species
Streptomyces griseus, especially Streptomyces griseus ATCC 10137, and
Amycolatopsis orientalis such as ATCC 14930, ATCC 21425, ATCC 35165, ATCC
39444, ATCC 43333, ATCC 43490, ATCC 53550, ATCC 53630, and especially

41



10

15

20

25

35

LD0192 PCT qu

ATCC 43491, The term "ATCC" as used herein refers to the accession number of the
American Type Culture Collection, 10801 University Blvd., Manassas Virginia
20110-2209, the depository for the organism referred to. It should be understood that
mutants of these organisms are also contemplated by the present invention, for use in
the methods described herein, such as those modified by the use of chemical, physical
(for example, X-rays) or biological means (for example, by molecular biology
techniques).

Preferred enzymes include those derived from microorganisms, particularly
those microorganisms described above. Enzymes may be isolated, for example, by
extraction and purification methods such as by methods known to those of ordinary
gkill in the art. An enzyme may, for example, be used in its free state or in
immobilized form. One embodiment of the invention is that where an enzyme is
adsorbed onto a suitable carrier, e.g., diatomaceous earth (porous Celite Hyflo
Supercel), microporous polypropylene (Enka Accurel® polypropylene powder), or a
nonionic polymeric adsorbent such as Amberlite® XAD-2 (polystyrene) or XAD-7
(polyacrylate) from Rohm and Haas Co. When employed to immobilize an enzyme, a
carrier may control the enzyme particle size and prevent aggregation of the enzyme
particles when used in an organic solvent. Immobilization can be accomplished, for
example, by precipitating an aqueous solution of the enzyme with cold acetone in the
presence of the Celite Hyflo Supercel followed by vacuum drying, or in the case of a
nonionic polymeric adsorbent, incubating enzyme solutions with adsorbent on a
shaker, removing excess solution and drying enzyme-adsorbent regins under vacuum.
While it is desirable to use the least smount of enzyme possible, the amount of
enzyme required will vary depending upon the specific activity of the enzyme used.

Hydroxylation as described above can occur in vive. For example, liver
enzyme can selectively, relative to the endo isomer, hydroxylate the exo isomer of a
compound of the present invention. In conducting the methods of the present .
invention outside the body, liver microsomal hydroxylase can be employed as the
enzyme for catalysis.

These processes may also be carried out using microbial cells containing an
enzyme having the ability to catalyze the conversions. When using a microorganism
to perform the conversion, these procedures are conveniently carried out by adding
the cells and the starting material to the desired reaction medium.

Where microorganisms are employed, the cells may be used in the form of
intact wet cells or dried cells such as lyophilized, spray-dried or heat-dried cells, orin
the form of treated cell material such as ruptured cells or cell extracts. Cell extracts
immobilized on Celite® or Accurel® polypropylene as described earlier may also be
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employed. The use of genetically engineered organisms is also contemplated. The
host cell may be any cell, e.g. Escherichia coli, modified to contain a gene or genes
for expressing one or more enzymes capable of catalysis as described herein.

‘Where one or more microorganisms are employed, the enzymatic methods
of the present invention may be carried out subsequent to the fermentation of the
microorganism (two-stage fermentation and conversion), or concurrently therewith,
that is, in the latter case, by in sifu fermentation and conversion (single-stage
fermentstion and conversion).

Growth of the microorganisms can be achieved by one of ordinary skill in
the art by the use of an appropriate medium. Appropriate media for growing
microorganisms include those which provide nutrients necessary for the growth of the
microbial cells. A typical medium for growth includes necessary carbon sources,
nitrogen sources, and elements (e.g. in trace amounts). Inducers may also be added.
The term "inducer”, as used herein, includes any compound enhancing formation of
the desired enzymatic activity within the microbial cell.

Carbon sources can include sugars such as maltose, lactose, glucose,
fructose, glycerol, sorbitol, sucrose, starch, mamnitol, propylene glycol, and the like;
organic acids such as sodium acetate, sodium citrate, and the like; and elcohols such -
as ethanol, propanol and the like.

Nitrogen sources can include N-Z amine A, corn steep liquor, soy bean
meal, beef extracts, yeast extracts, molasses, baker’s yeast, tryptone, mutrisoy,
peptone, yeastamin, amino acids such as sodium glutamate and the like, sodium
nitrate, ammonium sulfate and the like.

Trace clements can include magnesium, manganese, calcium, cobalt,
nickel, iron, sodium and potassium salts. Phosphates may also be added in trace or,
preferably, greater than trace amounts.

The medium employed can include more than one carbon or nitrogen
source or other nutrient.

Preferred media for growth include aqueous media.

The agitation and acration of the reaction mixture affects the amount of
oxygen available during the conversion process when conducted, for example, in
shake-flask cultures or fermentor tanks during growth of microorganisms.

Incubation of the reaction medium is preferably at a temperature between
about 4 and about 60°C. The reaction time can be appropriately varied depending
upon the amount of enzyme used and its specific activity. Reaction times may be
reduced by increasing the reaction temperature and/or increasing the amount of
enzyme added to the reaction solution. -
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It is also preferred to employ an aqueous liquid as the reaction medium,
although an organic liquid, or a miscible or immiscible (biphasic) organic/aqueous
liquid mixture, may also be employed. The amount of enzyme or microorganism
employed relative to the starting material is selected to allow catalysis of the
enzymatic conversions of the present invention.

Solvents for the organic phase of a biphasic solvent system may be any
organic solvent immiscible in water, such as toluene, cyclohexane, xylene,
trichlorotrifluoroethane and the like. The aqueous phase is conveniently of water,
preferably deionized water, or a suitable aqueous buffer solution, especially a
phosphate buffer solution. The biphasic solvent system preferably comprises between
about 10 to 90 percent by volume of orgenic phase and between about 90 to 10
percent by volume ofaqueousphns'e, and most preferably contains at or about 20
percent by volume of organic phase and at or sbout 80 percent by volume of the
aqueous phase.

An exemplary embodiment of such processes starts with preparation of an

' agueous solution of the enzyme(s) or microbes to be used. For example, the preferred

enzyme(s) or microbes can be added to a suitable amount of an aqueous solvent, such
as phosphate buffer or the like. This mixture is preferably adjusted to and maintained
at & desired pH.

The compounds XV1 and XVIII produced by the processes of the present

invention can be isolated and purified, for example, by methods such as extraction,
distillation, crystallization, and column chromatography.

Preferred Compounds
A preferred subgenus of the compounds of the present invention includes
compounds of the formula I or salts thereof wherein one or more, preferably &ll, of the
following substituents are as defined below:

G is an aryl or heterocyclo (e.g., heteroaryl) group, where said group is mono- or
polycyclic, and which is optionally substituted at one or more positions,
preferably with hydrogen, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, alkynyl or substituted alkynyl, halo, cycloalkyl or substituted
cycloalkyl, cycloalkenyl or substituted cycloalkenyl, aryl or substituted aryl,
heterocyclo or substituted heterocyclo, arylalkyl or substituted arylalkyl,
heterocycloalkyl or substituted heterocycloalkyl, CN, R'OC=0, R'C=0,
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R'HNC=0, R'R2NC=0, HOCR’R, nitro, R'OCH,, R'O, NH,, NR‘R’,
S=OR!, SO,R!, SO,NR'R", R'}R")P=0, or (R"}NHR")P=0;

Z,is O, S, NH, or NR®;

Z,is 0, S, NH, or NR%,

A,isCR7orN;

A,isCR’orN;

Y is J-J*-J* where J is (CR'R")n and n =0-3, J is a bond or O, S, S=0, SO,, NH,
OC=0, C=0, NR’, CR'R”, R*P=0, R?P=S, R*0OP=0, RINHP=0, OP=00R?,
OP=ONHR?, OP=0R?, 0S0,, NHNH, NHNR®, NR*NH, N=N, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, or
heterocyclo or substituted heterocyclo, and J” is (CR'R”)n and n = 0-3, where
Y is not a bond;

W is CR'R"—CR'R”, CR'R”—C=0, NR°—CRR”, N=CR®, N=N, NR’—NFR?,
cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocyclo or substituted heterocyclo, or aryl or substituted aryl, wherein,
when W is not NR®—CR'R”, N=CR®, N=N, NR*—NR’, or heterocyclo or
substituted heterocyclo, then J' must be O, S, S=0, S0O,, NH, NR’, OP=00R?,
OP=0ONHR?, 0S0,, NHNH, NHNR®, NR*NH, or N=N;

Q, is H, alky] or substituted alkyl, alkenyl or substituted alkeny}, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkyny), aryl or substituted aryl, heterocyclo
(e.g., heteroary]) or substituted heterocyclo (e.g., substituted heteroaryl), halo,
CN, R'OC=0, R'C=0, R*R*NC=0, HOCRR?, nitro, R'OCH,, R'O, NH,, or
NR‘R%;

Q. is H, alky] or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
(e.g., heteroaryl) or substituted heterocyclo (e.g., substituted heteroaryl), halo,
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CN, R'OC=0, R‘C=0, R°R*NC=0, HOCR'R’, nitro, R'OCH,, R'0, NH,, or
NR*R%;

L is a bond, (CR'R")n, NH, NR® or NR*(CR'R")n, where n = 0-3;

R! and R are each independently H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkeny] or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkyalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalky! or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl;

R?is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl;

R’ and R* are each independently H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl, halo, CN, hydroxylamine, hydroxamide, alkoxy or substituted
alkoxy, amino, NR'R?, thiol, alkylthio or substituted alkylthio;

R‘is H, alky] or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl
or substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloaltkyl or substituted heterocycloalkyl, ary! or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0, or
SO,NR'R";

R® is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl-or substituted
cycloalkenylalkyl, heterocycloalky! or substituted heterocycloalkyl, aryl or
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substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0, SO,R',

or SO,NR'R"; M\

R¢ is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, CN, OH, OR', R'C=0,
R'NHC=0, SO,R’, or SO,NR'R";

R’ and R” are each independently H, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, cycloalky or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloatkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, halo, CN, OR!, nitro,
hydroxylamine, hydroxylamide, amino, NHR*, NR?R?, NOR', thiol, alkylthio
or substituted alkylthio, R'C=0, R'OC=0, R'NHC=0, SOR', PO,R'R",
R'R'NC=0, C=OSR’, SO,R', or SO,NR'R"; .

R?and R¥ are each independently H, alky! or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalky! or
substituted cycloalkyalkyl, cycloalkenylalkyl or substituted cycloalkenylalkyl,
heterocycloalkyl or substituted heterocycloalkyl, aryl or substituted aryl,
arylalkyl or substituted arylalkyl, nitro, halo, CN, OR', amino, NHR*, NR’R?,
NOR!, alkylthio or substituted alkylthio, C=OSR', R'OC=0, R'C=0,
R'NHC=0, R'R"NC=0, S=OR', SO,R, PO,R'R", or SO,NR'R";

R’ and R are each independently H, alky] or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkeny] or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
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substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl, CN, OH, OR', R'C=0, R'OC=0, R'NHC=0, or SO,NR'R";

especially where the groups W and Y of this preferred subgenus are also within the
definitions of W' and Y" of formula la, with the provisos (1) to (14) of said
formula Ia where appropriate to this subgenus, and most preferably where (i)
when Y' is -O- and W' is CR'R”—CR'R7, A, and A, are not simultaneously
CH; and (ii) when L is a bond, G is not an unsubstituted phenyl group.

Another, more preferred subgenus of the eompounds of the invention
includes compounds of the formula ] or salts thereof wherein one or more, preferably
all, of the following substituents are as defined below:

G is an aryl or heterocyclo (e.g., heteroaryl) group, where said group is mono- or
polycyclic, and which is optionally substituted at one or more positions,
preferably with hydrogen, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, alkyny! or substituted alkynyl, halo, cycloalkyl or substituted
cycloalkyl, cycloalkenyl or substituted cycloalkenyl, aryl or substituted aryl,
heterocyclo or substituted heterocyclo, arylalkyl or substituted arylalkyl,
heterocycloalkyl or substituted heterocycloalkyl, CN, R'C=0, R'HNC=0,
R'R’NC=0, HOCR'R’, nitro, R'OCH,, R'O, NH,, NR‘R’, SO,R', or
SO,NR'R";

Z,is O;

Z,is O;

A, is CR%;

A, is CR";

Y is J-I’-J" where ] is (CR'R”)n and n=0-3, J* is a bond or O, S, $=O, SO,, NH,
NR’, CR'R7, R*P=0, R?P=S8, R0P=0, R*NHP=0, OP=OOR’, OP=ONHR?,
OP=0R?, 0S0,, NHNH, NHNR®, NRNH, N=N, cycloalky! or substituted
cycloalkyl, cycloalkenyl or substituted cycloalkenyl, or heterocyclo or
substituted heterocyclo, and J” is (CR'R")n and n = 0-3, where Y is not a
bond;
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W is CR'/R"—CR'R”, CR'R’—C=0, NR®—CR'R”, N=CR®, N=N, NR*—NR’, /\
cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocyclo or substituted heterocyclo, or aryl or substituted aryi, wherein,
when W is not NR—CR™R”, N=CR®, N=N, NR>—NR’, or heterocyclo or
substituted heterocyclo, then J' must be O, S, S=0, SO,, NH, NR’, OP=0O0R?,
OP=0ONHR?, 0SO,, NHNH, NHNR®, NR*NH, or N=N;

Q, is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
(e.g., heteroaryl) or substituted heterocyclo (e.g., substituted heteroaryl), halo,
CN, R‘C=0, R*'R*NC=0, HOCRR?, nitro, R'OCH,, R'0, NH,, or NR'R%;

Q, is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalky] or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
(e.g., heteroaryl) or substituted heterocyclo (e.g., substituted heteroaryl), halo,
CN, R'C=0, R°R*NC=0, HOCRR”, nitro, R'OCH,, R'O, NH,, or NR‘R’;

L is a bond;

R' and R" are each independently H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkyalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl;

R? is alkyl or substituted alkyl, cycloalky] or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl;
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R and R are each independently H, alkyl or substituted alkyl, cycloalkyl or

substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl, halo, CN, alkoxy or substituted alkoxy, amino, NR'R?, alkylthio or
substituted alkylthio;

R‘ is H, alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl
or substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0, or
SO,NR'R";

R? is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=O, R'NHC=0, SO,R',
or SO,NR'R";

R¢ is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalky] or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, CN, OH, OR', R'C=0,
R'NHC=0, SO,R', or SO,NR'R";

R” and R” are each independently H, alky! or substituted alkyl, alkeny! or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted _
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, ary] or
substituted aryl, arylalkyl or substituted arylalkyl, halo, CN, OR', nitro,
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amino, NHR*, NR?R?, alkylthio or substituted alkylthio, R'C=0, R'NHC=0,
SO,R!, R'R"NC=0, or SO,NR'R"; “

R°and R* are each independently H, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkyalkyl, cycloalkenylalkyl or substituted cycloalkenylalkyl,
heterocycloalkyl or substituted heterocycloalkyl, aryl or substituted aryl,
arylalkyl or substituted arylalkyl, nitro, halo, CN, OR', amino, NHR*, NR’R?,
alkylthio or substituted alkylthio, R'C=0, R'NHC=0, R'R'NC=0, SO,R', or
SO,NR'R"; and

R’ and R are each independently H, alkyl or substituted alky), cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl, CN, OH, OR', R'C=0, R'NHC=0, or SO,NR'R";

especially where the groups W and Y of this preferred subgenus are also within the
definitions of W' and Y" of formula Ia, with the provisos (1) to (14) of said
formula Ia where appropriate to this subgenus, and most preferably where (i)
when Y is -O- and W' is CR'R”—CRR”; A, and A, are not simuitaneously
CH; and (ii) when L is a bond, G is not an unsubstituted phenyl group.

A particularly preferred subgenus of the compounds of the invention includes
compounds of the formula I or salts thereof wherein one or more, preferably all, of the
substituents are as defined below:

G is an aryl (especially, phenyl or naphthyl) or heterocyclo (especially those
heterocyclo groups G of the compounds of the Examples herein)
group, where said group is mono- or polycyclic, and which is optionally
substituted at one or more positions, preferably with substituents as
exemplified in any of the compounds of the Examples herein;

51



LD0192 PCT -.jq

L is a bond, (CR’R”)n (where n Is 1 and R” and R” are each independently H,
alkyl or substituted alkyl), or -CH2-NH-; '

A, and A, are each independently CR” where R’ (i) is hydrogen, alkyl or
substituted alkyl, arylalkyl or substituted arylalkyl, alkenyl or substituted

5 alkenyl (for example, alkenyl substituted with aryl (especially, phenyl or

naphthyl) or substituted aryl, or alkenyl substituted with heterocyclo or
substituted heterocyclo), aryl or substituted aryl, heterocyclo or
substituted heterocyclo, heterocycloalkyl or substituted
heterocycloalkyl, where, for each, preferred substituents are one or

10 more groups selected from V' (especially A, and A, groups of the
formula CR’ where R’ for each of A, and/or A, is indepeandently
selected from C,_ alkyl which alkyi is substituted by one or more
groups V'), or (ii) forms, together with R” of a group W (especially

_ where W is CR’R"-CR'R"™), a heterocyclic ring;

15 V'is OH, CN, halo, -O-aryl, -O-substituted aryl, -O-heterocyclo, -O-
substituted heterocyclo, -O-CO-alkyl, -O-CO-substituted alkyl, -O-
(alkyisilyl), -O-arylalkyl, -O-substituted arylalkyl, -O-CO-alkyl, -O-CO-
substituted alkyl, -O-CO-arylalkyl, -O-CO-substituted arylalkyl, -O-CO-
aryl, -O-CO-substituted aryl, -O-CO-heterocyclo, -O-CO-substituted

20 heterocyclo, -S-{optionally substituted aryl)}-NH-CO-(optionally
substituted alkyl), -SO-{optionally substituted aryl)}-NH-CO-(optionally
substituted alkyl), -SO2-{optionally substituted aryl}-NH-CO-(optionally
substituted alkyl), -NH-SO2-aryl, -NH-SO2-substituted aryl, -NH-CO-O-
(optionally substituted arylalkyl), -NH-CO-O-alkyl, -NH-CO-O-

25 substituted alkyl, -NH-CO-alkyl, -NH-CO-substituted alkyl, -NH-CO-
aryl, -NH-CO-substituted aryl, -NH-CO-{optionally substituted arylalkyl),
-NH-CO-(optionally substituted alkyl)}-O-(optionally substituted aryl), -
N(optionally substituted alkyl)optionally substituted aryl), -N(optionally
substituted alkyl)(optionally substituted arylalkyl), -COH, -COOH, -CO-

30 O-alkyl, -CO-O-substituted alkyl, -CO-O-optionally substituted arylalkyl,
-CO-aryl, -CO-substituted aryl, -O-CO-NH-aryl, -O-CO-NH-substituted
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aryl, -CO-NH-aryl, -CO-NH-substituted aryl, -CO-NH-arylalkyl, -CO-NH-

substituted arylalkyl, -O-{optionally substituted aryl}-NH-CO-(optionally

substituted alkyl);

Y is =0-, -SO-, -N(V2)-, -CHN(V?)-, -CO-N(alkyl)-, -CH,-S-, -CH,-SO,~;

V2 is hydrogen, alkyl, arylalkyl, -CO-alkyl, -CO-O-aryl, -CO-O-arylalkyl;

W is CR'R”—CR'R” (where R” and R” are each independently selected from
H, OH, alkyl or substituted alkyl (such as hydroxyalkyl), or where R’
forms a heterocyclic ring together with R” of A, or A;), CR®*=CR* (where -
R? and R are each independently selected from H, alkyl or substituted
alkyl (such as hydroxyalkyl)), CR'TR"— C=0 (where R’ and R” are
each hydrogen, or where R’ forms a heterocyclic ring together with R”
of A, or A;), N=CR® (where R® is alkyl), cycloalkyl or substituted
cyclalkyl, or heterocyclo or substituted heterocyclo;

Z,and Z, are O; and

Q, and Q, are H.

Preferred G-L groups are optionally substituted naphthyl and optionally
substituted fused bicyclic heterocyclic groups such as optionally substituted
benzo-fused heterocyclic groups (e.g., bonded to the remainder of the
molecule through the benzene portion), especlally such groups wherein the
heterocyclic ring bonded to benzene has 5 members exempilified by
benzoxazole, benzothiazole, benzothiadiazole, benzoxadiazole or-
benzothiophene, for example:
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where

N
5 X =nhalo (csp F), OH, CN, NO, or @

(e-s-._Q. _G o _"\';\/“;

U is O or S (where S can optionally be oxygenated, e.g., to SO);
U'is CH, or CF;;
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each U? is independently N, CH or CF;
UPisN,QorS;

U* and U°, together with the atoms to which they are bonded, form an optionally
substituted 5-membered heterocyclic ring which can be partiaily unsaturated
or aromatic and which contains 1 to 3 ring heteroatoms;

each U* is independently CH or N; and

@dmotes optional double bond(s) within the ring formed by U?, U* and
Us.

An especislly preferred subgenus includes compounds of the formula I having
the following structure, or salts thereof:

where G is an optionally substituted naphthyl or benzo-fused bicyclic heterocyclic
group, R" is CH, or C, ,alky! substituted by V" and R” is H or hydroxyl.

Compounds where R’ is hydroxyl can provide enhanced water solubility and
metabolic stability, relative to the corresponding compounds where R” is H, in .
addition to having good permeability and high systemic blood levels. These
hydroxyl-bearing compounds can be obtained in vivo by metabolism of the
corresponding compound where R” is H, as well as by synthetic preparative methods
such as those described herein.

Use and Utllity
The compounds of the present invention modulate the function of nuclear
hormone receptors (NHR), and include compounds which are, for example, agonists,
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partial agonists, antagonists or partial antagonists of the androgen receptor (AR), the
estrogen receptor (ER), the progesterone receptor (PR), the glucocorticoid receptor
(GR), the mineralocorticoid receptor (MR), the steroid and xenobiotic receptor
(SXR), other steroid binding NHR's, the Orphan receptors or other NHR's. Selective
modulation of one such NHR relative to others within the NHR family is preferred.
"Modulation" includes, for example, activation (e.g., agonist activity such as selective
androgen receptor agonist activity) or inhibition (e.g., antagonist activity).

The present compounds are thus useful in the treatment of NHR -gssociated
conditions. A "NHR-associated condition", as used herein, denotes a condition or
disorder which can be treated by modulating the function of a NHR in a subject,
wherein treatment comprises prevention (e.g., prophylactic treatment), partial
alleviation or cure of the condition or disorder. Modulation may occur lo;:ally, for
example, within certain tissues of the subject, or more extensively throughout a
subject being treated for such a condition disorder.

The compounds of the present invention are useful for the treatment of a
variety of conditions and disorders including, but not limited to, those described
following:

Compounds of formula I can be applied as agonists, partial agonists,
antagonists, or partial antagonists of the estrogen receptor, preferably selectively to
that receptor, in an array of medical conditions which involve modulation of the
estrogen receptor pathway. Applications of said compounds include but are not
limited to: osteoporosis, hot flushes, vaginal dryness, prostate cancer, breast cancer,
endometrial cancer, cancers expressing the estrogen receptor such as the
aforementioned cancers and others, contraception, pregnancy termination, menopause,
amennoreahea, and dysmennoreahea.

Compounds of formula I can be applied as agonists, partial agonists,
antagonists or partial antagonists of the progesterone receptor, preferably selectively
to that receptor, in an array of medical conditions which involve modulation of the
progesterone receptor pathway. Applications of said compounds include but are not
limited to: breast cancer, other cancers containing the progesterone receptor,
endometriosis, cachexia, contraception, menopause, cyclesynchrony, memgmoma,
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dysmennoreahes, fibroids, pregnancy termination, labor induction and osteoporosis.

Compounds of formula I can be applied as agonists, partial agonists,
antagonists or partial antagonists of the glucocorticoid receptor, preferably selectively
to that receptor, in an array of medical conditions which involve modulation of the
glucocorticoid receptor pathway. Applications of said compounds include but are not
limited to: inflammatory diseases, autoimmune diseases, prostate cancer, breast
cancer, Alzheimer’s disease, psychotic disorders, drug dependence, non-insulin
dependent Diabetes Mellitus, and as dopamine receptor blocking agents or otherwise
as agents for the treatment of dopamine receptor mediated disorders.

Compounds of formula I can be applied as agonists, partial agonists,
antagonists or partial antagonists of the mineralocorticoid receptor, preferably
selectively to that receptor, in an array of medical conditions which involve

modulation of the mineralocorticoid receptor pathway. Applications of said

compounds include but are not limited to: drug withdrawal syndrome and
inflammatory diseases.

Compounds of formula I can be applied as agonists, partial agonists,
antagonists or partial antagonists of the aldosterone receptor, preferably selectively to
that receptor, in an array of medical conditions which involve modulation of the
aldosterone receptor pathway. One application of said compounds includes but is not
limited to: congestive heart failure.

Compounds of formula I can be applied as agonists, partial agonists,
antagonists or partial antagonists of the androgen receptor, preferably selectively to
that receptor, in an array of medical conditions which involve modulation of the
androgen receptor pathway. Applications of said compounds include but are not
limited to: hirsutiem, acne, seborrhea, Alzheimer’s disease, androgenic alopecia,
hypogonadism, hyperpilosity, benign prostate hypertrophia, adenomas and neoplasies
of the prostate (such as advanced metastatic prostate cancer), treatment of benign or
malignant tumor cells containing the androgen receptor such as is the case for breast,
brain, skin, ovarian, bladder, lymphatic, liver and kidney cancers, pancreatic cancers
modulation of VCAM expression and applications therein for the treatment of heart
disease, inflammation and immune modulations, modulation of VEGF expression and
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the applications therein for use as antiangiogenic agents, osteoporosis, suppressing
spermatogenesis, libido, cachexia, endometriosis, polycystic ovary syndrome,
anorexia, androgen supplement for age related decreased testosterone levels in men,
mele menopause, male hormone replacement, male and female sexual dysfunction,
and inhibition of muscular atrophy in ambulatory patients. For example, pan AR
modulation is contemplated, with prostate selective AR modulation (“SARM™) being
particularly preferred, such as for the treatment of early stage prostate cancers. .

Compounds of formula I can be applied as (preferably, selective)
antagonists of the mutated androgen receptor, for example, found in many tumor
lines. Examples of such mutants are those found in representative prostate tumor cell
lines such as LNCap, (T877A mutation, Biophys. Acta, 187, 1052 (1990)), PCa2b,
(L701H & T877A mutations, J. Urol., 162, 2192 (1999)) and CWR22, (H874Y
mutation, Mol. Endo., 11, 450 (1997)). Applications of said compounds include but
are not limited to: adenomas and neoplasies of the prostate, breast cancer and
endometrial cancer.

Compounds of formula I can be applied as agonists, partial agonists,
antagonists or partial antagonists of the steroid and xenobiotic receptor, preferably
selectively to that receptor, in an array of medical conditions which involve
modulation of the steroid and xenobiotic receptor pathway. Applications of said
compounds include but are not limited to: treatment of disregulation of cholesterol
homeostasis, attenuation of metabolism of pharmaceutical agents by co-
administration of an agent (compound of the present invention) which modulates the
P450 reguleator effects of SXR.

Along with the aforementioned NHR, there also exist a number of NHR for
which the activating or deactivating ligands may not be characterized. These proteins
are classified as NHR due to strong sequence homology to other NHR, and are known
ag the Orphan receptors. Because the Orphan receptors demonstrate strong sequence
homology to other NHR, compounds of formula I include those which serve as
modulators of the function of the Orphan NHR. Orphan receptors which are
modulated by NHR modulators such as compounds within the scope of formula I are
exemplified, but not limited to, those listed in Table 1. Exemplary therapeutic
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applications of modulators of said Orphan receptors are also listed in Table 1, but are
not limited to the examples therein.

Table 1. Exemplary Orphan nuclear hormone receptors, form (M = monomeric, D =
heterodimeric, H = homodimeric), tissue expression and target therapeutic
applications. (CNS=central nervous system)

Receptor Form Tissue Expression Target Therapeutic Application

NURRI M/D Dopaminergic Neurons Parkinson’s Disease

RZRP M Brain (Pituitary), Muscle  Sleep Disorders

RORa M Cerebellum, Purkinje Cells  Arthritis, Cerebellar Ataxia

NOR-1 M Brain, Muscle , Heart, CNS Disorders, Cancer
Adrenal, Thymus

NGFI-BB M/D Brain CNS Disorders

COUP-Tfa H Brain CNS Disorders

COUP-TFB H Brain CNS Disorders

COUP-TFyy H Brain CNS Disorders

Nur77 H Brain, Thymus, Adrenals  CNS Disorders

Rev-ErtbAa H Muscle, Brain (Ubiquitous) Obesity

HNF4a H - Liver, Kidney, Intestine Diabetes

SF-] M Gonads, Pituitary Metabolic Disorders

LXRa, B D Kidney (Ubiquitous) Metabolic Disorde::s

GCNF M/H Testes, Ovary Infertility

ERRa,B M Placenta, Bone Infertility, Osteoporosis

FXR D Liver, Kidney Metabolic Disorders

CARa H Liver, Kidney Metabolic Disorders

PXR H Liver, Intestine Metabolic Disorders

The present invention thus provides methods for the treatment of NHR-
associated conditions, comprising the step of administering to a subject in need
thmeofatleastonecompomdoffonnulalinmmounteffecﬁveﬂtmfor. Other
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therapeutic agents such as those described below may be employed with the inventive
compounds in the present methods (for example, separately, or formulated together as
a fixed dose). In the methods of the present invention, such other therapeutic agent(s)
can be administered prior to, simultaneously with or following the administration of
the compound(s) of the present invention.

The present invention also provides pharmaceutical compositions comprising
at least one of the compounds of the formula 1 capable of treating a NHR-associated
condition in an amount effective therefor, and a pharmaceutically acceptable carrier
(vehicle or diluent). The compositions of the present invention can contain other
therapeutic agents as described below, and can be formulated, for example, by
employing conveational solid or liquid vehicles or diluents, as well as pharmaceutical
additives of a type appropriate to the mode of desired administration (for example,
excipients, binders, preservatives, stabilizers, flavors, etc.) according to techniques
such as those well known in the art of pharmaceutical formulation.

It should be noted that the compounds of the present invention are, without
limitation as to their mechanism of action, useful in treating any of the conditions or
disorders listed or described herein such as inflammatory diseases or-cancers, or other
proliferate diseases, and in compositions for treating such conditions or disorders.
Such conditions and disorders include, without limitation, any of those described
previously, as well as those described following such as: maintenance of muscle
strength and function (e.g., in the elderly); reversal or prevention of frailty or
age-related functional decline (* ARFD™) in the elderly (e.g., sarcopenia);
treatment of catabolic side effects of glucocorticoids; prevention and/or
treatment of reduced bone mass, density or growth (e.g., osteoporosis and
osteopenia); treatment of chronic fatigue syndrome (CFS); chronic malagia;
treatment of acute fatigue syndrome and muscle loss following elective surgery
(e.g., post-surgical rehabilitation); acceleration of wound healing; accelerating
bone fracture repair (such as accelerating the recovery of hip fracture patients);
accelerating healing of complicated fractures, e.g. distraction osteogenesis; in
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joint replacement; prevention of post-surgical adhesion formation; acceleration
of tooth repair or growth; maintenance of sensory function (e.g., hearing, sight,
olefaction and taste); treatment of periodontal disease; treatment of wasting
secondary to fractures and wasting in connection with chronic obstructive
pulmonary disease (COPD), chronic liver disease, AIDS, weightlessness,
cancer cachexia, burn and traurna recovery, chronic catabolic state (e.g., coma),
eating disorders (e.g., anorexia) and chemotherapy; treatment of
cardiomyopathy; treatment of thrombocytopenia; treatment of growth
retardation in connection with Crohn’s disease; treatment of short bowel
syndrome; treatment of irritable bowel syndrome; treatment of inflammatory
bowel disease; treatment of Crohn’s disease and ulcerative colits; treatment of
complications associated with transplantation; treatment of physiological short

. stature including growth hormone deficient children and short stature

associated with chronic illness; treatment of obesity and growth retardation
associated with obesity; treatment of anorexia (e.g., associated with cachexia or
aging); treatment of hypercortisolism and Cushing’s syndrome; Paget’s disease;
treatment of osteoarthritis; induction of pulsatile growth hormone release;
treatment of osteochondrodysplasias; treatment of depression, nervousness,
irritability and stress; treatment of reduced mental energy and low self-esteem
(e.g., motivation/assertiveness); improvement of cognitive function (e.g., the
treatment of dementia, including Alzheimer's disease and short term memory
loss); treatment of catabolism in connection with pulmonary dysfunction and
ventilator dependency; treatment of cardiac dysfunction (e.g., associated with
valvular disease, myocardial infarction, cardiac hypertrophy or congestive heart
failure); lowering blood pressure; protection against ventricular dysfunction or
preveation of reperfusion events; treatment of adults in chronic dialysis;
reversal or slowing of the catabolic state of aging; attenuation or reversal of
protein catabolic responses following trauma (e.g., reversal of the catabolic
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state associated with surgery, congestive heart failure, cardiac myopathy, burns,
cancer, COPD etc.); reducing cachexia and protein loss due to chronic illness
such as cancer or AIDS; treatment of hyperinsulinemia including
nesidioblastosis; treatment of immunosuppressed patients; treatment of wasting
in connection with multiple sclerosis or other neurodegenerative disorders;
promotion of myelin repair; maintenance of skin thickness; treatment of
metabolic homeostasis and renal homeostasis (e.g., in the frail elderly);
stimulation of osteoblasts, bone remodeling and cartilage growth; regulation of
food intake; treatment of insulin resistance, including NIDDM, in mammals
(e.g., humans); treatment of insulin resistance in the heart; improvement of
sleep quality and correction of the relative hyposomatotropism of senescence
due to high increase in REM sleep and a decrease in REM latency; treatment of
hypothermia; treatment of congestive heart failure; treatment of lipodystrophy
(e.g., in patients taking HIV or AIDS therapies such as protease inhibitors);
treatment of muscular atrophy (e.g., due to physical inactivity, bed rest or
reduced weight-bearing conditions); treatment of musculoskeletal impairment
(e.g., in the elderly); improvement of the overall pulmonary function; treatment
of sleep disorders; and the treatment of the catabolic state of prolonged critical
iliness; treatment of hirsutism, acne, seborrhea, androgenic alopecia, anemia,
hyperpilosity, benign prostate hypertrophy, adenomas and neoplasies of the
prostate (e.g., advanced metastatic prostate cancer) and malignant tumor cells
containing the androgen receptor, such as is the case for breast, brain, skin,
ovarian, bladder, lymphatic, liver and kidney cancers; cancers of the skin,
pancreas, endometrium, lung and colon; osteosarcoma; hypercalcemia of
malignancy; metastatic bone disease; treatment of spermatogenesis,
endometriosis and polycystic ovary syndrome; conteracting preeclampsia,
eclampsia of pregnancy and preterm labor; treatment of premenstrual

syndrome; treatment of vaginal dryness; age related decreased testosterone
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levels in men, male menopause, hypogonadism, male hormone replacement,
male and female sexual dysfunction (e.g., erectile dysfunction, decreased sex
drive, sexual well-being, decreased libido), male and female contraception, hair
loss, Reaven’s Syndrome and the enhancement of bone and muscle
performance/strength; and the conditions, diseases, and maladies collectively
referenced to as "Syndrome X" or Metabolic Syndrome as detailed in
Johannsson J. Clin. Endocrinol. Metab., 82, 727-34 (1997).

The present compounds have therapeutic utility in the modulation of immune
cell activation/proliferation, e.g., a8 competitive inhibitors of intercellular
ligand/receptor binding reactions involving CAMs (Cellular Adhesion Molecules) and
Leukointegrins. For example, the present compounds modulate LFA-ICAM 1, and
are particularly useful as LFA-ICAM 1| antagonists, and in the treatment of all
conditions associated with LFA-ICAM 1 such as immunological disorders. Preferred -
utilities for the present compounds include, but are not limited to: inflammatory
conditions such as those resulting from a response of the non-specific immune system
in a mammal (e.g., adult respiratory distress syndrome, shock, oxygen toxicity,
multiple organ injury syndrome secondary to septicemia, multiple organ injury
syndrome secondary to trauma, reperfusion injury of tissue due to cardiopulmonary
bypass, myocardial infarction or use with thrombolysis agents, acute
glomerulonephritis, vasculitis, reactive arthritis, dermatosis with acute inflammatory
components, stroke, thermal injury, hemodialysis, leukapheresis, ulcerative colitis,
necrotizing enterocolitis and granulocyte transfusion associated syndrome) and
conditions resulting from a response of the specific immune system in 8 mammal
(e.g., psoriasis, organ/tissue transplant rejection, graft vs. host reactions and
autoimmune diseases including Raynaud's syndrome, autoimmune thyroiditis,
dermatitis, multiple sclerosis, rheumatoid arthritis, insulin-dependent diabetes
mellitus, uveitis, inflammatory bowel disease including Crohn's disease and ulcerative
colitis, and systemic lupus erythematosus). The present compounds can be used in
treating asthma or as an adjunct to minimize toxicity with cytokine therapy in the )
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treatment of cancers. The present compounds can be employed in the treatment of all
diseases currently trestable through steroid therapy. The present compounds may be
employed for the treatment of these and other disorders alone or with other
immunosuppressive or antiinflammatory agents. In accordance with the invention, a
compound of the formula I can be administered prior to the onset of inflammation (so
as to suppress an anticipated inflammation) or after the initiation of inflammation.
‘When provided prophylactically, the immmosup.tessive compound(s) are preferably
provided in advance of any inflammatory response or symptom (for example, prior to,
at, or shortly after the time of an organ or tissue transplant but in advance of any
symptoms or organ rejection). The prophylactic administration of a compound of the
formula I prevents or attenuates any subsequent inflammatory response (such as, for
example, rejection of a transplanted organ or tissue, etc.) Administration of a
compound of the formula I attenuates any actual inflammation (such as, for example,
the rejection of a transplanted organ or tissue).

The compounds of the formula I can be administered for any of the uses
described herein by any suitable means, for example, orally, such as in the form of
tablets, capsules, granules or powders; sublingually; bucally; parenterally, such as by
subcutaneous, intravenous, intramuscular, or intrasternal injection or infusion
techniques (e.g., as sterile injectable aqueous or non-aqueous solutions or
suspensions); nasally, including administration to the nasal membranes, such as by
inhalation spray; topically, such as in the form of a cream or ointment; or rectally such
as in the form of suppositories; in dosage unit formulations containing non-toxic,
pharmaceutically acceptable vehicles or diluents. The present compounds can, for
example, be administered in a form suitable for immediate release or extended
release. Immediate release or extended release can be achieved by the use of suitable
pharmaceutical compositions comprising the present compounds, or, particularly in
the case of extended release, by the use of devices such as subcutaneous implants or
osmotic pumps. The present compounds can also be administered liposomally.

Exemplary compositions for oral administration include suspensions which
can contain, for example, microcrystalline cellulose for imparting bulk, alginic acid or
sodium alginate as a suspending agent, methyicellulose as a viscosity enhancer, and
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sweeteners or flavoring agents such as those known in the art; and immediate release
tablets which can contain, for example, microcrystalline cellulose, dicalcium
phosphate, starch, magnesium stearate and/or lactose and/or other excipients, binders,
extenders, disintegrants, diluents and lubricants such as those known in the art. The
compounds of formula I can also be delivered through the oral cavity by sublingual
and/or buccal administration. Molded tablets, compressed tablets or freeze-dried
tablets are exemplary forms which may be used. Exemplary compositions include
those formulating the present compound(s) with fast dissolving diluents such as
mannitol, lactose, sucrose and/or cyclodextrins. Also included in such formulations
may be high molecular weight excipients such as celluloses (avicel) or polyethylene
glycols (PEG). Such formulations can also include an excipient to aid mucosal
adhesion such as hydroxy propyl cellulose (HPC), hydroxy propyl methyl cellulose
(HPMC), sodium carboxy methyi cellulose (SCMC), maleic anhydride copolymer
(e.g., Gantrez), and agents to control release such as polyacrylic copolymer (e.g.
Carbopol 934). Lubricants, glidants, flavors, coloring agents and stabilizers may also
be added for ease of fabrication and use.

Exemplary compositions for nasal aerosol or inhalation administration include
solutions in saline which can contain, for example, benzyl alcohol or other suitable
preservatives, absorption promoters to enhance bioavailability, and/or other
solubilizing or dispersing agents such as those known in the art.

Exemplary compositions for parenteral administration include injectable
solutions or suspensions which can contain, for example, suitable non-toxic,
pearenterally acceptable diluents or solvents, such as mannitol, 1,3-butanediol, water,
Ringer’s solution, an isotonic sodium chloride solution, or other suitable dispersing or
wetting and suspending agents, including synthetic mono- or diglycerides, and fatty
acids, including oleic acid, or Cremaphor.

Exemplary compositions for rectal administration include suppositories which
can contain, for example, a suitable non-imritating excipient, such as cocoa butter,
synthetic glyceride esters or polyethylene glycols, which are solid at ordinary
temperatures, but liquify and/or dissolve in the rectal cavity to release the drug.
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Exemplary compositions for topical administration include a topical carrier
such as Plastibase (mineral oil gelled with polyethylene).

The effective amount of a compound of the present invention can be
determined by one of ordinary skill in the art, and includes exemplary dosage amounts
for a adult human of from about 1 to 100 (for example, 15) mg/kg of body weight of
active compound per day, which can be administered in a single dose or in the form of
individual divided doses, such as from 1 to 4 times per day. It will be understood that
the specific dose level and frequency of dosage for any particular subject can be
varied and will depend upon a variety of factors including the activity of the specific
compound employed, the metabolic stability and length of action of that compound, _
the species, age, body weight, general health, sex and diet of the subject, the mode
and time of administration, rate of excretion, drug combination, and severity of the
particular condition. Preferred subjects for treatment include animals, most preferably
mammalian species such as humans, and domestic animals such as dogs, cats and the
like, subject to NHR-associated conditions.

As mentioned above, the compounds of the present invention can be employed
alone or in combination with each other and/or other suitable therapeutic agents useful
in the treatment of NHR-associated conditions, e.g., an antibiotic or other
pharmaceutically active material.

For example, the compomds of the present invention can be combined with
growth promoting agents, such as, but not limited to, TRH, diethyistilbesterol,
theophylline, enkephalins, E series prostaglandins, compounds disclosed in U.S.

Patent No. 3,239,345, e.g., zeranol, and compounds disclosed in U.S. Patent No.
4,036,979, e.g., sulbenox or peptides disclosed in U.S. Patent No. 4,411,890.

The compounds of the invention can also be used in combination with
growth hormone secretagogucs such as GHRP-6, GHRP-1 (as described in U.S.

Patent No. 4,411,890 and publications WO 89/07110 and WO 89/07111), GHRP-2 (as
described in WO 93/04081), NN703 (Novo Nordisk), LY444711 (Lilly), MK-677
(Merck), CP424391 (Pfizer) and B-HT920, or with growth hormone releasing factor
and its analogs or growth hormone and its analogs or somatomedms including IGF-1
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and IGF-2, or with alpha-adrenergic agonists, such as clonidine or serotinin 5-HT),
agonists, such as sumatriptan, or agents which inhibit somatostatin or its release, such
as physostigmine and pyridostigmine. A still further use of the disclosed compounds
of the invention is in combination with parathyroid hormone, PTH(1-34) or
bisphosphonates, such as MK-217 (alendronate).

A still further use of the compounds of the invention is in combination with
estrogen, testosterone, a selective estrogen receptor modulator, such as tamoxifen or
raloxifene, or other androgen receptor modulators, such as those disclosed in
Edwards, J. P. et al., Bio. Med. Chem. Let., 9, 1003-1008 (1999) and Hamann, L. G. et
al., J. Med, Chem., 42, 210-212 (1999).

A further use of the compounds of this invention is in combination with
progesterone receptor agonists (“PRA"), such as levonorgestrel, medroxyprogesterone
acetate (MPA).

The compounds of the present invention can be employed alone or in
combination with each other and/or other modulators of nuclear hormone receptors or
other suitable therapeutic agents useful in the treatment of the aforementioned
disorders including: anti-diabetic agents; anti-ostcoporosis agents; anti-obesity
agents; anti-inflammatory agents; anti-anxiety agents; anti-depressants; anti-
hypertensive agents; anti-platelet agents; anti-thrombotic and thrombolytic agents;
cardiac glycosides; cholesterol/lipid lowering agents; mineralocorticoid receptor
antagonists; phospodiesterase inhibitors; protein tyrosine kinase inhibitors; thyroid
mimetics (including thyroid receptor agonists); anabolic agents; HIV or AIDS
therapies; therapies useful in the treatment of Alzheimer’s discase and other cognitive
disorders; therapies useful in the treatment of sleeping disorders; anti-proliferative
agents; and anti-tumor agents.

Examples of suitable anti-diabetic agents for use in combination with the
compounds of the present invention include biguanides (e.g., metformin), glucosidase
inhibitors (e.g,. acarbose), insulins (including insulin secretagogues or insulin



10

15

20

LDO0192 PCT

sensitizers), meglitinides (e.g., repaglinide), sulfonylureas (¢.g., glimepiride,
glyburide and glipizide), biguanide/glyburide combinations (e.g., Glucovance®),
thiazolidinediones (e.g., troglitazone, rosiglitazone and pioglitazone), PPAR-alpha
agonists, PPAR-gamma agonists, PPAR alpha/gamma dual agonists, SGLT2
inhibitors, glycogen phosphorylase inhibitors, inhibitors of fatty acid binding protein
(aP2) such as those disclosed in U.S. Serial No. 09/519,079 filed March 6, 2000,
glucagon-like peptide-1 (GLP-1), and dipeptidyl peptidase IV (DP4) inhibitors.
Examples of suitable anti-osteoporosis agents for use in combination with the
compounds of the present invention include alendronate, risedronate, PTH, PTH
fragment, raloxifene, calcitonin, steroidal or non-steroidal progesterone receptor
agonists, RANK ligand antagonists, calcium sensing receptor antagonists, TRAP
inhibitors, selective estrogen receptor modulators (SERM), estrogen and AP-1

. inhibitors.

Examples of suitable anti-obesity agents for use in combination with the
compounds of the present invention include aP2 inhibitors, such as those disclosed in
U.S. Serial No. 09/519,079 filed March 6, 2000, PPAR gamma antagonists, PPAR
delta agonists, beta 3 adrenergic agonists, such as AJ9677 (Takeda/Dainippon),
L750355 (Merck), or CP331648 (Pfizer) or other known beta 3 agonists as disclosed
in U.S. Patent Nos. 5,541,204, 5,770,615, 5,491,134, 5,776,983 and 5,488,064, a
lipase inhibitor, such as orlistat or ATL-962 (Alizyme), a serotonin (and dopamine)
reuptake inhibitor, such as sibutramine, topiramate (Johnson & Johnson) or axokine
(Regeneron), a thyroid receptor beta drug, such as a thyroid receptor ligand as
disclosed in WO 97/21993 (U. Cal SF), WO 99/00353 (KaroBio) and GB98/284425
(KaroBio), and/or an anorectic agent, such as dexamphetamine, phentermine,
phenylpropanolamine or mazindol.

Examples of suitable anti-inflammatory agents for use in combination with the
compounds of the present invention include prednisone, dexamethasone, Enbrel®,
cyclooxygenase inhibitors (i.e., COX-1 and/or COX-2 inhibitors such as NSAIDs,
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aspirin, indomethacin, ibuprofen, piroxicam, Naproxen , Celebrex , Vioxx ),
CTLA4-Ig agonists/antagonists, CD40 ligand antagonists, IMPDH inhibitors, such as
mycophenolate (CellCept®) integrin antagonists, alpha-4 beta-7 integrin antagonists,
cell adhesion inhibitors, interferon gamma antagonists, ICAM-1, tumor necrosis
factor (TNF) antagonists (e.g., infliximab, OR1384), prostaglandin synthesis
inhibitors, budesonide, clofazimine, CNI-1493, CD4 antagonists (e.g., priliximab),
P38 mitogen-activated protein kinase inhibitors, protein tyrosine kinase (PTK)
inhibitors, IKK inhibitors, and therapies for the treatment of irritable bowel syndrome
(e.8., Zelmac® and Maxi-K® openers such as those disclosed in U.S. Patent No.
6,184,231 B1).

Example of suitable anti-anxiety agents for use in combination with the
compounds of the present invention include diazepam, lorazepam, buspirone,
oxazepam, and hydroxyzine pamoate.

Examples of suitable anti-depressants for use in combination with the
compounds of the present invention include citalopram, fluoxetine, nefazodone,
scrtraline, and paroxetine.

Examples of suitable anti-hypertensive agents for use in combination with the
compounds of the present invention include beta adrenergic blockers, calcium channel
blockers (L-type and T-type; ¢.g. diltiazem, verapamil, nifedipine, amlodipine and
mybefradil), diuretics (e.g., chlorothiazide, hydrochlorothiazide, flumethiazide, .
hydroflumethiazide, bendroflumethiazide, methylchlorothiazide, trichloromethiazide,
polythiazide, benzthiazide, ethacrynic acid tricrynafen, chlorthalidone, furosemide,
musolimine, bumetanide, triamtrenene, amiloride, spironolactone), renin inhibitors,
ACE inhibitors (¢.g., captopril, zofenopril, fosinopril, enalapril, ceranopril, cilazopril,
delapril, pentopril, quinapril, ramipril, lisinopril), AT-1 receptor antagonists (¢.g.,
losartan, irbesartan, valsartan), ET receptor antagonists (e.g., sitaxsentan, atrsentan
and compounds disclosed in U.S. Patent Nos. 5,612,359 and 6,043,265), Dual ET/AII
antagonist (e.g., compounds disclosed in WO 00/01389), neutral endopeptidase (NEP)
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inhibitors, vasopepsidase inhibitors (dual NEP-ACE inhibitors) (e.g., omapatrilat
gemopatrilat), and nitrates.

Examples of suitable anti-platelet agents for use in combination with the
compounds of the present invention include GPIIb/IIIa blockers (e.g., abciximab,
eptifibatide, tirofiban), P2Y'12 antagonists (e.g., clopidogrel, ticlopidine, CS-747),
thromboxane receptor antagonists (e.g., ifetroban), aspirin, and PDE-III inhibitors
(e.g., dipyridamole) with or without aspirin.

Examples of suitable cardiac glycosides for use in combination with the
compounds of the present invention include digitalis and ouabain.

Examples of suitable cholesterol/lipid lowering agents for use in combination
with the compounds of the present invention include HMG-CoA reductase inhibitors
(eg., pravnst:lm, lovastatin, atorvastatin, simvastatin, NK-104 (a_k.a. itavastatin, or
nisvastatin or nisbastatin) and ZD-4522 (a_k.a. rosuvastatin, or atavastatin or
visastatin}), squalene synthetase inhibitors, fibrates, bile acid sequestrants, ACAT
inhibitors, MTP inhibitors, lipooxygenase inhibitors, cholesterol absorption inhibitors,
and cholesterol ester transfer protein inhibitors (e.g., CP-529414).

Examples of suitable mineralocorticoid receptor antagonists for use in
combination with the compounds of the present invention include spironolactone and
eplerinone.

Examples of suitable phospodiesterase inhibitors for use in combination with
the compounds of the present invention include PDEII inhibitors such as cilostazol,
and PDE V inhibitors such as sildenafil.

Examples of suitable thyroid mimetics for use in combination with the
compounds of the present invention include thyrotropin, polythyroid, KB-130015,
and dronedarone.

Examples of suitable anabolic agents for use in combination with the
compounds of the present invention include testosterone, TRH diethylstilbesterpl,
estrogens, f-agonists, theophylline, anabolic steroids, dehydroepiandrosterone,
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enkephelins, E-series prostagladins, retinoic acid and compounds as disclosed in U.S.
Pat. No. 3,239,345, e.g., Zeranol®; U.S. Patent No. 4,036,979, e.g., Sulbenox® or
peptides as disclosed in U.S. Pat. No. 4,411,890.

Examples of suitable HIV or AIDS therapies for use in combination with the
compounds of the present invention include indinavir sulfate, saquinavir, saquinavir
mesylate, ritonavir, lamivudine, zidovudine, luniﬁdindzidovud.ine combinations,
zalcitabine, didanosine, stavudine, and megestrol acetate.

Examples of suitable therapies for treatment of Alzheimer's disease and
cognitive disorders for use in combination with the compounds of the present
invention include donepezil, tacrine, revastigmine, SHT6, gamma secretase inhibitors,
beta secretasc inhibitors, SK channe] blockers, Maxi-K blockers, and KCNQs

" blockers.

Examples of suitable therapies for treatment of sleeping disorders for use in
combination with the compounds of the present invention include melatonin analogs,
melatonin receptor antagonists, ML.1B agonists, and GABA/NMDA receptor
antagonists. '

Examples of suitable anti-proliferative agents for use in combination with the
compounds of the present invention include cyclosporin A, paclitaxel, FK 506, and

_ Examples of suitable anti-tumor agents for use in combination with the
compounds of the present invention include paclitaxel, adriamycin, epothilones,
cisplatin and carboplatin.

Compounds of the present invention can further be used in combination with
nutritional supplements such as those described in U.S. 5,179,080, especially in
combination with whey protein or casin, amino acids (such as leucine, branched
amino acids and hydroxymethylbutyrate), triglycerides, vitamins (e.g., A, B6, B12,
folate, C, D and E), minerals (e.g., selenium, magnesium, zinc, chromium, calcium
and potassium), camitine, lipoic acid, creatine, and coenzyme Q-10.
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In addition, compounds of the present invention can be used in combination
with therapeutic agents used in the treatment of sexual dysfunction, including but not
limited to PDES inhibitors, such as sildenafil or IC-351; with an antiresorptive agent,
hormone replacement therapies, vitamin D analogues, calcitonins, elemental calcium
and calcium supplements, cathepsin K inhibitors, MMP inhibitors, vitronectin
receptor antagonists, Src SH, antagonists, vacular ~H'- ATPase inhibitors,
progesterone receptor agonists, ipriflavone, fluoride, RANK antagonists, PTH and its
analogues and fragments, Tibolone, HMG-CoA reductase inhibitors, SERM’s, p38
inhibitors, prostanoids, 17-beta hydroxysteroid dehydrogenase inhibitors and Src
kinase inhibitors.

Compounds of the present invention can be used in combination with male
contraceptives, such as nonoxynol 9 or therapeutic agents for the treatment of hair
loss, such as minoxidil and finasteride or chemotherapeutic agents, such as with
LHRH agonists.

For their preferred anticancer or antiangiogenic use, the compounds of the
present invention can be administered either alone or in combination with other anti-
cancer and cytotoxic agents and treatments useful in the treatment of cancer or other
proliferative diseases, for example, where the second drug has the same or different
mechanism of action than the present compounds of formula I. Examples of classes
of anti-cancer and cytotoxic agents useful in combination with the present compounds
include but are not limited to: alkylating agents such as nitrogen mustards, alkyl
sulfonates, nitrosoureas, cthylenimines, and triazenes; antimetabolites such as folate
antagonists, purine analogues, and pyrimidine analogues; antibiotics such as
anthracyclines, bleomycins, mitomycin, dactinomycin, and plicamycin; enzymes such
as L-asparaginase; farnesyl-protein transferase inhibitors; Sa reductase inhibitors;
inhibitors of 17p-hydroxy steroid dehydrogenase type 3; hormonal agents such as
glucocorticoids, estrogens/ antiestrogens, androgens/ antiandrogens, progestins, and
luteinizing hormone-releasing hormone antagonists, octreotide acetate; microtubule-
disruptor agents, such as ecteinascidins or the:r analogs and derivatives; microtubule-
stabilizing agents such as taxanes, for example, paclitaxel (Taxol®), docctaxel
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(Taxotere®), and their analogs, and epothilones, such as epothilones A-F and their
analogs; plant-derived products, such as vinca alkaloids, epipodophyllotoxins,
taxanes; and topiosomerase inhibitors; prenyl-protein transferase inhibitors; and
miscelianeous agents such as hydroxyurea, procarbazine, mitotane,
hexamethylmelamine, platinum coordination complexes such as cisplatin and
carboplatin; and other agents used as anti-cancer and cytotoxic agents such as
biological response modifiers, growth factors; immune modulators and monoclonal
antibodies. The compounds of the invention may also be used in conjunction with
radiation therapy.

Representative examples of these classes of anti-cancer and cytotoxic agents '
include but are not limited to mechlorethamine hydrochloride, cyclophosphamide,
chlorambucil, melphalan, ifosfamide, busulfan, carmustin, lomustine, semustine,
streptozocin, thiotepa, dacarbazine, methotrexate, thioguanine, mercaptopurine,
fludarabine, pentastatin, cladribin, cytarsbine, fluorouracil, doxorubicin
hydrochloride, daunorubicin, idarubicin, bleomycin sulfate, mitomycin C,
actinomycin D, safracins, saframycins, quinocarcins, discodermolides, vincristine,
vinblastine, vinorelbine tartrate, etoposide, etoposide phosphate, teniposide,
paclitaxel, tamoxifen, estramustine, estramustine phosphate sodium, flutamide,
buserelin, leuprolide, pteridines, diyneses, levamisole, aflacon, interferon,
interleukins, aldesleukin, filgrastim, sargramostim, rituximab, BCG, tretinoin,
irinotecan hydrochloride, betamethosone, gemcitabine hydrochloride, altretamine, and
topoteca and any analogs or derivatives thereof.

Preferred member of these classes include, but are not limited to, paclitaxel,
cisplatin, carboplatin, doxorubicin, carminomycin, dmmorubicin, aminopterin,
methotrexate, methopterin, mitomycin C, ecteinascidin 743, or porfiromycin, 5-
fluorouracil, 6-mercaptopurine, gemcitabine, cytosine arabinoside, podophyllotoxin or
podophyllotoxin derivatives such as etoposide, etoposide phosphate or teniposide,
melphalan, vinblastine, vincristine, leurosidine, vindesine and leurosine.

Examples of anticancer and other cytotoxic agents include the following:
epothilone derivatives as found in German Patent No. 4138042.8; WO 97/19086, WO
98/22461, WO 98/25929, WO 98/38192, WO 99/01124, WO 99/02224, WO
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99/02514, WO 99/03848, WO 99/07692, WO 99/27890, WO 99/28324, WO
99/43653, WO 99/54330, WO 99/54318, WO 99/54319, WO 99/65913, WO
99/67252, WO 99/67253 and WO 00/00485; cyclin dependent kinase inhibitors as
found in WO 99/24416 (see also U.S. Patent No. 6,040,321); and prenyl-protein
transferase inhibitors as found in WO 97/30992 and WO 98/54966; and agents such
as those described generically and specifically in U.S. Patent No. 6,011,029 (the
compounds of which U.S. Patent can be employed together with any NHR modulators
(including, but not limited to, those of present invention) such as AR modulators, ER
modulators, with LHRH modulators, or with surgical castration, especially in the
treatment of cancer).
" The combinations of the present invention can also be formulated or co-
administered with other therapeutic agents that are selected for their particular
usefulness in administering therapies associated with the aforementioned conditions.
For example, the compounds of the invention may be formulated with agents to
prevent nausea, hypersensitivity and gastric irritation, such as antiemetics, and H, and
H, antihistaminics.

As it pertains to the treatment of cancer, the compounds of this invention are
most preferably used alone or in combination with anti-cancer treatments such as
radiation therapy and/or with cytostatic and/or cytotoxic agents, such as, but not
limited to, DNA interactive agents, such as cisplatin or doxorubicin; inhibitors of
farnesyl protein transferase, such as those described in U.S. Patent No. 6,011,029;
topoisomerase Il inhibitors, such as etoposide; topoisomerase I inhibitors, such as
CPT-11 or topotecan; tubulin stabilizing agents, such as paclitaxel, docetaxel, other
taxanes, or epothilones; hormonal agents, such as tamoxifen; thymidilate synthase
inhibitors, such as 5-fluorouracil, antimetabolites, such as methoxtrexate;
antiangiogenic agents, such as angiostatin, ZD6474, ZD6126 and comberstatin A2;
kinase inhibitors, such as her2 specific antibodies, Iressa and CDK inhibitors; histone
deacetylase inhibitors, such as CI-994 and MS-27-275. Such compounds may also be
combined with agents which suppress the production of circulating testosterone such
as LHRH agonists or antagonists or with surgical castration.
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For example, known therapies for advanced metastatic prostate cancer include
"complete androgen eblation therapy" wherein tumor growth is inhibited by
controlling the supply of androgen to the prostate tissues via chemical castration
(castration serves to inhibit the production of circulating testosterone (T) and
dihydrotestosterone (DHT)) followed by the administration of androgen receptor
(AR) antagonists (which inhibit the function T/DHT derived from the conversion of
circulating androgen precursors to T/DHT by the prostate tissue). The compounds of
the present invention can be employed as AR antagonists in complete ablation
therapy, alone or in combination with other AR antagonists such as Flutamide,
Casodex, Nilutamide, or Cyproterone acetate,

The compounds of the present invention may be employed adjuvant to
surgery.

Another application of the present compounds is in combination with antibody
therapy such as but not limited to antibody therapy against PSCA. An additional
application is in concert with vaccine / immune modulating agents for the treatment of
Cancer.

Compounds of the present invention can be employed in accordance with the
methods described in U.S. Provisional Patent Application Serial No. 60/284,438,
entitled “Selective Androgen Receptor Modulators and Methods for Their
Identification, Design and Use™ filed April 18, 2001 by Mark E. Salvati et al.
(Attorney Docket No. LD0250(PSP)), which Provisional Patent Application is
incorporated herein by reference in its entirety (including, but not limited to, reference
to all specific compounds within formula I of the present invention), and U.S. Patent
Application Serial No. ____ (unassigned), entitled “Selective Androgen Receptor
Modulators and Methods for Their Identification, Design and Use” filed June 20,

2001 by Mark E. Salvati et al. (Attorney Docket No. LD0250(NP)), which Patent
Application is incorporated herein by reference in its entirety (including, but not
limited to, reference to all specific compounds within formula I of the present
invention).

For racemates of compounds of the present invention, one enantiomer can, for
example be a full AR antagonist while the other can be an AR antagonist in tumor
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tissue while having no activity or agonist activity in nontumor tissue containing the
androgen receptor.

The above other therapeutic agents, when employed in combination with the
compournxis of the present invention, can be used, for example, in those amounts
indicated in the Physicians’ Desk Reference (PDR) or as otherwise determined by one
of ordinary skill in the art.

The following assays can be employed in ascertaining the activity of a
compound as a NHR modulator. Preferred are those compounds with an activity
greater than 20um for binding or transactivation in any of these assays. Various
compounds of the present invention were determined to have AR modulator activity
utilizing the transactivation assay, and standard AR binding assays as described
following.
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Transactivation Assays:

AR Specific Assay:

Compounds of the present invention were tested in transactivation assays of
a transfected reporter construct and using the endogenous androgen receptor of the
host cells. The transactivation assay provides a method for identifying functional
agonists and partial agonists that mimic, or antagonists that inhibit, the effect of native
hormones, in this case, dihydrotestosterone (DHT). This assay can be used to predict
in vivo activity as there is a good correlation in both series of data. See, e.g. T. Berger
et al., J. Steroid Biochem. Molec. Biol. 773 (1992), the disclosure of which is herein
incorporated by reference.

For the transactivation assay a reporter plasmid is introduced by
transfection (a procedure to induce cells to take foreign genes) into the respective
cells. This reporter plasmid, comprising the cDNA for a reporter protein, such as
secreted alkaline phosphatase (SEAP), controlled by prostate specific antigen (PSA)
upstream sequences containing androgen response elements (ARES). This reporter
plasmid functions as a reporter for the transcription-modulating activity of the AR.
Thus, the reporter acts as a surrogate for the products (mRNA then protein) normally
expressed by a gene under control of the AR and its native hormone. In order to
detect antagonists, the transactivation assay is carried out in the presence of constant
concentration of the natural AR hormone (DHT) known to induce a defined reporter
signal. Increasing concentrations of a suspected antagonist will decrease the reporter
signal (e.g,, SEAP production). On the other hand, exposing the transfected cells to
increasing concentrations of a suspected agonist will increase the production of the

For this assay, LNCaP and MDA 453 cells were obtained from the
American Type Culture Collection (Rockville, MD), and maintained in RPMI 1640 or
DMEM medium supplemented with 10% fetal bovine serum (FBS; Gibco)
respectively. The respective cells were transiently transfected by electroporation
according to the optimized procedure described by Heiser, 130 Methods Mol. Biol,,
117 (2000), with the pSEAP2/PSA540/Enhancer reporter plasmid. The reportet
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plasmid, was constructed as follows: commercial human placental genomic DNA was

_ used to generate by Polymerase Cycle Reaction (PCR) a fragment containing the

BgllI site (position 5284) and the Hind III site at position 5831 of the human prostate
specific antigen promoter (Accession # U37672), Schuur, et al., J. Biol. Chem., 271
(12): 7043-51 (1996). This fragment was subcloned into the pSEAP2/basic
(Clontech) previously digested with Bglll and HindIII to generate the
pSEAP2/PSA540 construct. Then a fragment bea.nng the fragment of human PSA
upstream sequence between positions —5322 and —3873 was amplified by PCR from
human placental genomic DNA. A Xhol and a BgllI sites were introduced with the
primers. The resulting fragment was subcloned into pSEAP2/PSA 540 digested with
Xhol and Bglll respectively, {0 generate the pSEAP2/PSAS540/Enbancer construct.
LNCaP and MDA 453 cells were collected in media containing 10% charcoal stripped

. FBS. Each cell suspension was distributed into two Gene Pulser Cuvetts (Bio-Rad)

which then received 8 pg of the reporter construct, and electoporated using a Bio-Rad
Gene Pulser at 210 volts and 960 uFaraday. Following the transfections the cells
were washed and incubated with media containing charcoal stripped fetal bovine
serum in the absence (blank) or presence (control) of 1 nM dihydrotestosterone (DHT;
Sigma Chemical) and in the presence or absence of the standard anti-androgen
bicalutamide or compounds of the present invention in concentrations ranging from
10-10 to 10-S M (sample). Duplicates were used for each sample. The compound
dilutions were performed on a Biomek 2000 laboratory workstation.

After 48 hours, a fraction of the supematant was assayed for SEAP activity using the
Phospha-Light Chemiluminescent Reporter Gene Assay System (Tropix, Inc).
Viability of the remaining cells wes determined using the CellTiter 96 Aqueous Non-
Radioactive Cell Proliferation Assay (MTS Assay, Promega). Briefly, a mix of a
tetrazolium compound (3-(4,5-dimethyithiazol-2-yl)-5-(3-carboxymethoxyphenyl)- 2-
(4-sulfophenyl)-2H-tetrazolium, inner salt; MTS) and an electron coupling reagent
(phenazine methosulfate; PMS) are added to the cells. MTS (Owen's reagent) is
bioreduced by cells into a formazan that is soluble in tissue culture medium, and
therefore its absorbance at 490nm can be measured directly from 96 well assay plates
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without additional processing. The quantity of formazan product as measured by the
amount of 490nm absorbance is directly proportional to the number of living cells in
culture. For each replicate the SEAP reading was normalized by the Abs490 value
derived from the MTS assay. For the antagonist mode, the % Inhibition was
calculated as:

% Inhibition = 100 x ( 1 — [average control — average blank / average sample —
average blank ])

Data was plotted and the concentration of compound that inhibited 50% of the
normalized SEAP was quantified (IC).

For the agonist mode % Control was referred as the effect of the tested compound
compared to the maximal effect observed with the natural hormone, in this case DHT,
and was calculated as:

% Control = 100 x average sample — average blank/ average control — average blank

Data was plotted and the concentration of compound that activates to levels 50% of
the normalized SEAP for the control was quantified (EC,,).

GR Speclficity Assay:
The reporter plasmid utilized was comprised of the cDNA for the reporter

SEAP protein, as described for the AR specific transactivation assay. Expression of
the reporter SEAP protein was controlled by the mouse mammary tumor virus long
terminal repeat (MMTV LTR) sequences that contains three hormone response
elements (HRES) that can be regulated by both GR and PR see, e.g. G. Chalepakis et
al., Cell, 53(3), 371 (1988). This plasmid was transfected into A549 cells, which
expresses endogenous GR, to obtain a GR specific transactivation assay. AS49 cells
were obtained from the American Type Culture Collection (Rockville, MD), and
maintained in RPMI 1640 supplemented with 10% fetal bovine serum (FBS; Gibco).

80



10

15

20

LDO0192 PCT @9

Determination of the GR specific antagonist activity of the compounds of the present
invention was identical to that described for the AR specific transactivation assay,
except that the DHT was replaced with 5 nM dexamethasone (Sigma Chemicals), a
specific agonist for GR. Determination of the GR specific agonist activity of the
compounds of the present invention was performed as described for the AR
transactivation assay, wherein one measures the activation of the GR specific reporter
system by the addition of a test compound, in the absence of a known GR specific
agonists ligand.

PR Specific Assay:

The reporter plasmid utilized was comprised of the cDNA for the
reporter SEAP protein, as described for the AR specific transactivation assay.
Expression of the reporter SEAP protein was controlled by the mouse mammary
tumor virus long terminal repeat (MMTYV LTR) sequences that contains three
hormone response elements (HRES) that can be regulated by both GR and PR. This
plasmid was transfected into T47D, which expresses endogenous PR, to obtain a PR
specific transactivation assay. T47D cells were obtained from the American Type
Culture Collection (Rockville, MD), and maintained in DMEM medium
supplemented with 10% fetal bovine serum (FBS; Gibco). Determination of the PR
specific antagonist activity of the compounds of the present invention was identical to
that described for the AR specific transactivation assay, except that the DHT was
replaced with 1 nM Promegastone (NEN), a specific agonist for PR. Determination of
the PR specific agonist activity of the compounds of the present invention was
performed as described for the AR transactivation assay, wherein one measures the
activation of the PR specific reporter system by the addition of a test compound, in
the absence of a known PR specific agonists ligand.

AR Binding Assay:

For the whole cell binding assay, human LNCaP cells (T877A mutant AR) or
MDA 453 (wild type AR) in 96-well microtiter plates containing RPMI 1640 or
DMEM supplemented with 10% charcoal stripped CA-FBS (Cocaleco Biologicals)
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respectively, were incubated at 37°C to remove any endogenous ligand that might be
complexed with the receptor in the cells. After 48 hours, either a saturation analysis
to determine the K, for tritiated dihydrotestosterone, [’H}-DHT, or a competitive
binding assay to evaluate the ability of test compounds to compete with [*H]-DHT
were performed. For the saturation analysis, media (RPMI 1640 or DMEM - 0.2%
CA-FBS) containing [*H]-DHT (in concentrations ranging from 0.1 nM to 16 nM) in
the absence (total binding) or presence (non-specific binding) of a 500-fold molar
excess of unlabeled DHT were added to the cells. After 4 hours at 37°C, an aliquot of
the total binding media at each concentration of [’"H}-DHT was removed to estimate
the amount of free [’H)-DHT. The remaining media was removed, cells were washed
three times with PBS and harvested onto UniFilter GF/B plates (Packard), Microscint
(Packard) was added and plates counted in a Top-Counter (Packard) to evaluate the
amount of bound [*H]-DHT.

For the saturation analysis, the difference between the total binding and the
non-specific binding, was defined as specific binding. The specific binding was
evaluated by Scatchard analysis to determine the K, for [’H]-DHT. Seee.g. D.
Rodbard, Mathematics and statistics of ligand assays: an illustrated guide: In: J.
Langon and J. J. Clapp, eds., Ligand Assay, Masson Publishing U.S.A., Inc., New
York, pp. 45-99, (1981), the disclosure of which is herein incorporated by reference.

For the competition studies, media containing 1 nM [*H]-DHT and
compounds of the invention ("test compounds") in concentrations ranging from 10™*°
to 10°M were added to the cells. Two replicates were used for each sample. After 4
hours at 37°C, celis were washed, harvested and counted as described above. The data
was plotted as the amount of [’H]-DHT (% of control in the absence of test
compound) remaining over the range of the dose response curve for a given
compound. The concentration of test compound that inhibited 50% of the amount of
[*H]-DHT bound in the absence of competing ligand was quantified (ICy,) after log-
logit transformation. The K, valucs were determined by application of the Cheng-
Prusoff equation to the IC,, values, where:

K~ ICx :
(1 + CH-DHT) / K, for *H-DHT)
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After correcting for non-specific binding, IC,, values were determined. The IC,, is
defined as the concentration of competing ligand needed to reduce specific binding by
50%. The K;s for [PH)-DHT for MDA 453 and LNCaP were 0.7 and 0.2 nM
respectively.

Human Prostate Cell Proliferation Assay:

Compounds of the present invention were tested ("test compounds™) on the
proliferation of human prostate cancer cell lines. For that, MDA PCa2b cells, a cell
line derived from the metastasis of a patient that failed castration, Navone et al., Clin.
Cancer Res., 3, 2493-500 (1997), were incubated with or without the test compounds
for 72 hours and the amount of [*H]-thymidine incorporated into DNA was quantified
as a way to assess number of cells and therefore proliferation. The MDA PCa2b cell
line was maintained in BRFF-HPC1 media (Biological Research Faculty & Facility
Inc., MD) supplemented with 10% FBS. For the assay, cells were plated in Biocoated
96-well microplates and incubated at 37°C in 10% FBS (charcoal-stripped)/BRFF-
BMZERO (without androgens). After 24 hours, the cells were treated in the absence
(blank) or presence of 1 oM DHT (control) or with test compounds (sample) of the
present invention in concentrations ranging from 10" to 10°M. Duplicates were
used for each sample. The compound dilutions were performed on a Biomek 2000
laboratory work station. Seventy two hours later 0.44 uCi. of ["H)-Thymidine
(Amersham) was added per well and incubated for another 24 h followed by
tripsinization, harvesting of the cells onto GF/B filters. Micro-scint PS were added to
the filters before counting them on a Beckman TopCount.

The % Inhibition was calculated as:

% Inhibition = 100 x ( 1 — [average . — average .., / AVETAEE . —AVETEgE yuu])
Data was plotted and the concentration of compound that inhibited 50% of the [’H]-
Thymidine incorporation was quantified (IC,,).

C2C12 Mouse Myoblast Transactivation Assay:

Two functional transactivation assays were developed to assess the efficacy of
androgen agonists in a muscle cell background using a luciferase reporter. The first
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assay (ARTA Stable 1) uses a cell line, Stable 1 (clone #72), which stably expresses
the full length rat androgen receptor but requires the transient transfection of an
enhancer/reporter. This cell line was derived from C2C12 mouse moyoblast cells.
The second assay (ARTA Stable 2) uses a cell line, Stable 2 {clone #133), derived
from Stable 1 which stably expresses both rAR and the enhancer/luciferase reporter.
The enhancer/reporter construct used in this system is pGL3/2XDR-
1/luciferase. 2XDR-1 was reported to be an AR specific response element in CV-1
cells, Brown et. al. The Journal of Biological Chemisty 272, 8227-8235, (1997). It
was developed by random mutagenesis of an AR/GR consensus enhancer sequence.

ARTA Stable 1:

1. Stable 1 cells are plated in 96 well format at 6,000 cells/well in high glucose
DMEM without phenol red (Gibco BRL, Cat. No.: 21063-029) containing 10%
charcoal and dextran treated FBS (HyClone Cat. No.: SH30068.02), 50 mM
HEPES Buffer (Gibco BRL, Cat. No.: 15630-080), 1X MEM Na Pyruvate (Gibco
BRL, Cat. No.: 11360-070), 0.5X Antibiotic-Antimycotic, and 800 pg/ml
Geneticin (Gibco BRL, Cat. No.: 10131-035).

2. 48 hours later, cells are transfected with pGL3/2XDR-1/luciferase using
LipofectAMINE Plus™ Reagent (Gibco BRL, Cat. No.: 10964-013).
Specifically, 5 ng/well pGL3/2XDR-1/luciferase DNA and 50 ng/well Salmon
Sperm DNA (as carrier) are diluted with § pl/well Opti-MEMem media (Gibco
BRL, Cat. No.: 31985-070). To this, 0.5 pl/well Plus reagent is added. This
mixture is incubated for 15 minutes at room temperature. In a separate vessel,
0.385 pl/well Lipofect AMINE reagent is diluted with 5 pl/well Opti-MEM. The
DNA mixture is then combined with the LipofectAMINE mixture and incubated
for an additional 15 minutes at room temperature. During this time, the media
from the cells is removed and replaced with 60 ul/well of Opti-MEM. To this is
added 10 ul/well of the DNA/Lipofect AMINE transfection mixture. The cells are
incubated for 4 hours.

3. The transfection mixture is removed from the cells and replaced with 90 pl of
media as in #1 above.



10

15

20

25

LDO192 PCT q%

4. 10 pl/well of appropriate drug dilution is placed in each well.
5. 24 hours later, the Steady-Glo™ Luciferase Assay System is used to detect activity
according to the manufacturer’s instructions (Promega, Cat. No.: E2520).

ARTA stable 2

1. Stable 2 celis are plated in 96 well format at 6,000 cells/well in high glucose
DMEM without phenol red (Gibco BRL, Cat. No.: 21063-029) containing 10%
charcoal and dextran treated FBS (HyClone Cat. No.: SH30068.02), 50 mM
HEPES Buffer (Gibco BRL, Cat. No.: 15630-080), 1X MEM Na Pyruvate (Gibco
BRL, Cat. No.: 11360-070), 0.5X Antibiotic-Antimycotic, 800 ug/ml Geneticin
(Gibeco BRL, Cat. No.: 10131-035) and 800 pg/ml Hygromycin p (Gibco BRL,
Cat. No.: 10687-010). '

2. 48 hours later, the media on the cells is removed and replaced with 90 pl fresh. 10
pl/well of appropriate drug dilution is placed in each well.

3. 24 hours later, the Steady-GloTM Luciferase Assay System is used to detect
activity according to the manufacturer’s instructions (Promega, Cat. No.: E2520).

See U.S. Patent Application Serial No. ___ (unassigned), entitled “Cell Lines and
Cell-Based Assays for Identification of Androgen Receptor Modulators” filed June 20,
2001 by Jecek Ostrowski ef al. (Attorney Docket No. D0177), which Patent
Application is incorporated herein by reference in its entirety.

Proliferation Assays

Murine Breast Cell Proliferation Assay:

The ability of compounds of the present invention (“test compounds™) to
modulate the function of the AR was determined by testing said compounds in a
proliferation assay using the androgen responsive murine breast cell line derived from
the Shionogi tumor, Hiraoka ef al., Cancer Res., 47, 6560-6564 (1987). Stable AR
dependent clones of the parental Shionogi line were established by passing tumor
fragments under the general procedures originally described in Tetuo, et. al., Cancer
Research 25, 1168-1175 (1965). From the above procedure, one stable line, SCl 14,
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was isolated, characterized and utilized for the testing of example compounds. SC114
cells were incubated with or without the test compounds for 72 hours and the amount
of [3H]-thymidine incorporated into DNA was quantified as a surrogate endpoint to
assess the number of cells and therefore the proliferation rate as described in Suzuki
et. al., J. Steroid Biochem. Mol. Biol. 37, 559-567 (1990). The SC114 cell line was
maintained in MEM containing 10 M testosterone and 2% DCC-treated FCS. For
the assay, cells were plated in 96-well mia'oplates.i in the maintenance media and
incubated at 37°C. On the following day, the medium was changed to serum free
medium [Ham’s F-12:MEM (1;1, v/v) containing 0.1% BSA] with (antagonist mode)
or without (agonist mode) 10* M testosterone and the test compounds of the present
invention in concentrations ranging from 10° to 10° M. Duplicates were used for
each sample. The compound dilutions were performed on a Biomek 2000 laboratory

. work station. Seventy two hours later 0.44uCi of [3H}-Thymidine (Amersham) was

added per well and incubated for another 2 hr followed by tripsinization, and
harvesting of the cells onto GF/B filters. Micro-scint PS were added to the filters
before counting them on a Beckman TopCount.

For the antagonist mode, the % Inhibition was calculated as:

% Inhibition = 100 x ( 1 — [average ., — Bverage .., / average ., — AVETage ., 1)

Data was plotted and the concentration of compound that inhibited 50% of the [*H]-
Thymidine incorporation was quantified (IC,,).
For the agonist mode % Control was referred as the effect of the tested compound

compared to the maximal effect observed with the natural hormone, in this case DHT,
and was calculated as:

% Control = 100 x (average .., — average ,.,) (average ., — average ,.,)

Data was plotted and the concentration of compound that inhibited 50% of the [*H]-
Thymidine incorporation was quantified (EC,,).
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In Vitro Assay to Measure GR Induced AP-1 Transrepression:

The AP-1 assay is a cell based luciferase reporter assay. A549 cells,
which contain endogenous glucocorticoid receptor, were stably transfected
with an AP-1 DNA binding site attached to the luciferase gene. Celis are then
grown in RPM! + 10% fetal calf serum (charcoal-treated) +
Peniciliin/Streptomycin with 0.5mg/ml geneticin. Cells are plated the day
before the assay at approximately 40000 cslis/well. On assay day, the media
is removed by aspiration and 20 ul assay buffer (RPMI without phenol red +
10% FCS (charcoal-reated) + Pen/Strep) is added to each well. At this point
either 20 pl assay buffer (control experiments), the compounds of the present
invention (“test compounds”) (dissolved in DMSO and added at varying
concentrations) or dexamethasome (100 nM In DMSO, positive control) are
added to each well. The plates are then pre-incubated for 15 minutes at
37°C, followed by stimulation of the cells with 10 ng/ml PMA. The plates are
then incubated for 7 hrs at 37°C after which 40 pl luciferase substrate reagent
is added to each well. Activity is measured by analysis in a luminometer as
compared to control experiments treated with buffer or dexamethasome.
Activity is designated as % inhibition of the reporter system as compared to
the buffer control with 10 ng/ml PMA alone. The control, dexamethasone, at a
concentration of <10 uM typically suppresses activity by 85%. Test
compounds which demonstrate an inhibition of PMA induction of 50% or
greater at a concentration of test compound of <10 pM are deemed active.

Wet Prostate Welght Assay AR Antagonist Assay:

The activity of compounds of the present invention as AR antagonists was
investigated in an immature male rat model, a standard, recognized test of
antiandrogen activity of a given compound, as described in L. G. Hershberger et al.,
Proc. Soc. Expt. Biol. Med., 83, 175 (1953); P. C. Walsh and R. F. Gittes, “Inhibition
of extratesticular stimuli to prostate growth in the castrated rat by antiandrogens™,
Endocrinology, 86, 624 (1970); and B. J. Furr et al., “ICI 176,334: A novel non-
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steroid, peripherally selective antiandrogen”, J. Endocrinol., 113, R7-9 (1987), the
disclosures of which are herein incorporated by reference.

The basis of this assay is the fact that male sexual accessory organs, such as
the prostate and seminal vesicles, play an important role in reproductive function.
These glands are stimulated to grow and are maintained in size and secretory function
by the continued presence of serum testosterone (T), which is the major serum
androgen (>95%) produced by the Leydig cells in the testis under the control of the
pituitary luteinizing hormone (LH) and follicle stimulating hormone (FSH).
Testosterone is converted to the more active form, dihydrotestosterone, (DHT), within
the prostate by Sa-reductase. Adrenal androgens also contribute about 20% of total
DHT in the rat prostate, compared to 40% of that in 65-year-old men. F. Labrie et al.
Clin. Invest. Med., 16, 475-492 (1993). However, this is not a major pathway, since
in both animals and humans, castration leads to almost complete involution of the
prostate and seminal vesicles without concomitant adrenalectomy. Therefore, under
normal conditions, the adrenals do not support significant growth of prostate tissues.
M. C. Luke and D. S. Coffey, “The Physiology of Reproduction™ ed. By E. Knobil
and J. D. Neill, 1, 1435-1487 (1994). Since the male sex organs are the tissues most
responsive to modulation of the androgen activity, this model is used to determine the
androgen dependent growth of the sex accessory organs in immature castrated rats.

Male immature rats (19-20 days oid Sprague-Dawley, Harlan Sprague-
Dawely) were castrated under metofane ansestesia. Five days after surgery these
castrated rats (60-70g, 23-25 day-old) were dosed for 3 days. Animals were dosed
sub-cutaneously (s.c.) Img/kg with Testosterone Proprionate (TP) in arachis oil
vehicle and anti-androgen test compounds (compounds of the present invention) were
dosed orally by gavage (p.o.) in dissolved/suspensions of 80% PEG 400 and 20%
Tween 80 (PEGTW). Animals were dosed (v/w) at 0.5 ml of vehicle /100g body
weight. Experimental groups were as follows:

1. Control vehicle

2. Testosterone Propionate (TP) (3 mg/rat/day, subcutaneous)

3. TP plus Casodex (administered p.o. in PEGTW, QD) , a recognized

antiandrogen, as a refereneg compound.
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4. To demonstrate antagonist activity, a compound of the present invention
("test compound") was administered (p.o. in PEGTW, QD) with TP (s.c. as
administered in group 2) in a range of doses.

5. To demonstrate agonist activity a compound of the present invention (*“test
compound™) was administered alone (p.o.. in PEGTW, QD) in a range of
doses.

At the end of the 3-day treatment, the animals were sacrificed, and the
ventral prostate weighed. To compare data from different experiments, the sexual
organs weights were first standardized as mg per 100 g of body weight, and the
increase in organ weight induced by TP was considered as the maximurmn increase
(100%). ANOVA followed by one-tailed Student or Fischer's exact test was used
for statistical analysis.

The gein and loss of sexual organ weight reflect the changes of the cell .
number (DNA content) and cell mass (protein content), depending upon the serum
androgen concentration. See Y. Okuda et al., J. Urol., 145, 188-191 (1991), the
disclosure of which is herein incorporated by reference. Therefore, measurement of
organ wet weight is sufficient to indicate the bioactivity of androgens and androgen
antagonist. In immature castrated rats, replacement of exogenous a.ndl:ogms increases
seminal vesicles (SV) and the ventral prostate (VP) in a dose dependent manner.

The maximum increase in organ weight was 4 to 5-fold when dosing 3
mg/rat/day of testosterone (T) or I mg/rat/day of testosterone propionate (TP) for 3
days. The EC,, of T and TP were about 1 mg and 0.03 mg, respectively. The
increase in the weight of the VP and SV also correlated with the increase in the serum
T and DHT concentration. Although administration of T showed 5-times higher
serum concentrations of T and DHT at 2 hours after subcutaneous injection than that
of TP, thereafter, these high levels declined very rapidly. In contrast, the serum
concentrations of T and DHT in TP-treated animals were fairly consistent during the
24 hours, and therefore, TP showed about 10-30-fold higher potency than free T.

In this immature castrated rat model, a known AR antagonist (Casodex) was
also edministered simultaneously with 0.1 mg of TP (ED,,), inhibiting the
testosterone-mediated increase in the weights of the VP and SV in a dose dependent
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manner. The antagonist effects were similar when dosing orally or subcutaneously.
Compounds of the invention also exhibited AR antagonist activity by suppressing the
testosterone-mediated increase in the weights of VP and SV,

Levator Ani & Wet Prostate Weight Assay AR Agonist Assay:

The activity of compounds of the present invention as AR agonists was
investigated in an immature male rat model, a recognized test of anabolic effects in
muscle and sustaining effects in sex organs for a given compound, as described in L.
G. Hershberger et al., Proc. Soc. Expt. Biol. Med., 83, 175 (1953); B. L. Beyler et al,
“Methods for evaluating anabolic and catabolic agents in laboratory animals®, J.
Amer. Med. Women's Ass., 23, 708 (1968); H. Fukuda et al., “Investigations of the
levator ani muscle as an anabolic steroid assay™, Nago Dai. Yak. Ken. Ner. 14, 84
(1966) the disclosures of which are herein incorpomated by reference.

The basis of this assay lies in the well-defined action of androgenic agents on
the maintenance and growth of muscle tissues and sexual accessory organs in animals
and man. Androgenic steroids, such as testosterone (T), have been well characterized
for their ability to maintain muscle mass. Treatment of animals or humans after
castrations with an exogenous source of T results in a reversal of muscular atrophy.
The effects of T on muscular atrophy in the rat levator ani muscle have been well
characterized. M. Masuoka et al., “‘Constant cell population in normal, testosterone
deprived and testosterone stimulated levator ani muscles” Am. J. Anat. 119, 263
(1966); Z. Gori et al., “Testosterone hypertrophy of levator ani muscle of castrated
rats. I. Quantitative data” Boll. —Soc. Ital. Biol. Sper. 42, 1596 (1966); Z. Gori etal.,
“Testosterone hypertrophy of levator ani muscle of castrated rats. II. Electron-
microscopic observations™ Boll. —Soc. Ital. Biol. Sper. 42, 1600 (1966); A. Boris et
al., Steroids 15, 61 (1970). As described above, the effects of androgens on
maintenance of male sexual accessory organs, such as the prostate and seminal
vesicles, is well described. Castration results in rapid involution and atrophy of the
prostate and seminal vesicles. This effect can be reversed by exogenous addition of
androgens. Since both the levator ani muscle and the male sex organs are the tissues
most responsive to the effects of androgenic agents, this model is used to determine
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the androgen dependent reversal of atrophy in the levator ani muscle and the sex
accessory organs in immature castrated rats. Sexually mature rats (200-250 g, 6-8
weeks-old, Sprague-Dawley, Harlan) were acquired castrated from the vendor
(Taconic). The rats were divided into groups and treated daily for 7 to 14 days with
one of the following:

1. Control vehicle

2. Testosterone Propionate (TP) (3 mg/rat/day, subcutaneous)

TP plus Casodex (administered p.o. in PEGTW, QD) , a recognized
antiandrogen, as a reference compound.

4. To demonstrate antagonist activity, a compound of the present invention

("test compound”™) was administered (p.o. in PEGTW, QD) with TP (s.c. as
administered in group 2) in a range of doses.

5. To demonstrate agonist activity a compound of the present invention (“test
compound”) was administered alone (p.o. in PEGTW, QD) in a range of
doses.

At the end of the 7-14-day treatment, the animals were sacrificed by carbon
dioxide, and the levator ani, seminal vesicle and ventral prostate weighed. To
compare data from different experiments, the levator ani muscle and sexual organ
weights were first standardized as mg per 100 g of body weight, and the increase in
organ weight induced by TP was considered as the maximum increase (100%).
Super-anova (one factor) was used for statistical analysis.

The gain and loss of sexual organ weight reflect the changes of the cell
number (DNA content) and cell mass (protein content), depending upon the serum
androgen concentration. See Y. Okuda et al., J. Urol, 145, 188-191 (1991), the
disclosure of which is herein incorporated by reference. Therefore, measurement of
organ wet weight is sufficient to indicate the bioactivity of androgens and androgen
antagonist. In immature castrated rats, replacement of exogenous androgens increases
levator ani, seminal vesicles (SV) and prostate in & dose dependent manner.

The maximum increase in organ weight was 4 to 5-fold when dosing 3
mg/rat/day of testosterone (T) or 1 mg/rat/day of testosterone propionate (TF) for 3
days. The EC, of T and TP were about 1 mg and 0.03 mg, respectively. The

w
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increase in the weight of the VP and SV also correlated with the increase in the

T and DHT concentration. Although administration of T showed 5-times higher
serum concentrations of T and DHT at 2 hours after subcutaneous injection than that
of TP, thereafter, these high levels declined very rapidly. In contrast, the serum
concentrations of T and DHT in TP-treated animals were fairly consistent during the
24 hours, and therefore, TP showed about 10-30-fold higher potency than free T.

MDA PCa2b Human Prostate Zenograft Assay:

In Vivo Antitumor Testing: MDA-PCa-2b human prostate tumors were
maintained in Balb/c nu/nu nude mice. Tumors were propagated as subcutaneous
transplants in adult male nude mice (4-6 weeks old) using tumor fragments obtained
from donor mice. Tumor passage occurred every 5-6 weeks.

For antitumor efficacy trial, the required number of animals needed to detect a
meaningful response were pooled at the start of the experiment and each was given a
subcutaneous implant of a tumor fragment (~50 mg) with a 13-gauge trocar. Tumors
were allowed to grow to approx. 100-200 mg (tumors outside the range were
excluded) and animals were evenly distributed to various treatment and control
groups. Treatment of each animal was based on individual body weight. Treated
animals were checked daily for treatment related toxicity/mortality. Each group of
animals was weighed before the initiation of treatment (Wt1) and then again
following the last treatment dose (Wt2). The difference in body weight (Wt2-Wtl)
provides a measure of treatment-related toxicity.

‘Tumor response was determined by measurement of tumors with a caliper
twice a week, until the tumors reach a predetermined "target” size of 0.5 gm. Tumor
weights (mg) were estimated from the formula: Tumor weight = (length x width2) + 2

Tumor response end-point was expressed in terms of tumor growth inhibition
(%T/C), defined as the ratio of median tumor weights of the treated tumors (T) to that
of the control group (C).

To estimate tumor cell kill, the tumor volume doubling time was first
calculated with the formula:

TVDT = Median time (days) for control tumors to reach target size —
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Median time (days) for control tumors to reach half the target size s
And, Log cell kill = (T-C) + (3.32 x TVDT)
Statistical evaluations of data were performed using Gehan's generalized
Wilcoxon test.
Dunning Prostate Tumor:

Dunning R3327H prostate tumor is a spontaneously derived, well
differentiated androgen responsive adenocarcinoma of the prostate (Smolev
JK, Heston WD, Scott WW, and Coffey DS, Cancer Treat Rep. 61, 273-287
(1977)). The growth of the R3327H subline has been selected for its highly
androgen-dependent and reproducible growth in intact male rats. Therefore,
this model and other sublines of this tumor have been widely used to evaluate
in vivo antitumor activities of antiandrogens such as flutamide and

. bacliutamide/Casodex (Maucher A., and von Angerer, J. Cancer Res. Clin.

Oncol., 119, 669-674 (1993), Furmr B.J.A. Euro. URL. 18 (suppl. 3), 2-9
(1990), Shain S.A. and Huot RI. J. Steriod Biochem. 31, 711-718 (1988)).

At the beginning of the study, the Dunning tumor pieces (about 4 x 4
mm) are fransplanted subcutaneously to the flank of mature male
Copenhagen rats (68-7 weeks old, Harlan-Sprague Dawley, Indianapolis, MD).
About 6 weeks after the implantation, the animals with tumors of measurable
size (about 80 - 120 mm®) are randomized into treatment groups (8-10
rats/group) and the treatments are initiated. One group of the rats are
castrated to serve as the negative control of tumor growth. Animals are
treated dally with compounds of the current invention, standard
antiandrogens such as bacilutamide or vehicle (control) for an average of 10
to 14 weeks. Test compounds are dissolved in a vehicle of (2.5 ml/kg of body
weight) 10% polyethylene glycol and 0.05% Tween-80 In 1% carboxymethyl
cellulose, PEG/CMC, (Sigma, St Louis, MO). Typical therapeutic experiments
would Include three groups of three escalating doses for each standard or
test compound (in a range of 300-3 mg/kg).

Tumors in the vehicle (control) group reach a size of 1500 to 2500 mm’,

whereas the castrated animal group typically shows tumor stasis over the 14 weeks of
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observation. Animals treated orally with 20 mg/kg of bicalutamide or flutamide
would be expected to show a 40% reduction in tumor volumes compared to control
after 14 weeks of treatment. The size of tumors are measured weekly by vernier
caliper (Froboz, Switzerland), taking perpendicular measurements of length and
width. Tumor volumes are measured in mm® using the formula: Length x Width x
Height = Volume. Statistical differences between treatment groups and control are
evaluated using multiple ANOVA analyzis followed by one tail non-parametric
Student t test.

Mature Rat Prostate Weight Assay:

The activity of compounds of the present invention were investigated in a
mature male rat model, which is a variation of the Levator ani & wet prostate weight
assay described above. The above in vivo assays are recognized assays for
determining the amabolic effects in muscle and sustaining effects in sex organs for &
given compound, as described in L. G. Hershberger et al., 83 Proc. Soc. Expt. Biol.
Med., 175 (1953); B. L. Beyler e al, “Methods for evaluating anabolic and catabolic
agents in laboratory animals”, 23 J. Amer. Med. Women's Ass., 708 (1968); H.
Fukuda ez al., “Investigations of the levator ani muscle as an anabolic steroid assay™,
14 Nago Dai. Yak. Ken. Nem. 84 (1966) the disclosures of which are herein
incorporated by reference. The basis of this assay lies in the well-defined action of
androgenic agents on the maintenance and growth of muscle tissucs apd sexual
ACCE830ry Organs in animals and man.

The male sexual accessory organs, such as the prostate and seminal
vesicles, play an important role in reproductive function. These glands are stimulated
to grow and are maintained in size and secretory fimction by the continued presence
of serum testosterone (T), which is the major serum androgen (>95%) produced by
the Leydig cells in the testis under the control of the pituitary luteinizing hormone
(LH) and follicle stimulating hormone (FSH). Testosterone is converted to the more
active form, dihydrotestosterone, (DHT), within the prostate by Sa-reductase.
Adrenal androgens also contribute about 20% of total DHT in the rat prostate,
compared to 40% of that in 65-year-old men. F. Labrie et. al. 16 Clin. Invest. Med.,
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475-492 (1993). However, this is not 2 major pathway, since in both animals and
humans, castration leads to almost complete involution of the prostate and seminal
vesicles without concomitant adrenalectomy. Therefore, under normal conditions, the
adrenals do not support significant growth of prostate tissues, M. C. Luke and D. S.
Coffey, “The Physiology of Reproduction” ed. By E. Knobil and J. D. Neill, 1, 1435-
1487 (1994). Since the male sex organs and the levator ani are the tissues most
responsive to modulation of the androgen activity, this model is used to determine the
activity of compounds that modulate the androgen receptor pathway in mature rats.

Along with its mitogenic activity on tissues such as prostate, seminal
vesicle and muscle, testosterone also serves as a negative regulator for its own _
biosynthesis. Testosterone production in the Leydig cells of the testis is controlled by
the level of circulating LH released from the pituitary gland. LH levels are
themselves controlled by the level of LHRH produced in the hypotbalmic region.
Testosterone levels in the blood serve to inhibit the secretion of LHRH and
subsequently reduce levels of LH and ultimately the levels of circulating testosterone
levels. By measuring blood levels of LH as they are effected by compounds of the
present invention (“test compounds”™), it is possible to determine the level of agonist
or antagonist activity of said compounds at the hypothalamic axis of this endocrine
cycle.

Matched sets of Harlan Sprague-Dawely rats (40-42 days old, 180-220 g),
were dosed orally by gavage (p.o.) with the test compounds in dissolved/suspensions
of 80% PEG 400 and 20% Tween 20 (PEGTW) for 14 days. Two control groups, one
intact and one castrated were dose orally only with the PEGTW vehicle. Animals
were dosed (v/w) at 0.5 ml of vehicle /100g body weight. Experimental groups were
as follows:

1. Intact vehicle (p.o., PEGTW, QD)

2. Control vehicle (p.o., PEGTW, QD)

3. Bicalutamide (Casodex, a recognized antiandrogen, as a reference compound) or a
compound of the present invention, p.o. it PEGTW QD. (in a range of doses).

At the end of the 14-day treatment, the animals were sacrificed, andthe_vem:ra]
prostate, the seminal vesicles, and the levator ani were removed surgically and
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weighed. To compare data from different experiments, the organs weights were first
standardized as mg per 100 g of body weight, and expressed as a perceniage of the
value of the respective organ in the intact group.

Rat luteinizing hormone (rLH) is quantitatively determined with the
Biotrak [125 I] kit (Amersham Pharmacia Biotek), following the manufacturer
directions. The assay is based on the competition by the LH present in the serum of
the binding of ['*T] rLH to an Amerlex-M bead/antibody suspension. The
redioactivity that remains after incubation with the serum and subsequent washes is
extrapolated into a standard curve to obtain a reading in ng/ml.

The gain and loss of sexual organ and levator ani weight reflect the changes
of the cell number (DNA content) and cell mass (protein content), depending upon the
serum androgen concentration, see Y. Okuda ez al., J. Urol., 145, 188-191 (1991), the
disclosure of which in herein incorporated by reference. Therefore, measurement of
organ wet weight is sufficient to indicate the bioactivity of androgens and androgen
antagonist. In the mature rats assay, active agonist agents will have no effect or will
increase the weight of one or more of the androgen responsive organs (levator ani,
prostate, seminal vessicle) and will have no effect or a suppressive effect on LH
secretion. Compounds with antagonist activity will decrease the weight of one or
more of the androgen responsive organs (levator ani, prostate, seminal vesicle) and
will bave no effect or a reduced suppressive effect on LH secretion.

CWR22 Humsn Prostate Zenograft Assay:

In Vivo Antitumor Testing: CWR22 human prostate tumors were maintained
in Balb/c nu/nu nude mice. Tumors were propagated as subcutaneous transplants in
adult male nude mice (4-6 weeks old) using tumor fragments obtained from donor
mice. Tumor passage occurred every 5-6 weeks.

For antitumor efficacy trial, the required number of animals needed to
detact a meaningful response were pooled at the start of the experiment and
each was given a subcutaneous implant of a tumor fragment (~50 mg) with a
13-gauge trocar. Tumors were allowed to grow to approx. 100-200 mg
(tumors outside the range were exciuded) and animais were avenly
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distributed to various treatment and control groups. Treatment of each animal

was based on individual body weight. Treated animals were checked daily for \
treatment related toxicity/mortality. Each group of animals was weighed

before the initiation of treatment (Wt1) and then again following the last

treatment dose (Wt2). The difference in body weight (Wt2-Wt1) provides a

measure of treatment-related toxicity.

Tumor response was determined by measurement of tumors with a
caliper twice a week, until the tumors reach a predetermined “target” size of
0.5 gm. Tumor weights (mg) were estimated from the formula: Tumor weight
= (length x width2) + 2.

Tumor response end-point was expressed in terms of tumor growth
inhibition (% T/C), defined as the ratio of median tumor weights of the treated
tumors (T) to that of the control group (C).

To estimate tumor cell kill, the tumor volume doubling time was first

' calculated with the formula:

TVDT = Median time (days) for control ftumors to reach target size —
Median time (days) for control tumors to reach half the target size
And, Log cell kill = (T-C) + (3.32 x TVDT)

Statistical evaluations of data were performed using Gehan's
generallzed Wiicoxon test.

The following Examples illustrate embodiments of the present invention,
and are not intended to limit the scope of the claims.

Abbreviations
The following abbreviations are used herein:
DBU = 1 ,8-diazabicyclo{5.4.0lundec-7-ene
4-DMAP = 4-dimethylaminopyridine
¢¢ = enantiomeric excess
DMF = dimethylformamide
EtOAc = ethyl acetate
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LDA = lithium diisopropylamide
Hinig’s Base = N,N-diisopropylethylamine
Me = methyl

RT = retention time

TFA = trifluoroacetic acid

THF = tetrahydrofuran

TLC = thin layer chromatography
TMS = trimethylsilyl

pTSA = para-toluenesulfonic acid

A =heat

-Bu = tert-butyl

PhCH, = toluene

Pd/C = palladium on activated charcoal
TsCl = tosyl chloride

TBSOTY = tert-butyldimethylsilyl trifluoromethane sulfonate
TBS = tert-butyldimethylsilane

Mel = methyl iodide

(BOC),0 = di-fert-butyl dicarbonate
TEA = triethylamine

n-BulLi = n-butyllithium

t = room temperature

LC = liquid chromatography

Ts = tosyl

Ph = phenyl

EtOH = ethanol

DCE = dichloroethane

DMSO = dimethylsulfoxide

Ra-Ni = Raney Nickel

MS = molecular sieves

MS(ES) = Electro-Spray Mass Spectrometry
mCPBA = m-chloroperoxybenzoic acid
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sat = saturated

AcOH = acetic acid

MeOH = methanol

Et,0 = diethyl ether

Ac = acetyl

DEAD = diethyl azodicarboxylate

h = hours

Et = ethyl

WSDCC = water soluble dicarbonyl diimide, 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
TBAF = tetrabutylammonium fluoride

DBAD = di-terbutylazodicarboxylate

. DCC = Dicyclohexylcarbodiimide

Wilkinson's catalyst = RhCI(PPh,),
ADDP = 1,1-Jazodicarbonyl]dipiperidine
DMA = dimethylacetamide

DME = 1,2-dimethoxyethane

BOP = benzotriazol-1-yloxytris(dimethylamino)-phosphonium

hexafluorophosphate
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Example 1
a 7a.7aa)-2-{(4-Bromo-3-m Iphenyl d 7-
ethanothiopyrano|3.4-c]pyrrole-1,3,.8(2H,4H)-trione (1C)

—y

A.  4(tert-Butyldimethyisiloxy)-2H-thiopyran (1A)

S
o
s
2,3-Dihydro-4H-thiopyran-4-one (1.50 g, 13.14 mol, synthesized es described
in Richards ef al., J. Org. Chem. 46, 4836-4842 (1981)) was dissolved in CH,Cl, (130
mL) and triethylamine (5.47 mL, 39.41 mmol) was added. iert-Butyldimethylsilyl
trifluoromethanesulfonate (3.62 mL, 15.77 mmol) was then added. After 10 minutes,
the volatiles were removed by rotary evaporator at 25°C. The resulting yellow oil
was passed through a short column of SiO, eluting with 3% TEA in hexanes to yield

1.82 g of compound 1A as an orange oil.

B. 1-[4-bromo-3-methylphenyl]-1B-pyrrole-2,5-dione (1B)

3

(0]
4-Bromo-3-methylaniline (1.55 g, 8.33 mmol) and maleic anhydride (0.898 g,
9.16 mmol) were dissolved in acetic acid (10 mL) and heated at 115 °C for 12 h. The
reaction was then cooled to 25°C and the acetic acid was removed in vacuo. The
resulting residue was suspended in 5% K,CO, (100 mL), stirred for 25 minutes and
followed by filtering and rinsing with water. The material was then dried in vacuo to
give compound 1B as a light brown solid (1.65 g). HPLC: 100% at 2.96 min
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(retention time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous
methanol over 4 minutes containing 0.1% TFA, 4 mL/min, monitoring at 220 mm).

C. Banda,7a,7a0)-2-(4-Bromo-3-methylphenyltetrahydro-4,7-
5 ethanothiopyrane|3,4-cjpyrrole-1,3,8(2H,4H)-trione (1C)

Compound 1A (0.313 g, 1.41 mmol) and compound 1B (0.250 g, 0.94
mmol) were dissolved in toluene and heated to reflux for 5 h. The toluene was then
removed by passing a stream of argon through the reaction flask. The residue was
then purified by flash chromatography on SiO, eluting with 20% hexane in

10 chloroform. This gave 0.168 g of the enol ether intermediate as a yellow solid. The
enol ether intermediate was dissolved in dichloroethane (2.0 mL) and TFA (0.25 mL)
was added. After 0.5 h, the reaction was quenched with saturated aqueous NaHCO,
and extracted with CH,Cl, (2 x 30 mL). The organics were dried over anhydrous

~ sodium sulfate and evaporated to give 0.079 g of compound 1C as a white solid.

15 HPLC: 99% at 3.010 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
chuting with 10-90% aqueous methanol over 4 minutes containing 0.1% TFA, 4
mL/min, monitoring at 220 nm), MS (ES): m/z 396.9 [M+ NH,]".

Q“s"o
H
H

Compound 1C (0.040 g, 0.105 mmol) was dissolved in CH,Cl, (4.0 mL) and

25  cooled to 0°C. m-CPBA (60% purity, 0.061 g, 0.210 mmol) was added and the
reaction was then warmed to 25°C. After ] b, a 1:1 mixture of saturated NaHCO, and
saturated sodium sulfite (20 mL) was added with vigorous stimring. After 15 minutes,
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the mixture was extracted with CH,Cl, (2 x 30 mL) and the organics were dried over
anhydrous sodium sulfate to yield 0.031 g of compound 2 as a white solid. No
purification was necessary. HPLC: 78% at 2.290 min (retention time) (YMC S5
ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 minutes

5 containing 0.1% TFA, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 429.8 [M+
NH[T.

Example 3
hexah m |

10 7-epoxy-1H-isoindole-1,3(ZH)-dione (3)

3-Chloroaniline (0.100 g, 0.787 mmol) and 3,6-endoxo-3-

methylhexahydrophthalic anhydride (0.172 g, 0.945 mmol) were dissolved in AcOH
(2.0 mL) and heated to 110°C for 11 h. The reaction was then cooled to 25°C and

15  poured into cold saturated aq K,CO, and stirred vigorously for 10 min. The solution
was then filtered and rinsed with water. The resulting filtrate was dried in vacuo to
give 0.118 g of compound 3 as a white solid. No further purification was needed.
HPLC: 99% at 2.510 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
cluting with 10-90% agueous methanol over 4 minutes containing 0.1% TFA, 4

20 mL/min, monitoring at 220 nm), MS (ES): m/z 292.32 [M+H]J".
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Example 4
[ 101 a,7aa)- and {3aa.4 A loxy)methyl)- -
tetrahydro-2-[3-(trifluoromethyl)phenyl]-4,7-epoxy-1H-isoindole-1,3(2H)-dione
(41 and 4ii, respectively)

2-Acetoxymethylfuran (0.599 mL, 4.78 mmol) and 1-[3{(trifluoromethyl)-
phenyl}-1H-pyrrole-2,5-dione (0.500 g, 2.39 mmeol) were dissolved in methylene
chloride (3.0 mL) at 25°C. After 22 h, the volatiles were removed in vacuo and the
10  resulting residue was purified by flash chromatography on $iO, eluting with 0-15%
acetone in methylene chloride to give 0.438 g of a yellow oil, as a 2:1 mixture of
compound 41 and compound 4ii, which was not separated. HPLC: 100% at 3.093 min
(retention time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous

methanol over 4 minutes containing 0.1% TFA, 4 mL/min, monitoring at 220 nm),
15 MS(ES): m/z 398.9 [M+NH,]'".

Example 5
7sa)- and (3ac. 4 Tac A () -Hexahydro-2-[3-
(triflucromethyl)phenyl]-4,7-epoxy-1H-lsoindole-1,3(2H)-dione (51 and 5if,
20 respectively)
4{%
o 0 C:
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The 2:1 mixture of compounds 4i and 4ii (0.361 g, from Example 4) was
dissolved in ethyl acetate (25 mL) and Pd/C (10% Pd, 0.2 g) was added. Hydrogen
was introduced via a balloon and the reaction was stirred at 25°C for 4 h; followed by
filtration through celite and rinsed with ethyl acetate. Concentration in vacuo gave a
yellow oil that was determined to be a 2:1 mixture of compound §i and compound 5il
(0.348 g), which was not separated. HPLC: 100% at 2.900 min (retention time)
(YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4
minutes containing 0.1% TF A, 4 mL/min, monitoring at 220 nm), MS (ES): m/z
401.0 [M+ NH,T'. '

Example 6
Tac)- 4 7ac)-3a.4.7,7a-Tetrahyd roxym
2-[3-(trifluoromethyl)phenyl]-4.7-epoxy-1H-isoindole-1 one (61 and 6
respectively)
H " 3
: A
: H
[

FiC
1-[3(Trifluoromethyl)phenyl]-1H-pyrrole-2,5-dione (0.500 g, 2.39 mmol) and
3-furanmethanol (0.412 mL, 4.78 mmol) were dissolved in methylene chloride (3.0
mL) and stirred at 25°C for 20 h. The volatiles were then removed in vacuo and the
resulting material purified by flash chromatography on Si0, eluting with
chloroforim/acetone to give 0.379 g of compound 6i and 0.220 g of coinpound 6,
both as white solids. Compound 6i: HPLC: 100% at 2.197 min (retention time)
(YMC S5 ODS column 4.6 x 50 mm cluting with 10-90% aqueous methanol over 4
minutes containing 0.1% TFA, 4 mL/min, monitoring at 220 nm), MS (ES): m/z
338.0 [M-H]". Compound 6ii: HPLC: 100% at 2.477 min (retention time) (YMC S5
ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 minutes
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containing 0.1% TFA, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 338.0 [M-H]

Example 7
5 7a.7aa)-3a.4.7.7a-Tetrah dro ethyl-2-
trifluoromethyl)phenyl]-4,7 -1H-isoindole-1 ione
H
H
H )~N
FyC

2-Methyl-3-furanmethanol (0.537 g, 4.78 mmol) and 1-[3-(trifluoromethyl)-

phenyl]-1H-pyrrole-2,5-dione (0.500 g, 2.39 mmol) were dissolved in dichloroethane

10 (2.0 mL) and stirred at 25°C for 20 h. The reaction was then concentrated in vacuo
and purified by flash chromatography in SiO, cluting with ethyl acetate/methylene
chloride to give 0.317 g of compound 7 as a white solid. No other possible isomer
was isolated afier chromatography. HPLC: 100% at 2.197 min (retention time)
(YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4

15 minutes containing 0.1% TFA, 4 mL/min, monitoring at 220 nm), MS (ES): m/z
351.9 [M-HJ.

Example 8 .
7B,.7aa)-2- Bis(trifluo: henyllhexah 7 -1 H-

20 isocindole-1,3(2H)-dione (8)
5
FiC N

3,5-Bis-(trifluoromethyl)-aniline (0.017 g, 0.0075 mmol) was dissolved in
acetic acid (0.300 mL) and transferred to & 1.5 mL conical vial with a septa cap.
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Stock solutions of an additional 95 amines were prepared as described above. To
each of the above vials was added 0.4 mL (0.12 mmol) of a stock solution of exo-7-
oxabicyclo[2.2.1]heptane-2,3-dicarboxylic anhydride in acetic acid. The vials were
then sealed and heated at 110°C for 11 h. Upon cooling to 25°C, the caps were
removed from the vials and the acetic acid was removed in vacuo. To each vial was
added 1 mL of 2:1 acetone/methylene chloride and the vials were heated at 40°C for |
h. Once all products were in solution, they were transferred via robot to filter tubes
with coarse frits pre-wetted with 0.2 mL of water. Nitrogen was blown through each
tube until the volatile organics were removed. 1.5 mL of 10% aq K,CO, was then
added to each tube followed by vigorous shaking at 25°C for 15 min. The tubes were
then drained, resealed and 1.0 mL of water was added to each tube follow.ed by
shaking. The tubes were drained again and washed with water a second time. The
resulting residues in each tube was then dried in vacuo for 48 h. After drying, 1.0 mL
of 20% TFA in methylene chloride was added to each tube and the racks were shaken
for 30 min. The tubes were then drained into a 96-well plate with pre-tared custom
micro-tubes present. Each tube was assayed for product purity (analytical LC) and
identity (LC-MS). The tubes were then concentrated in vacuo and weighed for yields.
The tube containing the reaction of 3,5-bistrifluoromethylaniline and exo-7-
oxabicyclo[2.2.1]heptane-2,3-dicarboxylic anhydride, yielded 0.022 g of compound 8
as a white solid. HPL.C: 94% at 4.03 min (retention time) (YMC S5 ODS column 4.6
X 50 mm eluting with 10-90% aqueous methanol over 4 minutes containing 0.1%
TFA, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 434.2 [M+Na+MeOH]". Of
the remaining 95 additional reactions run, a total of 80 final compounds were obtained
in >70% purity and >S5 mg yield. Several samples needed further purification which
was performed by short SiO, column eluting with methylene chloride/acetone. See
Table 2 below.
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Example 9
3ac.4a.7a.78a)-2-{4-Bromophen 1,3-dioxo-4.7. H-

pyrrolo|3.4-cjpyridine-5-carboxylic acid phenyl ester (9)

5 1-[4-Bromophenyl]-1H-pyrrole-2,5-dione (0.250 g, 0.992 mmol, synthesized
as described in Example 1B) and 1(2H)-pyridinecarboxylic acid phenylmethyl ester
(0.299 g, 1.49 mmol, synthesized as described in Richard er. al., J. Org. Chem. 46,
4836-4842 (1981)) were dissolved in toluene and heated to 85°C for 1 h. Upon

" cooling to 25°C, the toluene was removed in vacuo. The resulting residue was
10  dissolved in 2 minimum amount of chloroform and the product was precipitated by
addition of hexanes. After 1 h at 25°C, the product was filtered and rinsed with cold
20% hexanes in chloroform giving compound 9 as a white solid (0.243 g) as a single
isomer. HPLC: 100% at 3.393 min (retention time) (YMC S5 ODS column 4.6 x 50
mm eluting with 10-90% aqueous methanol over 4 minutes containing 0.1% TFA, 4
15  mL/min, monitoring at 220 nm), MS (ES): m/z 454.98 [M+H]".

Example 10
Ta . 7ac)-2-{4- h ioxo-4,7-ethen -

pyrrolo|34-clpyridine-5-carboxylic acid phenylmethyl ester (10)

1-[3<(Triflucromethyl)phenyl]-1H-pyrrole-2,5-dione (3.78 g, 15.7 mmol) and
1(2H)-pyridinecarboxylic acid phenylmethy] ester (4.0 g, 18.8 mmol, synthesized as
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described in Richard et. al., J. Org. Chem. 46, 4836-4842 (1981)) were dissolved in
toluene and heated at 80°C for 3 h. After cooling to 25°C, the toluene was removed
in vacuo and the resulting residue was purified by flash chromatography on SiO,
eluting with methanol/methylene chloride to give 3.2 g of compound 10 as a yellow
oil. HPLC: 95% at 3.510 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
eluting with 10-90% aqueous methanol over 4 minutes containing 0.1% TFA, 4
mL/min, monitoring at 220 nm), MS (ES): m/z 457.2 [M+H]".

Ex e 11
3a Ta.7ac)-Hexahyd =[3-{trifluo h -

pyrrolo]3.4-c|pyridine-1,3(2H)-dione trifluoroacetate (11)

F;CiOH . H

FyC

Compound 10 (3.2 g) was dissolved in 100 ml of MeOH and 10% Pd/C
DeGussa catalyst (2 g) was added. Hydrogen was then introduced via a balloon.
After 1 h, the reaction was filtered through celite and rinsed with MeOH. The
volatiles were removed in vacuo and the resulting crude material was purified by
revesrse phase preparative HPLC to yield 2.5 g of compound 11 as the TFA salt (white
solid). HPLC: 99% at 1.843 min (retention time) (YMC S5 ODS column 4.6 x 50
mm eluting with 10-90% aqueous methanol over 4 minutes containing 0.1% TFA, 4
mL/min, monitoring at 220 nm), MS (ES): m/z 325.12 [M+H]".
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Example 12
daa.4a,7a,7aa)-5-A exah 2-| 3-(trifluo 1)-4.7-ethano-
1H-pyrrolo]3,4-c]pyridine-1,3(2H)-dione (12)
0
)'L H
H
0
F;C
5 Compound 11 (0.100 g, 0.23 mmol) was suspended in THF (5.0 mL) and TEA

(0.097 mL, 0.46 mmol) was added resulting in a homogeneous solution. Acetyl
chloride (0.033 mL, 0.46 mmol) was then added. After 2 h, the reaction was
quenched with saturated aqueous NaHCO, and extracted with methylene chloride (3x
15 mL). The crude material was purified by preparative-TLC eluting with

10 chloroform/acetone to give 0.099 g of compound 12 as a colorless oil. HPLC: 99% at
2.66 min (retention time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-90%
aqueous methanol over 4 minutes containing 0.1% TFA, 4 mL/min, monitoring at 220
nm), MS (ES): m/z 367.0 [M+H]".

15

) X
Compound 11 (0.100 g, 0.23 mmol) wes suspended in THF (5.0 mL) and TEA
20 (0.097 mL, 0.46 mmol) was added resulting in 2 homogeneous solution. Benzoyl
chloride (0.05433 ml, 0.46 mmo!) was then added. After 2 h, the reaction was
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quenched with saturated aqueous NaHCO, and extracted with methylene chloride (3 x
15 mL). The crude material was purified by reverse phase preparative-HPLC to give
0.020 g of compound 13 as a white foam. HPLC: 99% at 3.183 min (retention time)
(YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4
minutes containing 0.1% TFA, 4 mL/min, monitoring at 220 nm), MS (ES): m/z

429.1 [M+HT".

Example 14
3 Taa)-H dro-S-methyl-2-[3-{trifluoromethyl)phenyl]-4.7-eth:

1H-pyrrolo]3.4-c)pyridine-1,3(2ZH)-dione (14)

FiC

Compound 11 (0.100 g, 0.23 mmol) was suspended in THF (5.0 mL) and TEA
(0.097 mL, 0.46 mmol) was added resulting in a homogeneous solution. Dimethyl
sulfate (0.043 mL, 0.46 mmol) was added and the reaction stirred at 25°C. After 14 h,
the reaction was concentrated in vacuo and the crude material was purified by
preparative-TLC eluting with 10% MeOH in methylene chloride to give 0.030 g of
compound 14 as a white solid. HPLC: 100% at 1.797 min (retention time) (YMC S5
ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 minutes
containing 0.1% TFA, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 339.21
[M+HT".
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Example 15
Jac 7aa)-H d m _l - trifluorom Dphenyl]-

4,7-ethano-1H-pyrrolo[3,4-c]pyridine-1,3(2H)-dione trifluoroacetate (15)

FyC )

Compound 11 (0.100 g, 0.23 mmol) was dissolved in DMF (5.0 mL) and
K,CO, (0.063 g, 0.46 mmol) was added. Benzyl bromide (0.041 mL, 0.35 mmol) was
then added. The reaction was stirred at 25°C for 1 h, and then filtered and
concentrated. The crude material was purified by reverse phase preparative-HPLC to
give 0.055 g of compound 15 as a white solid. HPLC: 100% at 2.31 min (retention
time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol
over 4 minutes containing 0.1% TFA, 4 mL/min, monitoring at 220 nm), MS (ES):
m/z 415.36 [M+H]".

Aoon
F,C

Compound 11 (0.100 g, 0.23 mmol) was dissolved in DMF (5.0 mL) and
K,CO, (0.079 g, 0.57 mmol) was added, followed by 1-bromopropane (0.031 mL,
0.34 mmol). The reaction was stirred at 25°C for 6 h, and then filtered and
concentrated. The crude material was purified by reverse phase preparative-HPLC to
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give 0.070 g of compound 16 as a white solid. HPLC: 100% at 1.907 min (retention
time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol
over 4 minutes containing 0.1% TFA, 4 mL/min, monitoring at 220 nm), MS (ES):
m/z 340.22 [M+H]".

Example 17
Sap.8a,6ac)-2- o-3-{triflugromethyl)ph -
dioxo-4,6-(iminomethano)cycloprop]f]isoindole-7-carboxylic acid phenylmethyl
egter
H
8]
H
0
FC

1-Methyl-3-nitro-1-nitrosoguanidine (2.5 g, 17 mmol) was added portion-wise
to a solution of 40% KOH/H,O (15 mL) and Et,0 (25 mL) at 0°C. The ether layer
tumed yellow once addition was complete. After 30 min at 0°C, the ether layer was
poured into a solution of (3aa,4a,7c, 7ac)-2-[4-cyano-3-(trifluoromethyl)phenyl]-
octahydro-1,3-dioxo-4,7-ctheno-SH-pyrrolo[3,4-c]pyridine-5-carboxylic acid
phenylmethyl ester (0.50 g, 1.09 mmol, prepared as described in Example 10) and
Pd(OAc), (0.010 g) in THF (10 mL) at 0°C. The reaction was then warmed slowly to
25°C and stirred for 24 h and then filtered through celite, rinsing with THF. The
crude material was then purified by flash chromatography on SiO, eluting with
MeOH/CH,CI, to give 0.34 g of compound 17 as a white solid and a single isomer.
HPLC: 100% at 3.61 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
eluting with 10-90% aqueous methanol over 4 minutes containing 0.1% TFA, 4
mL/min, monitoring at 220 nm), MS (ES): m/z 496.25 [M+H]".

112



LD0192 PCT 410

Example 18
a 6ca,6aa)-4-[Decah i

(iminomethano)cycloprop[flisoindol-2-yll-2-(trifluoromethyl)benzonitrile (18)

H

e

L]
FiC

Compound 17 (0.200 g, 0.404 mmol) was dissolved in MeOH (20'mL) and
5% Pd/C (0.200 g) was added. Hydrogen was then introduced via balloon. After 3 h,
the reaction was filtered through celite, rinsed with MeOH and the volatiles were
10 removed in vacuo to yield compound 18 (0.130 g) as a white solid. HPLC: 100% at
1.80 min (retention time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-90%
aqueous methanol over 4 minutes containing 0.1% TFA, 4 mL/min, monitoring at 220
nm), MS (ES): m/z 362.09 [M+H]".

15 Example 19
S5a 11 1-1 0X

iminomethano)cycloprop{flisoindol-2-yl]-2-(trifluorom benzonitrile (19

-~ H
H
"oy
e N
20 Compound 17 (0.100 g, 0.277 mmol) was dissolved in CH,CN (2.0 mL).

TEA (0.19 mL, 1.39 mmol) and Mel (0.052 mL, 0.83 mmol) were then added and the
reaction was stirred at 25°C for 14 h. The reaction was concentrated and the crude
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material was dissolved in CH,Cl,/water and extracted with CH,Cl, (3 x 15mL). The
combined organics were dried over anhydrous Na,SO,. The crude material was
purified by flash chromatography eluting with 3% MeOH/CH,C], to give 0.030 g of
compound 19 as a light yellow solid. HPLC: 100% at 1.720 min (retention time)
(YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4
minutes containing 0.1% TFA, 4 mL/min, monitoring at 220 nm), MS (ES): m/z
376.11 [M+H]".

Example 20
3 7B.7ac -dim 1= 7 -2H-isoindol-2-

2-{trifluoromethyl)benzonitrile (20B

A.

Freshly distilled dimethyl furan (1.60 mL, 15.3 mmol) was dissolved in
CH,Cl, (2.0 mL) and maleic anhydride (1.0 g, 10.2 mmol) was added. The reaction
was stirred at 25°C for 16 h and was then concentrated in vacuo to give a yellow
solid. This solid was dissolved in ethyl acetate (30 mL) and Pd/C (10% Pd, 0.200 g)
was added. Hydrogen was then introduced by a balloon and the reaction stirred for 24
h. The Pd was removed by filtration through celite rinsing with EtOAc followed by
concentration in vacuo to give the compound 20A (1.69 g) as a white solid. 2-
Dimensional NOE experiments confirmed the structural assignment to be that of
compound 20A.
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B. (3aa,48,7p,7ax)4-(Octahydro-4,7-dimethyl-1,3-dioxo-4,7-epoxy-2H-
isoindol-2-yl)-2-(trifluoromethyl)benzonitrile (20B)

A solution of compound 20A (603 mg, 3.21 mmol, 1 eq), 5-amino-2-
cyanobenzotrifluoride (640 mg, 3.44 mmol, 1.07 eq) and TsOH (10 mg, cat amount)
in toluene (5 mL) was heated in a sealed tube for 2 days. The reaction mixture was
cooled to room temperature and then concentrated under reduced pressure.
Purification by flash chromatography on silica gel eluting with 50% EtOAc/hexanes
gave 400 mg (1.10 mmol, 34 %) of compound 20B as a white solid. HPLC: 99% at
3.04 min (retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous
methanol over 4 minutes containing 0.2% phospharic acid, 4 mL/min, monitoring at
220 nm), MS (ESI): m/z 382.2 [M+NH,J'.

Example 21
3 7B.7aa)=N-[4-[[2-]2- trifiuo, dro-7-
methyl-1 7-epoxy-4H-isoindol-4-yilethvlithio]phenyl]lacetamide (21 E)

A. 5-Methyl-2-furanethanol (21A)

~ ) \-on

A solution of n-BuLi (83 mL, 133.0 mmol, 1.2 eq, 1.6 M in hexanes) was
added to a stirred solution of 2-methylfuran (10 mL, 110.8 mmol, 1 eq) in THF (85
mL) at 0°C under inert atmosphere. The reaction mixture was stirred for 4 h at room
temperature then cooled to 0°C. Ethylene oxide (8.3 mL, 166.3 mmol, 1.5 eq) was
added dropwise and the reaction mixture was allowed to warm to room temperature
ovemight. After quenching with saturated aqueous NH ,Cl, the resulting layers were
separated and the aqueous layer was extracted with Et,0 (2 X). The combined
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organic layers were dried over Na,SO, and concentrated under reduced pressure.

Distillation at atmospheric pressure (170-185 °C) gave 10.13 g (80.3 mmol, 72%) of
compound 21A as a light yellow oil.

B. 2~(2-Bromoethyl)-5-methylfuran (21B)

~

Ph,Br, (3.68 g, 8.72 mmol, 1.1 eq) was added to a solution of compound 21A
(1 g, 7.93 mmol, 1 eq) in DMF (8 mL) and the reaction mixture was stirred at room
temperature for 1 h. The reaction mixture was added to H;O and extracted with
EtOAc (3 X). The combined organic layers were washed with H,O (2 X), dried over
Na,SO, and concentrated under reduced pressure. Purification by flash
chromatography on silica gel eluting with 10% EtOAc/hexanes gave 0.507 g (2.68
mmol, 34%) of compound 21B.

C. N-[4-[[2-(5-Methyl-2-furanyl)ethyl] thio] phenyl]acetamide (21C)

g,

To a solution of 4-acetamidothiophenol (442 mg, 2.64 mmol, 1 eq) in THF (1
mL) at 0°C under inert almosphere. was added a solution of n-BuLi (2 mL, 3.17
mmol, 1.2 eq, 1.6 M in hexanes) in THF (1 mL). The reaction solution was stirred at
room temperature for 10 mins and a solution of compound 21B (0.5 g, 2.64 mmol, 1
eq) in THF (3 mL) was added. After all the starting material was consumed as
determined by TLC, the reaction was quenched with H;O and the mixture was
extracted with EtOAc (2X), dried over Na,SO, and concentrated under reduced
pressure. Purification by flash chromatography on silica gel eluting with 50%
EtOAc/hexanes gave 0.644 g (2.34 mmol, 88%) of compound 21C. MS (ESI): m/z
276.09 [M+HT".
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D. (32a,4p,7B,7aa)-N-[4-{[2-]2-[4-Cyano-3(trifinoromethy)phenyl]-
1,2,3,3a,7,7a-hexahydro-7-methyl-1,3-dloxo-4,7-epoxy-4 H-isoind ol-4- \
yl]ethylithio]phenyljacetamide (21D)

A solution of compound 21C (195 mg, 0.708 mmol, 1 eq) and 4-(2,5-dihydro-
2,5-dioxo-1H-pyrrol-1-yl)-2-trifluoromethylbenzonitrile (377 mg, 1.416 mmol, 2 eq,
prepared as described for Example 1B) in CH,Cl, (1.5 mL) was stirred at room
temperature for two days. The reaction mixture was concentrated under reduced
pressure to yield compound 21D as determined by NMR analysis. Compound 21D
was used directly in the next step without purification.

E. (3ac,4p,7p,7aa)-N-[4-[[2-[2-[4-Cyano-3-(trifinoromethyl)phenyl]-
octahydro-7-methyl-1,3-dioxo-4,7-cpoxy-4H-isoindol-4-y1] .eﬂlyl]tllio]-
phenyljacetamide (21E)

A solution of crude compound 21D (0.708 mmol) and 10% Pd/C (200 mg) in

MeOH (20 ml.) was stirred under a hydrogen atmosphere over night. Purification by

preparative chromatography [HPLC at 34.4 min (retention time) (YMC S5 ODS

column 20 x 250 mm, 0-100% aqueous methanol over 30 minutes containing 0.1%

TFA, 10 mL/min, monitoring at 220 nm)] followed by flash chromatography on silica

gel eluting with 1% MeOH/CH,CI, gave 29 mg (0.053 mmol, 7.5%) of compound

21E as a yellow powder. HPLC: 99% at 3.44 min (retention time) (YMC S5 ODS

column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing 0.2%

phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ESI): m/z 544.01 [M+H]".
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Example 22
3ac,48.78.7ac)-N-[4- -|4-C uorom henylloctahydro-7-
methyl-1 ioxo-4,7-¢ -4H-isoindol-4-yl]ethyl]sulfinyl]|phenyl]acetamide
22) . ~—

&

mCPBA (12 mg, 0.05 mmol) was added portion-wise to a solution of crude

compound 21E (65 mg, 0.12 mmol, 1 eq) in CH,Cl, (6 mL) until the starting material

10 - was consumed. Purification by preparative chromatography [HPLC at 30.5 min
(retention time) (YMC S5 ODS column 30 x 250 mm, 0-100% aqueous methanol
over 30 minutes containing 0.1% TFA, 25 mL/min, monitoring at 220 nm)] gave 27.5
mg (0.049 mmol, 41%) of compound 22 as a tan solid (~1:1 mixture of
diastereomers). HPLC: 96% at 2.88 min (retention time) (YMC S5 ODS colum:-a 4.6

15 x50 mm cluting with 10-90% aqueocus methanol over 4 minutes containing 0.1%
TFA, 4 mL/min, monitoring at 220 nm), MS (ESI): m/z 559.97 [M+H]".
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Example 23
3 7B, 7aa)-N-[4-[[2-[2-}4-C trifluoro henyljoctahydro-7-
methyl-1,3-dioxo-4,7 -4H-isoindol-4-yl]ethyl]sulfonyl]phenyl]acetamide
23)

o'f(ﬁ,‘@‘“};_

mCPBA (26 mg, 0.105 mmol, 3 eq) was added to a solution of compound 21E

(19 mg, 0.035 mmol, 1 eq) in CH,Cl, (6 mL) and the reaction was stirred at rt until
starting material and the intermediate sulfoxide (compound 22) were consumed as

10  was apparent by TLC. Purification by preparative chromatography [HPLC at 53.3
min (retention time) (YMC S5 ODS column 30 x 250 mm, 0-70% aqueous methanol
over 45 minutes containing 0.1% TFA, 25 mL/min, monitoring at 220 nm)] gave 27.5
mg (0.049 mmol, 40%) of compound 23 as a white solid. HPLC: 99% at 2.94 min
(retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-90% agueous methanol over

16 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS
(BSI): m/z 575.95 [M+H]".
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78.7aa)- and (3. -N=[2-]2- -
(triflnoromethyl)phenyl]octahydro-7-methyl-1,3-dioxo-4,7-epoxy-4H-isoindol-4-

yljethyl]benzenesulfonamide (24Ci and 24Cil, respectively)

A. S-Methyl-2-furanethano! 4-methylbenzenesulfonsate (24A)

o

10
4-Methylbenzenesulfony] chloride (307 mg, 4.76 mmol) was added to &
solution of compound 21A (500 mg, 3.96 mmol) in 6 ml of dry pyridine. The
reaction was stirred at room temperature for 4 h, then quenched with ice. The reaction
mixture was extracted with CH,Cl, and the combined organic layers were washed
15  with saturated aqueous sodium bicarbonate and water, dried and concentrated under
reduced pressure to give 900 mg (81%) of compound 24A as a yellow oil.

B. N-|2-(5-Methyl-2-furanylethyl]benzenesulfonamide (24B)
H
\@’\,N 0
D
20 Benzenesulfonamide (157 mg, 1 mmol) was added to a 10% aqueous solution

of sodium hydroxide (0.4 ml, 1 mmol). A solution of compound 24A (280 mg, 1
mmol) in acetone (1 mL) was then added. The reaction mixture was heated at 90 °C
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for 8 h then cooled to room temperature. Ice was added and the mixture was extiracted
with CH,Cl,. The combined organic layers were washed with water, dried and
concentrated under reduced pressure. Purification by flash chromatography on silica
gel, eluting with CH,Cl, gave 60 mg (23%) of compound 24B as yellow oil.

C. (3aa,4p,7p,7ac)- and (3aa,4a.7u.7aa_)-N-[2—[2-|4—Cyano—3-
(trifluoromethyl)phenyljoctahydro-7-methyl-1,3-dioxo-4,7-epoxy-4H-isoindol-4-
yljethyl]benzenesulfonamide (24Ci and 24Cii, respectively)

4-(2,5-Dihydro-2,5-dioxo- 1 H-pyrrol-1-yl)-2-trifluoromethylbenzonitrile (129
mg, 0.45 mmol, prepared as described in Example 1B) was added to a solution of
compound 24B (60 mg, 0.23 mmol) in CH,Cl, (2 mL). The reaction mixture was
stirred at room temperature for 2 days, concentrated under reduced pressure and
purified by flash chromatography on silica gel, eluting with 70% EtOAc/hexanes, to
give 20 mg (16%) of the unsaturated Diels-Alder product. The unsaturated product
(20 mg) was immediately dissolved in 2 ml of ethanol and 10 mg of 10% Pd/C was
added. The solution was stirred at room temperature overnight under a hydrogen
atmosphere. The mixture was filtered and the filtrate was concentrated under reduced
pressure. Purification by preparative reverse phase HPLC gave 7 mg of compound
24C1 and 2 mg of compound 24Cil. Compound 24Ci: HPLC: 96% at 3.17 min
(retention time) (YMC ODSA S5 C18 4.6X50 mm, 10%-90% aqueous methanol over
4 min gradient with 0.1% TFA, detected at 220 nm), MS (ES): m/z: 533.99 [M+H]}".
Compound 24CHi: HPLC: 99% at 38.95 min (retention time) (YMC ODS S5 20X250
mm, 10%-90% aqueous methanol over 40 min gradient with 0.1% TFA, detected at
220 nm), MS (ES): m/z 533.99 [M+H]"
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A
Example 25
3ac.4 Tac)4-[O d =hydrox 7-methyl-1.3-dioxo-4.7-

epoxy-2H-isoindol-2-yl]-2<(trifluoromethyl)benzonitrile (25B)

5
A, (3ac,4p,7p,7aa)- and (3aa,4a,7a,7ac)4-[1,3,32,4,7,7a-Hexahydro-4-(2-
hydroxyethyl)-7-methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl]-2-
(trifluoromethyl)benzonitrile (25Ai and 25Aii, respectively)
10

®

) Xe

A solution of compound 21A (252 mg, 2 mmol, 1 eq) and 4-(2,5-dihydro-2,5-
15  dioxo-1H-pyrmrol-1-yl)-2-triflucromethylbenzonitrile (798 mg, 3 mmol, 1.5 eq) in
CH,C], (10 mL) was stirred at room temperature for 2 days. The reaction mixture
was concentrated under reduced pressure. Purification by flash chromatography on
. silica gel eluting with 65% EtOAc/hexanes gave 217 mg of pure compound 25Al, 73
mg of pure compound 25Aii and 310 mg of a mixture of both compound 25Ai and
20 25AH Al three fractions were isolated as white solids with a total isolated yield of
600 mg (1.53 mmol, 76.5%). Compound 25Al: HPLC 90% at 2.56 min (retention
time) (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes
containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm). Compound
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25Ail: HPLC 90% at 2.56 min (retention time) (YMC S5 ODS column 4.6 x 50 mm,
10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4
mL/min, monitoring at 220 nm).

5 B. (3ac,4p,7p,7ac)4-[Octahydro-4-(2-hydroxyethyl)-7-methyl-1,3-dioxo-
4,7-epoxy-2H-isoindol-2-yl]-2-(trifluoromethyl)benzonitrile 25B)

A solution of compound 25Ai (0.2 g, 0.51 mmol, 1 eq) and 10% Pd/C (43 mg,
cat.) in EtOH (12 mL) was stirred under a hydrogen atmosphere at room temperature
10  for2 h. The reaction mixture was filtered through celite and concentrated under
reduced pressure to give 0.2 g (0.51 mmol, 100%) of compound 25B as a white solid.
HPLC: 95% at 2.59 min (retention time) (YMC S5 ODS column 4.6 x 50 mm eluting
with 10-90% aqueous methanol over 4 minutes containing 0.1% TFA, 4 mL/min,
monitoring at 220 nm), MS (ESI): m/z 394.97 [M+H]'.

15
Example 26
sac da.7a.7ac) and (3ac.4B.78.7ac)-N-[4-12-[2-][4-Cyano-3-
(trifiuoromethyl)phenyljoctahydro-7-methyl-1,3-dioxo-4,7-epoxy-4H-isoindol-4-
yl]ethoxy]phenyl]acetamide (26Ci and 26Cli, respectively)
20

‘5
NC
N
f
Al 2-[4-[2-(5-Methyl-2-foranyl)ethoxy]phenyl]acetamide (26A)

o,

. T 2
o~

FyC

=II-
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Triphenylphosphine (681 mg, 2.6 mmol, 1.3 eq) was added to a solution of
compound 21A (252 mg, 2 mmol, 1 eq) and 4-acetamidophenol (302 mg, 2 mmol, 1
eq) in CH,Cl, (4 mL). THF (5 mL) was added to make the reaction mixture
homogeneous and the mixture was then cooled to 0°C. DEAD (0.41 mL, 2.6 mmol,
1.3 eq) was added dropwise and the reaction mixture was stirred at room temperature
overnight, then concentrated under reduced pressure. Purification by flash
chromatography on silica gel eluting with 60% EtOAc/hexanes followed by
prepanative reverse phase HPLC gave 270 mg (52%, 1.04 mmol) of compound 26A as
a light brown solid. MS (ESI): m/z 260.09 [M+H]". -

B. (3aa,4a,7a,7ac)- and (3aa,4p,7B,7aa)-N-{4-[2-[2-[4-Cyano-3-
(trifluoromethyl)phenyl]-1,2,3,3a,7,7a-hexahydro-7-methyl-1,3-dioxo-4,7-
epoxy-4H-isoindol-4-yl]ethoxy]phenyl]acetamide (26Bi and 26Bii,

Q, X
fh o)\ R N

A solution of compound 26A (40 mg, 0.154 mmol, 1 eq) and 4-(2,5-dihydro-
2,5-dioxo-1H-pyrrol-1-yl)-2-triftuoromethylbenzonitrile (88 mg, 0.31 mmol, 2 eq) in
CH,C}, (2 mL) was stirred at room temperature for 2 days. The reaction mixture was
concentrated under reduced pressure. Purification by flash chromatography on silica
gel eluting with 75% EtOAc/hexanes gave 55 mg (0.105 mmol, 68 %) of aSto 1
mixture of compounds 26Bi and 26Bli as a white solid, which was used directly in the
next step. HPLC 90% at 3.28 min (reteation time) (YMC S5 ODS column 4.6 x 50
mm, 10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4
mL/min, monitoring at 220 nm).
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C. (3ac,4a,7a,7ac)- and (3ac,4p,7p,7ac)-N-[4-[2-]2-[4-Cyano-3-
(trifluoromethyl)phenyl]octahydro-7-methyl-1,3-dioxo-4,7-epoxy-4H-
isoindol-4-yljethoxy]phenyl]acetamide (26Ci and 26Cil, respectively)

A solution of a mixture of compounds 26Bi and 26Bil (55 mg, 0.105 mmol, |
eq) and 10% Pd/C (12 mg, cat.) in EtOH (3 mL) was stirred under a hydrogen
atmosphere at room temperature overnight. The reaction mixture was filtered through
celite and concentrated under reduced pressure to give 50 mg of crude product.
Purification by flash chromatography on silica gel eluting with 70% EtOAc/hexanes
gave 18 mg (0.034 mmol, 32 %) of compound 26Ci [HPLC: 96% at 3.33 min
(retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over
4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm). MS
(ES): m/z 528.01 [M+H]']; and 2.3 mg (0.004 mmols, 4%, 85:15-endo:exo) of an
85:15 mixture of compound (by 'H NMR) 26Cil and compound 26CI respectively
[HPLC: 90% at 3.35 min (retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-
90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min,
monitoring at 220 nm), MS (ESI): m/z 528.12 [M+H]'].

A (endo, endo)-7-Oxabicycio[2.2.1]hept-5-ene-2,3-dicarboxylic acid (27A)

H
7

H
H COOH
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Compounds 27A, 27B and 27C were synthesized in accordance with the
approaches described in Sprague et al., J. Med. Chem. 28, 1580-1590 (1985). A
mixture of furan (100 mL, 1.38 mol, 1 eq) and maleic acid (159.6 g, 1.38 mol, 1 eg) in
H,0 (340 mL) was stirred at room temperature for 5 days. The mixture was placed in
a separatory funnel and the aqueous layer was separated from the layer containing the
unreacted furan. The aqueous layer was treated with charcoal, filtered through celite
and placed in the refrigerator. The desired product crystallized from solution upon
seeding, was filtered, washed with cold water and dried over P,O; to give 70 g (0.38
mol, 28%) of compound 27A as a white solid.

B.  (endo, endo)-7-Oxabicyclo|2.2.1]heptane-2,3-dicarboxylic acid (27B)

i
>l<;:ooﬂ
H cooH

To a solution of compound 27A. (69 g, 0.375 mol, 1 eg) in EtOH (700 mL)
was added 10% Pd/C (4.5 g, cat.) and the mixture was shaken under a hydrogen
atmosphere at 55 psi until gas uptake ceased. The mixture was filtered through celite
and concentrated in vacuo to give 66 g (0.355 mol, 95%) of compound 27B as a white
solid.

C. (Bacda,7a,7Tac)-Hexahydro-4,7-epoxyisobenzofuran-1,3-dione (27C)

H

H )4

A solution of compound 27B (66 g, 355 mol) in acetyl chloride (300 mL) was
refluxed for 1 h. The reaction solution was concentrated in vacuo and the resulting
residue was recrystallized from benzene to give 49.2 g (0.292 mol, 82%) of
compound 27C as a white solid (>99% endo by 'H NMR).
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A

D. (3aa,4a,7a,7aa)-Hexahydro-2-(2-naphthalenyl)-4,7-epoxy-1H-isoindole-
1,3(2H)-dione Z7D)

5 Compound 27C (45 mg, 0.30 mmol, 1 eq) was combined with 2-
naphthalenamine (47 mg, 0.33 mmol, 1.1 eq) in acetic acid (1 mL) and heated at
115°C overnight. After the reaction was cooled to rt, a drop of water was added, and
the resulting precipitate was filtered. The material was washed with methanol and
dried to provide 65.7 mg (74.5%) of compound 27D as a white crystalline solid.

10 HPLC: 99% et 2.68 min (retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-
90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min,
monitoring at 220 nm), MS (ESI): m/z 294.0 [M+H]".

. Example 28
15 1aa.2 o a)-Hex naph 2 xy-3H-

oxireno|[f]liscindole-3.5(4H)-dione (28B

A. (1aa,2p,2ac,5aa,6p,6aa)-Tetrahydro-2,6-
epoxyoxireno[flisobenzofuran-3,5(2aH,SaH)-dione (28A)

20

As described in Yur'ev, et al., J. Gen. Chem. US.S.R. (Engl. Trans!) 31, 772-
775 (1961), a solution of exo-7-oxabicyclo[2.2.]1 Jheptane-2,3-dicarboxylic anhydride
(5 g, 30.09 mmo!), formic acid (10 mL) and hydrogen peroxide (6 mL) was stirred at
25 room temperature. After 30 min, the reaction was placed in an ice bath (it became
exothermic along with gas evolution) and was allowed to warm to room temperature
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slowly. After stiring overnight, the resulting precipitate was collected by filtration
and washed with glacial acetic acid and dried to yield 3.02 g of a white powder. The
crude solid was boiled in acetyl chloride (100 mL) for 10 hours and the mixture was
concentrated to ~20 mL under reduced pressure. The resulting precipitate was
filtered, washed with dioxanes and dried to give 2.37 g of compound 28A as a white
powder.

B. (1aa,2p,2aa,5aa,6p,6aa)-Hexahydro-4-(2-naphthalenyl)-2,6-epoxy-3H-
oxireno[f]isoindole-3,5(4H)-dione (28B)

Compound 28A (100 mg, 0.520 mmol, 1.2 eq) was combined with 2-
naphthalenamine (0.434 mmol, 1 eq) in acetic acid (2 mL) and heated at 115°C

. overnight. After the reaction was allowed to cool to rt, water was added, and the

resulting precipitate was filtered. The material was washed sequentially with aqueous
K,CO, and water and then dried in a vacuum oven to provide 113.7 mg (85.3%) of
compound 28B as an off-white crystalline solid. HPLC: 99% at 1.76 min (retention
time) (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes
containing 0.2% phosphoric acid, 4 mI/min, monitoring at 220 nm), MS (ESI): m/z
308.0 (M+HT".

. {0 18 =14 ;”_‘-" ) g)ulzn PIS-I _Fm -0 M

4,7-dimethyl-4,7-epithio-1H-isoindole-1,3(2H)-dlone 8-oxide (29)

F,C
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2,5-Dimethylthiophene (0.048 mL, 0.42 mmol) and 4—(2,5-dihydm-2,5\-dioxo-
1H-pyrrol-1-yl)-2-trifluoromethylbenzonitrile (0.290 g, 0.625 mmol) were dissolved
in CH,Cl, (8.0 mL) and cooled to —20 °C. BF,*Et,0 (0.412 mL, 3.36 mmol) was
added slowly followed by addition of mCPBA (~50%, 0.290 g, 0.84 mmol). After2h
at —20 °C, the reaction was poured into saturated aq NaHCO, and extracted with
CH,Cl, (3 x 20 mL) and the organics dried over anhydrous Na,SO,. The crude
product was purified by flash chromatography on SiO, eluting with 5%-10%-20%
EtOAc in CH,Cl, to give 0.119 g of compound 29 as a white solid. HPLC: 91% at
3.303 min (retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous

methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at
220 nm). MS (ESI): m/z 480.2 [M+H]".

Example 30
a,7aa)-2-[4-Bro trifluo Dphenyl]-3 78- dro-

4,7-epithio-1H-isoindole-1,3(2H)-dione 8-oxide (30)

H

ot

F,C

Thiophene (0.375 mL, 4.69 mmol) and 4-(2,5-dihydro-2,5-dioxo-1H-pyrrol-1-
yl)-2-trifluoromethylbenzonitrile (0.100 g, 0.313 mmol) were dissolved in CH,Cl, (50
mL) and mCPBA (~50%, 1.62 g, 4.69 mmol) was added and the stirred at 25°C for 3
h. Triphenylphosphine (2.0 g) was then added. After 15 min, the volatiles were
removed in vacuo and the resulting residue was dissolved in CH,Cl, (200 mL) and
washed with saturated aq NaHCO, (3 x 50 mL) and dried over Na,SO,. The crude
material was then purified by flash chromatography on SiO, eluting with 1% - 3% -
5% methanol in CH,Cl, to give compound 30 as a white powder (0.059 g). NMR
spectroscopy and LC analysis showed a single diastereomer. HPLC: 100% at 3.437
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min (retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol
over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm),
MS (ESI): m/z 443.2 [M+H]".

Example 31
3 Ta,7ac)-H - Oro henyl -imino-1H-

isoindole-1,3(2H)-dione (31D)

2z

H
H

D

10 FyC

A. 7-Azabicyclo[2.2.1]hepts-2,5-diene-2,3,7-tricarboxylic acld 2,3-dimethyl
7-(1,1-dimethylethyl) ester (31A)

LA,

2Lz

O
15

The freshly distilled acetylenedicarboxylic acid dimethyl ester (6.7 mL, 54.0
mmol) and N-(tert-butyloxycarbonyl)-1H-pyrrole (9.0 mL, 54.0 mmol) were
combined and heated at 120°C for 3 h. Purification by flash chromatography on SiO,
eluting with EtOAc/CH,Cl, gave 8.3 g of compound 31A as a yellow solid.

20
B.  (exo,endo)-7-Azabicyclo{2.2.1]hept-2,5-diene-2,3,7-tricarboxylic acid 7-
(1,1-dimethylethyl) ester (31B)
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OH

Compound 31A (1.0 g, 3.5 mmol) was dissolved in MeOH (2.0 mL) and aq
KOH (1 g in 5 mL H20) was added. The reaction was heated to 50°C for 1 h. The
reaction was then cooled to 25°C and Pd/C (0.5 g, 10% Pd) was added and the
mixture was placed in a Parr apparatus for 14 h at 25°C. The reaction was then
filtered through celite rinsing with water. The aqueous solution was acidified to pH =
2 by addition of I N HCl and then extracted with EtOAc (2 x 100 mL).
Concentration of the organics gave the compound 31B as a pale yellow solid.

C. (3ac,4a,7a,7aa)-Hexahydro-1,3-dioxo-4,7-iminoisobenzofuran-8-
carboxylic acid 1,1-dimethylethyl ester (31C)

XL

The crude compound 31B was heated to 120°C in vacuo in a sublimation
chamber, resulting in sublimation of compound 31C as a white solid (0.051 g), which
was collected directly and used in the next step without further purification.

D. (3aa,4a,7a,7ac)-Hexahydro-2-[3-(trifluoromethyl)phenyl]-4,7-imino-1H-
isoindole-1,3(2H)-dione (31D)

Compound 31C (0.050 g, 0.187 mmol) and the 1-amino-3-
(trifluoromethyl)benzene (0.030 g, 0.187 mmol) were dissolved in AcOH (2.5 mL)
and heated to 115°C for 4.5 h. The reaction was quenched by addition of saturated
aqueous NaHCO, and the extracted with methylene chloride (3 x 15 mL). The crude
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material was purified by preparative reverse phase HPLC to give 0.030 g of w
compound 31D as a white solid. HPLC: 99% at 2.33 min (retention time) (YMC S5
ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing
0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ESI): m/z 311.15
[M+HH]".

Example 32
. 4B.70,.7aa)- and (3aa. [ 7.7a- d 7-dlmethyl-2-
[3~(trifluoromethyl)phenyl]-4,7-epoxy-1H-isolndole-1,3(2H)-dione (32i and 32ii,

respectively)

;&‘ H
3 (4
d H
N o ND

F,C

Freshly distilled 2,5-dimethylfuran (0.32 mL, 2.6 mmol) was dissolved in
CH,Cl, (2.0 mL) and 1-[3-(trifluoromethyl)phenyl]- 1 H-pyrrole-2,5-dione (0.5 g, 2.5
mmol) was added. The reaction was stirred at 25°C for 16 h and was then
concentrated under reduced pressure. Purification by flash chromatography on silica
gel eluting with 0.5% MeOH/CH,C), gave 50 mg of compound 32i and 250 mg of
compound 32ii, as white solids. Compound 32i: HPLC: 92% at 3.047 min (retention
time) (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes
containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z
338.15 [M+H]"; Compound 32ii: HPLC: 98% at 3.08 min (retention time) (YMC S5
ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing
0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 338.30
[M+HT'.
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Example 33
Jac.d4a.7c.7a a)-Hexahyd 7-dimethyl-2-[3 m l)phenyl]-4,7-

epoxy-1H-isoindole-1,3(2H)-dione (33)

F,C
5 Compound 32ii (0.080 g, 0.237 mmol) was dissolved in EtOAc (2 mL) and

EtOH (1 ml) and Pd/C (10% Pd, 0.050 g) was added. Hydrogen was then introduced
by a balloon and the reaction was stirred for 24 h. The mixture was filtered through
celite, rinsed with EtOAc and concentrated in vacuo to give compound 33 (0.075g) as
a white solid. No further purification was neceded. HPLC: 90% at 3.233 min

10 (retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over
4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS
(ES): m/z 340.40 [M+HT".

15

A. 4,5,7,7a-Tetrahydro-5-methyl-4,7-ethenofuro[3,4-c] pyridine-1,3,6(3aH)-
trione (34A)
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Compound 34A was synthesized by a modification of the methods described
in Tomisawa e? al., Heterocycles 6, 1765-1766 (1977) and Tetrahedron Lett. 29,
2465-2468 (1969). Maleic anhydride and 1-methyl-2-pyridone were suspended in 30
ml of anhydrous tolulene. The reaction vessel was fitted with a Dean Stark trap and
refluxed for 48 hours. The dark colored solution was allowed to cool to rt and then
the volatiles were removed in vacuo. The resulting brown paste was dissolved in 10
ml of boiling toluene and the hot solution was filtered under a nitrogen flow to
remove particulates. On standing at 25°C the desired product precipitated from
solution. The solid was isolated by filtration and washed with cold toluene to give
compound 34A, which was used without further purification.

B. (3aa,40,7a,7aa)-Tetrahydro-5-methyl-2-(4-nitro-1-naphthalenyl)-4,7-
etheno-1H-pyrrolo|3,4-c|pyridine-1,3,6(2H,5H)-trione (34B)

1-Amino-4-nitronaphthalene (0.094 g, 0.5 mmol) and compound 34A (0.130
g, 0.63 mmol) were dissolved in AcOH (2.0 mL) and heated to 110°C for 11 h. The
reaction was then cooled to 25°C and poured into cold saturated aqueous K,CO, and
stirred vigorously for 10 min. The solution was filtered and rinsed with water. The
resulting filtrate was dried in vacuo and purified by silica gel chromatography using a
solvent system of 4:6 EtOAc/Hexane, to give 0.172 g of compound 34B as a white
solid. HPLC: 92% at .2.472 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
eluting with 10-90% agueous methanol over 4 minutes containing 0.1% TFA, 4
ml/min, monitoring at 220 nm), MS (ES): m/z 378.29 [M+H]".
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L

4B8.7B,7aa)-4-[4-[2-{4-Fluorophenoxy)ethyl dro-7-methyl-1 X
4,7-epoxy-2H-I1soindol-2-yl]-2-(triflucromethyl)benzonitrile (35)

QL
N
0
i

5 DEAD (0.06 mL, 0.380 mmol, 1.5 eq) was added to a solution of
triphenylphosphine (100 mg, 0.380 mmol, 1.5 eq) in THF (1.3 mL) at room
temperature under an inert atmosphere. After stirring for 10 mins, 4-fluorophenol (43
mg, 0.380 mmol, 1.5 eq) was added in one portion. The reaction mixture was stirred
for 5 mins, compound 25B (100 mg, 0.254 mmol, 1 eq) was added and stirring was

10 . continued for 3.5 h. Purification by flash chromatography on silica gel eluting with
50% EtOAc/Hexanes followed by preparative chromatography [HPLC: 11.93 min
(retention time) (YMC S5 ODS column 20 x 100 mm, 0-100% aqueous methanol
over 10 minutes containing 0.1% TFA, 20 mL/min, monitoring at 220 nm)] gave 72
mg (58%) of compound 35 as a solid. HPLC: 99% at 3.74 min (retention time)

15 (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes
containing 0.2% phospboric acid, 4 mL/min, monitoring at 220 nm), MS (ESI): m/z
487.1 [M-HJ.

Example 36
20 i.408.7 4| -Bro i -me| 1 X -

2H-isoindol-2-yl}-2-(triflnoromethyl)benzonitrile (36)
5
NC
N

A solution of 25B (495 mg, 1.26 mmol, 1 eq) and pyridine (0.1 mi, 1.26
25 mmol, 1 eq) in CH,Cl, (2 ml) was added to a solution of Ph,PBr, (636 mg, 1.51
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Ju3
mmol, 1.2 eq) in CH,Cl, (2ml) at 0°C. The reaction mixture was stirred at room
temperature for 3 hr, then the solvent was removed under reduced pressure. The
resulting residue was washed 2X with 10 ml portions of EtOAc-hexane (6:4) and the
combined washings were purified by flash chromatography on silica ge! eluting with
60% EtOAc/hexane to give 390 mg (0.85 mmol, 67.7%) of compound 36 as a white
solid. HPLC: 99% at 3.51 min (retention time) (YMC S5 ODS column 4.6 x 50 mm,
10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4
mL/min, monitoring at 220 nm). MS (ESI): m/z 456.7 [M-HJ.

Example 37
3au.4B.7B.7aa)-Hexah 7 L2-(3-m -4 i g -

1H-isoindole-1,3(2H)-dione (37)

““ti
N

A combination of 4-nitro-3-methylaniline (0.050 g, 0.33 mmol), compound
20A (0.083 g, 0.43 mmol), TEA (0.2 mL), MgSO, (0.075 g) and toluene (0.8 mL)
were combined in a sealed tube and the mixture was heated to 120°C for 14 h. After
cooling to 25°C, the reaction was filtered, rinsed with CH,Cl, and concentrated. The
crude product wes purified by preparative-TLC on SiO, eluting with CH,Cl, to give
0.075 g of compound 37 as a pale yellow solid. HPLC: 100% at 2.733 min (retention
time) (YMC S5 ODS column, 4.6 X 50 mm; 10-90% MeOH/H,O gradient,+ 0.1%
TFA; 4 mL/min, 220 nM detection), MS (ES): m/z 348.2 [M+NH,]".

Examples 38 to 121
Additional compounds of the present invention were prepared by procedures
analogous to those described above. The compounds of Examples 38 to 121 have the
following structure (L. is a bond):
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where G, the compound name, retention time, molecular mass, and the procedure
employed, are set forth in Table 2. The chromatography techniques used to
determine the compound retention times of Table 2 are as follows: LCMS = YMC
S5 ODS column, 4.6 X 50 mm eluting with 10-90% MeOH/H,0O over 4 minutes
containing 0.1% TFA; 4 mL/min, monitoring at 220 nm. The molecular mass of the
compounds listed in Table 2, where provided, were determined by MS (ES) by the

formula m/z.
Table 2
Ex. Retention Pro.
No. G Compound Time of Ex.
Name (Min.y
. Maolecular Mass
38 @ (38,4, 7P, Tac)-2-(2- 3.72 3
O' Fluorenyl)hexahydro-4,7-epoxy-1H- LCMS/ |
Isoindole-1,3(2H)-dione 332.20
[M+H]"
3 (380,48,7p.7ax)-2{3-Chioro-4-(4- 320 8
(\ /Q/ morpholinyi)phenyllhexahydro-4,7- LCMS/
o\)‘ a epaxy-1H-soindole-1,3(2H)-dione 363.20
[M+H]'
9 (3ac,4p,78.7aa)-2{2,3-Dilydro-1H- 3.26 8
g inden-5-yl)hexahydro-4,7-epoxy- LCMS/
1H-isoindole-1,3(2H)-dione 284.22
[M+H]"
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Ex. Retention Pro.
No. G Compound Time of Ex.
Name Miny
Molecular Mass
4 (320,4P, 7P, 7aa)-2-{4-Bromo-1- 3.73 3
B naphthalenyl)hexahydro-4,7-epoxy- LCMS/
@ 1HHeoindole-1,3(2H)-dione 404.11
[MH+CH,OR+H]
42 (3aa,4p,7p,7aa)-2-(4-Chloro-1- 3.63 8
c, nephihalenyljhexahydro4,7-epoxy- | LCMS/
g] 1H-soindole-1,3(2H)-dione 328.14
M+H]*
43 (320,48,7P.7ac)-2-(5-Amino-1- 1.64 3
@ naphthalanyl)hexahydro-4,7-epoxy- LCMS/
. O 1H-isoindole-1,3(2H)-dione
2
“ (3aa, 4,78, 7ac)-Hexahydro-2(7- 2.54 8
@ hydroxy-1-naphthalenyl)-4.7-apoxy- LoMS/
@ 1H-isoindole-1,3(2H)-dione 308.23
o [M-H]
s (3aa,4p,7P.7aa)-Hexahydro-2-(4- 3117 3
O.N @ nitro-1-naphthalenyl)-4,7-epoxy-1H- LCMS/
g] isoindole-1,3(2H)-dione 404.11
[M+CH,OH+H]"
46 (32a,4p,7p,7ac)-Hexahydro-2-(1H- 2.39 8
?l Indol-5-yl)-4,7-epaxy-1H-lsoindole- LCMS/
HN
= 1,3(2H)-dione 283.23
[M-+HH]*
47 (3a0,4B,7p.7a0)-Hexahydro-2-(1H- 735 3
(Q/ indazol-8-yl)-4,7-epoxy-1H- LCMS/
Nt isoindole-1,3(2H)-dlone 28223
[M-HJ
4 (320,4B.7p. 78y 21,3 247 8
g Benzodioxol5-yl)hexahydro4,7- LCMS/
epoxy-1H-soindole-1,3(2H)-dione 288.20
[M+H]*
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Ex. Retention Pro.
No. G Compound Time of Ex.
Name Min.)/
Molecular Mass
49 (3ac,4P,7p,7aa)-2-{4-Amino-3- 2.71 B
HZNQ/ (trifiucromethyl)phenyijhexahydro- LCMS/
CF; 4,7-epoxy-1H-isoindole-1,3(2H)- 327.20
dione M+H]*
50 (3a,4p, 7P, 7ax)-2-(3-Chioro4- 3.70 2
1";]/ iodophenyl)hexahydro-4,7-epoxy- LCMS/
al 1H-iscindole-1,3(2H)-dione’ 4352
[M+CH,OHJ"™
51 (320.4p.7P.7ac)-Hexahydro-248- 3,28 3
qg, quinalinyl)-4,7-epaxy-1H-isaindole~ LCMS/
- 1,3(2H)-dlone 295.22
[M+H]"
52 (330,4.7B.7ea)-2-(2,3-Ditydro-1,4- 755 3
Q:j/ benzodiaxin-6-yl)hexahydro-4,7- LCMS/
epaxy-1H-isoindole-1,3(2H)-dlone 302.23
M+HHT
8 | Oyt (330,4P, 7P, 7ac) Hexahydro-242- 338 3
’@ oxo-4-{trifluoromethyl}-2H-1- LCMY/
A benzopyran-7-yi}-4,7-epoxy-1H- 412.17
isoindole-1,3(2H)-dlone [M+CH,OH+H]"
54 [ Oy C (30a,48,7p,7ax)-Hexahydro-2-(4- 2.74 ]
’@ methyl-2-oxo0-2H-1-banzopyran-7- LCMS/
CH, yi)}4,7-epoxy-1H-iscindole-1,3(2H)- 32620
dione [M+H]*
5s y (3aa,4B,7p,7aa)-2-2,5-Dimethoxy- 2.70 §
4-nitrophenyl)hexahydro-4,7-epaxy- LCMs/
OuN 1H-solndole-1,3(2H)-dione 349.3
OCH, [M+H]
5 (380,4p.7P,78}-2,3,5,6- 297 3
Tetrafluoro-4-{octahydro-1,3-dloxo- LCMS
NC F 4,7-epaxy-2H-isoindol-2-
F yl)benzonitriie
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Ex. Retention Pro.
No. G Compound Time of Ex.
Name Miny
_ Molecular Mass
57 (3aa,4p,7B,7aa)-Hexahydro-2- 2.90 8
{2.4,5-trifiuorophenyi)-4, 7-epoxy- LCMS
1H-isoindole-1,3(2H)-dicne
58 (33a,4P, 7P, 7ac)Hexahydro-2- 364 3
(2.4,5-trichiorophenyi)-4, 7-apaxy- LCMS/
leé/ 1H-iscindole-1,3(2H)-dione 346.39
& MT"
59 2 (3aa.4B,7B,7ax)-2-(2-Amino-4,5- 3.3 8
dichlorophenyi)hexahydro-4,7- LCMS
a epaxy-1H-isoindole-1,3(2H)-dione
a
& (3a0,48,7p,78a) 23,4 291 8
',q Difiuorophenyl)hexahydro-4,7- LCMS/
epaxy-1H-saindole-1,3(2H)-dione 28023
. M+HT
61 (3aa,48,7B,7ax)-1-Acetyl-2,3- 243 ]
p/ dihydro-6-{octahydro-1,3-dioxo-4,7- LCMS/
epoxy-2H-isoindol-2-yl)-1H-ndole 350.26
N(?’c“’ [M+CH,OB+H]'
(3ax.4p,7p.7aa)-2-(3-Chioro-4- 321 3
F/Q/ fiuorophenyi)hexahydro-4, 7-epoxy- LCMS/
a 1H-scindole-1,3(2H)-dlone 328.14
[M+CH,OH+HT'
63 (3ac,4B,78,7aa)-2-(3 4 3.54 ]
c1’©/ Dichiorophenyl)hexahydro-4,7- LCMY
Cl epaxy-1H-isoindole-1,3(2H)-dione 31179
M-Hf
641 C {33a,4p.7P,7aa)-Hexahydro-2- 405 3
C:Q/ (3.4,5-richlorophenyi)-4,7-epoxy- LCMS/
& 1H-isoindole-1,3(2H)-dlone 378.10
[M+CH,OB+H]"
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Ex. Retention Pro.
No. G Compound Time of Ex.
Name (Min.y
Molecular Mass
65 (32,4, 7P, Taa)-2-{3-Chioro4- 2.99 ;
H,CQ’Q/ methoxyphenyl)hexahydro-4,7- LCMS/
a epoxy-1H-isoindole-1,3(2H)-dione 308.11
[M+HT
66 (3ac,4p,7p.7aa)-2(3-Chloro-4- 3.39 8
H,C’Q/ methyiphenyl)hexahydro-4,7-epoxy- LCMS/
& 1H-igoindole-1,3(2H)-dlone 292.20
[M+H]"
7 CHy (380.4p.7p.7ac) Hexahydro-2-(2- 328 3
@ methyi-1-naphthalenyl)-4,7-epoxy- LCMS/ -
1HHsoindole-1,3(2H)-dione 308.23
§ oy
(3a,4B, 7P, 7aa) 2(4-Chioro-3- 340 g
CKQ/ methyiphenyl)hexahydro-4,7-epoxy- |  LCMS/
CH, 1H-scindole-1,3(2H)-dlona 29220
M+HT*
e (3ac,4p,7P,7aa) 234 311 3
HJC/Q/ Dimethyiphenyl)hexahydro-4,7- LCMS/
CH, epoxy-1H-soindole-1,3(2H)-dlone 272.23
. M+HT
7 (380,4P,7P.7a0)-2-{4-Bromo-3- 3.76 ]
B/Q( (trifluoromethyl)phenyilhexahydro- LCMS/
CF, 4,7-epoxy-1H-isoindole-1,3(2H)- 42198
dione [M+CH,OH+H]*
n (38,4, 7P, 7aa) 2-{4-Bromo-3- 350 8
B/Q/ " | methylphenyl)hexahydro-4,7-epoxy- LCMS/
Cx, 1H-isolndole-1,3(2H)-dione 336.05
[M+H]'
K (3aa,4p,7p,7aa)-2-(4-Fluoro-3- 2.80 3
‘/Q/ nitrophenylhexahydro-4,7-epoxy- LCMS/
NO, 1H-isoindole-1,3(2H)-dione 305.25
[M-H}
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Ex. Retention Pro.
No. G Compound Time of Ex.
Name (Min.)/
Molecular Mass
L (300,48,78,7aa)-2-{4-Fluoro-3- 345 8
(trifluoromethyl)phenyfjhexahydro- LCMS/
F, 4,7-epoxy-1H-isoindole-1,3(2H)- 362.26
dione [M+CH,OH+H]"
| 74 (3ac.4p, 7P, 7Taa)-2-(4-Chioro-3- 3.19 g
CI/Q/ nitropheny{)hexahydro-4,7-epoxy- LCMS/
NO, 1Hdsoindole-1,3(2H)-dione 322.86
M
75 (3aa,48,7p,72a)-2-4-Chloro-3- 3.68 8
Q’Q/ (trifluoromethyl)phenyilhexahydro- LCMS/
CF, 4,7-epoxy-1H-isoindoie-1,3(2H)- 345.83
. dione 1.7 1)
76 3 (3aa,4p,78,7aa)-2-(4-Chloro-2- 331 8
methoxy-5- LCMS/
a methylphenyl)hexahydro-4,7-epoxy- 322.20
CH, 1HHsoindole-1,3(2H)-dione [M+H]
n (3aq,4p,78,7aa)-2-{(4-Amino-3- 234 3
H .NIQ/ nitraphenyl)hexahycro-4,7-epoxy- LCMS/
No, 1H-isoindole-1,3(2H)-dione 302.27
[M-HT
™ (3aa,4p,7p,7ac)-Hexahydro-2(4- 3.02 B
H IC/Q/ mathyl-3-nitrophenyt)-4,7-epoxy- LCMS/
NO, 1H-isoindole-1,3(2H)-dione 335.20
M+CH,OH+HHT'
™ (3aa,4p,7p.7ea)2{3,4- 235 ]
H ,C({Q/ Dimethoxyphenyl)hexahydro-4,7- LCMS/
OCH,4 epaxy-1H-isoindole-1,3{2H)-dione 304.25
[M+H]*
% (380,4P. 7P, 7aa) Hexahydro-2-3- 0.98 8
H,oo’Q/ hydraxy-4-methoxypheryl)-4,7- LCMS/
OH epoxy-1H-isoindole-1,3(2H)-dione 321.19
[M+CH,OHT"
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Ex Retention Pro.
No. G Compound Time of Ex.
Name Min.y
Molecular Mass
81 N (38, 4P,7P, 7aa)-Hexahydro-2-(4~ 0.54 3
N I methy-5-nltro-2-pyridinyl)-4,7- LCMY/
CH, epoxy-1H-isoindole-1,3(2H)-dione 304.20
M+HT
82 (3aa,4p,7B,7ac)-2-Chloro-4- 3.67 )
(octahydro-1,3-diaxo-4,7-apoxy-2H- LCMS/
Iscindol-2-yi)-a- 4228
phenylbenzeneacetonitrie [M+CH,OH]"
LG (3aa,4p,7B,7ac)-Hexahydro-2-(2- 3.66 (]
methoxy-3-dibenzofuranyi}-4,7- LCMS/
epaxy-1H-scindole-1,3(2H)-dlone 364.25
[M+H]"
“ (32a.48,78.7ea)-Hexshydro-2- 306 C
" (2,3.4-trifuorophenyl)-4,7-epoxy- LCMS/
1H-soindole-1,3(2H)-dione 298.14
[MHHT
85 (320,4p,78,78cx)-2(2 3-Dihydro-2- 2.70 8
methyl-1,3-dioxo-1H-soindol-5- LCMS/
yhhexahydro-4, 7-epooxy-1H- 359.22
iscindole-1,3(2H)-dione [M+CH,OH+H]'
86 (3ax,4B,7p,7aa)-2-{(4-Bromo- 372 §
2,3586- LCMS/
tetrafluorophenyl)haxahydro-4,7- 426.07
epoxy-1H-isoindole-1,3(2H)-dione | [M+CH,OH+H]J'
87 (3aa,4p,7P,7aa)-Hexahydro-2-(2- 253 3
hydraxy-1-naphthatenyl)-4,7-epoxy- LCMS/
1H-isoindole-1,3(2H)-dione 30826
[M-HT
88 (38c,48,7p,78a)-2-{2,5-Dichloro4- 3.70 3
(1H-pyrrol-1-yijphenyi]hexahydro- LCMS/
4,7-epoxy-1H-isoindole-1,3(2H)- 376.64
dicne [M-HT
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Ex. Reteation Pro.
No G Compound Time of Ex.
Name (Min.)/
Molecular Mass
89 (33,4, 7P.7aa)- Hexahydro-2-14- 2.19 8
{methoxymethyl)-2-oxo-2H-1- LCMS/
benzopyran-7-yi}-4,7-epoxy-1H- 356.26
isoindole-1,3(2H)-dione [MHH]*
20 (3a,4p,7p,7aa)-2-{6- 2.46 8
J;]/ Benzothiazolyl}hexahydro-4,7- LCMS/
N\\_s epoxy-1H-isoindole-1,3(2H)-dione 301.19
[M+HT
n (320,4P. 7P, Tax) 2-Methoxy4- 275 3
H’Wq (octahydro-1,3-dioxo-4, 7-apoxy-2H- LCMS/
, | ieoindol-2-y}benzoic acid methyl 33225
estor [M+H}'
L (3aa,4p.7p.7ac)-2-Methyl-5- 2.80 8
HaC'Q/ (octahydro-1,3-dloxo-4,7-epoxy-2H- LCMS/
CN Isoindoi-2-yl)benzonitrie 315.26
[M+CH,OH+HT"
93 & (32a,4P,7p.72a)-Hexahydro-2-(2- 745 8
Om/ oxo-2H-1-benzopyran-6-yi)-4,7- LCMS/
epoxy-1H-soindole-1,3(2H)-dione 31220
[M+H]*
94 3 (3aa.4p,7p.7aa)-Hexahydro-2- 339 8
s (2.3.5.6-tntramethyk4-nitrophenyl)- |  LCMS/
ch, | 47-epoxy-1H-soindole-1,3(2H)- 37125
3 dione [M+CH,0H+H]"
9 3 (3aa,4p,78,7aa)-Haxahydro-2- 333 3
(5/ (2.4,5-trimethyiphenyl)-4.7-epoxy- LCMS/
Hy 1H-isoindole-1,3(2H)-dione 286,30
CH, M+H]*
96 (38a,4P.7p,7aa)-244-Fluoro-3- 3.00 ;
‘,?/ methylphenyllhexahydro4,7-epaxy- |  LCMS/
: 1HHsoindole-1,3(2H)-dione 276.23
M-+
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Ex Retentlon Pro.
No. G Compound Time of Ex.
Name Min.)/
— Moleculsr Mass
9 (32, 4p,7B,7aa)-Hexahydro-2-(3- 3.05 ]
Wl
OCH, epoxy-1H-soindole-1,3(2H)-dione 288.23
[M+H]*
%8 (32a,4P,7P,7aa)-N-Ethyi-2-methyl- 3.56 8
H ,LJQ/ 5-(octahydro-1,3-dioxo-4,7-epoxy- LCMS/
0=%=0 2H-isoindok-2-yl}-N- - 44126
H,CVN© phenylbenzenesulfonamide [M+H]'
” B (3ac.4p, 7P, 7aa)-2,6-Dibromo4- 335 )
QA (octahydro-1,3-dloxo-4,7-apaxy-2H- LCMS
N B Isaindol-2-yl)benzenesulfonamide
100 [ HyC N (3a0,4B,78,7aa)-2,4-Dimethyl-6- 2.75 8
N \I (octahytiro-1,3-dloxo-4, 7-epoxy-2H- LCMS/
Ciy isoindol-2-yl)-3-pyridinecarbonitrile 298.23
[M+H]"
1 (380,4P.7p.7ac)2-2,3-Dimethyl- 3.00 B
"'E/ 1H-indol-5-yi)hexahydro-4, 7-epoxy- LCMS/
= 1H-scindole-1,3(2H)-dione 31126
HsC H, [M+H]*
102 (3ax,48,7B.7a0)-2-(3 372 8
@ Dibenzofuranyl)hexahydro-4,7- LCMS/
@ J epaxy-1H-isoindole-1,3(2H)-dione 366.23
[M+CH,OH+H]*
103 (3aa,4p,7.7aa)-Hexahydro-2-(2- 370 5
@ hydroxy{1,1:3',1"-terphenyl}-5'-yl)- LCMS/
@ 4,7-epaxy-1H-eoindole-1,3(2H)- 412.23
He @ dione [M+H]*
104 (3a0,4P, 7, 7ax)-Hexahydro-2- 324 )
(?:on (5.6.7.8-tetrahydro-3-hydroxy-2- LCMS/
naphthalenyli)-4,7-epoxy-1H- 31232
isoindole-1,3(2H)-dione [M+H]'
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Ex. Retentlon
No. G Compound Time of Ex.
Name Min.y
Molecular Mass
105 (3a0,4B,7P, 78)-2-2,3-Dihydro-1H- 242 3
indol-6-yl)hexahydro-4, 7-epoxy-1H- LCMS/
{Nﬂ; isoindole-1,3(2H)-dione 285.29
[M+H]*
106 (3ac,4B,7B,7ax)-2<1,3-Dihydro-2,2- 1.99 8
dioxidobenzofcjthiophen-5- LCMS/
- yl)hexahydro-4,7-epoxy-1H-- 366.26
0 iscindole-1,3(2H)-dlone [M+CH,OH+HT'
107 OH (330,48, 7P, 7aa) Hexahydro-2-(2- 378 3
hydroxy-4,5-dimethytphenyi)-4,7- LCMS/
H, epoxy-1H-isoindole-1,3(2H)-dione 286.32
CH, M-HT
108 | K (380,4P. 7P, 7au)-2{(2,3-Dihydro- 382 8
m 2,2.3,3-etrafluoro-1,4-benzodioxin- LCMS/
F 6-y))haxahydro-4.7-spoxy-1H- 406.19
Isoindole-1,3(2H)-dione [M+CH,OH+HT*
109 (38a,4P,78.7ac) Hexahydro-2{ 1H- 213 3
}m‘?/ indazol-5-yi)-4,7-epoxy-1H- LCMS/
3 isoindole-1,3(2H)-dicne 284.23
[M+H]*
110 (3a0,4P.7P, Tec) 2-{(4-Amino- 2.60 3
2.3,5,6-tetrafluorophenyl)- LCMS/
H’:ﬁ: hexahydro-4,7-epoecy-1H-isoindole- 363.22
1,3(2H)-dione [M+CH,OH+HT
i (3304, 7P.Tac)-2{4-Bromo-3- 364 3
B/Q/ chiorophenyl)hexahydro-4,7-epaxy- LCMS/
& 1H-soindote-1,3(2H)-dlone 389.64
[M+CH;OH+HH]"
m (3a80,48,7p,7ac)-Hexahydro-2-(5- 748 3
@ hydroxy-1-naphthaleny!)-4,7-epoxy- LCMs/
O 1H-isoindole-1,3(2H)-dlone 30827
He [M-HT
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Ex Retentlon
No. G Compound Time
Name (Miny
Molecular Mass

113 (3ax,4p.7P.7ea)4-{Octahydro-1,3- 3.28
NC’Q/ dioxo-4,7-epoxy-2H-isoindok-2-yl)-2- LCMS/

CF; (trifluoromethyl)benzonitrile 337.16

(M+H]'

114 (320,47 7aa)-2-(4-Morpholinyl)- 372
I/\ Q/ 5-(octahydro-1,3-dioxo-4, T-epoxy- LCMS/
O\J éoocs,|  2HHsoindol-2-yfjbenzoic acid 387.17
methy ester [M+HT

us (3aa.4p,7p,78a)-2-Fluoro5- 769
F/Q/ (octahydro-1,3-dioxo-4,7-epoxy-2H- LOMS/

&N Isoindol-2-yi)benzonitrie 319.26

[M+CH,OH+H]*

116 (334, 7P.Tec) 24 580
B/O/ Bromophenyl)hexahydro-4,7-epoxy- LCMS/
1H-iacindole-1,3(2H)-dione 393.0

[M+H]*

117 (320,4p. 7P, 7ac) Hexahydro242- r37)
g’ naphthalenyl)-4,7-epoxy-1H- LCMS/

O Isoindole-1,3(2H)-dione 333.7

[M+HT

118 (380,4p,7P.7aa)-Hexahydro 213~ 337
Q/ (trifiuoromethyt)phenyl]-4,7-epoxy- LCMS/

&, 1H-isoindole-1,3(2H)-dione 3122

[M+H]"

119 (320,4P,7p.Taa)-Hexahydro-2-(4- 2.38
O‘NO/ nitropherryl)-4,7-epoxy-1H- LCMS/
isoindole-1,3(2H)-dione 3432

[M+HH]

120 (320,4p.7P. 7ac) 2-8-Ethyl-OH- 37
@ carbazol-3-yl)hexahydro-4,7-epoxy- LCMS/

@ 1H-soindole-1,3(2H)-dione 360.1
[M+HT'

HyC
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Ex. Retention Pro.
No. G Compound Time of Ex.
Name
Molecular Mass

121 H 3 (3ac,4p,7P,7aa)-2-{1,2-Dihydro-8- 3.11 ]

N methyi-2-axo-4-{trifluoromethyl)-7- LCMS/

S quinolinyijhexahydro-4,7-epoxy-1H- 393.0
CF; Isoindole-1,3(2H)-dione [M+H]*
Examples 122 to 164

Further compounds of the present invention were prepared by procedures
analogous to those described above. Table 3 provides the compound name and
structure, retention time, as well as the Example number of the procedure on which
the preparation of Table 3 was based, for the compounds of Examples 122 to 164.
The chromatography techniques used to determine the compound retention times of
Table 3 are as follows:

LCMS = YMC S5 ODS column, 4.6 X 50 mm eluting with 10-90% MeOH/H,0 over -
4 minutes containing 0.1% TFA; 4 mL/min, monitoring at 220 nm.

LC = YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% MeOH/H,0 over 4
minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm
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Table 3
Ex. Retention | Pro.
No. Compound Compound Time of Ex.
Structure Name Min/
Molecular
Mass
122 N (3aa,4a,7a,78c)-Hexahydro- 2.66 27
2-{3{trifluoromethyl)phenyf]- LCMS
c%b 4,7-epoxy-1H-isoindole-
o) b 1,3(2H)-dione
FaC
123 W (3ax.4a,70,7ac)Hexahydro- | 2.76 27
2-(4-nitro-1-naphthalenyl)- LCMS
l%SFD 4,7-epoxy-1H-isoindole-
1,3(2H)-dione
124 (3aa,4B,7B,78a)-2-{4- 6.36 8
Bromo-3-methyiphenyl)- LCMS
3g,4,7,7a-tetrahydro-4,7-
epoxy-1H-isoindole-1,3(2H)-
dione
125 (3ac,4p,7B,7aa)-2-(4- 5.72 8
Bromophenyl)-3a,4,7,7a- LCMS
tetrahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dione
126 (320,4B,7B,72a)-3a,4,7.7a- | 592 ]
Tetrahydro-2-{2- LCMS
naphthalenyt)-4,7-epoxy-1H-
Isoindole-1,3(2H)-dione
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Ez. Retention | Pro.
Ne. Compound Compound Time of Ex
Structure Name Min./
. Molecular
Mas
127 @ (3ac4p.7p.Tea) 2@ Ethyr | 373 3
9H-carbazol-3-yl)-3a,4,7,.7a- | LCMS
N tetrahydiro-4,7-epoxy-1H-
@ " isoindote-1,3(2H)-dlone
123 3 (38a,4p.7P, Taa) 24 Fiuoro- | 340 7
y\é 3{(irifluoromethy!)phenyl}- LCMS
N 3a,4,7,7a-tetrahydro-4,7-
epaxy-1H-scindole-1,3(2H)-
dione
129 (3a0,4P.7p. Tea) 211,2- R T g
Dihyxdro-8-methyl-2-oxo-4- LCMS
(trifluoromethyi)-7-
quinolinyll-3a,4,7,78-
tetrahydro-4,7-epaxy-1H-
isoindole-1,3(2H)-dione
130 - (3aa,4a,7a.7aa)4- 295 4
[{Acetyloxy)methyi}-2-{4- LC
H bromo-3-methylpheryl)-
o 3a 4,7, 7a-tetrahydro4,7-
’@ epaxy-1H-isoindole-1,3(2H)-
BC dione
B 3 (3aa,4p,7B.7ac)4- 297 5
“'\5\ 0 [(Acetyloxy)methyl}2-(4- | LCMS
N:S |S€ bromo-3-methyiphenyl)-
£ 3a4,7,7a-tetrahydro-4,7-
fift epoxy-1H-isoindole-1,3(2H)-
dione.
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Ex. Retention Pro.
No. Compound Compound Time of Ex.
Structure Name MinJ
Molecular
Mass
132 (3aa,4p,7B,7ax)-Hexahydro- 3.08 20
4,7-dimethyl-2{3- LC
(trifluoromethyl)phenyl}-4,7-
epaxy-1H-isoindole-1,3(2H)-
dione
133 (3aa4p,7p,7aa)4- 3.00 20
(Octahydro-4,7-dimethyl-1,3- LC
dioxo-4,7-epoxy-2H-isoindol-
2-yIH1-
naphthalenecarbonitrile
134 (380,4P, 7. 7aq)- 361 30
(Benzo[b]thlophen-3- LC
yh)hexahydro-4,7-dimethyi-
4,7T-apoxy-1H-soindole-
1,3(2H)-dione

135 (3a0,4B,7B.7ac)-Hexahydro- 32] 20
4,7-dimethyl-2-{4-nitro-3- LC
(trifiluoromethyl)phenyi}-4.7-

epoxy-1H-isoindole-1,3(2H)-
dione _

136 (300,4p, 7P, T8c)4 254 32
(1,3,3a,4,7,7a-Hexahydro- LC
4,7-dimethyl-1,3-dioxo-4,7-
epaxy-2H-isolndol-2-yl)-1-

naphthalenecarbonitrile

137 (3ac.Aa. 7o Tea) Haxahydro- | 2.88 3

4-methyl-2-(2-naphthalenyl)- LC
O 4,7-epaxy-1H-soindole-
\ 1,3(2H)-dlone
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R

Compound
Name

i

138

(3a0,4B,7p,7aa)-2-{4-
Bromo-3-
methyiphenyl)hexahydro-4-
methyl-4,7-epoxy-1H-
isoindole-1,3(2H)-dione

5 off

139

(3aa.4p.78,7aa)-Hexahydro-
4-methyl-2-{3-
(trifluoromethyl)phenyl}-4,7-
epoxy-1H-isoindole-1,3(2H)-
dione

Cl

(3aa,4p,7B,7aa)-24(3,5-
Dichlorophenyl)hexahydro-4-
methyl-4,7-epoxy-1H-
isoindole-1,3(2H)-dione

3.31

141

(3aa,4p,7B,7ac)-2(3-
Chioro-4-flucrophenyl)-
hexahydro-4-methyl-4,7-
epoxy-1H-scindole-1,3(2H)-
dione

272

142

(3ac,4B.7B,7aa)-2-Methoxy-
4-{octahydro-1,3-dioxo-4-
methyt-4,7-epaxy-2H-
isoindol-2-yl)-1-
naphthalenecarbonitrie

2.72

143

(3ac,4p,7P, 7ac)-Hexahydro-
4-methyl-2-{4-nltro-3-
(trifiuoromethyl)phenyl}-4.7-
epoxy-1H-soindole-1,3(2H)-
dione

3.10

152




LD0192 PCT

Ex. Retention | Pro.
No. Compound Compound Time of Ex.
Structure Name Min./
Molecular
Mass
144 (3ac,4B,7p, 7aa)-Hexahydro- 1.16 3
244-(1H-midazol-1- LC
yl)phenyl}-4-methyi-4,7-
epaxy-1H-isoindole-1,3(2H)-
dione
145 </“}4 (33, 48,78, 7aa)-2-{3-Chloro- 2.81 3
S 42 LC
)\éN thiazolyl)phenyllhexahydro-
4-methyl-4,7-epoxy-1H-
isoindole-1,3(2H)-dione
146 H (38a.4c.7a,7a0)-23,5- 2.72 31
H Dichiorophenyl)hexahydro- LC
4,7-imino-1H-isolndole-
H 1,3(2H)-dione
o b—q
cl
147 3 (3a0,4a,70,7ac)-2-{4- 2.95 31
H Bromo-1- LC
naphthalenyl}hexahydro-4,7-
H 4 imino-1H-tsoindole-1,3(2H)-
@ dlone
Br
148 R (3aa,4a,Ta, 7Taa)-2-(4- 2.65 31
H Bromo-3- Lc
%ﬂ methyiphenyl)hexahydro-
H 4,7-mino-1H-soindole-
© b":ﬂl 1,3(2H)-dione
Br

153
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Ex.
No.

Compound
Structure

Compound
Name

149

 Aen

(3aa,4a,7a,7aa)-Hecahydro-
2-(4-nitro-1-naphthalenyl)-
4,7-imino-1H-lsoindole-
1,3(2H)-dione

il

(3aa.4a,7a,7aa)-8-Acetyl-2-
(3,5
dichlorophenyl}hexahydro-
4, 7-mino-1H-isoindole-
1,3(2H)-dione

3.53

31

151

(3aa,4a,7a,7aa)-Octahydro-
; 1,3-dioxo-2-[3-
(trifluoromethyl)phenyi}-4,7-
ethano-5H-pyrrolo[3 4-
c]pyridine-5-carboxylic acld
pheny! ester

3397

152

(3ac,4a,7a,78a)4-
{Octahydro-1,3-dloxo-4,7-
ethano-2H-pyrrolo{3,.4-
clpyridin-2-y1)-1-
naphthalenecarbonlirile

1§

153 -~

(3aa,40,7a,70a)4-
{Octahydro-5-methyl-1,3-
dioxo-4,7-ethano-2H-
pyrrolo[3,4-clpyridin-2-yl)-1-
naphthalenecarbonlirile

1.71

14

154
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]
e

Compound
Structure

Compound

154

ey
(‘inﬂz;v"m

(3aa,4a,70,7ac)-2-(4-
Cyano-1-
naphthalenyljoctahydro-1,3-
dioxo-4,7-etheno-5H-
pymTolo[3.4-clpyridine-5-
carboxylic acid phenyimethyl

. aster

10

155

(3aa.4a,70,7ac)4-
(Octahydro-1,3-dloxo-4,7-
sthano-2H-pyrrolo[3,4-
clpyridin-2-yl)-2-
(trifluoromethyl)benzoniirie

1.74

11

156

(3ac,4a,7a,7ac)4-
(Octahydro-5-methyl-1,3-
dioxo-4,7-ethano-2H-
pyrrolo{3.4-c]pyridin-2-yl)-2-
(triflvoromethyl)benzonitrile

14

157

(38a,40,7a, Taa)-2-4-Cyano-
3-

! (trifluvoromethyl)phenylloctah

ydro-1,3-dioxo-4,7-etheno-

5H-pymrolo[3 4-clpyridine-5-

carboxylic acid phenyimethyl
ester

353

158

(3aa,4a,7a,7aa)-2-{4-
Bromo-3-
(trifluoromethyl)phenylltetrah
ydro-5-methyl-4,7-etheno-
1H-pymolof3,4-c]pyridine-

1,3,8(2H,5H)-rione

295,

1585
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Ex. Retention Pro.
No. Compound Compound Time of Ex.
Structure Name Min./
- Molecular
Mass
159 (3aa,4a,7a,7ac)-Tetrahydro- 2.53 34
5-methyi-2{3- LCMS
(trifiuoromethyl)phenyl}-4,7-
etheno-1H-pyrrolof3,4-
cjpyridine-1,3,6(2H,5H)-
trione
160 (3aa,4a,7a,7ac)-Tetrahydro- 2.58 34
5-methyl-2-(2-naphthalenyl)- | LCMS
4,7-stheno-1H-pyrroio[3,4-
clpyridine-1,3,6(2H,5H)-
trione
161 Fy (120, 2P, 2a0,50a,6p,6a0) 1.80 28
é[ Hexahydro-4-{3- LCMS
)&bo (trifluoromethyl)phenyl]-2,6-
rL epoxy-3H-cxirenoffiso-
Indole-3,5(4H)-dione
162 I (120,2B,28a,5a0,6B,6aa)4- 145 28
J:fl (3,5-Dichlorophenyl)- LCMS
“ O;&&po hexahydro-2.6-epaxy-3H-
nhp o axirenolffisoindole-3,5(4H)-
dione
163 0N @ (1a0,2p, 280, 580,68, 6aa)- 1.52 28
}&b‘" Hesxahydro-4-{4-nitro-1- LCMS
ﬁ;a{ £ | naphthalenyi)26-epaxy-3H-
axirenolfliscindole-3,5(4H)-
dione
1 1 (180.2p 230.580,6p,6ea)4- | 321 28
c"é (3.4-Dichlorophenyl)- LCMS
c;&bp hexahydro-2,6-epoxy-3H-
hapH | oxirenolfisoindole-3,5(4H)-
dione

156
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Examples 165 to 203 \

Additional compounds of the present invention were prepared and are
described further below in Table 4. Table 4 sets forth the compound name and
structure, as well as the Example number of the procedure on which the preparation of
Table 4 was based, for the compounds of Examples 165 to 203.

Table 4

Compound of Ex
Name
2{4-(4-Bromo- 32

phenaxy)phenyi]-
3a,4,7,7a-tetrahydro-
4,7-dimethyl-4,7-
epoaxy-1H-isoindole-
1,3(2H)-dione
3a4,7.7a-Tetrahydro- | 32
2-(2-methoxyphenyl)-
4,7-dimethyi-4,7-
epoxy-1H-isoindole-
1,3(2H)-dione
[(1.2.33a,7,72- 21-26
Hexahydro-2-phenyl-
4,T-apoxy-4H-
isoindol-4-
yl)methyflcarbamic
acid (3,5~

dimethoxyphenyl)met
hyl ester

167

157
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Compound
Structure

Compound
Name

O CH,

2-{2,4-
Dimethylphenyl)-
3a,4,7,7a-letrahydro-
4-{hydroxymethyi)-
4,7-apoxy-1H-
isoindole-1,3(2H)-
dions

21-26

169

2-(1,3-Benzodiaxol-5-
yly-3a,4,7,78-
tetrahydro-4-methyi-
4, 7-apaxy-1H-
isoindole-1,3(2H)-
dione

32

170

4-

[Bis{acetyloxy)methyl
}-2-(3-bromophenyl)-
3a,4,7,7a-tetrahydro-
4,7-epoxy-1H-
isoindale-1,3(2H)-
dione

21-26

17

N-[1.2,3.3a,7,7a-
Hexahydro-2-{2 4,6-
trimethylphenyl)-4.7-
epoxy-4H-isoindol-4-

yiimethyl}-2,2-
dimethylpropanamide

172

21-26

3a,4,7,7a Tetrahydro-
4-(hydroxymethyl)-2-
[2-
(trifluoromethyl)pheny
[4.7-epoxy-1H-
isoindole-1,3(2H)-
dione

21-26

158




F— 1
Pro. \
Compound of Ex.

Compound
Structure aTot
@ 3a,4.7.7a-Tetrahydro- | 21-26
4~(hydroxymethyl)-2-
@ Y (1-nephthalenyl)-4,7-
\ epoxy-1H-soindole-
4G 1,3(2H)-dione
2-Chioro-5- 32
(1,3.38,4,7.78
haxahydro-4,7-
dimethyi-4,7-epoxy-
2H-isoindol-2-
yi)benzoic acid
methyl ester
ym 21-26
[Bis(acetyloxy)methyl
}-2-{4-bromo-2-
nitrophenyl)-
3a,4,7,7a-tetrahydro-
4,7-epoxy-1H-
iscindole-1,3(2H)-
dlone

d| [§F

175

3a4,7,Ta-Tetrahydro- | 32
4-methyl-2-(4-methy}-
3-nitrophenyi)-4,7-
epaxy-1H-iscindole-
1,3(2H)-dione
- : 2]2-Chioro-5- 32
@ (trifluoromethyl)pheny

H3aé4,7,7a

tn, 0 Cl tetrahydro-4-methyl-

4,7-epoxy-1H-
isoindole-1,3(2H)-

176

159
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y
-

Compound
Name

Pro.
of Ex.

178

2-]4Chioro-3-
(trifluoromethyi)pheny
-3a,4,7.70-
tetrahydro-4,7-
dimethyl-4,7-epoxy-
1H-isoindole-1,3(2H)-
dione

32

—2{1,3.3a4.7.7a
Hexahydro-4-methyl-
4,7-epoxy-2H-
isoindol-2-
yl)benzonitrie

32

2-{4-Fluorophenyl)-
3a,4,7,7a-tetrahydro-
4-methyl-4,7-epoxy-
1H-soindole-1,3(2H)-
dione

32

2,2, 2-Trifluoro-N-
[(1.2,3,3a,7.72
hexahydro-2-phenyl-
4,7-epoxy-4H-
lsoindol-4-
yl)methyllacetamide

21-26

182

3a.4,7,7a-Tetrahydro-
4,7-dimethyl-2-(4-
methyl-3-nitrophenyl)-
4,7-apoxy-1H-
isoindole-1,3(2H)-
dione

32

2-Chioro-5-
[1.3.3a4,7,70-
hexahydro-4-
(hydroxymethyl)-4,7-
epoxy-2H-isoindol-2-

21-26

160
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b
P

Compound
__ Name

yilbenzolc acid

184

3a,4,7,7a-Tetrahydro-
4, 7-dimethyl-2-(4-
nitrophenyl)-4,7-
epoxy-1HH-soindole-
1,3(2H)-dione

32

3a4,7,7a-Tetrahydro-
2(2-
mercaptophenyi}-4,7-
apoxy-1H-soindole-
1,3(2H)-dione

32

3a,4,7,7e-Tetrahydro-
22-
[(phenyimethyi)thio]p
henyl]-4,7-epoxy-1H-
isoindole-1,3(2H)-
dione

32

187

[[2-(4-Chiorophenyl)-
1,23,3a,7.7a-
hexahydro-4,7-epaxy-
4H-isoindol-4-
yilmethyllcarbamic
acid 2-methylpropyl
ester

2]1-26

4-(1,1-Dimethylethyl)-
N{[1,2.3.3a.7.7e-
hexahydro-2-{4-
methyiphenyl)}-4,7-
epaxy-4H-isoindol-4-

yiimethyljbenzamide

21-26

161
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Compound

Name

R

CI

2,4-Dichloro-N-
01.2.3,3a,7,7a-
hexahydro-2-(4-
nlrophenyl)-4,7-
epoxy-4H-isoindol-4-
yiimethyljbenzamide

21-26

NR#
Chiorophenyl)-
1,.23,3a,7,7a-
hexahydro-4,7-epoxy-
4H-isoindol-4-"
yllmethyl}-2.4,6-
trimethylbenzenasulfo
namide

21-26

191

N{I1.2,3,3a,7,7a-
Hexahytro-2-(4-
nitrophenyl)-4,7-
epoxy-4H-soindol-4-
yllmethyl}-2,2-
dimethylpropanamide

21-26 |

192

N{(1,2.3,3a,7,7a
Hexahydro-2-phenyl-
4,7-epoxy-4H-
Isoindol-4-yl)methyi}-
2-phenaxyacetamide

21-26

[(1.2.3,32,7, 78
Hexahydro-2-phenyl-
4,7-epoxy-4H-
isoindol-4-
y)methyflcarbamic

acld 1,1-dimethylethyl
oster

21-26
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Compound

Compound

Name

2-(2.4-
Dichlorophenoxy)-N-
[1.2.3,3a,7,7a
hexahydro-2-(4-
nitrophenyl)-4,7-
epoxy-4H-isoindol-4-
ylimethyljacetamide

195

N{01.2,3,3a,7,7a-
Hexahydro-2-(4-
methylphenyl)-4,7-
epoxy-4H-isoindol-4-
yllmethyl}-3,5-
dimethoxybenzamide

21-26

196

N2+
Chiorophenyl)-
1,23,3a,7,7a-

hexahydro-4,7-epoxy-
4H-soindol-4-
yljmethyi]-2-
nitrobenzenesulfona
mide

21-26

197

(3ac.4p.7p,7ea)-
Hexahydro-2-{(1S)-1-
phenylethyi}-4,7-
epoxy-1H-isoindole-
1,3(2H)-dione.

(3ac,4p,7p,7ac)-
Hexahydro-2-{(1S)-2-
hydraxy-1-
phenylethyl}-4,7-
epaxy-1H-iscindole-
1,3(2H)-dione.
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Compound
Name

Pro.
of Ex.

(3a0,4P,7B.7aa)-2-
[(15)-2-(Acetyloxy)-1-
phenylethyl}-
3a4,7,7a-tetrahydro-
4, 7-epoxy-1H-
Isoindole-1,3(2H)-
dicne.

(3aa,4a,70,7aa)-
3a,4,7,7a-Tetrahydro-
2-{(1S)1-
phenylethyl]-4,7-
epoxy-1H-iscindole-
1,3(2H)-dione.

201

(3ac.4B,7p.7ax)-
Hexahydro-2{(1R)-1-
phenylethyl}-4,7-
epaxy-1H-soindole-
1,3(2H)-dione.

(3a8a,4p,7p,7a0)4-
[(Octahydro-1,3-
dioxo-4,7-epoxy-2H-
isoindol-2-
ylimethyllamino]benz
oic acid.

3
0

(3ac,48,7P,.7a0)
Hexahydro-2-(4-
morpholinyimethyl)-
4.7-epoxy-1H-
isoindole-1,3(2H)-
dione.
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A 2~[2-[[(1,1-Dimethylethyl)dimethylsilylloxy]ethyl]-5-methylfuran (204A)

‘@’\";s%

To a solution of compound 21A (2.00 g, 15.9 mmol) in DMF (50 mL) was
added imidazole (1.62 g, 23.9 mmol), followed by rerz-butyldimethylsilyl chloride
(2.63 g, 17.5 mmol). After 2 h at 25°C, the reaction was poured into diethyl ether
(300 mL) and washed with water (1 x 100 mL), IN HCI (1 x 100 mL), water (1 x 100
mL), brine (1 x 50 mL) and dried over anhydrous MgSO,. Crude compound 204A
was analyzed by LCMS and NMR and determined to be pure enough to be carried on
directly to the next step. HPLC: 100% at 4.347 min (retention time) (YMC S5 ODS
column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 minutes
containing 0.1% TFA, 4 mlL/min, monitoring at 220 nm).

B. (ax4p,7B,7a0)4-12-[[(1,1-Dimethylethyl)dimethylsilyl]-
oxylethyllhexahydro-7-methyl-4,7-epoxy-1H-isobenzofuran-1,3(2H)-dione
(204B)
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Compound 204A (4.0 g, 18.9 mmol) and maleic anhydride (1.42 g, 14.51
mmol) were dissolved in dichloroethane (10 mL}) and stirred at 25°C for 60 hours.
The volatiles were then removed in vacuo and the resulting orange oil was dissolved
in absolute ethanol (50 mL) and Pd/C (10 % Pd, 1.00 g) was added. Hydrogen was
then introduced via a balloon. After 3h, the reaction was filtered through celite
rinsing with EtOAc and concentrated in vacuo. The crude anhydride was purified by
rapid flash chromatography in SiO, eluting with acetone/chloroform (0 -2 —-4%
acetone) to give 1.30 g of compound 204B as a clear oil, in addition to 3.00 g of the
starting compound 204A. Characterization by proton NMR spectroscopy showed
only the exo isomer. 1H NMR, 400 MHz, CDCI3, 3.83 (2 H, t, J=6.0 Hz), 3.22 (1
H,d,J=82Hz),3.06(1 H,d,J=8.2 Hz), 1.70-2.25 (6 H, m), 1.55 (3 H, 5), 0.82 (9
H, 8), 0.00 (6 H, s).

C.  (320,48,7,7a0)4-{4-[2{[(1,1-Dimethylethyl)dimethylsilyl]-
oxy]ethyl]octahydro-7-methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl]-2-
(triflnoromethyl)benzonitrile (204C)

Compound 204B (0.250 g, 0.8 mmol) and 4-amino-2-trifluoromethyl-
benzonitrile (0.124 g, 0.668 mmol) were suspended in dry toluene (2.0mL)in a
sealed tube. MgSO, (0.200 g) and tricthylamine (0.5 mL) were then added and the
tube was sealed and placed in a oil bath at 125°C. After 40 h, the reaction was cooled
to 25°C, filtered and concentrated in vacuo. The crude material was purified by flash
¢hromatography on SiO, eluting with CH,Cl, to give 0.111 g of compound 204C as a
yellow solid. HPLC: 92% at 4.203 min (retention time) (YMC S5 ODS column 4.6 x
50 mm eluting with 10-90% agueous methanol over 4 minutes containing 0.1% TFA,
4 ml /min, monitoring at 220 nm). MS (ESI): m/z 531.1 [M+Na]".
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D. (3aa,4P,7B,7a0)-4-[|Octahydro-4-(2-hydroxyethyl)-7-methyl-1,3-dioxo-
4,7-epoxy-2H-isoindol-2-yi]-2-(trifluoromethyl)benzonitrile (204D)

Compound 204C (0.031 g, 0.061 mmol) was dissolved in THF (0.5 mL) and
transferred to a polypropylene container followed by cooling to 0°C. HF-pyridine
(~47% HF, 0.1 mL) was then added. After 15 min, the reaction was complete as
determined by LC and was poured into cold sat aqueous NaHCO,. The mixture was
extracted with CH,Cl, (3 x 10 mL). The combined organic layers were washed with 1
N HCI (1 x 20 mL) and dried over anhydrous Na,SO,. Compound 204D was isolated
as a yellow oil and compared to the material prepared in Example 25. No purification
WS NCCessary.

Example 205
- and - d. methyl- X0-7-

(phenylmethyl)-4,7-epoxy-2H-isoindol-2-yl]-2-(trifluoromethy)benzonitrile
(205Ci and 205Cii, respectively)

FiC

A.  2-Methyl-5(phenylmethyl)-furan (205A)

)
n-BuLi (1.8 ml, 4.51 mmol, 1.1 eq, 2.5 M in hexane) was added to a solution
of 2-methyl-furan ( 0.37 ml, 4.10 mmol, 1 eq) in anhydrous THF (3 mL) at —25 °C.
The resulting solution was stirred at room temperature for 3 h and then cooled to

-15°C. Benzyl bromide ( 0.59 ml, 4.92 mmol, 1.2 eq), which was passed through a
plug of aluminum oxide, was added and the solution was warmed to rt and stirred
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overnight. Saturated NH,CI solution (5 mL) was added and the mixture was stirred
for 1 h. The reaction mixture was then extracted by ether (2 X) and the combined
orpanic extracts were dried and concentrated under reduced pressure. Purification by
flash chromatography on silica gel cluting with hexanes gave 323 mg (46%, 1.88
mmol) of compound 205A as colorless oil. HPLC: 95% at 3.72 min (retention time)
(YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes
containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm) and about 400
mg mixture of product and benzyl bromide (~2:1 by HPLC).

B. (3aac,4p,7B,7aa)- and (3:0,4a,7a,7m)—4—[behhydro—4—methyl—l,3—dloxo—
7-(phenylmethyl)-4,7-epoxy-2H-isoindol-2-yl]-2-(triflucromethyl)
benzonitrile (205Bi and 205Bii, respectively)

A solution of compound 205A (124 mg, 0.72 mmol, 1 eq) and 4-(2,5-dihydro-
2,5-dioxo-1H-pyrrol-1-yl)-2-trifluoromethylbenzonitrile (290 mg, 1.09 mmol, 1.5 eq)
in CH,Cl, (2 mL) was stirred at room temperature. After 4 days, the reaction mixture
was concentrated under reduced pressure. Purification by flash chromtogmph_y on
silica gel eluting with CH,Cl, gave 62 mg (0.14 mmol, 20 %) of a mixture of
compounds 205B1 and 205BH as a white solid, which was used directly in the next
step. HPLC: 93% at 3.69 min (retention time) (YMC S5 ODS column 4.6 x 50 mm,
10-90% agqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4
mL/min, monitoring at 220 nm).

C. (3aa,48,7B,7ac)- and (3aada,7a,7ac)-4-[Octahydro-4-methyl-1,3-dioxo-
7-(phenyimethyl)-4,7-epoxy-2H-isoindol-2-yl}-2-(trifluoromethyl)-
benzonitrile (205Ci and 205Cii, respectively)
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A solution of 8 mixture of compounds 205Bj and 205Bii (62 mg, 0.14 mmo),
1 eq) and 10% Pd/C (12 mg, cat.) in EtOH (3.5 mL) was stirred under a hydrogen
atmosphere at room temperature for 2 h. The reaction mixture was filtered through
celite and concentrated under reduced pressure. Purification by flash chromatography
on silica gel eluting with 35% EtOAc/hexanes gave 22 mg (0.05 mmol, 35 %) of
compound 205Ci and 12 mg (0.027 mmols, 19%) of compound 205Cii. Compound
205Ci: HPLC: 98% at 3.75 min (retention time) (YMC S5 ODS column 4.6 x 50 mm,
10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4
mL/min, monitoring at 220 nm), MS (ESI): m/z 458.2 [M+NH,]". Compound
205CH: HPLC: 97% at 3.78 min (YMC S5 ODS column 4.6 x 50 mm, 10-90%
aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min,
monitoring at 220 nm), MS (ESI): m/z 473.45 [M+CH,OH]".

Example 206
3a 78,.7acx)-2 0-3 u he -

mthyl-1,3-dioxo-4_,7-epoxy-4l:l4solndole-4-propananitriIe (206)

Ncﬂ °Hls:7w

A solution of compound 36 (34 mg, 0.074 mmol) and NaCN (24 mg,
0.49 mmol) in DMSO (1 mL) was heated at 100°C for 0.5 h. After cooling, the
reaction mixture was poured into H,O and the aqueous layer was exiracted
with EtOAc (2X). The combined organic layers were washed with H,O (2X),
dried over Na,SO, and concentrated under reduced pressure. Purification by
flash chromatography on SiO, eluting with 50% EtOAc/hexanes followed by
preparative HPLC, 30.41 min (retention time) (YMC S5 ODS 30 X 250 mm,
10-80% aqueous methanol over 30 minutes containing 0.1% TFA, 25 mL/min,
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monitoring at 220 nm) gave 6.6 mg (22%) of compound 206 as a white solid.
HPLC: 89% at 2.89 min (retention time) (YI_VIC S5 ODS column 4.6 x 50 m
eluting with 10-80% aqueous methanol over 4 minutes containing 0.2%
phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 402.1 [M-HJ

Example 207
4p.7 athyl-7 orpholinyl)e -1,3-
dioxo-4,7-apoxy-2H-soindol-2-yl]-2<{trifluoromethyl)benzonitrile,
trifluoroacetate (1:1) (207)

A solution of compound 38 (15.6 mg, 0.034 mmol) and morpholine (6
ul, 0.068 mmol) In toluene (1 mL) was heated at 100°C ovemight. After
cooling, the reaction mixture was concentrated under reduced pressure.
Purification by flash chromatography on SiO, eluting with 10% MeOH/CH,CI,
followed by preparative HPLC, 23.86 min (retention time) (YMC S5 ODS 30 X
250 mm, 10-80% aqueous methano! over 30 minutes containing 0.1% TFA,
25 mbL/min, monitoring at 220 nm) gave 8.7 mg (55%) of compound 207 (TFA
salt) as a white solid. HPLC: 99% at 2.02 min (retention time) (YMC S5 ODS
column 4.6 x 50 mm eluting with 10-80% aqueous methanol over 4 minutes

- containing 0.2% phosphoric acld, 4 mL/min, monitoring at 220 nm), MS (ES):

miz 464.3 [M+H]".
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Example 208
3aa.4f.78.7aa)-2-{5-Fluoro-1-naphthalenyl}hexa ro-4.7-dimeth 7=

epoxy-1H-isoindole-1,3(2H)-dlone {(208C)
A. 1-Fluoro-5-nitronaphthalene (208A)

o
<

(J ™

To a solution of 6N HCI (12 mL) was added 1.47 g (7.83 mmol) of
finely powdered 5-nitro-1-naphthylamine, as described in J. Chem. Soc. 1187
(1949). The mixture was cooled to 0°C and a cold solution of NaNOQO, (547
mg, 7.93 mmol) In 2 mL H,O was added slowly so that the temperature was
kept near 0°C. After the addition was complete, the reaction mixture was
stimed for 30 min and filtered. The filtrate was cooled to 0°C and treated with
cold 4.5 M NaBF, solution (5 ml) to give complete precipitation of the
diazonium borofluoride. The mixture was kept at 0°C for 30 min before it was
filterad and the precipitates were washed with cold 4.5 M NaBF, solution (5
mL.), ice-cold sthanol (10 mL) and Et,O (20 mL). The obtained solids were air
dried to yield 1.74 g (77%) of the corresponding diazonium salt.

To 1.70 g (5.92 mmol) of the above diazonium borofluoride was added
5 g of sand and the components were thoroughly mixed. The reaction
mixture was heated cautiously under reduced pressure until decomposition
set in. Toward the end of the reaction the flask was further heated for 30 min
to 130°C to assure compiete conversion. After cooling the reaction mixture
was dissolved in acetone and the contents were preabsorbed on silica gel.
Purification was achieved by flash chromatography (sllica gel, EtOAc In
hexanes 0 to 10%) to give 448 mg (50%) of compound 208A as a white solid.

A
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B. 1-Amino-5-fluoronaphthalene (208B)

S

A solution of compound 208A (62 mg, 0.32 mmol) in 1 mL EtOH
containing 0.1 mL 12N HCI was heated to reflux. Iron powder (62 mg, 1.11
mmol) was added in small portions and heating was continued for 2 h. The
mixture was cooled, neutralized with 1N NaOH solution and the aqueous
layer was extracted with CH,Cl,. The combined organic phases were dried
over MgSO, and concentrated to leave a residue which was purified by flash
chromatography (silica gel, EtOAc in hexanes 40 to 80%) yielding 42 mg
(80%) of compound 208B as a yellow solid.

C. (3ac,4B,7p,7aa)-2-(5-Fluoro-1-naphthalenyl)hexahydro-4,7-
dimethyi-4,7-epoxy-1H-isoindole-1,3(2H)-dione (208C)

Compound 208B (42 mg, 0.26 mmol), compound 20A (54 mg, 0.27
mmol), MgSO, (68 mg, 0.58 mmol) and triethylamine (181 L, 1.37 mmol)
were taken up in 2 mL of toluene and placed in a sealed tube. The sealed
tube was heated to 135°C for 14 h. The cooled reaction mixture was filtered
through a short pad of Celite eluting with CH,Cl, and the solvent was
removed under reduced pressure. The residue was purified by preparative
reverse phase HPLC (YMC S5 ODS 20 x 100 mm eiuting with 30-100%
aqueous methanol over 10 min containing 0.1% TFA, 20 mL/min) to give 15
mg (17%) of compound 208C as a light yellow solid. HPLC: 16% at 2.96 min
& 77% at 3.06 min (retention time, atropisomers) (YMC S5 ODS column 4.6 x
50 mm eluting with 10-80% aqueous methanol over 4 minutes containing
0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 340.2
[M+H]". '
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Example 209
a 7B.7aa)-2<{5-Fluoro-4-nitro-1-naphthale hydro-4.7-

dimethyl-4,7-epoxy-1H-isoindole-1,3{2H)-dione {209C)

OzN

fiH
A. N-(5-Fluoro-1-naphthalenyl)acetamide (209A)

Sh-

A solution of 141 mg (0.74 mmol) of compound 208A in 2 mL of AcOH
was heated to reflux and treated with small portions of iron powder (118 mg,
2.11 mmol). The mixture was kept at reflux for 15 min before 73 pL (0.78
mmol) of Ac,O was added. After an additional 15 min at refiux, the mixture
was cooled and filtered eluting with CH,ClL,. The filirate was then
concentrated and the residue was purified by flash chromatography (silica
gel, EtOAc in hexane 20 to 50%) to give compound 209A (145 mg, 97%) as a
white solid.

B. 1-Amino-5-fluoro-4-nitronaphthalene (2098)
e
J ™
Compound 209A (133 mg, 0.86 mmol) was dissolved in 1 mL AcOH
and the resulting solution was cooled to 10°C. At this temperature, 80 uL
{2.00 mmol) of red fuming HNO, was added and stirring was continued for 15
min before the reaction was quenched by the addltion of crushed ice. The

aqueous layer was extracted with CH,Cl, and the combined organic phases
were dried over MgSO, and concentrated. The resulting residue was
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dissolved in 3 mL EtOH, heated to reflux and treated with 0.5 mL of 40% K

aqueous NaOH solution. Stiring was continued for 15 min before the
reaction was cooled and diluted with H,O. The aqueous layer was extracted
with CH,Cl, and the combined organic phases were dried over MgSQ, and
concentrated. The resulting residue was purified by flash chromatography
(silica gel, EtOAc in hexane 40 to 70%) to afford 36 mg (27%) of compound
2098 as a yellow solid.

C. 3aadp,7p,7ac)-2-{5-Fluoro-4-nitro-1 -naphi:halenyl)hexahydro-4,7-
dimethyl-4,7-epoxy-1H-soindole-1,3(2H)-dione (208C)

Compound 2098 (36 mg, 0.18 mmol) was reacted in a sealed tube
with compound 20A (38 mg, 0.19 mmol), MgSO, (46 mg, 0.39 'mmol) and
Et;N (128 pl, 0.92 mmol) in 250 ul. toluene according to the above procedure
described in example 208C to give, after purification by preparative reverse
phase HPLC (YMC S5 ODS 20 x 100 mm eluting with 30-100% aqueous
methanol over 10 min containing 0.1% TFA, 20 mL/min), 27 mg (40%) of
compound 209C as a yellow solid. HPLC: 8% at 2.88 min & 84% at 3.06 min
(atropisomers, retention time) (YMC S5 ODS column 4.8 x 50 mm eluting with
10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid,
4 mL/min, monitoring at 220 nm), MS (ES): m/z 402.0 [M+H]".

Example 210
Jac.48.7 )-2-{1,1-Dioxid lophen he 7=

dimethyl-4,7-epoxy-1H-isolndole-1,3(2H)-dione (210)

mCPBA (160 mg, 0.641 mmol, 70% pure) was added to a solution of
compound 134 (70 mg, 0.214 mmol) in CH,Cl, (2 mL) at rt. After the starting
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material was consumed, the reaction was quenched with sat. NaHCO,, and
extracted with CH,Cl,. The organic layer was washed with 1N NaOH, dried
over Na,SO, and concentrated under reduced pressure o give 63.9 mg
(83%) of compound 210 as a white solid. HPLC: 99% at 3.81 min (retention
time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous
methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min,
monitoring at 220 nm), MS (ES): m/z 360.0 [M+H]".

Example 211
4-{1,3,3a,4,7,7a-Hexahydro-4,6,7-frimethyi-1,3-dloxo-4,7-epoxy-2H-
pyrrolo[3.4-c]pyridin-2-yl)-2-{trifluoromethyli)benzonitrile (211)

3
NC.
N

2.4,5-Trimethyl oxazole (0.48 ml., 4.14 mmol) was dissolved In toluene
(2.0 mL) and 4-(2,5-dihydro-2,5-dioxo-1H-pyrrol-1-yl)-2-trifluoromethyl-
benzonitrile (1.0 g 3.76 mmol) was added. The reaction mixture was stirred at
75°C under nitrogen for 2.5 hrs. The solution was cooled to room temperature
and the resulting precipitate was filtered and rinsed with toluene to give 0.51
g (35% yield) of compound 211 as a light grey solid. NMR analysis revelaed
that compound 211 was one isomer (exo/endo) however the identity of the
isomer could not be determined by NMR analysis. HPLC: 100% at 2.85 min
(retention time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-80%
aqueous methanol over 4 minutes containing 0.1% TFA, 4 mL/min,
monitoring at 220 nm), MS (ES): m/z 378.42 [M+H]".
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Example 212
ac 48.78.7aa)-Tetrah 7-di -2 trifluo ethyl)phenyl]-
4.7 =-1H-igsolndole-1.3,5(2H 4H)-trione 7

Tetrahydro-4,7-dimethyl-2{3-{trifluoromethyl)phenyl]-4,7-epoxy-1H-
Isoindole-1,3,5(2H,.4H)-trione (212i & 2121, respectively)

; H
Q n
N o b
Ko

2,2-Dimethyl-3(H)}-furanone (0.500 g, 4.46 mmol) and 1-[3-
(trifluoromethyl)phenyl}-1H-pyrrole-2,5-dione (1.07 ¢, 4.46 mmol) were
suspended in toluene (20 mL) in a sealed tuba. The mixture was heated at
110°C for 4 h and then cooled to 25°C followed by concentration /n vacuo.
The resulting residue was purified by flash chromatography on SiO, eluting
with methylene chloride fo yield 0.411 g of compound 212| as a white solid
and 0.193 g of compound 2121l as a white solid. The structural assignments
were confimed by 1-D NOE proton NMR experiments. Compound 212I:
HPLC: 100% at 2.817 min (retention time) (YMC S5 ODS column 4.6 x 50
mm eluting with 10-80% aqueous methanol over 4 minutes containing 0.1%
TFA, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 376.0 [M + NaJ'.
Compound 212li: HPLC: 100% at 3.013 min (retention time) (YMC S5 ODS
column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 minutes

containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES):
miz 354.02 [M+HT".

Example 213
48.78.7 5-Chloro-1 h l)hexa 7-dim 7~
epoxy-1H-isoindole-1,3(2H)-dlone (213B)
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A 1-Amino-5-chioronaphthalene (213A)

M-
To a solution of 1.74 g (6.06 mmol) of the diazonium borofluoride
(described in Example 208A) In acetone (7 mL) was added 693 mg (7.00
mmol) of CuCl in small portions. After the evolution of nitrogen had ceased

the acetone was removed under reduced pressure and the residue was taken
up in CH,CI, (30 mL). The organic phase was washed with H,O (30 mL),

" dried over MgSO,, concentrated and finally purified by flash chromatography

(sllica gel, EtOAc in hexane 0 to 15% ) to give 754 mg (70%) of 1-chloro-5-
nitronaphthalene.

The above synthesized 1-chloro-5-nitronaphthalene (540 mg, 2.6
mmol) was dissolved in 10 mL AcOH, followed by treaiment with 415 mg
(7.43 mmol) iron powder and subsequently acylated with Ac,0 (0.26 mL, 2.73
mmol) according to the procedure described in Example 209A to give 543 mg
{85%) of 1-acetamino-5-chloronaphthalene. -

A solution of the above synthesized 1-acetamino-5-chloronaphthalene
(52 mg, 0.24 mmol) in 3 mL EtOH was heated to refiux and treated with 0.5
mL 40% aqueous NaOH solution. The mixture was refluxed until no more
starting material could be detected, cooled and concentrated under reduced
pressure. The residue was taken up in CH,Cl, (50 mL) and was washed with
H,0 (25 mL). The organic layer was dried over MgSO, and concentrated to
leave 41 mg (98%) of compound 213A as a white solid.

B. (3aa4p,7p,7aa)-2-(5-Chloro-1-naphthalenyl)hexahydro-4,7-
dimethyl-4,7-epoxy-1H-soindole-1,3(2H)-dlone (213B)
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Compound 213A (24 mg, 0.14 mmol) was reacted in a sealed tube \

with compound 20A (29 mg, 0.15 mmol), MgSO, (36 mg, 0.30 mmol) and
Et;N (100 uL, 0.71 mmol) in 250 pL toluene according to the procedure

5 described in Example 208C to give, after purification by preparative reverse
phase HPLC (YMC S5 ODS 20 x 100 mm eluting with 30-100% aqueous
methanol over 10 min containing 0.1% TFA, 20 mL/min), 27 mg (40%) of
compound 213B as a white solid. HPLC: 98% at 1.82 min (retention time)
(YMC S5 TurboPack Pro column 4.6 x 33 mm eluting with 10-90% aqueous

10 methanol over 2 minutes containing 0.2% phosphoric acid, 4 mL/min,
monitoring at 220 nm), MS (ES): m/z 356.4 [M+H]'.

Example 214
) ac.48.7 -2-{5-Chl =1 | -
15 dimethyl-4,7-epoxy-1H-isoindole-1,3(2H)-dlone (214B)

OyN
C

A. 1-Amino-5-chioro-4-nitronaphthalene (214A)

o X
ROA.

1-Acetamino-5-chloronaphthalene (150 mg, 0.68 mmol, prepared as
20 described in Example 2413A) was dissolved in 1 mL AcOH and treated with 82
pL of red fuming HNO, and subsequently deacylated with 1 mL 40% aqueous

NaOH solution in 3 mL EtOH according to the procedure described in
Example 209A to yield 49 mg (32%) of compound 214A as a yellow solid.

25 B. (3aa,4B,7p,7ac)-2-{5-Chloro-4-nitro-1-naphthalenyl)hexahydro-4,7-
dimethyl-4,7-epoxy-1H-isoindole-1,3(2H)~dione (214B)
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Compound 214A (27 mg, 0.12 mmol) was reacted In a sealed tube
with compound 20A (26 mg, 0.13 mmol), MgSO, (32 mg, 0.27 mmol) and
Et;N (88 plL, 0.63 mmol) in 250 ul toluene according to the procedure
described In Example 208C to give, after purification by preparative reverse
phase HPLC (YMC S5 ODS 20 x 100 mm eluting with 30-100% aqueous
methanol over 10 min containing 0.1% TFA, 20 mL/min) 22 mg (45%) of
compound 214B as a yellow solid. HPLC: 24% at 3.06 min & 76% at 3.25
min (atropisomers, retention time) (YMC S5 ODS column 4.6 x 50 mm eluting
with 10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric
acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 418.0 [M+NH,]".

Example 215
3aa.48.78.7 -2 -na alenyl

4 T-epoxy-1H-solndole-1,3(2H)-dione (215B)

A. (dac,4P,7p,7aa)-4-Ethythexahydro-7-methyl-4,7-
epoxyisobenzofuran-1,3-dione (215A)

%

k

2-Ethyl-5-methyifuran (1.89 mL, 15.3 mmol) was dissolved in
methylene chloride {10 mL) and maleic anhydride (1.00 g, 10.2 mmol} was
added. The reaction was stimed at 25°C for 18 h and then concentrated in
vacuo. The resulting crude bicycle was dissolved In EtOAc (50 mL) and 10%
Pd/C (0.40 g) was added. Hydrogen was then introduced via a balloon. After
4h, the reaction was filtered through celite, rinsing with EtOAc. Concentration
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in vacuo gave the crude compound 215A (1.93 g) as a white solid. This
material was taken on directly to the next reaction without purification.

B. (3ax,4p,7B,7aa)-4-Ethylhexahydro-7-methyl-2-{4-nitro-1-
naphthalenyl)-4,7-epoxy-1H-soindole-1,3(2H)-dlone {215B)

Compound 215A (0.168 g, 0.798 mmol) and 4-nitro-1-
naphthalamine (0.10 g, 0.53 mmol) were suspended in toluene (0.8 mL) and
TEA (0.2 mL) and magnesim sulfate (0.1 g) weré added. The mixture was
heated at 135°C in a sealed tube for 18 h. The reaction was then cooled to rt
and filtered, rinsing with chloroform. Concentration gave the crude product
which was purified by preparative TLC on SiQ, eluting with methylene
chloride. This gave compound 215B (0.077 g) as a yellow solid. HPLC:
100% at 3.260 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
eluting with 10-80% aqueous methanol over 4 minutes containing 0.2%
phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 381.05
[M+H]".
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Example 216
3aa.4p.7P.7aa)-2-(4 no-1-naphthalenyl)-N-{4-
fluorophenyl)octahydro-7-methyl-1,3-dloxo-4,7-epoxy-4H-isoindole4-
acetamide (216B)

A. N-{4-Fluorophenyl)-5-methyi-2-furanacetamide (216A)

‘@’\g’ﬁa

5-Methyl-2-furanacetic acid (1.00 g, 7.14 mmol, synthesized as
described WO 9507893, Example 19) was dissolved in CH;CN/DMF (4:1, 25
mL), 1{3<{dimethylamino)propyi}-3-ethylcarbodiimide (1.37 g, 7.14 mmol) and
1-hydroxy-7-azabenzotriazole (0.972 g, 7.14 mmol) were then added followed
by 4-fluoroaniline (0.676 mL, 7.14 mmol). After 3 h, the reaction was diluted
with EtOAc (150 mL) and washed with 1 N HCI (1 x 30 mL), sat. ag NaHCO,
(1 x 30 mL), brine (1 x 40 mL) and dried over sodium sulfate. Compound
216A (1.581 g) was Isolated as a yellow foam after concentration /n vacuo.
No further purification was necessary. HPLC: 78% at 2.647 min (retention
time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-80% aqueous
methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min,
monitoring at 220 nm).

B. 3aa,4p,7p,7ax)-2-{(4-Cyano-1-naphthalenyl)-N-{4-

fluorophenyl)octahydro-7-methyi-1,3-dloxo-4,7-epoxy-4H-
Isoindole-4-acetamide (216B)
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Compound 216A (0.200 g, 0.858 mmol) and 4-(2,5-dihydro-2,5-dioxo-
1H-pyrmol-1-yi)-2-trifiuoromethylbenzonitrile  (0.164 g, 0.66 mmol) were
dissolved in benzene and heated at 60°C for 14 h. The reaction was then
cooled and concentrated /n vacuo. The resuiting orange oil was dissolved in
EtOAc (15 mL) and 10% Pd/C (0.050 g) was added. Hydrogen was then
introduced via a balloon. After 3 h, the reaction was filtered through celite
rinsing with EtOAc and concentrated /in vacuo. The resulting crude material
was purified by preparative TLC on silica eluting with 5% acetone in
methylene chloride to give 0.166 g of compound 216B as a white solid. NMR
spectroscopy showed only a single Isomer which was determined to be exo
by NOE experiments. HPLC: 95% at 3.200 min (retention time) (YMC S5
ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4
minutes contalning 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm),
MS (ES): m/z 484.0 [M+ HJ".

Example 217
7aa)-Hexah i 2-naph 1)}-4.7-epoxy-1H-
isoindole- - faster eluting e i r 7B, 78a)-

Hexahydro-4-methyl-2{2-naphthalenyl}-4,7-epoxy-1H-soindole-1,3(2H)-
dione, slower eluting enantilomer (2171 & 217Il, respectively)

HA

The racemic compound 137 was separated into the Individual
antipodes by chiral reverse phase liquid chromatography. A Chiralpak AD-R
column (4.6 x 250 mm) was used eluting with 70% acetonitrile/30% water at 1
mbL/min. UV detection at 220 nm was used. The fasier eluting isomer,
compound 2171 (retention time = 15.66 min), was found to be 99.9% ee and
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the slower eluting isomer, compound 217li (retention time = 15.68 min) was
99.6% ee by analytical chiral reverse phase chromatography.

Example 218
5 3ac.4 Tac)-4-{4- 4-
Fluorophenyl)methyllmethylaminolethyljoctahydro-7-methyi-1,3-dloxo-
4,7-epoxy-2H-isoindol-2-yl]-2-{trifluoromethyl}benzonitrile (218B)

A. (4-Fluorobenzyl)methylamine & Bis(4-fluorobenzyl)methylamine
10 (218A & 218A")

;<8 C,LQ’ F
218A

218A'
Compounds 218A & 218A' were made in accordance with the
procedure described in Singer, ot. al., J. Med. Chem. 29; 40-44 (1986). 4-
Fluorobenzyl bromide (189 mg, 1.00 mmol) was refluxed in a solution of
15 ethanol (1.5 mL) and methylamine (5 mL, 2 M solution in MeOH) for 3 h. An
additional portion of methylamine (2 mL) was added and the mbdure was
refluxed for an additional hour. The solution was cooled and concentrated /n
vacuo, and the residue was dissolved in a mixture of 2N HCI (3 mL) and ether
(1.5 mL). The layar.s were separated and the aqueous layer was extracted
20 with an additional portion of ether. The aqueous solution was chilled to 0°C,
titrated to pH 11 with NaOH and extracted with CH,CL,. The exiracts were
dried over MgSO, and concentrated to give 120 mg of a 2.5:1 mixture of
compounds 218A and compound 218A’ respectively. The crude mixture was
taken on without further purification. .
25
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B. (3aa,4B,7p,7aa)-4-{4-{2-[(4-Fluorophenyl)methyl]-
methylamino]ethyl]octahydro-7-methyl-1,3-dioxo-4,7-epoxy-2H-
Isoindol-2-yl]-2-{trifluoromethyl)benzonitrile (218B)

A solution of compound 36 (34.3 mg, 0.075 mmol) and compounds
218A & 218A’ (21 mg, ~0.088 mmol (of 218A)) in toluene (0.4 mL) was
heated at 100°C ovemight. The reaction mixture was cooled to room
temperature and then concentrated under reduced pressure. Purification by
flash chromatography on silica gel eluting with 25% acetone/75% CH,CI, gave
30 mg (0.058 mmol, 77.7%) of 218B as a vellow solid. HPLC: 99% at
2.46min (retention time) (YMC S5 ODS 4.6 x 50 mm, 10-890% aqueous
methanol over 4 minutes containing 0.2% phosphoric acid, monitoring at 220

. nm), MS (ES): m/z 516.26 [M+ HT".

Example 219
3ac 8 14 cta S methyl-1,3-dioxo-4,7-

epoxy-2H-isolndol-2-yl)-2-{trifluoromethyl)benzonitrile (219D)

fA

A. 23,45 Tetramethyifuran (219A)

3

Compound 218A was made in accordance with the procedures
described In Hancock et al, J. Omg. Chem. 42,1850-1856 (1977) &
Amamath, et. al., J. Ong. Chem., 60, 301-307 (1995). 2-Propanone (100 mL,
1.1 mol) was refluxed over PbO, (26.7 g, 0.11 mol) for 28 h. After cooling to
rt, the reaction mixture was filtered and the residue was washed with acetone.
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The fittrate was concentrated under reduced pressure to remove the a?jtone
and then distilled at 20 Torr. The fraction that came over between 100-120°C
was collected to give 6.75 g (42.5%) of 3,4-dimethylhexane-2,5-dione as a
light yellow oil.

A solution of 3.4-dimethylhexane-2,5-dione (3.00 g, 21.1 mmol) and p-
toluenesulfonic acid (401 mg, 2.11 mmol) in benzene (30 mL) was heated to
reflux in a Dean-Stark frap ovemight. The reaction mixture was distilled at
atmospheric pressure to remove the excess benzene. The remaining midure
was transferred to a smaller flask and distllled at atmospheric pressure. The
fraction that came over between 80-100°C was collected to give 509 mg
(19%) of compound 218A as a light yellow oil.

B. (3acx,4p,7B,7aa)-4-Ethyl-3a,4,7,7a-tetrahydro-4,5,6,7-tetramethyl-
4,7-epoxyisobenzofuran-1,3-dlone (219B)

A solution of compound 219A (400 mg, 3.22 mmol) and maleic
anhydride (442 mg, 4.51 mmol) in Et,0 (1.5 mL) was stimed at rt ovemight.
The reaction mixture was then placed in freezer for 5 days, after which time
the resulting crystais were collected and dried to give 0.26 g (37%) of
compound 2198 as tan crystals. The crude compound 219B was taken on
to the next step with out further purification.

C. (3aa,4B,5a,6a,7p,7aa)4-Ethylhexahydro-4,5,6,7-tetramethyl-4,7-
epoxyisobenzofuran-1,3-dione (219C)
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A solution of compound 219B (120 mg, 0.545 mmol) and 10% lPdl(:
(24 mg, cat.) In EtOAc (2 mL) was stimed under a balloon of hydrogen at
room temperature ovemight. The reaction mixture was fittered through celite
and concentrated under reduced pressure to give 100 mg (0.446 mmol,
81.9%) of compound 219C as a white solid, which was carmried on with no
further purification.

D. (3aa,4p,58,6p,78,7ac)4-{Octahydro-4,5,6,7-tetramethyl-1,3-dioxo-
4,7-epoxy-2H-isoindol-2-yl)-2-{triflucromethyl)benzonitrile (219D)

A solution of compound 219C {444 mg, 0.2 mmol), S-amino-2-
cyanobenzotrifluoride (45 mg, 0.24 mmol), TEA (0.04 mL) and MgSO, (20
mg) in toluene (0.2 mlL.) was heated at 135°C ovemight. The reaction mixture
was cooled to room temperature, filtered and then concentrated under
reduced pressure. Purification by flash chromatography on silica gel eluting
with 40% EtOAc/hexanes followed by washing the resulting solid with MeOH

‘gave 17 mg (0.043 mmol, 21.7%) of compound 219D as a white solid. HPLC:

90% at 3.11 min (retention time) (YMC S5 ODS 4.6 x 50 mm, 10-90%
aqueous methanol over 4 minutes contalning 0.2% phosphoric acid,
monitoring at 220 nm), MS (ES): m/z 391.2 [M- HT.
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Example 220

48.7p.7ac hydro-4-methyi-1,3-dloxo-7-{2{4-
(trifluoromethyi)phenoxylethyl]-4,7-epoxy-2H-isoindol-2-yl]-2-
trifluorometh nitrile, faster eluting antl 3ac,48,7B.7ac)-4-
Octahydro-4-m i-1,3-dloxo-7- trifluoromethyl)phenoxylethyl]-
4,7-epoxy-2H-iscindol-2-yl]-2-{triflucromethyl)benzonitrile, slower
eluting enantiomer (2201 & 220il, respectively)

The racemic compound 35 was separated into the individual'antipodes
by chiral normal phase liquid chromatography. A Chiralpak AD column (50 x
500 mm) was used eluting with 85% hexanes/7.5% methanol/7.5% ethanol,
@ 50mlL/min. UV detection at 220 nm was used. The faster eluting isomer
compound 2201 (retention time = 55.86 min) was found to have 95.8% ee
([a},® = -563.02°, C = 3.134 mg/cc in CH,Cl,) and the slower eluting isomer
compound 22011 (retention time = 62.86 min) was 86% ee ([a],® = +48.74°, C
= 2.242 mg/cc in CH,Cl,) by analytical chiral normal phase chromatography.
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Example 221 l

a.40.58.78.7aq)-4-{Octa -5-h ~4.7-dl 1-1,3-dioxo-4.7-
apoxy-2H-isoindol-2-yl)-2-{trifluoromethyl)benzonitrile (221B)

A. (3ax,4B,7p,7ac)4-(hexahydro-4,7-dimethyi-1,3-dioxo-4,7-epoxy-
2H-isoindol-2-yl)-2<{trifluoromethyl)benzonitrile (221Al) &
(3ac,4a,7a,7aa)-4-{hexahydro-4,7-dimethyi-1,3-dioxo-4,7-epoxy-

2H-soindol-2-yl)-2-{triflucromethyi)benzonitrile (221All)

10

A solution of 2,5-dimethytfuran (0.8 mL, 7.51 mmol) and 4-(2,5-
dihydro-2,5-dioxo-1H-pymrol-1-yl)-2-trifluoromethylbenzonitrile (synthesized as
described in Example 18) (1.00 g, 3.75 mmol) in benzene (4 mL) was heated

15 at 60°C ovemight. The reaction mbdure was concentrated under reduced
pressure and placed on a high vacuum pump until the oil solidified to give a
3:1 mixture (determined by LC and NMR) of compounds 221Al & 221All,
respectively, as a brown solid, which was used directly in the- next step with
out further purification.

20
B. (3aa,4p,58,7B,7ac)-4-{Octahydro-5-hydroxy-4,7-dimethyl-1,3-

dlioxo-4,7-spoxy-2H-Isoindol-2-yl)-2<{trifluoromethyl)benzonitrile
(221B)
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BH,sTHF (3.75 mL, 3.75 mmol, 1M in THF) was added to a solution of
crude compounds 221Ai & 221Ali (3.75 mmol) in THF (12.5 mL) at 0°C.
After the starting material was consumed the reaction mixture was
concentrated under reduced pressure. The resulting residue was then
dissolved In toluene (12.5 mL), Me;NO (845 mg, 11.25 mmol) was added and
the mixture was heated to reflux ovemight. The reaction mixture was then
cooled to rt, added to H,O and extracted with EtOAc (3X). The combined
organic layers were dried over MgSO, and concentrated under reduced
pressure. Purification by flash chromatography on SiO, eluting with 75%
EtOAc/hexanes gave 0.354 g (25%) of compound 221B as a tan powder.
HPLC: 90% at 2.45 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
eluting with 10-80% aqueous methanol over 4 minutes containing 0.2%
phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 381.11
[M+H]".

Example 222
3ac.4 78.7aa ; -di - O 7=

epoxy-2H-isoindol-2-yl)-2-{trifluoromethyl}benzonitrile (222D)
F3
N

A. 341(1,1-Dimethylethyl)dimethyisiiylloxy]}-2,5-dimethylfuran (2-22A)

~

o—TBS
2,5-Dimethyl-3(3H)-furanone (2.00 g, 17.8 mmol) was dissolved in
methylene chloride (180 mL). TEA (7.43 mL, 53.5 mmol) was added followed
by TBSOTT (4.92 mL, 21.4 mmol) at 25°C. After 1 h, the reaction was
concentrated in vacuo and the resulting slurry was run through a silica gel
column conditioned with 3% TEA in hexanes. The product was eluted with
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3% TEA/hexanes to give 3.6 g of compound 222A as an orange oil which
was used directly in subsequent reactions.

B. (3aa,4p,7p,7aa)-4-[5-{I(1,1-Dimethylethyl)dimethyisilyljoxy]-
1,3,3a,4,7,7a-hexahydro-4,7-dimethyl-1,3-dioxo-4,7-epoxy-2H-
Isoindol-2-yl]-2<{trifluoromethyl)benzonitrile (222B)

4+2,5-Dihydro-2,5-dioxo-1H-pyrrol-1-yi)-2-trifluoromethylbenzonitrile

(1.00 g, 3.85 mmol) was dissolved in benzene (5.0 mL) and the compound_
222A (1.30 g, 5.77 mmol) was added. The reaction mixture was warmed to
60°C for 2 h and then cooled to 25°C. The solution was then concentrated /in
vacuo to give compound 222B as a yeliow oil which was carried on to the
next reaction without purification. HPLC: 60% at 4.013 min (retention time)
(YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol
over 4 minutes containing 0.2% phosphoric acld, 4 mL/min, monitoring at 220
nm).

C. (3ac,4p,5a,7p,7ac)-4-{5-I(1,1-
Dimethylethyl)dimethyisilylloxyloctahydro-4,7-dimethyl-1,3-dlox -
4,7-0poxy-2H-lsolndol-2-yl]-2-(tﬂﬂuoromotl'lyl)benzonlh'ilo (222C)
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Crude compound 222B (3.85 mmol) was dissolved in ethyl acetate (75
mL) and 10% Pd/C (1.20 g) was added. Hydrogen was then intfroduced via a
balloon. After 24 h, the reaction was filtered through celite rinsing with ethyl
acetate and concentrated /n vacuo to give a yellow oll. The crude product
was purified by flash chromatography on silica gel eluting with methylene
chloride/acetone (0% - 1% - 2% acetone) fo give compound 222C as a yellow
solid (0.710g). HPLC: 100% at 4.160 min (retention time) (YMC S5 ODS
column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 minutes
containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES):
miz 517.6 (M+Na]".

. D. (3ac,4p,5a,7p,7aa)-4-{Octahydro-5-hydroxy-4,7-dimethyl-1,3-

dloxo-4,7-epoxy-2H-isoindol-2-yl)-2-{trifluoromethyl)benzonitrile
(222D)

Compound 222C (0.040 g, 0.081 mmol) was dissolved In THF (1.0 mL)
and HF- Pyridine (0.5 mL) was added. After 2 h, the reaction was carefully
poured into cold saturated aq NaHCO,. The mixture was then extracted
with methylene chloride (3 x 10 mL). The combined organics were washed
with 1 N HCI (1 x 10 mL) and dried over anhydrous sodium suifate.
Concentration /n vacuo gave compound 222D as a ysllow solid (0.031 g).
NOE experiments confirmed the assigned isomer. HPLC: 98% at 2.777 min
(retention time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-90%
aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4
mL/min, monitoring at 220 nm), MS (ES): m/z 403.06 [M+Na]J".

Example 223
aR)-c-M id, 2 7B.7ac)-2 no-1-
naphthalenyljoctahydro-7-methyl-1,3-dloxo-4,7-epoxy-4H-isoindol-4-
ylethyl ester (223C)
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A.  (3aa,4P,7p,7ac)4-{4-124I(1,1-
Dimethylethyl)dimethyisllyljoxylethylloctahydro-7-methyl-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-yl]-1-naphthalenecarbonitrile
(223A)

oy
q

A solution of 4-amino-1-naphthalenecarbonitrile (19.2 g, 114 mmol)
and maleic anhydride (14.0 g, 113 mmol) in AcOH (230 mL) was heated at
115 °C for 12 h. After cooling to rt, the reaction mixture was concentrated
under reduced pressure then diluted with CH,Cl, (2.5 L). The organic layer
was washed 3X with H,O (3 L), 1X with sat. aq Na,CO, (1 L) and 1X with
brine (1 L), dried over MgSO, and concentrated to ~200 mL under reduced
pressure. Purification by flash chromatography on cation exchange resin (60
g. CUBX13M6 from United Chemical Technologies) eluting with CH,CL, gave
25.0 g (88%) of 4-(2,5-Dihydro-2,5-dioxo-1H-1-yl)-1-naphthalenecarbonitrile
as a yellow solid. HPLC 96% at 2.48 min (Phenomenex-prime S5-C18
column 4.6 x 50 mm, 10-80% aqueous methanol over 4 minutes containing
0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 249.25
[M+H]".

4-(2,5-Dihydro-2,5-dioxo-1H-1-yl)-1-naphthalenecarbonitrile (1.00 g,
4.03 mmol) was suspended in benzene (6.0 mL) in a sealed tube and
compound 204A (1.11 g, 5.24 mmol) was added. The reaction was heated at
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60°C for 16 h and then cooled to 25°C. The benzene was removed in vacuo

fo give a yellow solid. The solid was dissolved In ethyl acetate (40 mL) and (\)

Pd/C (10% Pd, 0.300 g) was added. Hydrogen was then introduced via a
balloon. After 4 h, the reaction was filtered through celite rinsing with ethyl
acetate. Concentration in vacuo gave a pale yellow solid which was purified
by flash chromatography on silica gel eluting with acetone/chloroform (0% -
1.5% - 3% acetone) to give compound 223A (1.53 g) as a yellow foam.
HPLC: 86% at 4.173 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
eluting with 10-80% aqueous methanol over 4 minutes containing 0.2%
phosphoric acid, 4 mL/min, monitoring at 220 nm).

B. (3aa,4p,7f,7aa)-4{0Octahydro-4-{2-hydroxyethyl)-7-methyl-1,3-
dioxo-4,7-epoxy-2H-Isoindol-2-yl]-1-naphthalenecarbonitrile
(223B)

Compound 223A (1.37 g, 2.97 mmol) was dissolved in THF (8.0 mL)
and transferred to a polypropylene bottle and cooled to 0°C. HFe Pyridine
(2.0 mL) was then added. After 20 min, the reaction was carefully poured into
cold sat. aq sodlum bicarbonate and exiracted with methylene chloride (3 x
30 mL). The organics were then washed with 1 N HCI and dried over
anhydrous sodium suifate. Concentration in vacuo gave the compound 223B
(0.99 g) as a yellow foam which was not purified further. HPLC: 86% at 2.443
and 2.597 (atropisomers) min {retention time) (YMC S5 ODS column 4.6 x 50
mm eluting with 10-90% aqueous methanol over 4 minutes containing 0.2%
phosphoric acld, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 399.02
[M+NaJ'.
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C. (aR)-a-Methoxybenzeneacetic acid, 24{(3aa,48,7p,7aa)-2-{4-cyano-
1-naphthalenyl)octahydro-7-methyl-1,3-dioxo-4,7-epoxy-4H-
isoindol-4-ylethyl ester {223C)

Compound 223B (0.200 g, 0.575 mmol) was added fo a solution of
WSDCC (0.138 g, 0.719 mmol) and (R)}-mandellc acid (0.096 g, 0.575 mmol)
in dichloromethane (6.0 mL). 4-DMAP (0.005 g) was then added and the
reaction stimed at 25°C for 4 h. The mixture was then diluted with
dichloromethane and washed with 1 N HCI (2 x 10 mL), once with sodium
bicarbonate (10 mL) and dried over anhydrous sodium sulfate. Concentration
in vacuo gave compound 223C (0.220 g) as a yellow solid which was not
purified further. HPLC: 100% at 3.283 min (retention time) (YMC S5 ODS
column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 minutes
containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES):
m/z 547.26 [M+Na]".

Example 224
3 7ao)-2-{M lo h -4.7-dl -1,3-dl 7=

apoxy-2H-soindol-2-yl)benzonitrile (224)

Hj

4-Amino-2-{methyithio)benzonitriie (100 mg, 0.61 mmol, synthesized
as described in EP 40931 A1) was reacted in a sealed tube with compound
20A (131 mg, 0.67 mmol), MgSO, (161 mg, 1.34 mmol) and Et;N (0.44 mL,
3.17 mmol) in 0.50 mL toluene according to the procedure described in
Example 208C to give, after purification by preparative reverse phase HPLC

194



10

15

20

25

LD0192 PCT ‘Zo?,

(YMC S5 ODS 20 x 100 mm eluting with 30-100% aqueous methanol over 1
min containing 0.1% TFA, 20 mlL/min), 137 mg (0.40 mmol, 66%) of
compound 224 as a white solid. HPLC: 100% at 2.73 min (retention time)
(YMC S5 ODS column 4.6 x 50 mm eluting with 10-80% aqueous methanol
over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220
nm), MS (ES): m/z 401.0 [M-H+OAc].

Example 225
3a0.40.78.7aa eth ifin 7-di -1,3-di -
4,7-epoxy-2H-scindol-2-yl)benzonlitrile (225)

H,C\sf,o

Ok

To an Ice-cold suspenslon of compound 224 (30 mg, 0.09 mmol) in 2
mL of H,0/MeOH (1:1) was added oxone (80 mg, 0.26 mmol} In one. solid
portion. The resulting mixture was stimed for 4 h at 0°C before it was diluted
with H,O0 (10 mL) and extracted with CH,Cl, (2 x 20 mL). The combined
organic layers were dried and concentrated to leave a residue which was
purified by filtering the material through a short pad of silica gel eluting with
CH.Cl, to yield 32 mg (0.09 mmol, 100%) of compound 225 as a coloriess oll.
HPLC: 99% at 2.01 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
eluting with 10-80% aqueous methanol over 4 minutes containing 0.2%
phosphoric acid, 4 mL/min, monltoring at 220 nm), MS (ES): m/z 376.0
[M+NH]".
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Example 226 .
3acx.4B.78.7ac)-2<{Methyisulfonyl octa 7-dimethyl-1.3-dlox

4 T-epoxy-2H-soindol-2-yl)benzonitrile (226)

To a solution of compound 225 (48 mg, 0.14 mmol) in CH,CL, (2 mL)
was added mCPBA (145 mg, 50% mixture, 0.42 mmol) in one solid portion.
The resulting mixture was allowed to warm to room temperature and was
stimed for 60 h at which time no more starting material could be detected by
HPLC. The reaction was quenched by the addition of sat. NaHCO, solution
(5 mL), the layers were separated and the aqueous layer was extracted with
CH,Cl, (20 mL). The combined organic phases were dried over MgSQO, and
concentrated. The remalning residue was purified by preparative reverse
phase HPLC (YMC S5 ODS 20 x 100 mm eluting with 30-100% aqueous
methanol over 10 min containing 0.1% TFA, 20 mL/min) to afford 48 mg (0.13
mmol, 92%) of compound 226 as a white solid. HPLC: 100% at 2.07 min
(retention time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-80%
aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4
mbL/min, monitoring at 220 nm), MS (ES): m/z 392.0 [M+NH,]".

Example 227
l)dim Isllyljoxy]ethyi]hexahydro-5-hydroxy-4-methyl-2-
(4-nitro-1-naphthalenyl)4,7-epoxy-1H-solndole-1,3(2H)-dlone (2278)
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A. (3ac,4p,7p,7aa)-4{2-[(1,1-Dimethylethyl)dimethyisilylJoxy]ethyl]-
3a4,7,7a-tetrahydro-7-methyl-2-{4-nitro-1-naphthalenyl)-4,7-
epoxy-1H-isoindole-1,3(2H)-dione (227A)

A solution of compound 204A (455 mg, 1.894 mmol, 2 eq) and 1-[4-
nitronaphthalene}-1H-pyrrole-2,5-dione (254 mg, 0.947 mmol, 1 eq) {(prepared
as described for 4-(2,5-dihydro-2,5-dioxo-1H-1-yl)-1-naphthalenecarbonitrile,
Example 223A) in benzene (2 mL) was heated at 60 °C ovemight. The
reaction mixture was concentrated under reduced pressure to give crude
compound 227A as a brown solld, which was used directly in the next step
with out further purification.

B. (3aal49lspl7”l7m)-7{2{[(1 |1 -
DimethylethylXiimethyisilylloxylethyllhexahydro-5-hydroxy-4-methyl-2-
(4-nitro-1-naphthalenyl)-4,7-epoxy-1H-soindole-1,3(2H)-dione (227B)

BH,»THF (0.85 mL, 0.95 mmol, 1M in THF, 1 eq) was added to a
solution of crude compound 227A (0.85 mmol, 1 eq) In THF (2 mL) at 0 °C.
After compound 227A was consumed, as was evident by HPLC, the reaction
mixture was concentrated under reduced pressure. The resulting residue
was then dissolved in toluene (2 mL), Me;NO (71 mg, 2.84 mmol, 3 eq) was
added and the mixture was heated to reflux over night. The reaction mixture
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was then cooled to rt, added to H,O and extracted with EtOAc (3X).
combined organic layers were dried over MgSO, and concentrated under
reduced pressure. Purification by flash chromatography on SIO, eluting with
a mixture of 75% EtOAc/Hexanes, gave 130.2 mg (26%) of compound 2278
as a brown solid. HPLC: 94% at 3.92 min (retention time) (YMC S5 ODS
column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 minutes
containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES):
m/z 527.5 [M+H]".

Example 228
3ac.48,58.78.7aa)-Hexahydro-5-h {2 ro -4-methyl-2-

(4-nitro-1-naphthalenyl)-4,7-epoxy-1H-soindole-1,3(2H)-dlone (228)

A mixture of TBAF (0.3 mL, 0.296 mmol, 1 M solution in THF) and HF
(0.3 mL, 50% in H,0) in CH;CN (6 mL) was added to a solution of 2278 (104
mg, 0.197 mmol) in THF (2 mL) at 0°C. The reaction mixture was stirmed
ovemnight at rit. After the starting material was consumed, as was evident by
TLC. H,0 and EtOAc were added and the layers were separated. The
aqueous layer was extracted with EtOAc (1X) and the combined organic
layers were washed with H,O (1X ) and brine (1X), dried over Na,SO, and
concentrated under reduced pressure. Purlfication by flash chromatography
on SiO, eluting with 5% MeOH/CH.CI, gave 61.2 mg (75%) of compound 228
as a yellow solid. HPLC: 99% at 2.47 min (retention time) (YMC S5 ODS
column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 minutes
containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES):
miz 411.2 [M-HJ.
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3ac.4B.5B,.78.7aa)-7 4-Fluorophenoxy)ethyllhexahydro-5 rox
methyl-2-{4-nitro-1-naphthalenyl)-4,7-epoxy-1H-isoindole-1,3(2H)-di ne

(220)

O,N

DBAD (37.7 mg, 0.164 mmol) was added to a solution of PPh, (43 mg,
0.164 mmol) in THF (1 mL). After stirring for 10 mins, 4-fluorophenol (18.3
mg, 0.164 mmol) was added and the reaction mixture was stirmed for a further
5 min. A solution of compound 228 (45 mg, 0.109 mmol) in THF (1 mL) was
added and the mixture was stirred at rt overnight. HPLC showed the crude
reaction mbxture to contain mostly starting diol (compound 228), so this
mixture was added to a preformed mixture as before of PPh, (86 mg), DBAD
(75.4 mg) and phenol (36.6 mg) in THF (4 mL) at rt. Stiring was continued
untii all of compound 228 was consumed. The reaction was then
concentrated under reduced pressure. Purffication by preparative
chromatography [HPLC at 15.2 min (retention time) (YMC S5 ODS A column
20 x 100 mm, 10-90% aqueous methanol over 15 minutes containing 0.1%
TFA, 20 mL/min, monitoring at 220 nm)] gave 25.0 mg (45%) of compound
229 as a light yeliow solid. HPLC: 89% at 3.53 min (retentlon time) (YMC S5
ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4
minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm),
MS (ES): m/z 505.2 [M-HJ.
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Example 230
ac, 4.5 7p.7aa hydro-5,6-dlhydroxy-4.7-di 11,3
dioxo-4,7-epoxy-2H-isolndol-2-yl}-2<{trifluoromethyl)benzonitrile &
5a,60,7p,7aa)-4-{Octah 6-dlhydroxy-4,7-dimethyi-1,3-

dlioxo-4,7-epoxy-2H-isoindol-2-yl)-2-{trifluoromethyl)benzonitrile (230BI
& 230Bli, Respectively)

A. (3ac,4p,7p,7aa)-4-{1,3,3a,4,7,7a-Hexahydro-4,7-dimethyi-1,3-dioxo-
4,7T-epoxy-2H-soindol-2-yl)-2-{trifluoromethyl)benzonitrile (230A) '

Q

NC

[
oS
3,5dimethyl furan (1.23 mL, 11.54¢ mmol) and 4-(2,5-Dihydro-2,5-

" dioxo-1H-pyrrol-1-yl)-2-trifluoromethylbenzonitrile (2.00 g, 7.69 mmol) were

dissolved in benzene (10 mL)-and heated at 60°C for 18 h. The volatlle
organics ware then removed /In vacuo. The resulting crude compound 230A
was carried on without purification. HPLC: 71% at 3.007 min (retention time)
(YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol
over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220
nm).

B. (3aa,4p,5B,6P,7B,7aa)-4(Octahydro-5,6-dihydroxy-4,7-dimethyl- .

1,3-dloxo-4,7-epoxy-2H-soindol-2-yl)-2-
(trifluoromethyl)benzonitrile & (3aa,4p,5x,6a,7B,7ac)-4-
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( ctahydro-5,6-dihydroxy-4,7-dimethyl-1,3-dioxo-4,7-epoxy-2H-
isoind _I-2-yl)-2<{triflucromethyl)benzonltrile {230B] & 230Bli})

Compound 230A (0.100 g, 0.281 mmol) was dissolved in acetone and
N-methylmorpholine-N-oxide (50% aq solution, 0.100 mL, 0.42 mmol) was
added. OsO, (4% aq solution, 0.014 mmol) was then added. After 3 h at
25°C, the reaction was complete and sodium sulfite (0.250 g) was added with
vigorous stirring. After 15 min, brine (10 mL) was added and the solution was
extracted with EtOAc (3 x 15 mL). The organic$ were dried over anhydrous
sodium sulfate and then concentrated /in vacuo. The crude diol mixture was
purified by preparative TLC eluting with 18% acetone in chloroform to give
0.038 g of compound 230BI (beta face) and 0.012 g of compound 230Bil
(alpha face) as pale yellow solids. Compound 230Bi: HPLC: 100% at 2.567
min (retention time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-80%
aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4
mbL/min, monitoring at 220 nm), MS (ES): m/z 397.08 [M+H]'. Compound
230Bil: HPLC: 100% at 2.417 min (retention time) (YMC S5 ODS column 4.6
x 50 mm eluting with 10-90% aqueous methanol over 4 minutes containing
0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z
397.08 M+H]".

Example 231
3ac,48.50,6 7 ro-5,.6-dlhydro. {)=7=
methyi-1,3-dloxo-4,7-epoxy-2H-iscindol-2-yi]-1-naphthalenecarboniltrile,
231C
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A. (3ac,4p,7p,7aa)-4-{4-{2-[(1,1-
Dimethylethyl)dimethylsllyljoxy]ethyll-1,3,3a,4,7,7a-hexahydro-7-\.
methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi}-1-
naphthalenecarbonitrile (231A)

Compound 204A (29.03 g, 120 mmol) and 4+(2,5-dihydro-2,5-dioxo-
1H-1-yl}-1-naphthalenecarbonitrile (20.0 g, 80.6 mmol) were suspended in
benzene (80 mL) and heated to 60°C for 14 h. The mixture was then
concentrated in vacuo at 40°C for 40 min. The resulting slurry was cooled to
25°C and then suspended in MeOH (200 mL) and stirmed at rt for 30 min. The
solution was then cooled to 0°C for 30 min and then filtered rinsing with cold

. MeOH. The resulting solid was dried in vacuo to give 26.1 g of crude

compound 231A as a white solid. The methanol solution was concentrated in
vacuo and resuspended in MeOH (50 mL) and cooled to -20°C for4 h. The
solution was then filtered rinsing with cold MeOH. The resuiting solid was
dried /n vacuo to give 3.8 g of compound 231A as a white solid. HPLC: 95%
at 4.227 min (retention time) (YMC S5 ODS column 4.6 x 50 mm eluting with
10-80% aqueous methanol over 4 minutes containing 0.2% phosphoric acid,
4 mL/min, monitoring at 220 nm)

B.. (3ax,4p,5B,6B,7B.7ac)4-f4-{2[(1.1-
Dimethylethyl)dimethyisilylJoxy]ethyfjoctahydro-5,6-dihydroxy-7-
methyl-1,3-dloxo-4,7-spoxy-2H-isolndol-2-yl}-1-
naphthalenecarbonitrile {231B)
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Compound 231A (0.400 g, 0.851 mmol) was dissolved in acetone (9. i
mL) and N-methylmorpholine-N-oxide (50% aq solution, 0.0.150 mi, 1.28
mmol) was added. OsO, (4% aq solution, 0.043 mmol) was then added.
After 3 h at 25°C, the reaction was complete and sodium sulfite (1.0 g) was
added with vigorous stirring. After 15 minutes, brine (30 mL) was added and
the solution extracted with EtOAc (3 x 50 mL). The organics were dried over
anhydrous sodium sulfate and then concentrated in vacuo. The crude diol
was purified by flash chromatography on sllica eluting with 5-25% acetone in
chloroform to give 0.355 g of compound 231B as a yellow solid. HPLC: 93%
at 3.903 min (retention time) (YMC S5 ODS column 4.6 x 50 mm eluting with
10-80% aqueous methanol over 4 minutes containing 0.2% phosphoric acid,
4 mL/min, monitoring at 220 nm), MS (ES): m/z 522.00 [M+H]".

C. (3aa,4p,5p,6B,7p,7ac)4-{Octahydro-5,6-dihydroxy-4-
(hydroxyethyl)-7-methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-y(}-1-
naphthalenecarbonltrile (231C)

Compound 231B (0.400 g, 0.766 mmol) was dissolved In THF (5.0 mL)
and transferred to a polypropylene bottle and cooled to 0°C. HFe Pyridine
(1.0 mL) was then added. After 20 min, the reaction was carefully poured into
cold sat. aq sodium bicarbonate and extracted with methylene chioride (3 x
30 mL). The organics were then washed once with 1 N HC! and dried over
anhydrous sodium sulfate. Concentration /in vacuo gave the compound'231c
(0.290 g) as a ysllow foam which was not purified further. HPLC: 82% at
2.273 and 2.423 (atropisomers) min (retention time) (YMC S5 ODS column
46 x 50 mm eluting with 10-90% aqueous methanol over 4 minutes
containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES):
m/z 409.10 [M+H]".
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Example 232
3ac,4p,5p8.60,7p.7ac)-4{Octahydro-5,6-dlh 4 I-1,3-dioxo-~7-
trifluoromethyl)phenoxyjethyl]-4,7-e ~2H-isoindol-2-yl]-2-

{triffuoromethyl)benzonitrile, (232C)

NC

A.  2-Methyl-5{2-{4{trifluoromethyl)phenoxyjethyl}furan (232A)

Ve DN

10 To a solution of triphenylphosphine (1.56 g, 5.95 mmol) in THF (40 .
mL) was added DBAD (137 g, 595 mmol). After 10 min, 4-
trifluoromethylphenol (0.964 g , 5.95 mmol) was added. Afer 10 additional
minutes, compound 21A (0.500 g, 3.97 mmol) was added. After 14 h at
25°C, the reaction was concentrated /in vacuo and purified by fiash

15 chromatography on silica eluting with chloroform to give 0.713 g of compound
232A as a clear oll.

B. (3aa,4p,7p,7aa)-4{1,3,3a,4,7,7a-hexahydro-4-methyi-1,3-dloxo-7-

[2-j4-{triflucromethyl)phenoxy]ethyi]-4,7-epoxy-2H-soindol-2-yi]-
20 2-{trifl uormnqﬂlyl)banmnlhile (232B)

Compound 232A (0.301 g, 1.15 mmol) and 4+(2,5-dihydro-2,5-dioxo-
1H-pyrrol-1-yl)-2-trifluoromethylbenzonitrile (0.220 g, 0.846 mmol)' were
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suspended in benzene (1.5 mL) and heated to 60°C for 14 h. The mixture
was then concentrated in vacuo at 40°C for 40 minutes. The crude product
was purified by flash chromatography on silica eluting with 10 — 0% hexanes
in methylene chloride to give 0.198 g of compound 232B as a yellow solid.
Compound 232B was characterized as the exo diastereomer by NOE
experiments. HPLC: 84% at 3.983 min (retention time) (YMC S5 ODS
column 4.6 x 50 mm eluting with 10-80% aqueous methanol over 4 minutes
containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm).

C. (3aa,4p,5p,6B,7p,7aa)-4-{Octahydro-5,6-dihydroxy-4-methyl-1,3-
dioxo-7-{2-{4-{trifluoromethyl)phenoxy]ethyl]-4,7-epoxy-2H-
Isoindol-2-yl]-2<{triflucromethyl)benzonitrile, (232C)

Compound 232B (0.075 g, 0.140 mmol) was dissolved in acetone (2.0
mL) and N-methyimorpholine-N-oxide (50% aq solution, 0.025 mL, 0.21
mmol) was added. OsO, (4% aq solution, 0.007 mmol) was then added.
After 3 h at 25°C, the reaction was complete and sodium sulfite (0.25 g) was
added with vigorous stiring. After 15 minutes, brine {5 mL) was added and
the solution extracted with EtOAc (3 x 10 mL). The organics were dried over
anhydrous sodium sulfate and then concentrated /n vacuo. The crude diol
was purified by preparative TLC on sllica gel, eluting with 10% acetone in
chloroform to give 0.038 g of compound 232C as a yellow solid. HPLC: 98%
at 3.747 min (retention time) (YMC S5 ODS column 4.6 x 50 mm eluting with
10-80% aqueous methanol over 4 minutes containing 0.2% phosphoric acid,
4 ml/min, monitoring at 220 nm), MS (ES): m/z 593.08 [M+Na]"’.
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Example 233
3aa 40.58.5af.8ap.8ba)-4-{Decahydro-5-hydroxy-4-methyl-1.3-dioxo-

4,8a-epoxy-2H-furo[3,2-elisoindol-2-yl)-1-naphthalenecarbonitrile, (233)
NC

5 To a solution of triphenylphosphine (0.072 g, 0.276 mmol) in THF (3.0
mL) was added DBAD (0.063 g, 0.276 mmol). After 10 min, 4-cyanophenol
(0.033 g , 0.276 mmol) was added. After 10 additional minutes, compound
231C (0.075 g, 0.184 mmol) was added. After 3 h at 25°C, the reactlon was
concentrated in vacuo and purified by preparative TLC on silica gel, eluting

10 with 15% acetone in chloroform to give 0.068 g of compound 233 as a white
solid. HPLC: 95% at 2.430 and 2.560 min (atropisomers) (retention time)
(YMC S5 ODS column 4.6 x 50 mm, 10-890% aqueous methanol over 4
minutes containing 0.2% phosphoric acid, 4 mL/min, monttoring at 220 nm),
MS (ES): m/z 391.08 [M+H]".

15

Example 234
3 7 no-1-naphthalenyl ro-7-methyl-1,3-
dioxo-4,7-epoxy-4H-isoindole-4-acetic acld, (234B)

X

e 100

20 A. (3aac,4p,7p,7ac)2-{4-Cyano-1-naphthalenyi)-1,2,3,3a,7,7a-
hexahydro-7-methyl-1,3-dioxo-4,7-epoxy-4H-iscindole-4-acetic
acld (234A)
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5-Methyl-2-furanacetic acid (0.500 g, 3.57 mmol) and 4-(2,5-dihydro-
2,5-dioxo-1H-1-yl)-1-naphthalenecarbonitrile (0.898 g, 3.57 mmol) were
dissoived in benzene (3.0 mL) and heated at 60°C for 2 h and then cooled to
25°C. After 12 h, a white solid precipitated out of solution and was filt red
and rinsed with diethyl ether to yield 1.20 g of compound 234A as a light
yellow solid. NMR showed only one diastereomer. HPLC: 86% at 2.767 min
(retentlon time) (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous
methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min,
monitoring at 220 nm), MS (ES): m/z 389.45 [M+H]".

B (3aa,4p,7p,7aa)-2-{(4-Cyano-1-naphthalenyl)octahydro-7-methyl-
1,3-dloxo-4,7-epoxy-4H-isoindole-4-acetic acid, (234B)

Compound 234A (1.1 g, 2.82 mmol) was dissolved in EIOH/EtOAc

(1:1, 50 mL) and Pd/C (10% Pd, 0.4 g) was added followed by H, via a
balloon. After 5 h at 25°C, the reaction was filtered through celite rinsing with
EtOAc and concentrated /n vacuo to yleld 1.00 g of compound 234B as a
yellow solid. HPLC: 80% at 2.84 min (retention time) (YMC S5 ODS column
4.6 x 50 mm, 10-80% aqueous methanol over 4 minutes containing 0.2%
phosphoric acid, 4 mUmin, monltoring at 220 nm), MS (ES): m/z 391.1
[M+H]". '

Example 235
Jac. 48.70.7aa)-2 ano-1-n halenyl hydro- =1,3-

dioxo-4,7-epoxy-4H-isoindole-4-acetic acld, methyl ester, (235)

Compound 234B (0.050 g, 0.125 mmol) was dissolved in acetonitrile
(2.0 mL), then DCC (0.025 g, 0.125 mmol) was added followed by HOAc
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(0.018 g, 0.125 mmol). 4-Fluorobenzyl alcohol (0.014 mL, 0.125 mmol) was
added and the reaction was stirred for 3 h. The reaction was then
concentrated in vacuo and purified by preparative reverse phase HPLC (YMC
85 ODS 20 x 100 mm, 10-80% aqueous methanol over 15 min containing
0.1% TFA, 20 mL/min, monitoring at 220 nm). Purification yielded 0.040 g of
compound 235 as a white solid, rather than the expected benzyl ester. None
of the anticipated benzyl ester was observed by NMR or LC-MS. HPLC:
100% at 3.033 min (retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-
90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4
mL/min, monitoring at 220 nm), MS (ES): m/z 405.51 [M+H]".

Example 236
4-Cyano-1-na lenyl 4-
fluorophenyl)methyljoctahydro-7-methyl-1,3-dloxo-4,7-spoxy-4H-
Isoindole-4-acetamide, (236)

Compound 234B (0.100 g, 0.256 mmol) was dissolved in acetonitrile
(4.0 mL). HOAc (0.035 g, 0.256 mmol) and DCC (0.049 g, 0.256 mmol) were
then added followed by 4-fluorobenzylamine (0.030 mi., 0.256 mmol). After 4
h at 25°C, the reaction was concentrated in vacuo and purified by preparative
HPLC (YMC S5 ODS 20 x 100 mm, 10-80% aqueous methanol over15
minutes containing 0.1% TFA, 20 mL/min, monitoring at 220 nm) to yield
0.085 g of compound 238 as a white solid. HPLC: 100% at 3.277 min
(retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous
methanol over 4 minutes contalning 0.2% phosphoric acld, 4 mL/min,
monitoring at 220 nm), MS (ES): m/z 498.43 [M+H]".
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Example 237
7B.7ac)-N 4-Cyano-1-n halenyl)octahydro-7-n -1,3-

dloxo-4.7-opoxy-4H-Isolndol-d-yl]etlwl]-4-ﬂuorobenzaml&e. (237B)

A. 4A-Fluoro-N{2-(5-methyi-2-furanyl)ethyl]lbenzamide {237A)

O O

o

4-Fluorophenylacetyl chloride (0.29 mL, 2.44 mmol) was added dropwise to a
solution of B-(S-methyl-2-furanyl)ethanamine (300 mg, 2.44 mmol, made.according
to the procedure of Yur'ev, Yu. K. et. al. J Gen. Chem. USSR (Engl. Transl,) 33,
3444-8 (1963)) in THF (2.5 mL) at rt, then Et;N (0.34 mL, 2.44 mmol} was added
dropwise. Once the starting material was consumed, as was evident by HPLC, the
reaction was quenched with H,O and extracted with CH,Cl,. The combined organic
layers were dried over MgSO, and concentrated under reduced pressure. Purification
by flash chromatography eluting with 0%-50% EtOAc/hexane gradient gave 523 mg
(95%) of compound 237A as a white solid. HPLC: 99% at 2.84 min (retention time)
(Phenomenex-prime S5-C18 column 4.6 x 50 mm cluting with 10-90% aqueous
methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at
220 nm), MS (ES): m/z 248.15 [M+HT'.

B. (3ac,4p,7p,Taa)-N-{2-[2{4-Cyano-1-naphthalenyl)octahydro-7-
methyl-1,3-dioxo-4,7-epoxy-4H-soindol-4-yllethyl]-4-
fluorobenzamide, (2378)
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A solution of compound 237A (221.5 mg, 0.896 mmol) and 4-(2,5-dihydro-
2,5-dioxo-1H-1-yl)-1-naphthalenecarbonitrile (222.4 mg, 0.896 mmol) in benzene (4
mL) was heated at 60 °C overnight. The reaction mixture was concentrated under
reduced pressure and dissolved in EtOAc (30 mL). 10% Pd/C (50 mg) was added and
the mixture was stirred under a hydrogen balloon overnight. The reaction mixture
was filtered through a pad of celite and concentrated under reduced pressure.
Purification by flash chromatography eluting with 25%-75% EtOAc/hexane gradient
gave 160.3 mg (36%) of compound 237B as an off-white solid. HPLC: 97% at 3.13
& 3.23 min (retention time) (Phenomenex-prime S5-C18 column 4.6 x 50 mm eluting
with 10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4
mL/min, monitoring at 220 nm), MS (ES): m/z 498.11 [M+H]".

Example 238
3aR-{3aa.40.7B.Tac Octahydro-4-{2-hydroxyethyl}-7-methyl-1,3-
dioxo-4,7-spoxy-2H-isoindol-2-yi]-1-naphthalenecarbonitrile & [3aS-
48.78.7ac Octah 2-hydro ~7-methyl-1.3-dloxo-4.7-
epoxy-2H-soindol-2-y]-1-naphthalenecarbonitrile. (2381 & 2381I)

A

Racemic compound 223B was separated into its enantiomers by
preparative chiral HPLC (CHIRALPAK AD 5 x 50 cm column; eluting with
20% MeOH/EtOH (1:1) in heptane (isocratic) at 50 mL/min, @ 220 nm) to
give the faster eluting compound 238l (Chiral HPLC: 13.54 min; CHIRALPAK
AD 4.6 x 250 mm column; eluting with 20% MeOH/EtOH (1:1) in heptane at 1
mi/min) and the slower eluting compound 238il (Chiral HPLC: 14.99 min;
CHIRALPAK AD 4.6 x 250 mm column; eluting with 20% MeOH/EtOH (1:1) In
heptane at 1 mL/min). The absolute conformation for compounds 238! &
238ll was not established. For simplicity in nomenclature, compound 238l is
designated herein as having an “R" configuration and compound 238ll as
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having an “S" configuration. Enantiomerically pure products derived from
compound 238] are desighated herein as having a “R" configuration and
enantiorﬁerically pure products derived from compound 238li are designated
herein as having an “S" configuration.

Example 239
aR-{3a 7 3-Fluoropheno hydro-7-

methyi-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi}-1-naphthalenecarbonitrile

S-{4{3 -4 3-Fluorophen ro-7-

methyl-1,3-dioxo-4,7-epoxy-2H-Isoindol-2-y{]-1-naphthalenecarbonitrile,
(gasl & 239i1)

To a solution of triphenylphosphine (0.0524 g, 0.20 mmol) in THF (2.0
mL) was added DBAD (0.046 g, 0.2 mmol). After 10 min, 3-flucrophenol
(0.018 mL, 02 mmol) was added. After 10 additional minutes,
enantiomerically pure compound 238] (0.050 g, 0.133 mmol) was added.
After 3 h at 25°C, the reaction was concentrated in vacuo and purified by
preparative HPLC (YMC S5 ODS 20 x 100 mm, 10-80% aqueous methanol
over 15 minutes containing 0.2% TFA, 20 mL/min, monltoring at 220 nm) to
give 0.031 g of compound 2391 as a white solid. This process was repeated
with enantiomerically pure compound 238l to yield compound 239Il.
Compound 2391: HPLC: 100% at 3.80 min (retention ime) (YMC S5 ODS
column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing
0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z
471.65 [M+HT', [a]p® = -47.371 (c = 4.412 mg/cc, CH.Cl,). Compound 238II:
HPLC: 100% at 3.80 min (retention time) (YMC S5 ODS column 4.6 x 50 mm,
10-80% aqueous methanol over 4 minutes containing 0.2% phosphoric acid,
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4 mL/min, monitoring at 220 nm), MS (ES): m/z 471.65 [M+H]", [a],Z = +24.3
(c = 4.165 mg/cc, CH.Cl,).

Example 240
5 4-Fluorophenyl)carbamic acid, 2 7B.7ac)-2 ano-1-
naphthalenyljoctahydro-7-methyi-1,3-dioxo-4,7-epoxy-4H-isoindol-4-
ylethyl ester, (240)

Compound 223B (0.100 g, 0.279 mmol) was dissolved in
10 . dichloroethane (3.0 mL) and 4-fluorophenylisocyanate (0.048 mL, 0.419
mmol) was added followed by heating to 60°C. After 2 h, the reaction was
cooled to 25°C and dliuted with methylene chloride. The mixture was washed
once with sat. ag sodium bicarbonate (20 mL) and then the organics were
dried over anhydrous sodium sulfate. The crude material was purified by
15 flash chromatography on sllica eluting with 15% acetone in chloroform to
give 0.098 g of compound 240 as a yellow foam. HPLC: 98% at 3.320 and
3.457 min (atropisomers) (retention time) (YMC S5 ODS column 4.6 x 50 mm,
10-80% aqueous methanol over 4 minutes containing 0.2% phosphoric acid,
4 mL/min, monitoring at 220 nm), MS (ES): m/z 514.13 [M+H]".

20
Example 241
3aa.48.7B.7aa ctal 2-hydro 1 7 2=
isoindol-2-y{]-1-naphthalenecarbonltrile, (241D)
25
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A 24241(1,1-Dimethlethyl)dimethyisilyljoxyjethyl}furan (241A)
O™

2+(2-Hydroxyethyl)furan (1.00 g, 8.93 mmol, Example 255A) was
dissolved in DMF at 25°C and imidazole (0.790 g, 11.61 mmol) was added.
TBSCI (1.35 g, 8.93 mmol) was then added by portions over 5 minutes. After
2 h, the reaction was poured into diethyl ether (300 mL) and washed
sequentially with water (1 x 100 mL), 1 N HCI (1 x 100 mL), and brine (1 x
100 mL). The combined organics were then dried over magnesium sulfate
and concentrated in vacuo. Compound 241A was isolated as a clear oil (1.77
g) and was taken on without purification. HPLC: 100% at 4.233 min
(retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous
methanol over 4 minutes containing 0.2% phosphoric acid, 4 ml/min,
monitoring at 220 nm). -

B. (3ax,A4p,7p,7ac)-4-f4-{2-[[(1,1-
Dimethylethyl)dimethyisilylloxylethyl]-1,3,3a,4,7,7a-hexahydro-
1,3-dloxo-4,7-epoxy-2H-isoindol-2-yf]-1-naphthalenecarbonitrile
(241B)

4-2,5-Dihydro-2,5-dioxo-1H-1-yl)-1-naphthalenecarbonitrile (0.721 g,
3.40 mmol) was suspended In benzene (5.0 mL) in a sealed tube and
compound 241A (1.00 g, 4.42 mmol) was added. The reaction was heated at
80°C for 16 h and then cooled to 25°C. The benzene was removed in vacuo
to give a yelow solid. The crude material was purified by flash
chromatography on silica eluting with 1-5% acetone in chioroform to give 1.37
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g of compound 241B as a yellow solid. NMR experiments confirmed exo
isomer assignment. HPLC: 100% at 4.030 and 4.110 (atropsiomers) mi
(retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-80% aqueous
methanol over 4 minutes containing 0.2% phosphoric acid, 4 mlL/min,
monitoring at 220 nm).

C. (330-4ﬂu7l3-730)'4'[4'[2'[[(1 1=
Dimethylethyl)dimethyisilylJoxylethyl]octahydro-1,3-dioxo-4,7-
epoxy-2H-isoindol-2-yl}-1-naphthalenecarbonitriie (241C)

The compound 241B (0.500 g, 1.14 mmol) was dissolved in ethyl
acetate (40 mL) and Pd/C (10% Pd, 0.200 g) was added. Hydrogen was then
intfroduced via a balloon. After 4 h, the reaction was filtered through celite,
rinsed with ethyl acetate and concentration /in vacuo to yield a pale yeliow
solld, which was purified by flash chromatography on sllica gel eluting with
acetone/chioroform (0% - 1.5% - 3% acetone) to give compound 241C (0.450
g) as a yellow foam.

D. (3ax,4p,7p,7ac)-4{Octahydro-4-(2-hydroxyethyl)-1,3-dioxo-4,7-
epoxy-2H-soindol-2-yl]-1-naphthalenecarbonitrile, (241D)

Compound 241C (0.283 g, 0.50 mmol) was dissolved in a solution of
2% 12N HCIl in absolute ethanol (10 mL). After 1 h, the reaction was
quenched with sat. ag sodium bicarbonate and extracted with methylene
chloride (4 x 20 mL). The combined organics were dried over sodlum sulfate
and concentrated /in vacuo o give 0.211 g of compound 241D as a white
solid. HPLC: 100% at 2.14 min (retention time) (YMC S5 ODS column 4.6 x
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50 mm, 10-90% aqueous methanol over 4 minutes containing 0.2%
phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 363.45
M+HT".

Example 242
3ac 7B, 7ac anopheno, hylloctah -

1,3-dloxo-4,7-epoxy-2H-isolndol-2-yi}-1-naphthalenecarbonitrile, (242C)

A. (3aa,4p,6B,7B,7ac)4-[4-[2-](1,1-
Dimethylethyl)dimethyisliyfJoxylethylloctahydro-8-hydroxy-1,3-
dioxo-4,7-epoxy-2H-isolndol-2-yi]-1-naphthalenecarbonitrile
(242A)

Compound 241B (1.00 g, 2.28 mmol) and Wilkinson's catalyst (0.105
g. 0.114 mmol) were stimed rapidly under vacuum at 25°C for 1 h and then
purged with N,. THF (30 mL) was then added followed by catechol borane
(0.487 mL, 4.57 mmol) after the olefin was completely dissolved. After 1 h,
the reaction was cooled to 0°C and a pH 7.2 phosphate buffer (33 mL) was
added followed by EtOH (13 mL) and H,0, (30% aq soln, 3.0 g). After 3 h at
0°C the reaction was complete by LC and the mixture was extracted with
methylene chiloride (3 x 50 mL). The combined organics were washed with a
1:1 mixture of 10% sodium sulfite/IN NaOH (50 mL) and once with brine (50
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mL). All aqueous phases were combined and extracted with methylene
chloride (50 mL) and the organic phase combined with the previous
extractions. All the organics were then dried over anhydrous sodium sulfate
and then concentrated in vacuo. The crude material was purified by. flash
chromatography on silica eluting with 10-20% acetone in chloroform to give
0.634 g of compound 242A as a white foam. HPLC: 96% at 3.797 min
(retention time) (YMC S5 ODS column 46 x 50 mm, 10-80% aqueous
methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min,
monitoring at 220 nm), MS (ES): m/z 493.13 [M+H]".

B. (3ax,4$,68,78,7ac)-4-{Octahydro-6-hydroxy-4-(2-hydroxyethyl)-1,3-
dioxo-4,7-epoxy-2H-soindol-2-y]-1-naphthalenecarbonitrile
(242B)

Compound 242A (0.400 g, 0.813 mmol) was dissolved in a solution of
2% 12N HCI in absolute ethanol (10 mL). After 1 h, the reaction was
quenched with sat. aq sodium bicarbonate and extracted with EtOAc (4 x 20
mL). The combined organics were dried over sodium sulfate and
concentrated /n vacuo to give 0.305 g of compound 242B as a white solid.
HPLC: 90% at 2.043 min (retention time) (YMC S5 ODS column 4.6 x 50 mm,
10-90% aqueous methano! over 4 minutes containing 0.2% phosphoric acid,
4 mbL/min, monitoring at 220 nm), MS (ES): m/z 379.09 [M+H]".
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C. (3ac,4B,5p,7B,7aa)-4-[4-{2-{4-Cyanophenoxy)ethylloctahydro-6-
hydroxy-1,3-dloxo-4,7-epoxy-2H-isoindol-2-y1]-1-
naphthalenecarbonitrile, (242C)

To a solution of triphenylphosphine (0.054 g, 0.207 mmol} in THF (2.0
mL) was added DBAD (0.048 g, 0.207 mmol). After 10 min, 4-cyanophenol
(0.025 g, 0.207 mmol) was added. After 10 additional minutes, compound
2428 (0.050 g, 0.138 mmol) was added. After 3 h at 25°C, the reaction was
concentrated in vacuo and purified by preparative TLC on silica eluting with
25% acetone/chloroform to give 0.056 g of compound 242C as a white solid.
HPLC: 80% at 2.987 min (retention time) (YMC S5 ODS column 4.6 x 50 mm,
10-80% aqueous methano! over 4 minutes containing 0.2% phosphoric acid,
4 mL/min, monitoring at 220 nm), MS (ES): m/z 480.10 M+HJ".

Example 243
3aS-{3ax 4p.5 -4 ro droxy-7-{2 -4~
methyl-1,3-dioxo-4,7-e -2H-soindol-2-yi]-1-naphthalenecarbonitrile
aR<{3ac.48.58.7p.7ac Octahydro-5-hydroxy-7-{2-hydroxyethyi)-4-
methyl-1,3-dloxo-4,7-epoxy-2H-isoindol-2-yl]-1-naphthalenecarbonitrile,
(243D & 243DiI)

A. (WB -75-780)'4'[4'[2'[[(1 !1 -
Dimethylethyl)dimethyisilylloxylethyl]-1,3,3a,4,7,7a-hexahydro-
1,3-dloxo-4,7-epoxy-2H-isolndol-2-yl}-1-naphthalenecarbonitrile
(243A)
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4-(2,5-Dihydro-2,5-dioxo-1H-1-yl)}-1-naphthalenecarbonitrile (18.3 g,
68.7 mmol) was added to a solution of compound 204A (26.6 g, 110.6 mmol)
in benzene (75 mL) and heated to 60°C ovemight. After cooling to rt, the
reaction mixture was concentrated under reduced pressure. The residue was
treated with MeOH (250 mL) with stiring at 0°C for 10 min. The resulting
solid was filtered, washed with cold MeOH (2 X 10 mL) and dried to give 26.7
g (79.5%) of compound 243A as a yellow solid. HPLC analysis of the above
solid revealed it to be 95% pure (HPLC conditions: 95% at. 248 min
(Phenomenex-prime S5-C18 column, 4.8 x 50 mm, 10%-80% aqueous
methanol over 4 minute gradient with 0.2% H,PO,, detecting at 220 nm)).
The filirate was then concentrated under reduced pressure and the resulting -
solid was chromatographed, eluting with 3% acetonae/CHCl,, to give an
additional 4.36 g of compound 243A (13%), giving a total final yieid of 92.5%.

B. (3ax,4B,58,7p,7ac)-4{7{2-{(1,1-
Dimethylethyl)dimethyisllyljoxylethylloctahydro-5-hydroxy-4-
methyl-1,3-dloxo-4,7-epoxy-2H-soindol-2-yi]-1-
naphthalenecarbonitrile (243B)

i n

A mbdure of 243A (10 g, 20.46 mmol) and RhCIPPh,), (0.947 mg,

1.02 mmol) was evacuated and filled with argon (3X). THF (200 mL) was
added and once all particulates had dissolved, catecholborane (4.4 mL, 40.93
mmol) was slowly added dropwise. iNHen the formation of product ceased,
as was determined by HPLC, the reaction mixture was cooled to 0°C and
quenched with phosphate buffer (330 mL, pH 7.2) then EtOH (130 mL) and
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H,0, (300 mL, 30% aq sol) were added. Once boronate was consumed, the
mixture was extracted with CH,Cl, (3X) and the combined organic layers we
washed with 1IN NaOH, 10% aq NaHSOQ, (1:1, 1X) and brine (1X). The
combined washes was extracted with CH,Cl, (1X) and the combined organic
layers were dried over Na,SO,. Purification by flash chromatography on silica
gel eluting with 10% to 30% acetone/CHCI, gradient over 25 min gave 7.1 g
(68%) of 243B as a light yellow solid. HPLC conditions: 98% at 3.82 min
(Phenomenex-prime S5-C18 column 468 x 50 mm, 10%-90% aqueous
methanol over 4 minute gradient with 0.2% H,PO,, detecting at 220 nm).

C. [PaR<{3aa4f,56,7B,7ac)]-4-{7-12[(1.1-
Dimethylethyl)dimethylsilyljoxy]ethyljoctahydro-5-hydroxy-4-
methyl-1,3-dloxo-4,7-epoxy-2H-soindol-2-yl}-1-
naphthalenecarbonitriie & [3aS-(3ac,4p,58,7p,7ax)]-4-{7-{2-{[(1,1-
Dimethylethyl)dimethyisiiyfjoxylethyiloctahydro-5-hydroxy-4-
methyi-1,3-dioxo-4,7-epoxy-2H-iscindol-2-yl]-1-
naphthalenecarbonitrile (243C!| & 243Cli)

i n
The racemic compound 243B was separated into the indlvidual
enantiomers by chiral normal phase liquid chromatography. A Chiralpak OD
column (50 x 500 mm) was used, eluting with 13% EtOH/hexanes over 99
min at 50mL/min detecting at 220 nm. The faster eluting isomer compound
243Cl had a retention time = 45 min and the slower eluting isomer compound
243ClI had a retention time = 66 min.

D. [3aS<{3aa.4p,5p,7p,7aa)]-4-{Octahydro-5-hydroxy-7-{2-
hydroxyethyl)-4-methyi-1,3-dloxo-4,7-epoxy-2H-isoindol-2-yi]-1-
naphthalenecarbonitrile & [3aR-{3aa,4p,5p8,78,7aa)]-4-{Octahydro-
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5-hydroxy-7-{2-hydroxyethyl)-4-methyl-1,3-dloxo-4,7-epoxy-2H-
isoindol-2-yi]-1-naphthalenecarbonitrile, (243Di & 243DIi)

Compound 243Ci (0.84g, 2.14 mmol) was dissolved in 2% 12 N
HCVEtOH (20 mL), stired for 5 minutes and concentrated under reduced
pressure. Purification by flash chromatography on silica gel eluting with 5-
10% MeOH/CH,Cl, gave 0.57 g (88%) of 243DI. Compound 243Dl which
came from the faster eluting isomer (243CI) was found to be 89.7% ee by
analytical chiral normal phase chromatography. HPLC conditions: 99.7% at
2.17 min (Chiralcel OJ 44.6 X 250 mm, 10 micron, 40°C, isocratic 80%
Heptane / 20% EtOH/MeOH (1:1), 1.0 mL/min., detection at 288 nm).

Compound 243Cli (0.86 g, 2.19 mmol) was dissolved in 2% 12N
HCIEtOH (20 mL), stimed for 5 minutes and concentrated under reduced
pressure. Purification by flash chromatography on silica gel eluting with 5-
10% MeOH/CH,CI, gave 0.60 g (80%) of 243bll. Compound 243Dii which
came from the slower eluting isomer (243CIi) was found to have 87.1% ee by
analytical chiral normal phase chromatography. HPLC condlitions: 87.1% at
18.4 min (Chiralcel OJ 44.6 X 250 mm, 10 micron, 40°C, Isocratic 80%
heptane / 20% EtOH/MeOH (1:1), 1.0 mL/min., detection at 288 nm).

The absolute conformation for compounds 243D1 & 243DIl was not
determined. For simplicity in nomenclature, compound 243DI is designated
herein as having an “S" configuration and compound 243DIl as having an “R”
configuration. Enantiomerically pure products derived from compound 243DI
are designated herein as having an *S" configuration and enantiomerically
pure products derived from compound 243DIl are designated herein as
having an “R" configuration
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Example 244
3aS+{3a 58.78.7ac)]-4 4-Cyanopheno: h -5~
hydroxy-4-methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl]-1-
naphthale rbonitrile & [3aR-{3ac.4p,58,78.7aa 4-

Cyanophenoxy)ethylloctahydro-5-hydroxy-4-methyl-1,3-dioxo-4,7-

epoxy-2H-solndol-2-yi]-1-naphthalenecarbonitrile, (2441 & 244I1)

DBAD (26 mg, 0.115 mmol) was added to a solution of PPh, (30 mg, -
0.115 mmol) In THF (0.65 mL). After stirring for 10 min, 4-cyanophenol (13.6
mg, 0.115 mmol) was added and the reaction mixture was stirred for a further
5 min. Compound 243Di (30 mg, 0.076 mmol) was added and the mixture
was stimed at rt for 1 h. The reaction was concentrated under reduced
pressure. Purification by flash chromatography on silica gel eluting with 30%
acetone/70% CHCI, gave 23.1 mg (0.047 mmol, 61.7%) of compound 244l.
HPLC conditions: 95% at 3.06 min (YMC S5 ODS 4.6X50 mm, 10%-80%
aqueous methanol over 4 mlnut-e gradient with 0.2% H,PO,, detef:ting at 220
nm). MS (ES): m/z 494.09 M+H]". {[a], = 53.30°, C = 4.5 mg/cc In THF, @
589 nm)

DBAD (26 mg, 0.115 mmol) was added to a solution of PPh, (30mg,
0.115 mmol) in THF (0.65 mL). After stiring for 10 min, 4-cyanophenol (13.6
mg, 0.115 mmol) was added and the reaction mixture was stirmed for a further
5 min. Compound 243Dil (30 mg, 0.076 mmol) was added and the mixture
was stimed at rt for 1 h. The reaction was concentrated under reduced
pressure. Purification by flash chromatography on silica gel eluting with 30%
acetone/70% CHCI, gave 20.3 mg (0.041 mmol, 54.2%) of compound 244|l.
HPLC conditions: 90% at 3.07 min (YMC S5 ODS 4.6X50 mm, 10%-90%
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aqueous methanol over 4 minute gradient with 0.2% H,PO,, detecting at 220
nm). MS (ES): m/z 494.08 [M+HT'. [a], = 42.87°, C = 6.6 mg/cc in THF, @
589 nm)

5 Example 245

4B.78.7a 4-Cyanopheno -7-athyl h -1,3-
dioxo-4,7-epoxy-2H-soindol-2-yi]-1-naphthalenecarbonitrile. (245D

A. 2-Fthyl-54{2-hydroxyethyl)furan (245A)

/\@’\,on
10

n-BulLi (2.5 M in hexane, 44 mL, 11 mmol) was added to a solution of 2-
ethylfuran (1.05 mL, 10 mmol) in THF (10 mL) at -25°C. The solution was warmed
to rt and stirred for 3 h. Ethylene oxide (0.75 mL) was added at —~78°C. The reaction
was stirred for 0.5 h at —15°C and overnight at it. Aqueoussat.NH,.él was added and

15  the mixture was extracted with ether (3X). The combined extracts were washed with
water (1X) and brine (1X) and dried over Na,SO,  Purification by flash
chromatography on silica gel eluting with 30% EtOAc/70% hexane gave 1.12 g (8.02
mmol, 80.2%) of compound 245A as a yellow oil.

20 B. (3aa,4P,7P,7aa)4{4-Ethyl-1,3,38,4,7,7a-hexahydro-7-{2-
hydroxyethyl)-1,3-dioxo-4,7-epoxy-2H-lsoindol-2-y1]-1-

naphthalenecarbonitrile (245B)
NC
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A solution of compound 245A (280 mg, 2.00 mmol) and the 4-(2,5-
dihydro-2,5-dioxo~1H-1-yi)-1-naphthalenecarbonitrile (496 mg, 2.00 mmol) in
benzene (2 mL) was stimed at 60°C for 2 h. The reaction mixture was
concentrated under reduced pressure. The yellow solid, compound 2435B,
was used directly in the next step.

C. (3ax,4p,7p,7ac)-4{4-Ethyloctahydro-7<(2-hydroxyethyl)-1,3-dioxo-
4,7-epoxy-2H-soindol-2-yi]-1-naphthalenecarbonlitrile (245C)

A mixture of compound 245B (764 mg, 1.97 mmol) and 10% Pd/C

. (115 mg, cat.) in EtOAc (36 mL) was stirred under a hydrogen atmosphere at

t for 2 h. The reaction mixture was filtered through celite and concentrated
under reduced pressure to give 779 mg of crude compound 245C.
Purification of this crude product by flash chromatography on silica gel eluting
with 70% EtOAc/30% hexane gave 235 mg (0.6 mmol, 30.1%) of compound
245C. HPLC conditions: 99% at 2.84 min (YMC S5 ODS 4.6X50 mm, 10%-
90% aqueous methanol over 4 minute gradient with 0.2% H;PO,, detecting at
220 nm). MS (ES): m/z 391.12 [M+H]".

D. (3aa,4p,7B,7aa)-4{4-{2{4-Cyanophenoxy)ethyl]-7-ethyloctahydro-
1,3-dioxo+4,7-epoxy-2H-isoindol-2-yi{]-1-naphthalenecarbonitrile
(245D)

DBAD (44.2 mg, 0.182 mmol) was added to a solution of PPh, (50.4
mg, 0.192 mmol) in THF (1 mL). After stirring for 10 mins, 4-cyanophenol (23
mg, 0.192 mmol) was added and the reaction mixture was stimed for an
additional 5 mins. Compound 245C (50 mg, 0.128 mmol) was added and the
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mixture was stimed at rt for 2 h. The reaction was concentrated under
reduced pressure. Purification by flash chromatography on silica gel eluting
with 40% EtOAc/60% hexane gave 43 mg (0.087 mmol, 68.4%) of compound
245D as a white solid. HPLC conditions: 99% at 3.65 min (YMC S5 ODS
4.6X50 mm, 10%-90% aqueous methanol over 4 minute gradient with 0.2%
H,PO,, detecting at 220 nm). MS (ES): m/z 492.16 [M+H]".

Example 246
7 lo 1]-2 ano-1-
naphthalenyl)hexahydro-7-methyl-4,7-epoxy-1H-soindole-1,3(2H)-dione,
(246)

Compound 223B (0.100 g, 0.279 mmol) was dissolved in methylene
chloride (3.0 mL) at 25°C and pyridine (0.071 mL, 0.837 mmol) and 4-DMAP
(1.0 mg) were added. Acetic anhydride (0.053 mL, 0.559 mmol) was then
added and the reaction was stirred for 20 h at 25°C. After 20 h, sat. aq
sodium bicarbonate was added and the reaction was stimed for 30 min. The
mixture was then extracted with methylene chloride (2 x 20 mL). The
organics were then washed once with 1N HCI (10 mL) and then dried over
anhydrous sodium sulfate. After concentration in vacuo, the crude material
was purified by preparative TLC on silica eluting -with 12% acetone in
chioroform to give 0.073 g of compound 248 as a yellow foam. HPLC: 95%
at 2.837 and 3.027 min (atropisomers) (retention time) (YMC S5 ODS column
4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing 0.2%
phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 441.10

[M+NaJ".
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Example 247
Jac,4B8.78.7ac hydro-4-m 1-1,3-dioxo-7-{2-0x -4 7=

epoxy-2H-isoindol-2-yl]-1-naphthalenecarbonitrile, (247)

Oxalyl chloride (2.0 M soin, 1.73 mL, 3.5 mmol) was added to dry
methyiene chloride (10 mL) and cooled to ~78°C. DMSO (0.283 mL, 3.89
mmol) was then added dropwise with the evolution of gas. After 15 min,
compound 223B (1.00 g, 2.66 mmol) was then added in methyleha chloride
(10 mL). After 15 min, TEA (1.10 mL, 7.98 mmol) was added and the
reaction wa§ slowly warmed to 25°C. Water (30 mL) was then added and the
mixture was diluted with methylene chloride (100 mL). The organics were -
then washed once with 1 N HCI (30 mL), once with water (30 mL) and once
with brine (30 mL) and then dried over anhydrous sodium sulfate. The crude
product was Isolated by concentration in vacuo to yield compound 247 as an
orange foam. Crude compound 247 was taken on directly to the next
reaction. HPLC: 100% at 2.70 min (retention time) (YMC S5 ODS column 4.6
x 50 mm, 10-80% aqueous methanol over 4 minutes containing 0.2%
phosphoric acid, 4 miL/min, monitoring at 220 nm), MS (ES): m/z 483.65
[M+HT" '

Example 248

7P, 7aa 3-{4-Cyanophenyl)-2 nyfloctah -
methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi]-1-naphthalenecarbontirile

ac48(Z).7p.7aa anophenyl n h -
methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl]-1-naphthalenecarbonitrile
(2481 & 2481)
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(4-cyanobenzyl)-friphenylphosphonium chloride (0.072 g, 0.174 mmol)
was suspended in THF (2.0 mL) and cooled to 0°C. n-Bull (1.6 M soln,
0.092 mL, 0.147 mmol) was then added dropwise resulting in a homogenous
solution. The solution warmed to 25°C for 15 min and then cooled to 0°C.
Compound 247 (0.050 g, 0.134 mmol) was then added In THF. After 1 h, the
reaction was quenched with sat. aq ammonium chloride and then extracted

- with methylene chioride (3 x 20 mL). The combined organics were dried over

anhydrous sodium sulfate and then concentrated /in vacuo. The crude
material was purified by preparative TLC eluting with 5% acetone In
chioroform to give 0.010 g of a mixture of compounds 2481 & 248li as a white
solid. A 1:1 mixture of E and Z olefin isomers characterized by NMR
spectroscopy. HPLC: 100% at 3.517 min (retention time) (YMC S5 ODS
column 4.6 x 50 mm, 10-80% aqueous methanol over 4 minutes containing
0.2% phosphoric acid, 4 mL/min, monitoring ‘at 220 nm), MS (ES): m/z 474.2
M+H]".

Example 249
3 7ac)-444- n n I i =1,3-

dioxo-4,7-epoxy-2H-socindol-2-yi]-1-naphthalenecarbonltriie, (249)

The mixture of compounds 2481 & 248i1 (0.008 g, 0.017 mmol) was
dissolved in EtOH (3.0 mL) and Pd/C (10% Pd, 0.008 g) was added. H, was
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then introduced via a balloon. After 18 h, the reaction was filtered through
celite, eluting with EtOAc, followed by concentration in vacuo. Compound
249 was isolated as a white solid (0.007 g). HPLC: 90% at 3.520 min
(retention time) (YMC S5 ODS column 4.6 x 50 mm, 10-80% aqueous
methanol over 4 minutes containing 0.2% phosphoric acid, 4 mlL/min,
monitoring at 220 nm), MS (ES): m/z 476.13 [M+H]".

Example 250
18.7aa 1.2-ben |-3-
yl)oxyjethylloctahydro-7-methyl-1,3-dioxo-4,7-epoxy-2H-lsoindol-2-y{]-1-
naphthalenecarbonltrile, (250)

To a solution of PPh; (52 mg, 0.20 mmol) in 0.5 mL THF was added
DBAD (46 mg, 0.20 mmol) as one solid portion. The resulting mixture was
stired for 10 min before 6-chloro-3-hydroxy-1,2-benzisoxazole (34 mg, 0.20
mmol) was added. Stiming was continued for 10 min before a solution of
compound 223B (50 mg, 0.13 mmol) in 0.5 mL THF was introduced via
canula. The resulting mixture was stimed at ambient temperature for 24 h,
concentrated and purified by preparative reverse phase HPLC (YMC S5 ODS
20 x 100 mm column; eluting with 30-100% aqueous MeOH containing 0.1%
TFA over 10 min at 20 mL/min) fo yiekd a white solid. The obtained solids
were dissolved In CH,Cl,, washed with sat. NaHCO, solution, dried over
Na,SO, and concentrated to yield 50 mg (71%) of compound 250 as a
colorless oil. HPLC: 26% at 3.89 min and 74% at 4.02 min (mixture of
atropisomers, retention time) (YMC S5 ODS column 4.6 x 50 mm Ballistic, 10-
90% aqueous methanol over 4 minutes containing 0.2% H,PO,, 4 mL/min,
monitoring at 220 nm), MS (ES): m/z 528.4 [M+ H}".
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Example 251
3a 78.7Tac Octahydro. ethyl-7 =1 H-indazol-3-

ylloxyjethyi]-1,3-dloxo-4,7-epoxy-2H-solndol-2-yl]-1-
naphthalenecarbonitrile, (251)

To a solution of compound 223B (50 mg, 0.13 mmol) in toluene (1 mL)

was added ADDP (50 mg, 0.20 mmol), 8-nitro-3-indazolinone (36 mg, 0.20

mmol) and n-BugP (50 pl, 0.2 mmol). The resulting mixture was heated to

80°C for 24 h, concentrated and purified by a combination of preparative

10 reverse phase HPLC (YMC S5 ODS 20 x 100 mm column; eluting with 30-

100% aqueous MeOH containing 0.1% TFA over 10 min at 20 mL/min) and

flash chromatography (silica gel, 25% acetone in CHCI,) to give 17 mg (25%)

of compound 251 as a yeliow solid. HPLC: 24% at 3.60 min and 76% at 3.74

min (mixture of atropisomers, retention time) (YMC S5 ODS column 4.6 x 50

15 mm Balilstic, 10-80% aqueous methanol over 4 minutes containing 0.2%
H,PO,, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 537.6 [M+ H]".

-Enmgle 252
3aS-{3ac.40.50.78,7ac)l-4-{7-{2-(1,.2-Benzisoxazol-3-
20 yloxy)ethyl]octahydro-5-hydroxy-4-methyl-1,3-dioxo-4,7-epoxy-2H-
Isoindol-2-yi]-1-naphthalenecarbonitrile, {252)

A

=+
=|III i,

PPh, (47 mg, 0.18 mmol), DBAD (41 mg, 0.18 mmol), 3-hydroxy-1,2-
25 benzisoxazole (24 mg, 0.18 mmol) and compound 243Di (35 mg, 0.09 mmol) were
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reacted according to the procedure given for compound 250. Purification was
achieved by reverse phase HPLC (YMC S5 ODS 20 x 100 mm column; eluting with
30-100% aqueous MeOH containing 0.1% TFA over 10 min at 20 mL/min) to yield a
white solid. The obtained solids were dissolved in CH,Cl,, washed with sat. NaHCO,
solution, dried over Na,SO, and concentrated furnishing 29 mg (64%) of compound
252 as a colorless oil. HPLC: 96% at 3.29 min (mixture of atropisomers, retention
time) (YMC S5 ODS column 4.6 x 50 mm Ballistic, 0-100% aqueous methanol over
4 minutes containing 0.2% H,PO,, 4 mL/min, monitoring at 220 nm), MS (ES): m/z
510.2 {M+HJ". .

Example 253
aR-{3aa 7 1,2-Benziso; 1-3-

yloxy)ethylloctahydro-5-hydroxy-4-methyl-1,3-dioxo-4,7-epoxy-2H-
isolndol-2-yl]-1-naphthalenecarbonitrile, (253)

PPh, (47 mg, 0.18 mmol), DBAD (41 mg, 0.18 mmol), 3-hydroxy-1,2-
benzisoxazole (24 mg, 0.18 mmol) and compound 243Dl (35 mg, 0.09 mmol)
were reacted according to the procedure given for compound 250.
Purification was achieved by reverse phase HPLC (YMC S5 ODS 20 x 100
mm column; eluting with 30-100% aqueous MeOH containing 0.1% TFA over
10 min at 20 mL/min) to yield a white solid. The obtalned solids were
dissolved in CH,Cl,, washed with sat NaHCO, solution, dried over Na,SO,
and concentrated furnishing 23 mg (51%) of compound 253 as a coloriess oll.
HPLC: 95% at 3.29 min (mixture of atropisomers, retention time) (YMC S5
ODS column 46 x 50 mm Ballistic, 0-100% aqueous methanol over 4
minutes containing 0.2% H,;PO,, 4 mL/min, monitoring at 220 nm), MS (ES):
m/z 5104 [M+ HJ".
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Example 254
58,78.7aa)]-4-{Octahydro-5 roxy-4,7-dimethyi-1.3-dioxo-4,7-
epoxy-2H-isoindol-2-yl)-2«{trifluoromethyl)benzonitrile &
5 Sacx,48,58,7p.7ac Octahydro ~4.7-dim -1,3-dloxo4.7-
e -2H-soindol-2-yl)-2-{trifluoromethyi)benzonitrile, (2541 & 254ll

P
Fy N

Racemic compound 221B was separated into its enantiomers by
preparative chiral HPLC (CHIRALPAK AD 5 x 50 cm column; eluting with
10 20% MeOH/EtOH (1:1) in heptane (isocratic) at 50 mL/min) to give the faster
eluting compound 2541 (Chiral HPLC: 10.02 min; CHIRALPAK AD 4.6 x 250
- mm column; ehuting with 20% MeOH/EtOH (1:1) In heptane at 1 mL/min) and
the slower eluting 25411 (Chiral HPLC: 14.74 min; CHIRALPAK AD 4.6 x 250
mm column; eluting with 20% MeOH/EtOH (1:1) in heptane at 1 mL/min).

15
Example 255
78.7 4-Cyano-1-ha le ro-1 X0-742-
enyimeth 1]-4,7-¢ -4H-soindole nenitrile &
Ta.7aa no-1-naphthalenyl ro-1,3-dloxo-742-
20 (phenyimethoxy)ethyl]-4, 7-epoxy-4H-soindole-4-propanenitrile, (255Hi
& 255HIi )

A.  2-(2-Hydroxyethylfuran (255A)
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2-(2-Hydroxyethyl)furan was made in accordance with the following
reference: Harmata, M, et al. J. Org. Chem. 60, 5077-5092 (1995). n-Buli (2.5 M in
hexane, 44 mL, 110 mmol) was added to a solution of furan (8 mL, 110 mmol) in 100
mL of THF at—78°C. The solution was stirred at 0°C for 4 h and then ethylene oxide
(7.5 mL) was added at —78°C. The reaction mixture was stirred at —15°C for 1 h and
then overnight at rt. The reaction was quenched with sat. NH,Cl and extracted with
ether (3X). The combined extracts were washed with water (1X) and brine (1X). The
cther solution was dried over Na,SO, and concentrated under reduced pressure.
Purification by flash chromatography on silica gel eluting with 40% EtOAc/60%
hexane gave 5.4 g (48.2 mmol, 43.8%) of compound 255A as a light brown oil.

B.  2-[2-[[(1,1-Dimethiethyl)dimethylsilyl]oxy]ethyl}furan (255B)

™

Imidazole (3.65 g, 53.6 mmol) and TBSCI (6.47 g, 42.9 mmol) were added to
the solution of compound 255A (4.00 g, 35.7 mmol) in 50 mL of DMF. The mixture
was stirred at rt for 2 h and then the reaction mixture was poured into ether. The ether
solution was washed with water (1X), 1 N HCI (1X), water (1X) and brine (1X). The
organic layer was dried over Na,SO, and concentrated under reduced pressure.
Purification by flash chromatography on silica gel eluting with 30% CH,Cl,/70%
hexane gave 7.4 g (32.7 mmol, 91.7%) of 255B as a colorless oil.

C.  2-2-{[(1,1-Dimethlethyl)dimethyisilyljoxy]ethyl]-5-(2-bydroxyethyl)faran

(255C)
L+ OTBS
Ho\/\<\jr\/
+-BuLi (1.2 M in pentane, 10 mL, 16.99 mmol) was added to a stirred solution

of 255B (3.49 g, 15.44 mmol) in 13 mL of THF at —-78°C dropwise. The mixture was
stirred for an additional 4 h at 0°C. Ethylene oxide (1.05 mL) was added at —78°C to
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the reaction solution. The mixture was warmed to rt and stirred overnight. Aqueous
sat. NH,C! was added and most of the THF was removed under reduced pressure.
The mixture was extracted with ether (3X) and the combined organic layers were
washed with water (1X) and brine (1X) and dried over Na,SO,. Purification by flash
chromatography on silica gel eluting with 5% EtOAc/95% CH,Cl, gave 2.8 g (10.4
mmol, 67%) of compound 255C as a yellow oil.

D. 2-[2-[[(1,)-Dimethlethyl)dimethylsilyljoxy]ethyl]-5-]2-
(phenylmethoxy)ethyl]faran (255D)

o oTBS
w0 /T

The alcohol 255C (1.00 g, 3.7 mmol) in 12 mL of THF was treated with 60%
NaH (1778 mg, 4.44 mmol), benzyl bromide (0.53 mL, 4.44 mmol) and
tetrabutylammonium iodide (50 mg, 5%) for 3 h at t. Water was added and the
mixture was extracted with EtOAc (3X). The combined extracts were washed with
water (1X) and brine (1X) and dried over Na,8O,. Purification by flash
chromatography on silica gel eluting with 20% hexane/80% CH,Cl, gave 1.10 g (3.05
mmol, 82.6%) of compound 255D as a yellow oil.

E.  2-Q-Hydroxyethyl)}-5-[2-(phenylmethoxy)ethyl}furan (255E)

o OH
o /T

Tetrabutylammonium fluoride (1.0M in THF, 3.06 mL, 3.06 mmol) was added
to the solution of compound 255D (1.1 g, 3.06 mmol) in 10 mL of THF at 0°C. The
reaction mixture was stirred at rt for 10 minutes, quenched by sat. NH,Cl and
extracted with ether (3X). The combined extracts were dried over Na,SO,.
Purification by flash chromatography on silica gel eluting with 10% EtOAc/90%
CH,Cl, gave 750 mg (3.05 mmol, 99.6%) of compound 255E as a light yellow oil.

F. 5-[2-(Phenylmethoxy)ethyl]foran-2-propanenttrile (255F)
o CcN
uno\/\<\;"/\/
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DEAD (1.285 mL, 8.17 mmol) was added to a stirred solution of Ph,P (2.14 g,
8.17 mmol) in 12 mL of dry THF at 0°C. The solution was stirred for 30 min at rt and
compound 255E (670 mg, 2.72 mmol) was added. The reaction was stirred for 15
min and acetone cyanohydrin (0.745 mL, 8.17 mmol) was added at —15°C. The
reaction was stirred for 30 min at —15°C, then at rt overnight. The mixture was then
concentrated under reduced pressure. Purification by flash chromatography on silica
gel eluting with 100% CH,Cl, gave 180 mg (0.705 mmol, 26%) of compound 255F as

a colorless oil.

G. (3ac4p,7B,7ac)-2-(4-Cyano-1-naphthalenyl)-1,2,3,3a,7,7a-hexahydro-1,3-
dioxo-7-[2<(phenylmethoxy)ethyl]-4,7-epoxy-4H-isoindole-4- -
propanenitrile 255G)

A solution of compound 255F (180 mg, 0.708 mmol) and 4-(2,5-
dihydro-2,5-dioxo-1H-1-yi)-1-naphthalenecarbonitrile (263 mg, 1.06 mmol) in
CH.CL, (3 mL) was stimed at rt for 3 days. The reaction mixture was
concentrated under reduced pressure. Purification by flash chromatography
on silica gel eluting with 5% EtOAc/CH,CI, gave 318 mg (0.63 mmol, 89.6%)

of compound 255G as a light gray solid which was used directly in the next
step.

H. (3ac,4$,7p,7acx)-2-(4-Cyano-1-naphthalenyl)octahydro-1,3-dloxo-7-
[2-{phenyimethoxy)ethyl]-4,7-epoxy-4H-isoindole-4-propanenitrile
& (3aa,4a,7a,7aa)-2-{(4-Cyano-1-naphthalenyl)octahydro-1,3-dloxo-
742<{phenyimethoxy)ethyl]-4,7-epoxy-4H-soindole-4-
propanenitrile (255H1 & 255H1I)
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A mixture of compound 255G (318 mg, 0.63 mmol) and 10% Pd/C (684
mg) in EtOH (10 mL) and EtOAc (5 mL) was stimed under a hydrogen
atmosphere at rt ovemight. The reaction mixture was filtered through celite
and concentrated under reduced pressure to give 320 mg of crude
compounds 255H1 & 255Hii. Purlfication of 25 mg of this crude product by
flash chromatography on silica gel eluting with 55% EtOAc/hexane gave 6.5
mg (0.013 mmol, 26% (based on 25 mg)) of compound 255HI & 8.1 mg
(0.018 mmol, 32.4% (based on 25 mg)) of compound 255Hil. Compound
255Hi: HPLC conditions: 88% at 3.57 min (YMC S5 ODS 4.6X50 mm, 10%-
90% aqueous methanol over 4 minute gradient with 0.2% H,PO,, detecting at
220 nm, MS {ES): m/z 506.15 [M+H]*. Compound 255HIi: HPLC conditions:
98% at 3.51 min (YMC S5 ODS 4.6X50 mm, 10%-80% aqueous methanol

. over 4 minute gradient with 0.2% H,PO,, detecting at 220 nm), MS (ES): m/z

506.15 [M+H]".
Example 256
a 48,70, 7aa)-2 ano-1 @ 7{2-
hydroxyethyl)-1,3-dioxo-4,7-epoxy-4H-isoindole-4-propanenitrile &
¥ { - no-1 halenyl T={2-
roxyethyl)-1,3-dioxo-4,7-¢ -4H-isolndole-4-propanenitrile, (256! &
25611 )

A mixture of compounds 255Hi & 255HIl (200 mg, 0.386 mmol) and
PdClL, (8.4 mg, cat.) In EtOH (1 mL) and EtOAc (3 mL) was stimed under a
hydrogen atmosphere (30 psi) at rt overnight. The reaction mixture was
filtered through celite and concentrated under reduced pressure. Purification
by fiash chromatography on silica gel eluting with 5% MeOH/CH,Cl, followed
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by a second column eluting with 100% EtOAc gave 28.9 mg (0.0696 mmol,
17.6%) of compound 258li and 26.5 mg (0.0639 mmol, 16.1%) of compound
2561. Compound 256li: HPLC conditions: 90% at 2.44 min (YMC S5 ODS
4.6X50 mm, 10%-90% aqueous methanol over 4 minute gradient with 0.2%
H,PO,, detecting at 220 nm.), MS (ES). m/z 416.11 M+H] *. Compound
256i: HPLC conditlons: 99% at 2.47 min (YMC S5 ODS 4.6X50 mm, 10%-
90% aqueous methanol over 4 minute gradient with 0.2% H;PO,, detecting at
220 nm), MS (ES): m/z 416.11 [M+H]".

Example 257
4B.78.7Tac)-2 ano-1-naphthalenyl)-7 4-

fluorophenoxy)ethyfloctahydro-1,3-dioxo-4,7-epoxy-4H-soindole-4-
propanenitrile. (257)

DBAD (15 mg, 0.085 mmol) was added to a solution of PPh; (17 mg,
0.065 mmol) in THF (0.3 mL). After stirring for 10 mins, 4-fluorophenol (7.33
mg, 0.065 mmol) was added and the reaction mixture was stirred for a further
5 mins. Compound 2561 (18.1 mg, 0.044 mmol) was added and the mixture
was stimed at rt for 3 h. The reaction was concentrated under reduced
preasure. Purification by flash chromatography on silica gel eluting with 60%
EtOAc/30% hexane gave 5.9 mg (0.0116 mmol, 26.34%) of compound 257.
HPLC conditions: 98% at 3.59 min (YMC S5 ODS 4.6X50 mm, 10%-90%
aqueous methanol over 4 minute gradient with 0.2% H,PO,, detecting at 220
nm). MS (ES): m/z 510.14 [M+H]".

235



5

10

15

20

£D0192 PCT 343 ’\'1

Example 258
3ac 4B.7B,7Taa)-24{7-Chloro-2.1.3-banzoxadiazol xahydro-4.7-

dimethyl-4,7-epoxy-1H-isoindole-1,3{2H)-dlone, (258)

S

g
A. 4-Amino-7-chloro-2,1,3-benzoxadlazole (258A)

2

=N
= P
N

cl
A solution of 1.0 g (5.02 mmol) of 4-chloro-7-nitrobenzofurazan in 20
mL AcOH, 10 mL EtOAc and 2 mL H,O was heated to 50°C and treated with
iron powder (1.4 g, 251 mmol). The mixture was heated at 80°C for 30 min
and then allowed to cool to rt. The mixture was filtered through celite eluting
with EtOAc. The filtrate was washed with sat. aq NaHCO,, dried over MgSQO,,
and concentrated to give compound 258A (0.80 g, 84%) as a red solid.

B. (3ac,4p,7p,7aa)-2+(7-Chloro-2,1,3-benzoxadiazol-4-yl)hexahydro-
4,7-dimethyl-4,7-epoxy-tH-isoindole-1,3(2H)-dlone, (258B)

Compound 258A (42 mg, 0.25 mmol) was reacted in a sealed tube
with compound 20A (73.5 mg, 0.375 mmol), MgSO, (75 mg, 0.625 mmol) and
Et,N (170 pL, 1.25 mmol) in 250 pl toluene according to the above procedure
described in example 208C to give after purification by preparative reverse
phase HPLC (YMC S5 ODS 20 x 100 mm eluting with 30-100% aqueous
methanol contalning 0.1% TFA over 12 min, 20 mL/min) 23 mg (26%) of
compound 258B as a yellow solid. HPLC: 97.6% at 2.87 min (retention time)
(YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol
containing 0.2% phosphoric acid over 4 minutes , 4 mL/min, monitoring at
220 nm), MS (DCI): miz 347.9 [M]*-. '
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Example 259
3 78.7aca)-2<{7-Chloro | nzofuranyl}hexah 7=

dimethyl-4,7-epoxy-1H-soindole-1,3(2H)-dione, (259)

Cl @ o
Y 1
f
7-Chloro-2-methyl-4-benzofuranamine (38 mg, 0.25 mmol, prepared in
accordance with the procedure described by Enomoto and Takemura in EP
0476697 A1) was reacted in a sealed-tube with compound 20A (73.5 mg,
0.375 mmol), MgSO, (75 mg, 0.625 mmol) and Et,N (170 uL, 1.25 mmol) in
250 pl toluene according to the procedure described in example 208C o
give, after purification by preparative reverse phase HPLC (YMC S5 ODS 20
x 100 mm eluting with 30-100 aqueous methanol containing 0.1% TFA over
12 min, 20 mL/min), 42 mg (47%) of compound 259 as a white solid. HPLC:
98% at 3.45 min (retention time) (YMC S5 ODS column 4.6 x 50 mm eluting
with 10-80% aqueous methanol over 4 minutes containing 0.2% phosphoric
acid, 4 mL/min, monitoring at 220 nm), MS (DCI): m/z 358.9 [M]".

K

A.  1-Chloro-2<{2-chloro-allylsulfanyl)<-nitro-benzene (260A)
0,

Cl
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A solution of 2-chloro-5-nitro-benzenethiol (1.0 g, 5.27 mmol, prepared
in accordance with the procedure described by Still t. al., Synth. Comm. 13,
1181 (1983)) in 15 mL DMF was treated with 2,3-dichioropropene (693 pl,
7.52 mmol) and K,CO, (433 mg, 3.13 mmol). The midure was heated at
80°C for 2 h and then allowed to cool fo rt. EtOAc (200 mL) and H,0 (100
mL) were added. The organic phase was washed with H,O (2 x 250 mL),
saturated aqueous NaCl (100 mL), dried over MgSO,, and concentrated. The
crude material was purified by flash column chromatography on silica gel
eluting with 20% EtOAc in hexanes to give compound 260A (1.09 g, 88%) as
an orange oil.

B. 4-Amino-7-chloro-2-methylbenzo[b]thiophene (260B)

2

N\
]
cl

A solution of 1.09 g (4.67 mmol) of compound 260A in 20 mL AcOH
with 10 mL EtOAc and 2 mL H,0 was heated to 80°C and treated with iron
powder (1.3 g, 23.4 mmol). The mixture was heated at 80°C for 40 miﬁ and
then allowed to cool to rt. The mixture was filtered through celite eluting with
EtOAc. The filtrate was washed with sat. aq NaHCO,, dried over MgSO,, and
concentrated /n vacuo. N,N-diethylaniline (10 mL) was added, and the
reaction was heated at 215°C for 6 h. After cooling to rt, 1N aqueous HCI (20
mL) was added, and the reaction was stimed at room temperature for 2h. The
mixture was extracted with EtOAc (3 x 30 mL). The organic phase was
washed with saturated aqueous NaHCO, dried over MgSO,, and
concentrated. The crude material was purified by fiash column
chromatography on silica gel eluting with 25% EtOAc in hexanes to give
compound 260B (320 mg, 35%) as a beige solid.
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C. (3aa,48,7p,7aa)-2<(7-Chloro-2-methylbenzo[b]thiophen-4-
yl)hexahydro-4,7-dimethyl-4,7-epoxy-1H-isoindole-1,3(2H)-dione,
(260C)

Compound 260B (49 mg, 0.25 mmol) was reacted in a sealed tube
with compound 20A (73.5 mg, 0.38 mmol), MgSO, (75 mg, 0.63 mmol) and
Et,N (170 pL, 1.25 mmol) in 250 ul toluene according to the procedure
described in example 208C to give, after purification by preparative reverse
phase HPLC (YMC S5 ODS 20 x 100 mm eluting with 30-100% aqueous
methanol over 12 min containing 0.1% TFA, 20 mL/min), 28 mg (30%) of
compound 260C as a pale yellow solid. HPLC: 96% at 3.18 min (retention
time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous
methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min,
monitoring at 220 nm), MS (DCI): m/z 376.0 [M]".

Example 261
78.7 2 no-1 lenyl -7-methyl-1,3-
dioxo-4, 7-epoxy-4H-isoindol-4-yi]-2-butenolc acld, phenyimethyl ester,
{261)

Compound 247 (0.500 g, 0.134 mmol) was dissolved in THF (20 mL)
and benzyli(triphenylphosphoranylidene) (0.55 g. 0.134 mmol) was added.
The reaction mixture was stirred at 67°C for 2 h and then concentrated under
reduced pressure. Purification by flash chromatography on SiO, eluting with
5% acetone/95% CHCI, gave 0.65 g of compound 261 as a yellow solid.
HPLC: 89% at 3.717 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
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eluting with 10-80% aqueous methanol over 4 minutes containing 0.2%
phosphoric acid, 4 mL/min, monltoring at 220 nm), MS (ES). m/z 507.1 (‘\)
[M+H]".

5 Example 262
3ac 4B.7B.7ac 4-Cyano-1-naphthalenyl)octahydro-7-methyl-1.3-

dioxo-4,7-epoxy-4H-soindole-4-butanoic acid, (262)

Compound 261 (0.60 g, 1.19 mmol) was dissolved in EtOH/EtOAc
10 (SmL/SmL) " and 10% Pd/C (0.30 g) was added. Hydrogen was then
introduced via a balloon. After 8 h the reaction was filtered through celite and -
then concentrated under reduced pressure to give compound 262 (0.47 g) as
a white solid. HPLC: 98% at 2.81 min (retention time) (YMC S5 ODS column
46 x 50 mm eluting with 10-80% aqueous methanol over 4 minutes
15 containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES):
m/z 419.1 [M+H]".

Example 263
) 78, 7ac 1-naphtha =N-{4-
20 fluorophenyl ro-7-m -1, 3-dioxo-4,7-8) -4H-isoindole-4-

butanamide, (263)

EOF
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Compound 262 (0.030 g, 0.072 mmol) was dissolved in CH,CN (1 mL).
DCC (0.014 g, 0.072 mmol) and HOAc (0.0098 g, 0.072 mmol) were then
added, followed by 4-flouroaniline (0.007 mL, 0.072 mmol). The reaction
mixture was stimed under argon for 14 h and the crude material was
dissolved In MeOH, purified by preparative HPLC (YMC VP-ODS column, 20
x 100 mm, eluting with 20% B to 100% B in 15 minutes and hold @ 100%B
for 10 minutes). Compound 263 (0.020 g) was isolated as white solid. HPLC:
100% at 3.217 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
eluting with 10-90% aqueous methanol over 4 minutes containing 0.2%
phosphoric acld, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 512.1
M+H]".

Example 2§4
3 -4-(7-]2-{Acetylox -4-
methyl-1,3-dioxo-4,7-epoxy-2H-isoindal-2-yl]-1-naphthalenecarbonlitrile & [3aR-
7 h -7-(2-h 1 ethyl-1

dioxo-4,7-epoxy-2H-isoindol-2-yl]-1-naphthalenecarbonitrile, 264 & 243Dili)

A racemic mixture of compounds 243Dl & 243Dil (1.90 gram) were
dissoived in 100 mi of anhydrous THF in a 2 L flask. Anhydrous terf-butyl-
methyl ether (800 mL) and vinyl acetate (40 mL) were fransferred into the
flask with stiring and lipase (20 g, typell, crude, from porcine pancreas;
Sigma, Cat# L3126) was added. The reaction mixture was stimed for 21 hr at
it at which point an additional 5 grams of the lipase and 20 mL of vinyl
acelate were added. The reaction was stimed at rt for an additional 19 h,
stored at 4°C without stirring for 368 h and then stirred at rt for another 22 h
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(until the desired % ee was apparent by chiral HPLC). To monitor the
reaction, 200 uL of the mixture was withdrawn and centrifuged. The
supematant (100 uL) was dried under nitrogen and the resulting residue was
dissolved in 100 uL of EtOH and subjected to HPLC analysis:
1) Reverse phase HPLC: Column, YMC-ODS AQ 150x4.6; flow rate, 1.2
mL/min; sample size, 10 uL
solvent A,: 1 mM HCI in water; solvent B, MeCN; monitored at 300 nm
Gradient:
Time(min) 0 8 85 95 10 12
B% 30 60 85 85 30 30
2) Chiral-HPLC: Column, CHIRALCEL OJ 4.6 x 2560 mm
moblle phase, Hexane/MeOH/EtOH (8:1:1)
flow rate, 1 mL/min; sample size, 20 ul
monitored at both 220 and 300 nm
performed at 25°C & 40°C.
(for ee% determination of reaction mixture)

The enzyme was removed by filtration and filirate was concentrated
under vacuum. The resulting mixture was dissolved in CHCI, and adsorbed
onto silica gel (63-200 microns). These solids were applied to a VLC funnel (3
cm 1.D., VLC is vacuum liquid chromatography using glass funnels having
24/40 joints at the bottom) containing a 5 cm bed height of sllica gel (2540
microns) and a step gradient was carmried out. The gradient was 100% CHCl,
in the first 3 fractions, followed by CHCl,-1% MeOH (3 fractions), CHClL-2%
MeOH (3 fractions), CHCI-3% MeOH (3 fractions), CHCl,4% MeOH (3
fractions), and finally with CHCl,-5% MaOH (3 fractions). The volume of the
fractions was 100 mL untll reaching CHCI;-3% MeOH and from that point on
it was 200 mL. Compound 264 elutes In the last two fractions of 100% CHCl
and until the first fraction of CHCI,-2% MeOH. Compound 243DIl elutes
starting with the second fraction of CHCI-2% MeOH, and continues to the
first fraction of CHCl;-5% MeOH. The crude compound 243DIi contained a
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small amount of a colored impurity which was removed by a Sephadex
coliumn JLH-20 swollen in CHCl,-MeOH (2:1), column (2.5 cm 1.D. & 80 cm
long) to vield 632 mg of compound 243DIl. Compound 264: HPLC
conditions: 98% at 7.2 min (method 1), chiral HPLC conditions: 29.0 min @
25°C (method 2). Compound 243Dl HPLC conditions: 88% at 4.6 min
(method 1), chiral HPLC conditions: 98% ee at 25.7 min (@ 25°C) & 19.8 min
(@ 40°C) (method 2).

Example 265
78.7a 1-1,3-dioxo-7-{4-0x0 henyl2-
buten 7-8 -2H-isoindol-2-¥[]-1-naphthalenecarbonltrile, (265

fH

The compound 247 (0.050 g, 0.134 mmol) was dissolved in THF (1.5
mlL) and (phenacylidene)triphenylphosphorane (0.051 g, 0.134 mmol) was
added. The reaction mixture was stirmed at 67°C for 24 h and then cooled to
23°C and concentrated in vacuo. The crude material was then purified by
preparative HPLC. (YMC VP-ODS column, 20 x 100 mm, eluting with 20% B
to 100%B in 15 minutes and hold @ 100%B for 10 minutes.) to give
compound 285 (0.040 g) as white solid. HPLC: 100% at 3.503 min (retention
time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-80% aqueous
methanol over 4 minutes containing 0.2% phosphoric ackd, 4 mL/min,
monitoring at 220 nm), MS (ES): m/z 477.1 [M+H]".
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Example 266 95 |

Jac.48.78.7aa(E O ro-4-methyi-1,3-dioxo-7{4-oxo-4-phenyl-2-
butenyl)-4,7-epoxy-2H-isoindol-2-yl]-1-naphthalenecarbonitrile, (266)

Compound 265 (0.010 g, 0.021 mmol) was dissolved in EtOH (2.0 mL)
and Pd/C (10% Pd, 0.005 g) was added. Hydrogen was then introduced via
a balloon and the reaction was stimed at 25°C for 3 h. The reaction was then
fittered through celite rinsing with EtOAc and concentrated in vacuo to give
compound 2686 as a tan solid (0.009 g). No purification was necessary.
HPLC: 100% at 3.38 min (retention time) (YMC S5 ODS column 4.6 x 50 mm
eluting with 10-80% aqueous methanol over 4 minutes containing 0.2%
phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 503.2
[M+NaJ*.

Examples 267 to 378

Additional compounds of the present invention were prepared by
procedures analogous to those described above. The compounds of
Examples 267 to 378 have the following structure (L is a bond):

where G, R’, the compound name, retention time, molecular mass, and
the procedure employed, are set forth in Table 5. The absolute configuration
for the following compounds was not determined. For simplicity in
nomenclature, compound 2381 is designated herein as having an “R°
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configuration and compound 238ii as having an “S" configuration/
Enantiomerically pure products derived from compound 238l are designated
herein as having an "R" configuration and enantiomerically pure products
derived from compound 238ii are designated herein as having an “S"
configuration.

The chromatography techniques used to determine the compound retention
times of Table 5 are as follows: LCMS = YMC S5 ODS column, 4.6 X 50 mm
eluting with 10-90% MeOH/H,0 over 4 minutes containing 0.1% TFA; 4 mL/min,
monitoring at 220 nm. LCMS* = YMC 85 ODS column, 4.6 X 50 mm eluting with
10-90% MeOH/H,0 over 2 minutes containing 0.1% TFA; 4 mL/min, monitoring at
220 nm. LC=YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% MeOH/H,0
over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm.
The molecular mass of the compounds listed in Table 5 were determined by MS (ES)
by the formula m/z.

Table 5.
Retention
Time Procedure
Ex. Compound Min./ of
No G R Name Molecular Ex.
Mass
204, 35

267 A (3aa,4p,7p.7a 307
Nf\é\ a)H4-{7{2-(4- LCMS
Bromophenox 549.0

y)ethyljoctahy M+H]*
dro-4-methyl-
1,3-dloxo-4,7-
epoxy-2H-
isoindol-2-yi}-
2.
(trifluoromethy
I)benzonitrile..
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Ex.
Neo

Compound
Name

(3aa,4p,7B.7a
o4
[Octahydro-7-
R+4-

(trifluvoromethy
IYbenzoniirile.

LCMS

MeH?

-g IF‘s.E %)

CF,

(3ac,4p,7p,78
a)j4-
[Octahydro-4-
methyl-1,3-
dioxo-7-{2{4-
(trifluoromethy
Iphenoxylethy
[14,7-epoxy-
2H-scindoi-2-
yil2-
(trifiuoromethy
IYbenzonlirile.

3.85
LC

204, 35

(3aa,4p,7B,7a
a)4-
[Octahydro-7-
244
methoxypheno
xy)ethyl}-4-
methyl-1,3-
dioxo-4,7-
epoxy-2H-

3.66

204, 35
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R

[~]

Compound

Retention
Time

Molecular

Procedure

[

moindol-2-y]-
2-

(trifluoromethy

l)benzonitrile.

n

CF,

NC@\

(3ac,48,7B,7a
ay4{7{2{4-
"Ethoxyphenax
y)ethylloctahy
dro-4-methyl-
1.3-dioxo4,7-
epoxy-2H-
lscindol-2-y1}-
2-
(trifluoromethy
Dbenzonitrile.

3.81
LC

=

Cl

(3ac.4p,7B.7a
a)-4-[7424(4-
Chlorophenax
y)ethyljoctahy
dro-4-methyi-
1,3-dioxo-4,7-
epaxy-2H-
isoindol-2-yl}-
2-
(trifluoromethy
ljbenzonitrile.

.97
LCMS
5222

M+HT'

204, 35

CF,

(3aa,48,7p,7a
424244
Cyano-3-
{trifluoromethy
l)phenyljoctah
ydro-7-methyl-
1,3-dioxo-4,7-

3.77
LCMS
520.12
MeH]'

204, 35
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[

Compound

!

;

epoxy-4H-

isoindol-4-
yllethoxyjbenz
methyl ester.

74

3
0’"‘5\

(3ac,4p,7B,7a
a)-Hexahydro-
4-(2-
hydroxyethyl)-
7-methyl-2-(3-
methyl-4-
nirophenyf)-
4,7-epoxy-1H-
isoindole-
1,3(2H)-dlons.

244
Lc

204, 35

275

=

(3ac4p,7p,7a

(trifluvoromethy
)benzonitrile.

3.97
LC

204, 35

¥

CH,

(3ac,4p,7B,72
a)23,5

3.31
LCMS
u1.2
M+H]*
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2]

Compound
Name

Retention
Time

Molecular

Procedure
of

&

4,7-epaxy-1H-
isoindole-
1,3(2H)-dione.

OzN

CH,

(3aa.4p,7p,7a
a)-Hexahydro-
4,7-dimethyl-
2-(4-nitro-1-
naphthalenyl)-
4 7-epoxy-1H-
Isoindole-
1,3(2H)-dlone.

3.04
LCMS

are

(3ac,4p,7p,7a
a)}4-
[Octahydro-4-
methyl-1,3-
dioxo-7-{2{4-
(phenylmethox
y)phenoxyleth
yil-4.7-epoxy-
2H-isoindol-2-
yi}-2-
({trifiworomethy
IYbenzonitrile.

4.08

204, 35

(3aa,4p,7p,7a
a)-Hexahydro-
4(2-
hydroxyethyl)-
T-methyl-24{(4-
nitro-1-
naphthalenyl)-
4, T-epoxy-1H-

- Isoindole-

1.3(2H)-dione.

2.607 &
2743

Lc

204, 35
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[}

Compound
Name

(3aa,4p,7p,7a
a)4-[2-(4-
Fluorophenox
y)ethyllhexahy
dro-7-methyi-
2-(3-methyl-4-
nitrophenyl)-
4,7-epoxy-1H-
isoindole-
1,3(2H)-dione.

261 A
N

(380.4p.7p.78
a4
[Octahydro-4-
methyi-1,3-
dioxo-7{2{4-
[(trifluorometh
yi)thlo]phenox
ylethyl}-4,7-
epoxy-2H-
isoindol-2-yl}-
2-
(trifiluoromethy
DNberconitrile.

4.1
LC

204, 35

3

(3ac,4B,7B,7a
a)4-

[Octahydro-4-

methyl-7-2-(4-

nitrophenouxy)
ethyf}-1,3-
dioxo-4,7-
epoxy-2H-

isoindok-2-yil-

2-

368

204, 35
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Compound

Name

Retention
Time
Min./

Molecular

lhg g\q

(trflucromethy
l)benzonitrile.

(3aa,4p,7p,78
a)4-2(4-
Fluorophenox
y)ethyllhexahy
dro-7-methyl-
2-(4-nitro-1-
naphthalenyi)-
4, T-epoxy-1H-
isoindole-
1,3{2H)-dlone.

3.68 & 3.80

isomers
LC

204, 35

(3ac,48,78,7a
a)4-
[Octahydro-7-
methyl-1,3-
dioxo-7-{2{2-
(trifluoromethy
l)phenoxylethy
[14,7-epoxy-
2H-iscindol-2-
yi}-2-
(trifluoromethy
Ibenzonitrite.

3.89
LC

204, 35

(320, 48,7p,7a
a)-4-{4-{2-(2-
Bromophenox
y)ethyljoctahy
dro-7-methyl-
1,3-dioxo-4,7-
epoxy-2H-
isoindol-2-yi}-
2-

301
T

204, 35

251




LDO0192 PCT

% F
o

Compound
Name

(trifflucromethy
I)benzonitrile.

(3ac,4p,7B,7a
a)j4-[4{2-(3-
Fluorophenox
y)ethyljoctahy
dro-7-methyl-
1,3-dioxo-4,7-
epaxy-2H-
isoindol-2-yl}-
2-
(trifluvoromethy
I)benzonilirile.

3.78
LC

204, 35

(3aa,4p,7B,7a
a)-Haxahydro-
244-{1H-
imidazol-1-
yliphenyl}-4-
methyl-4,7-
epoxy-1H-
isoindole-
1,3(2H)-dione.

1.18
LC

(3a0.4B,7p,7a
a)-2{3-
Chioro-4-(2-
thiazolyl)phen
yijhexahydro-
4-methyt-4,7-
epoxy-1H-
isoindole-
1,3(2H)-dione.

281
LC
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Compound
Name

mu\@

CH,

(3aa,4p,7p,7a
a)-Hexahydro-
4,7-dimethyl-
2«(3-methyl-4-
nitrophenyl)-
4,7-epoxy-1H-
isoindole-
1,3(2H)-dione.

2.74

N IF‘s.z

O;N

CH,

(3aa,4p,7B,7a
a)-Hexahydro-
4, 7-dimethyl-
2-(2-methyl-4-
nitrophenyl)-
4,7-epoxy-1H-
Iscindole-
1,3(2H)-dione.

271
LC

291

sl

(3aa,4p,78,7a
a)243,5-
Dichioropheny
Dhexahydro-4-
(2-
hydroxyethyl)-
7-mathyl-4,7-
epoxy-1H-
iscindole-
1,3(2H)-dione.

2.98
LC

(32a,4p,7p,7a
a)-2-{3.5-
Dichloropheny
H42{4-
fluorophenaxy
Jethyllhexahyd

4.03
LC

204, 35
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[]

Compound

Name

Retention
Time

Molecular

ro-7-methyl-
4, 7-epoxy-1H-
isoindole-
1,3(2H)-dione.

OH

(3aa,4p,78,7a
ay4-
[Octahydro-4-
(24
hydroxypheno
xy)ethyl}-7-
methyl-1,3-
dioxo-4,7-
epoxy-2H-
isoindol-2-yl}-
2-
{trifluoromethy
l)benzonitrile.

3.25
LC

204, 35

(3aa,4p,7p,7a
a)-4{4-{2-(4-
Cyanophenox
y)ethyljoctahy
dro-7-methyl-
1,3-dioxo-4,7-
epoxy-2H-
isoindol-2-y1}-
2-
(trifluoromethy
)benzoniirie.

3.51
LC

204, 35

(3ax.4p,7p.7a
a}4-
[Octahydro4-
methyl-1,3-
dioxo-7-{2{3-

3.85
LC

204, 35
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Compound
Name

Procedure
of

(triflucromethy
l)phenaxylethy
[-4,7-epoxy-
2H-Isoindd-2-
ylH2-
(trifluoromethy
IYbenzonitrie.

(320.4p,78,7a
a)-4-{4-[2-3-
Bromophenox
y)ethyfjoctahy
dro-7-methyl-
1,3-dioxo-4,7-
epoxy-2H-
isoindol-2-yl}-
2-
(trifluoromethy
llbenzonitrile.

3.84
LC

(380,48,7B.7a
a)-4-{4{(4-
Fluoropheryl)
methyloctahy
dro-7-methyl-
1,3-dioxo-4,7-
epoxy-zH-
isoindol-2-yi}-
2
{irifluoromethy
benzoniirile.

3.
LC

H,C”

CcH,

(330.4p,7B,7a
a)-2-{1.6-
Dihydro-1-

methyl-8-oxo-

161
LC
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%5,

F

Compound
Name

Retention

Procedure

3
pyridinyl)hexa
hydro-4,7-
dimethyl-4,7-
epoxy-1H-
isoindole-
1,3(2H)-dione.

W

CH,

(320, 4p,7B.7a
a)-Hexahydro-
4,7-dimethyl-
2-{1-methyl-6-
oxo-3-
piperidinyl)-
4,7-epoxy-1H-
isoindole-
1,3(2H)-dione.

173
LC

(3ac.4p.7p.7a
a)jH4{2-(3-
Cyanophenox
y)ethyfloctahy
dro-7-methyl-
1,3-dioxo-4,7-
epaxy-2H-
Iscindol-2-yi}-
2-
(trifluoromethy
I)benzonitrile.

3.46
LC
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No

Compound

Name

Retention

Molecular

3O\

(320.4B,78.7a
a)-4-[2-]4-
Cyano-3-
(trifluoromethy
I)phenylloctah
ydro-7-methyl-
1,3-dioxo-4,7-
epoxy-4H-
Isoindol-4-
yljethoxy]benz
oic acid,
phenyimethyl
ester.

4.01
LC

* Ib‘-’s.g ¥

aval

(3a0,4p,7p,7a

357
LC

204, 35 |

CH,

(3acc4p.7p,7a
a)-2-{3.5-
Dichioro-4-
nitrophenyl)he
xahydro-4,7-
dimethyi-4,7-
epoxy-1H-
isoindole-
1,3(2H)-dione.

340
LC
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Retention
Time Procedure
Ex. Compound Min./ of
No G R’ Name Molecular Ex
Mass
304 CH, (3a,4p,78,7a 2.58 20
a)-243,5- LC
c cl Dichioro-4-
OH hydroxyphenyl
Yhexahydro-
4,7-dimethy}l-
4,7-epoxy-1H-
isoindole-
1,3(2H)-dione.
305 CH, (3ac,48,78,7a 2.96 & 20
a)-2-(5-Fluoro- 3.06
1- rotational
F naphthalenyl)h isomers
exahydro-4,7- LC
dimethyl-4,7-
epoxy-1H-
Isoindole-
1,3(2H)-dione.
08 CH, (3ac,4p.7p.7a | 2608273 20
a)-Hexahydro- |  rotationsl
4.7-dimethy- | isomers
21- LC
naphthalenyl)-
4,7-epoxy-1H-
iscindole-
1,3(2H)-dione.
w7 CH, (32a,48,7p,7a 2.62 20
a)-Hexahydro- rotationai
2-{3-methoxy- Isomers
N 3 4-{5- LC
axazolyl)phen
ylH4.7-
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=,

Compound
Name

dimethyi-4,7-
apoxy-1H-
isoindole-

1.3(2H)-dione.

1 Vel

(3aa,4p,7p,7a
a)-Hexahydro-
424
methoxypheno
xy)ethyl}-7-
methyl-2-(4-
nitro-1-
naphthalenyl)-
4, 7T-apoxy-1H-
Isoindole-
1.3(2H)-dione.

3.4283.55
rotational
isomers
LC

204, 35

(380.4p.7B.7a
a)-Hexahydro-
4-methyl-2<{4-
nitro-1-
naphthalenyl)-
7-[244-
(triflucromethy
lphenoxylethy
[4,7-epoxy-
1H-isoindole-
1,3(2H)-dione.

3.81&3.93
rotational
lsomers
LC

204, 35

O

(3ea,4p,7B.7a
a)-Hexahydro-
4-methyi-2-(4-
nitro-1-
naphthalenyf)-
7124~
nitrophenaxy)

3.48 & 3.61
rotational
isomers
LC

204, 35
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Compound
Name

Retention

¢

Moleculsr

i

ethyi]-4,7-
epoxy-1H-
Isoindole-

1,3(2H)-dione.

311

CH,

(3ac,4B,7p,7a
a)2-{1,6-
Dihydro-1.4-
dimettryl-6-
0x0-3~
pyridinyl)hexa
hydro-4,7-
dimethyl-4,7-
epoxy-1H-
Isoindole-

1,3(2H)-dione.

312

(3aa.4p,7B.7a
a)4-
[Octahydro-7-
methyl-2-{4-
nitro-1-
naphthalenyl)-
1,3-dloxo-4,7-
epoxy-4H-
Iscindol-4-
yllethoxylbenz
onitrie.

3.63
LC

204, 35

313

CH,

(38a,4B,7p.7a
a)4-
{Octahydro-
4,7-dimethy}-
1,3-dioxo-4,7-

isoindol-2-yl)-

238
LC

260




LDO0I92 PCT

F

2]

Compound
Name

Retentlon
Time
Min/

IF‘S.E é%

1,2-
benzenedicarb
onlitrile.

314

NG,

(3ac,4B,7B.7a
a)-4-{2-
Bromoethyl)he

" xahydro-7-
methyl-2-(4-
nitro-1-
naphthalenyl)-
4, 7-epoxy-1H-
isoindole-
1,3(2H)-dione.

3.52
LC

315

(3a0,4P,7.7a

a)}4-{4-f2-(4-
Cyanophenox
ylethyljoctahy

dro-7-methyl-
1,3-dioxn-4,7-

naphthaleneca
rbonitrile.

3.19&3.35
rotational
isomers
LC

316

(3aa,4p,78,7a
a)4-
[Octahydro-4-
[+
methoxypheno
xy)ethyl]-7-
methyl-1,3-
dicxo-4,7-
epoxy-2H-

3348350
rotational
isomers
LC

223,35
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2]

£

Compound
Name Moleculsr

;

isoindol-2-y]-
1-
naphthaleneca
rbonitrile.

317

(3ac,4p3,7p,7a | 3.34 & 3.50
ay4- rotational

[Octahydro-4- isomers
[2+3- LC

rbonitrile.

318

3.46 & 3.61
rotational

(3aa,4p,7p. 72
a)}4-{4-2(3-
Fluorophenox
y)ethyljoctahy LC
dro-7-methyl-
1,3-dioxo-4,7-
epoxy-2H-
isoindol-2-yi]-
1-
naphthalenaca
rbonitrile.

262
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Retention
Time Procedure
Ex, Compound Min/ of
No G R Name Molecular Ex
Mass
319 (32a,4p,7p,7a | 3.0183.18 223,35
<ol R =
[Octahydro-4- Isomers
CN methyl-7-{2-{3- LC
S “
morpholinyl)ph
enoxyjethyl}-
1,3-dioxo-4,7-
epoxy-2H-
isoindol-2-yl}-
1-
naphthaleneca
rbonitrile.
320 ' @acAp7p7a | 3708383 | 223,35
@O a)4- rotational
[Ociahydro-4- Isomers
CN methy-7-{2{4- LC
Fy nkro-3-
N, {triflcucrometh
yl)phenoxyleth
yi-1,3-dioxo-
4,7-epoxy-2H-
iscindol-2-yi}-
1-
naphthaleneca
rbonitrile.
321 (3aa.4p,7p.7a | 3.39&355 223, 35
@0 i a)4-{4-{2-(3- rotational
Cyanophenox Isomers
CN y)ethyfloctahy Lc
N dro-7-methyl-
1,3-dioxo-4,7-
epaoxy-2H-
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%K
10
%

Compound

Name

Procedure

7 e

lsoindol-2-yi}-
1-
naphthaleneca
rbonitrile.

(320.4B,7B.7a
a)2+2,3-
Dihydro-3-

methyl-2-oxo-

6
benzothiazoly!
)hexahydro-
4,7-dimethyl-
4,7-epoxy-1H-
Isoindole-
1.3(2H)-dione.

234

LC

(3ac.4p,7B.7a
a)2+(2.3-
Dihydro-2-

oxo-6-
benzothiazolyl
)hexahydro-
4,7-dimethyl-
4,7-8poxy-1H-
isoindole-
1.3(2H)-dlons.

2.18
LC

HyC
HsC

(3aa,4p,7,7a
o)-4-{4-23-
(Dimethylamin
o)phenaxyleth
yiloctahydro-
7T-methyl-1,3-
dioxo-4,7-
epoxy-2H-

2634279
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K

1Q

Compound

Name

il

i
]

§

isoindor2-yT-

(3aa,4p.7p,72
ay4{244- -
Cyano-3-

(trifluoromethy

I)phenyfjoctah

ydro-7-methyl-

1,3-dioxo-4,7-
apoxy-4H-
Iscindol-4-
yljethoxy}-1,2-
benzenedicarb
onttrile.

342
rotational
isomers
LC

223, 35

CH,

(32c,4B,7B,7a
aHNH2-
Cyano-5-
(odahydro-
4,7-dimethyl-
1,3-dloxo-4,7-
epoxy-2H-
isoindol-2-
yl)phenyljacet
amide.

1.94
LC

CH,

(380,4p,7p,7a
o)4- .
(Octahydro-
4, 7T-dimethyl-
1,3-dioxo-4,7-
epoxy-2H-
isoindol-2-yl)-

352
LC

265




LD0192 PCT

Retention

Ex. Compound
No G R’ Name M

[es

lﬁs.g %

E

20
(trifluorometho
xy)benzonitrile

328 CH, (3ac,4B.7p,7a 247
a)-2-Methoxy- LC
4-(octahydro-
CH; CN 4,7-dimethyl-
1,3-dloxo-4,7-
epoxy-2H-
Isoindol-2-
yl)benzontirile.

Dichloro-1H-

GN[( a imidazol-1-
yl)phenyljhexa

hydro-4,7-
dimethyl-4,7-

apoxy-1H-

isoindole-
1,3(2H)-dione.

329 CH, (3aa,4p.7B,7a 3.09
© a)-2-4-(4.5 LC

330 CH, (3ac,4B,7p,7a 3.04
a)-2-{4-(4- LC

1,3(2H)-dione.
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ol

Retention
Time Procedure
Ex. Compound MinJ of
No G R Name Molecular Ex.
_Man
331 H (3ac,4B,7p,7a | 244 82.60 223,35
@G //? a)y4- rotational
[Octahydro-4- isomers
CN (2- LC
hydroxyethyl)-
7-methyl-1,3-
dioxo-4,7-
epoxy-2H-
isoindol-2-yl}-
1-
naphthaleneca
rbonitrile.
332 CH, (3ac,48,7p,7a 2.78 20
a)-2-lodo-4- rotational
I (Octahydro- isomers
CN 4,7-dimethyl- LC
1,3-dioxo-4,7-
epaxy-2H-
isolndol-2-
yl)benzonitrile.
333 (3ac.48.78,7a | 3.390&353 | 223,35
@]O i a)4-4244- | rotational
Fluorophenox isomers
CN y)ethylloctahy Lc
dro-7-methyl-
1,3-dioxo-4,7-
epoxy-2H-
isoindol-2-y}
1-
naphthalenaca
rbonitrile.
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[~]

Compound
Name

jEe|

(32, 4p,7p,.7a
o)-4-
[Octahydro-4-
methyl-1,3-
dioxo-7-{2-{4-
(triffuoromethy
lphenaxylethy
I-4,7-epoxy-
2H-isoindol-2-
viH1-
naphthaleneca
rbonitrile.

3068378

Isomers
LC

-ﬁl lsfs.g %\

(3ea,4p,7.7a

ap4{4{2-(4-
Cyano-3-

3.26 & 3.41
rotational
isomers
LC

223, 35

(3aa,4p,78,7a
a}4-
{Octahydro-4-
methyl-1,3-
dioxo-7-{2-
[2.3,5.6-
tetrafluoro-4-
{trifiuoromethy
l)phenaxy)ethy

3948401
rotational
isomers
LC

223,35
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Ex.
No

(9]

Compound
Name

f i

IF‘s.g ‘%L

[H4,7-epoxy-
2H-isoindol-2-
yiH1-
naphihaleneca
rbonitrile.

4
r 4

CH,

(32t 4p.7p.7a
a)-Hexahydro-
4,7-dimethyl-
2-{4-{1H-1,2,4-
triarol-3-
yi)phenyi}-4,7-
epoxy-1H-
isoindol
1.3(2H)-dlone.

2.06
LC

CH,

(3aa,4p,7p,7a
a)-2{4-4,5-
Dihydro-5-
oxo-1,2,4-
axadiazol-3-
yl)phenyfjhexa
hydro-4,7-
dimethy}-4,7-
epoxy-1H-
iscindole-
1,3(2H)-dlone.

242
LC

CH,

(3aa,4p,7p,7a
a)-Hexahydro-
2{3-methoxy-
42
oxazolyl}phen
yl]"'r-"
dimethyl-4.7-
epoxy-1H-

2.51
LC
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{2}

Compound
Name

i

isoindole-
1,3(2H)-dione.

CH,

(3aa,4p,7p.7a
a)HHexahydro-
2-{(4-hydroxy-
1-
naphthalenyl)-
4,7-dimethyl-
4,7-epoxy-1H-
isoindole-
1,3(2H)-dione.

2.30
LC

341

OH
=
&

OH

CH,

(3ac,4B,7p,7a
a)-Hexahydro-
2-{8-hydroxy-
5-quinolinyl)-
4,7-dimethyl-
4, 7-epoxy-1H-
isoindole-
1,3(2H)-dione,
frifiuoroacetat
o (1:1).

1.49
LC

2

(320,4p,7p,7a
a)4-
[Octahydro-4-
methyl-1,3-
dioxo-7-[2-
[methyi(phenyl
methyi)amino}
ethyf}-4,7-
epaxy-2H-
isoindol-2-yl}-

(trifiuoromethy

242
LC

223,35

270
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[~]

Compound
Name

Procedure
of

3

l)berzonitrile.

\ /

CH,

(3aa,4p,7p,7a
o)-Hexahydro-
4,7-dimethyl-
245-
quinolinyl)}-4,7-
epoxy-1H-
iscindole-
1,3(2H)-dlone.

CH,

(3ac.4p.7p.7a
a)5-
(Octahydro-
4,7-dimethyl-
1,3-dioxo-4,7-
epoxy-2H-
isotndol-2-yl)-
2-
pyridinecarbon
itrile.

2.18
LC

CH,

(380.4p,7p,7a
a)5-
(Octahydro-
4,7-dimethyl-
1.3-dloxo-4,7-
epoxy-2H-
isoindol-2-yl)-
8
quinolinecarbo
nitrfle.

231
LC

NO, ©

CH,

(3aa.4p,7p.7a
a)-2-(5-
Bromo-4-nitro-

3.10&3.20
rotational
lsomers
LC
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Retention
Time Procedure
Ex. Compound Min/ of
No G R Name Molecular Ex.
Mass
i-
naphthalenyl)h
exahydro-4,7-
dimethyl-4,7-
epaxy-1H-
Isoindole- .
1,3(2H)-dione.
M7 CH, (3aa.4p.7p.7a | 3.2883.40 20
@O )25 rotational
Bromo-1- isomers
Br naphthalenyl)h LC
exahydro-4,7-
dimethyl-4,7-
epoxy-1H-
isoindole-
1.3{2H)-dione.
48 CH, (380,4B,7,7a 3.08 20
Z a)-Hexahydro- LC
N 4, 7-dimethyl-
CF, 248
(triflucromethy
)4-quinolinyl}-
4, 7-epoxy-1H-
isoindole-
1,3(2H)-dlone.
348 4- 364 223
2 Fluoroberzoic &
@ O acid, 2- 3.7
o=
[(3ec,4p.78.7a rotational
a)-2-{4-cyano- | isomers
1- LC
naphthalenyl)o
ctahydro-7-
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Retention
Time Procedure |
No Compound Min/ of
e = R Name Molecular Ex
Mass
methyl-1,3-
dlioxo-4.7-
epoxy-4H-
isoindol-4-
ylethyl ester.
30 Benzeneacstic 3.53 333
Q]G IJ acid, 24 &
(3a2a,4B,7p,7a 3.87
CN a)-2-{4-cyano- | rotational
1- isomers
naphthalenyl)o LC
ctahydro-7-
methyl-1,3-
dlaxo-4,7-
epaxy-4H-
isoindol-4-
ylethyl ester.
351 ,_j = 53 55
Fluorobenzen &
@ O eacetic acid, 3.68
CN 2{ rotational
(3ea,4p,7B.7a lsomers
F a)-2-{4-cyano- LC
1-
naphthalenyl)o
ctahydro-7-
methyl-1,3-
dioxo-4,7-
epoxy-4H-
isoindol-4-
ylethyl ester.

)
C
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Compound
Name

Procedure

1Y

(3a0,4p,7p,7a
a)-Hexahydro-
4-methyl-7{2-
[4-
(methylsulfony
l)phenoxylethy
-2<{4-nitro-1-
naphthaienyl)-
4,7-apoxy-1H-
isoindole-
1,3(2H)-dione.

223, 35

CH,

(3aa,4p,7p.7a
o)-Hexahydro-
2(2-
naphthalenyl)-
4,7-dimethyl-
4,7-epoxy-1H-
Isoindole-
1,3(2H)-dione.

2.94
LC

Cl

CH,

(3aa,4p,7p,7a
a)-2-(4-
Chioro-1-
naphthalenyl)h
exahydro-4,7-
dimethyl-4,7-
apoxy-1H-
isoindole-

1.3(2H)-dione.

.22

3.34

lsomers
LC
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Compound
Name

T

]

Cl

(3aa.4p,7p,7a
a)-N-{(4-
Chlorophenyl)
methyl}-2-{4-
cyano-1i-
naphthalenyl)o
" ctahydro-7-
methyl-1,3-
dioxo-4,7-
epoxy-4H-
isoindole-4-
acetamide.

352
LC

g IF‘ag @

47,7-
Trimethyl-3-
axo-2-
oxabicyciof2.2
.1heptane-1-
carboxylic
acid, 2-
[(3ea,48,78,7a
a)-2<{4-cyano-
1-
naphthalenyl)o
ctahydro-7-
methyi-1,3-
dioxo-4,7-
epaxy-4H-
Isoindol-4-

ylethyl ester.

3.45
LC
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Compound
Name

Retention
Time
Min./

Molecular

(aS) a-

Methaxy-a-
(trifiluoromethy
)benzeneecetl
¢ acid, 2-
[(3ac.4P,7p,7a
a)-2-(4-cyano-
1-
naphthalenyl)o
ctahydro-7-
methyl-1,3-

dioxo-4,7-
epoxy-4H-

lsoindol-4-
yjethyl ester.

3.91
LC

N Fai

FyC¥

{ aR)- a-
Methoxy-a-
(trifluoromethy
lbenzoneacet
c acid, 2-
[(3ac4p.7B,7a
a)-2-{4-cyano-
1-
naphthalenyl)o
ctahydro-7-
methyl-1,3-
dioxo-4,7-
epoxy-4H-
isoindol-4-
ylethyl ester.

200
LC
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Retention
Time Procedure
Ex. Compound Min./ of
No G R’ Name Molecular Ex
Mass
359 (380,48,7p.7a | 3.7983.82 250
@e |J a)y4- LC
Qr" [Octahydro4- | Retationale
|
CN N methyl-7-{2- lsomers
[(7-methyl-1,2-
benzisoxazol-
3-yl)oxy]ethyl}-
1,3-dloxo-4,7-
epaxy-2H-
isoindol-2-yi]-
1-
naphthaleneca
rbonitrile.
360 (38a.4p.7p,7a | 3.55&3.70 250
@O Q (' a)4-f4{241,2- LC
Benzisoxazol- | Rotationale
CN ;*l 3 Isomers
yloxy)ethyfjoct
ahydro-7-
methyl-1,3-
dioxo-4,7-
epoxy-2H-
Iscindol-2-y}-
1-
naphthaleneca
rbonitrile.
361 (3ac,4p,7p,7a | 3.5183.66 223
0| QL |22, |
(Benzoyloxy)e | Rotationale
CN 0 thyl}-2-(4- isomers
cyano-1-
-naphthalenyth
exahydro-7-

277
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Retention
Time Procedure
Ex. Compound MinJ/ of
No G R’ Name Molecular Ex
_ Mass
methyi-4,7-
epoxy-1H-
isoindole-
1,3(2H)-dione.
362 (320,48,7B.7a | 3.52&3.67 223
0| (] o2e | L
Olro Cyano-1- | Rotationale
CN 0 naphthalenyl)- Isomers
4{24(4-
nitrobenzoyli)o
xylethyljhexah
ydro-7-methyl-
4.7-epoxy-1H-
isoindole-
1,3(2H)-dione,
363 4 379 223
ci |J Chiorobenzolc Lc
@e \QTJ) acid, 2-
CN . [(3aa,48,78,7a
a)-2-{4-cyano-
1-
naphthalenyl)o
ctahydro-7-
methyl-1,3-
dioxo-4,7-
epaxy-4H-
isoindol-4-
yjethyl ester.
364 [3ac,4B,7B.7a 4.14 248
@O OO o(E)H4- - LC
P [Octahydro-4- 499.13
CN methyh-7-{3(1- | M+HI'
naphthalenyl)-
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Retention
Time Procedure
Ex. Compound Min./ of
No G R Name Molecular Ex
_ Mass
2-propenyl]-
1,3-dioxo-4,7-
epoxy-2H-
isoindol-2-yi}-
1-
naphthaleneca
rbonitrile.
385 (3a0.4p,7B.7a 4.14 248, 249
OO a)4- LC
Oe [Octahydro-4- 501.14
CN methyl-7{3(1- |  [M+HT’
nephthalenyl)p
ropyi}-1,3-
dioxo-4,7-
epaxy-2H-
isoindol-2-yl}-
1=
naphthaleneca
rbonitrile.
366 CH, (3aa,4B,7B.7a 1.25 20
a)-Hexahydro- LC
4,7-dimethyl- 337.0
Na | 2-(2-methyl-6- M+H]*
quinolinyl)-4,7-
epoxy-1H-
isoindole-
1,3(2H)-dlone.
367 CH, (3a0.4p,78.7a | 1064 1.29 20
a)-Hexahydro- Lc
> I 245 Rotationale
N Isoquinolinyl)- isomers
4,7-dimethyl- 3230
4,7-epoxy-1H- M+H]*

279
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Retention
Time Procedure
Ex. Compound Min/ of
No G R Name Molecuiar Ex
Mass
isoindale-
1,3(2H)-dione.
368 CH, (3a,4p,7p,7a 215 20
,/Q/ a)2<6 LC
s Benzothiezolyl 3290
Yhexahydro- M+H]*
4,7-dimethyl-
4,7-apoxy-1H-
isoindole-
1,3(2H)-dione.
360 [3ac,4B.7p.7a 3.50 248
@O (E)H4- Lc
[Octahydro-4- 482.14
CN r methyi-1,3- [M+H]"
dioxo-7-{4-
oxo-4-phenyl-
2-butenyl)-4,7-
epaxy-2H-
isoindol-2-yl}-
1-
naphthaleneca
rbonitrile.
370 (3ac4p.7p.7a 3.07 236
@G ?\m a)244- LC
Cyano-1- 482 .14
CN (j’ naphthalenyl)o M+H]*
' ctahydro-N-(2-
hydroxypheny!
}-7-methyl-1,3-
dioxo-4,7-
epoxy-4H-
isoindole-4-
acstamide.
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F

2]

Compound

Name

Procedure

37

[3aa.4B(E),78,
Taal-4-
[Octahydro-4-
methyl-7-{3-({6-
maethyl-2-
pyridinyl)-2-
propenyi}-1,3-
dioxo-4,7-
epoxy-2H-
Isoindal-2-yi]-
1-
naphthaleneca
rbonitrile.

464.19
M+HY

3 Fs

372

(3ac,4p,7p,7a
a)y4-
[Octahydro-4-
methyl-7-[3{6-
methyl-2-
pyridinyl)propy
[-1,3-dioxo-
4,7-apoxy-2H-
isoindol-2-y1}-
1-
naphthaleneca
rbonitrile,

219
LC
466.32

[M+HT

248, 249

373

HyCx

R
(38, 4p,7B.7a
a)H4-
[Octahydro-4-
[2-(3-
methoxypheno
xy)ethyl}-7-
methyl-1,3-
dioxo-4,7-
epoxy-2H-
isoindol-2-yl}-
1-

in

483.65
[M+H]*
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2]

Compound

Name

Retention
Time

Molecular

Procedure

naphthaleneca
rbonltrile.

[BaS-
{3ac,4p,7P.7a
a)l-4-
[Octahydro-4-
[2(3-
methoxypheno
xy)ethyl}-7-

© methwl1,3-
dioxo-4,7-
epoxy-2H-
Isoindol-2-yi}-
1-
naphthaleneca
rbonitrile.

Ky k)

238ii, 238ii

s

6

[3aR-
(3ea,4p,7p,7a
a)-4-[4-{2-(4-
Cyanophenox
y)ethyljoctahy
dro-7-methyl-
1,3-dioxo-4,7-
epoxy-2H-
isolndol-2-yi}-
1-
naphthaleneca
rbonitrile.

Ji3& 349
LC
Rotationale
Isomers

376

[3aS-
(3aa,4p,7p.7a
ajl 44244
Cyanophenax
y)ethylloctahy
dro-7-methyl-
1.3-dloxo-4,7-

epaxy-2H-
isoindol-2-yl}-
1-
naphthaleneca
rbonitrile.

.73

483.65
[M+H]

23811, 23811

ge3

[3ax,4B(E), 7P,
Tau}4-{4-{3-
(1H-
Benzimidazol-
2+yl)-2-
propenyfjoctah
ydro-7-methyl-
1,3-dioxo-4,7-
apoxy-2H-

2.48

[M+H]'
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7

Time
Compound Min/
Ne G R’ Name Molecular
Mass

isoindol-2-yi}-
1-
naphthaleneca
rbonitrile

378 (38,4p,7B,7a 2.37 249

AR | o
@ e Benzimidazol-

2- 491.26
“ NH yl)propyfloctah M+H]*

CN ydro-7-methyl-
1,3-dioxo-4,7-

apaxy-2H-
isoindol-2-yi}-
1-
naphthaleneca
rboniirile

Examples 378 to 381

Additional compounds of the present invention were prepared by
procedures analogous to those described above. The compounds of
Examples 379 to 381 have the following structure (L is a bond):

R’ u‘()'
H "ff""c

(o]

where G, R, the compound name, retention time, molecular mass, and the procedure
employed, are set forth in Table 6. The chromatography techniques used to determine
the compound retention times of Table 6 are as follows: LICMS = YMC S5 ODS
column, 4.6 X 50 mm eluting with 10-90% MeOH/H,0 over 4 minutes containing
0.1% TFA; 4 mL/min, monitoring at 220 nm. LCMS* = YMC S5 ODS column, 4.6
X 50 mm eluting with 10-90% MeOH/H,0 over 2 minutes containing 0.1% TFA; 4
mL/min, monitoring at 220 nm. LC = YMC S5 ODS column 4.6 x 50 mm cluting

283



LD0192 PCT

24\

with 10-90% MeOH/H,0 over 4 minutes containing 0.2% phosphoric acid, 4 mL/min,

monitoring at 220 nm.
The molecular mass of the compounds listed in Table 6 were determined by MS (ES)
by the formula m/z.
Table 6
Retention
Time Procedure
Ex. Compound MinJ of
No <] R Name Molecular Ex.
| . Mass
379 CFy (3aa,40,7a,7aa)- 3.75 205
Nc‘@\ 4-4-{(4- LC
Fluorophenyl)met
hyljoctahydro-7-
methyl-1,3-dioxo-
4,7-epoxy-2H-
isoindol-2-yi}-2-
(trifluoromethyi)b
enzonitrile.
380 CH, | (3aa4a.7a,78a)| 1.88 27 |
1] Hexahydro-4,7- LC
“CH,3 dimethyt-2-(1-
methyl-6-0xo0-3-
piperidinyl)4,7-
epoxy-1H-
isoindole-
1,3(2H)-dione.
381 o CH, (3aa,4a,7a,7aa)- 1.91 27
N 3 2{1,6Dihydro- |  LC
i “CH, 1,4-dimethy}-6-
T OXO-3-

284




10

15

‘LD0192 PCT

Retention
Time Procedure
Ex. Compound MinJ of
No G R’ Name Molecular Ex.
Mass
pyridinyl)hexahyd
ro-4,7-dimethyl-
4,7-epoxy-1H-
isoindole-
1,3(2H)-dione.
Examples 382 to 383

Additional compounds of the present invention were prepared by

procedures analogous to those described above. The compounds of Examples 382 to
383 have the structure, compound name, retention time, molecular mass, and were
prepared by the procedure employed, set forth in the following Table 7. The
chromatography techniques used to determine the compound retention times of Table
7 are as follows: L.CMS = YMC S5 ODS column, 4.6 X 50 mm eluting with 10-90%
MeOH/H,0 over 4 minutes containing 0.1% TFA; 4 mL/min, monitoring at 220 nm,
LCMS* = YMC S5 ODS column, 4.6 X 50 mm eluting with 10-90% MeOH/H,0
over 2 minutes containing 0.1% TFA; 4 mL/min, monitoring at 220 nm. LC =YMC
85 ODS column 4.6 x 50 mm eluting with 10-90% MeOH/H,O over 4 minutes
containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm. The molecular
mass of the compounds listed in Table 7 were determined by MS (ES) by the formula

m/z.
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Table 7

# &

7 ¥

Compound

Name

(3ac,4B,7p,7ac)-
2-{4-Cyano-3-
(triflucromethyl)p
henylloctahydro-
1,3-dioxo-7-[2-
(phenyimethoxy)
ethyf}-4,7-apoxy-
4H-iscindole-4-
propanenitrile.

(38a,4B,7p,7aa)-
2{4-Cyano-3-
(trifluvoromethyl)p
henyfloctahydro-
1,3-dloxo-7-[2-
(phenyimethoxy)
ethyl}-4,7-apoxy-
4H-iscindole-4-
propanenitrile

3.64
LC

5 Examples 384 to 418

Additional compounds of the praesent invention were prepared by

procedures analogous to those described above. The compounds of

Examples 384 o 418 have the following structure (L is a bond):

10
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where G, R, the compound name, retention time, molecular mass, and
the procedure employed, are set forth in Table 8. The absolute configuration
for the following compounds was not determined. For simplicity in
nomenclature, compound 243Dl is designated herein as having an “S*
configuration and compound 243DIi as having an “R" configuration.
Enantiomerically pure products derived from compound 243Dl are designated
herein as having an “S" configuration and enantiomerically pure products
derived from compound 243Dli are designated hereln as having an “R"
configuration.

The chromatography techniques used to determine the compound retention

times of Table 8 are as follows: LCMS = YMC S5 ODS column, 4.6 X 50 mm
eluting with 10-90% MeOH/H,O over 4 minutes containing 0.1% TFA; 4 mL/min,
monitoring at 220 nm. LCMS* = YMC S5 ODS column, 4.6 X 50 mm eluting with
10-90% MeOH/H,0 over 2 minutes containing 0.1% TFA; 4 mL/min, monitoring at
220 mm. LC=YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% MeOH/H,O
over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm.
The molecular mass of the compounds listed in Table 8 were determined by MS (ES)
by the formula m/z.

Table 8
Retention .
Time Procedure
Ex Compomnd Min/ of
No G R’ Name Molecular Ex.
Mnass o
364 (3aa,4B,7p,7aa) 3.18 227, 228,
40 pukal I
Cyanophenoxy) 494.40
CN ethyljoctahydro- | [M+H]*
S-hydroxy-4-
CN methyl-1,3-
dioxo-4, 7-epoxy-
2H-isoindol-2-
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Retention
Time Procedure
Ex. Compound MinJ/ of
No G R’ Name Molecular Ex
Mass
yiH1-
naphthalenecarb
onitrile.
385 [3aS- 3.19 234D, 2431
@Q 1 (32a,4p,7f,7aa)] LC
4721.3 5713
CN Benzodioxol-5- M-
0_,0 yioxy)ethyfloctah | g o)
ydro-5-hydroxy-
4-methyl-1,3-
dioxo-4,7-epoxy-
2HAsoindol-2-
yi}1-
naphthalenecarb
onitrite.
388 - BaR- 3.22 234Dil, 243ii
@0 (3aa,4p,78.7aa)] LC
4{7-[2-1,3- 5712
Benzodioxol-5- M-
0_)0 yioxy)ethyloctah | 10007
ydro-5-hydraxy-
4-methyl-1,3-
dioxo-4,7-epoxy-
2H-soindol-2-
yiH-1-
naphthalenacarb
onitrile.
387 [3aS- 3.37 234D, 2431
@O \L (3aa,4p,7p,7aa)] LC
2 -4f7{2-{(5- 562.2
CN ~ Chioro-2- M-
L pyridinyloxyleth | g oact
yloctahydro-5-
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Componnd

Name

IF‘&E %

hydroxy-4-
methyl-1,3-
dioxo-4, 7-apoxy-
2H-isoindol-2-
yi}1-
naphthalenecarb
©  onitrle.

7 N\

Cl

[BaR-
(3a0,4B,75,7ac)]
47245
Chioro-2-
pyridinyloxyleth
yiloctahydro-5-

234Dii, 24311

3as-
(3aa.4p,7p,7aa)]
47244
Chiorophenoxy)

234D1, 2431

289
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ELn
No

2]

Componnd
Name

Procedure

[

CN

Cl

[BaR-
(3ac,4B,7B.7ac)]
4-{7{2{+
Chiorophenoxy)
ethylloctahydro-
S-hydroxy-4-
methyl-1,3-
dioxo-4, 7-epoxy-
2H-isoindol-2-
yiH1-
naphthalenecarb
onitrile.

234Dii, 243 |

[3aS-
(3001,4p,7,7a0)]
{74244
Acatylphenoxy)e
thyfjoctahydro-5-
hydroxy-4-
methyl-1,3-
dioxo-4,7-apoxy-
2H-iscindol-2-
viH1-
naphthalenecarb
onitrile.

234Di, 2431

{3aR-
(3aa.4B,7B,7aa)]
-4-{72-(4-
Acetylphenoxy)e
thylloctahydro-5-
hydroxy-4-
methy-1,3-
dioxo-4,7-epoxy-
2H-isoindol-2-

3.05

503.13

[M+H]'

234Dii, 2431 .

200
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Jidy!

|we.§ B

CN

(3aa,4p,7p,7aa)]
4{74{24(3-
Cyanophenoxy)
ethyljoctahydro-
S-hydroxy-4-
methyl-1.3-
dioxo-4,7-apoxy-
2H-isoindoal-2-
ylH-
naphthalenecarb

234Di, 2431

[3aR-
(3aa.4p.78,7aa)]
<4723
Cyanophenaixy)
ethyljoctahydro-
S-hydroxy-4-
methyi-1,3-
dioxo-4,7-epoxy-
2H-isoindal-2-
yi}-1-
naphthalenecarb
onitrile.

.09

494.13

234Dil, 243ii

[3aS-
(3aa,4p,7B,7aa)]
~4{Octahydro-5-

hydroxy-4-
. methy-1,3-
diaxo-7-{2-

385

523.17

234D, 2431

2
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#F
o

Compound
Name

Retention

fii

3

of

¥

[(5.6.7.8-
tetrahydro-1-
naphthalenyf)ax
ylethyl}-4,7-
epoxy-2H-
isoindol-2-yi}-1-
naphthalenecarb
onitrile.

[3aR-
(38a,48,7p,7aa))
~4-[Octahydro-5-

bydraxy-4-
methyl-1,3-
dioxo-7-[2-
[(5.6.7.8-
tetrahydro-1-
naphthalenyl)ox
ylethyl}-4,7-
epoxy-2H-
iscindol-2-yi}-1-
naphthalenecarh
onitrile.

3.85

523.17

234Dil, 243li

[3aS-
(3aa,4p,7B,7aa))
-4-{Octahydro-5-

hydroxy-4-

methyl-1,3-

dioxo-7{2-
I(5.6,7.8-

oxo-1-
naphthalenyl)ox
VW'T' ’

329

537.13

234D, 2431

202
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[~]

Compound

Name

fji]

epoxy-2H-
isoindol-2-yl}-1-
naphthalenecarb
onltrie.

CN

[BaR-
(3a0,4B,7p.7aa)]
-4-[Octahydro-5-

hydroxy-4-
methyl-1,3-
dioxo-7-{2-
[(5.8.7.8-
teirahydro-5-
oxo-1-
naphthalenyl)ox
ylethyt}-4,7-
epoxy-2H-
isoindol-2-yl}-1-
naphthalenecarb
onitrile.

537.13

[M+H]*

234D, 243ii

CN

[3aS-
(32a,4p,7B.7ac)}
4{742-(4-
Fluorophenoxy)
ethylloctahydro-
5-hydroxy-4-
methyl-1,3-
dioxo-4,7-epoxy-
2H-isoindol-2-
yiH1-
naphthalenacarb
oniirile.

3.28

437.11
[M+H]"

234Di, 2431

293
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Retention
Time Procedure
Ex. Compound Min/ of
Ho G R’ Name Molecular Ex.
M..ll —
400 [3aR- 327 234Di1, 24 3ii
I (3aa,4B,7p,7aa)] LC
QG A4{7{2{4- 487.11
CN Fluorophenaxy) [M+H]
sthylloctahydro-
S-hydroxy-4-
methyl-1,3-
dioxo-4,7-epoxy-
2H-isoindol-2-
yiH-1-
naphthalenecarb
onitrile.
401 [3aS- 3.15 234D1, 243
@G 2 (3e04p.7p7ac)] | LC
-4-{Octahydro-5- | 551.15
CN hydroxy-4- pM+H]'
methyl-7-{24(4-
B methyl-2-axo-
o 2H-1-
benzopyran-7-
yhoxylethyl}-1,3-
dioxo-4,7-epoxy-
2H-isoindol-2-
yi}-1-
naphthalenecarb
onitrie.
402 ' [B3aR- 3.16 234D, 2431
@G (3ac4B.7BTaa)] | LC
-4{Octahydro-5- | 551.10
CN hydroxy-4- M+H]'
mettwyl-7-{2-{(4-
HCN methyl-2-oxo-
4] 9H-1-
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R

(2]

Compound
Name

Retention
Time
Min./

Molecular

Procedure

(-3

benzopyran-7-
yl)oxy)ethyl}-1,3-
dioxo-4,7-apoxy-
2H-isoindol-2-
yi}-1-
naphthalenecarb

[3aS-
(32a.4p,7B,78a)]
-4{7-12-(3.5-
Dimethoxypheno
xy)ethyijociatyd
ra-5-hydroxy-4-
methyl-1,3-
dioxo-4, 7-epoxy-
2H-isoindol-2-

3.28

529.19
M+H]

234Di, 243i

(3aa,4p,7p.7aa)]
47235
Dimethoxypheno
xy)ethyljoctahyd
ro-5-hydroxy-4-
methyl-1,3-
dioxo-4,7-epoxy-
2H-isoindo}-2-
ylH-1-
naphthalenecarb
onltrile.

126

529.12
[M+H]"

234Dii, 2430

295
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Retention
Time Procedure
Ex. Compound MinJ/ of
No G R Name Molecular Ex.
Mass
405 [3aR- 3.68 234Dii, 243il
O \L (3@a.4p.7p.7aa)] LC
@ H4[7-[24- 517.33
CN Chioro-3- [M+HY
Hy methyiphenaxy)
“ | ethylloctahydro-
* S-hydroxy-4-
methy-1,3-
dioxo-4,7-epoxy-
2H-isoindol-2-
yiH-1-
naphthalenecarb
onitrile. .
408 @aR- 3.3 234Dii, 243l
@ e \L (3aa.4p,7B,7aa)] LC
-A-[7{2-{4- 530.13
CN Cyano-2,3- M+H)
difluorophenoxy)
CN | ethyljoctahydro-
5-hydraxy-4-
methyl-1,3-
dicoto-4,7-epaxy-
2H-isoindol-2-
yiH1-
naphthalenacarb
oniirile.
407 3aS- 3,59 243D, 252
@ 0 (3a0.4B.7B.7aa)] Lc
-4-{7{2-[(5- 602.1
CN ! Chioro-1,2- M-
benzisaxazol-3- HHOAcT
ylJoxylethyfjocta
hydro-5-
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F

[~]

Compound

Name

Time
Min/
Molecular
Mass

lg,”% r(i

hydraocy-4-
methyl-1,3-
dioxo-4,7-apoxy-
2H-soindol-2-
yiH1-
naphthalenecarb
oniirile.

[BaR-
(380,4p,7p.7aa)]
47245
Chioro-1,2-
benzisoxazol-3-
yloxylethyfjocta
hydro-5-
hydroxy-4-
methyl-1,3-
dioxo-4,7-epoxy-
2H-soindol-2-
yiH1-
naphthalenecarb
onitrile.

3.57

602.0

H+OAc]

243Dii, 253

[BaR-
(3acx,4p,7p,7aa)]
~3{2-{2+{4-
Cyano-1-
naphthalenyl)oct
ahydro-6-
hydroxy-7-
methyt-1,3-
dioxo-4,7-epoxy-
4H-socindol-4-

Vijathoxy}-5-

290

51827
M+H]"

243Dil, 253

297
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Ex.
No

2]

1%,

Compound

Proceduore
of
Ex.

ylic acld, methyl
aster.

410

s Vel

’\
g

[3aR-
(3a0.4p.78.7an)]
-4{Octahydro-5-

hydroxy-4-

methyl-1,3-

dioxo-7-{2-{4-
(1H1,24-
triazo}-1-
Yl)phenoxyjethyl
J4.7-epoxy-2H-
isolndol-2-yi}-1-
naphthalenecarb
onlirile.

293

536.30
[M+H]

243Dii, 244li

411

27\ /—/

[3aS-
(33a.4p.7p,7aa)]
-A{7{24(7-
Chioro-4-
quinolinyf)ocylet
hyfloctahydro-5-
hydroxy-4-
methyl-1,3-
dioxo-4, 7-epay-
2H-isoindol-2-
yiH1-
naphthalenecarb
onltrie,
triflucroacetate
{1:1).

252

554.13
T

243D, 244i
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Retention
Time Procedure
Ex. Compound Min/ of
No G R’ Name Molecular Ex.
Mass
412 [3aR- 2.53 243Dii, 244ii
1 (3ac.4p,7B,7ac)] LC
@O A{7-{24(7- 55427
CN : Chloro-4- [M+HT
c N | quinolinyl)oxy)et
hylloctahydro-5-
hydroxy-4-
methyl-1,3-
dioxo-4, 7-epoxy-
2Hsoindol-2-
yiH1-
naphthalenecarb
onitrile,
trifluoroacetate
(1:1).
413 [3aR- 3.13 243Dil, 244ii
OG (3a,4B.5p,7B,78 LC
A a)4-{7{2-(2- 568.1
CN Benzoxazolyloxy M-
Jethylloctahydro- | HHOAcT
S5-hydroxy-4-
methyt-1,3-
dioxo-4,7-epoxy-
2H-isoindol-2-
yilH1-
naphthalenecarb
oniirile
414 [BaR- 2.34 243Dli, 244ii
@G \L (3a.4p,5B,7p,7a LC
ok | e | w2
CN [Octahydro-5- M+H]"
N, / hydroxy-4-
YN | metyir24E-
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ZF
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Compound

Name

Procedure

[

methyl-8H-purin-
8-yl)oxy]ethyl}-
1.3-dioxo4,7-
epoxy-2H-
Isoindol-2-yi}-1-
naphthalenecarb
onitrile

418

[3aR-
(3a,4p.5p.7p.7a
a)l4-
{Octahydro-5-
hydroxy-4-
methyl-7{2-(1-
methyl-1H-
Indazol-3-
yl)oxyjethyl}-1,3-
dioxo-4, 7-epoxy-
2H-isoindol-2-
yiH1-
naphthalenacarb
onitrile

333

251 |253

416

i\

[BaS-
(30,4B,5p,7p.7a
a)l-4-
[Octahydro-5-
hydroxy-4-
methyl-7-{2-{4-
(1,2, 3-thiadlazol-
5-
yl)phenoxyjethyl
}1,3-dloxo-4,7-

.17

553.10
[M+H]

243Dii, 244il

300
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90

| 12F

Compound

fiei|

7| m

j‘\

[3aR-
(3a.4p,5p.7p.7a
a)H4-
[Octahydro-5-
hydroxy-4-
methyl-7{2-44-
{1,2,3-thiadiazol-
5-
yl)phenoxylethyl
}1.3-dloxo-4,7-
epoxy-2iH-
isoindol-2-yi}-1-
naphthalenacarb
oniirile

3.20

553.25
PM+H]'

243Dii, 2441

418

CF,

[333.
(3a,4p,5p,7B,7a
a)l-4-
[Octahydro-5-
hydroxy-4-
methyi-1,3-
dioxo-7-{2-{[5-
(triflucromethyl)-
2-
pyridinyfjoxyleth
yil-4.7-epoxy-
2H-soindol-2-
viH1-
naphthalenecarb

345

538.23
(M+H]

243Dii, 244il |

419

7\

CF,

[3aR-
(3a,48,58,7B.7a
a)H4-
[Octatydro-5-
hydroxy-4-
methyl-1,3-
dioxo-7-{2I5-

34s

538.23
HHT'

243Dil, 244l

301
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Compoumnd
Name

Retention
Time

Molecular

(trifluoromethyl)-

pyridinyljoxyleth
yiH4,7-epoxy-
2H-isoindol-2-
yiH-1-
naphthalenecarb
onitrile

420

'
}\ |
H,C” N

[Bas-
(30,4p,5p,7p,7a
a)H4-{7-[2-4(6-
Chioro-2-methyt-
4-
pyrimidinyl)oxyle
thyljoctahydro-5-
hydroxy-4-
methyi-1,3-
dioxo-4,7-epoxy-
2H-isoindol-2-
vij-1-
naphthalenecarb
onitrile

243D, 24410

421

[3aR-
(3a,4p.58,78,7a
a)4{7-{2{(6-
Chioro-2-methyl-
4-
pyrimidinyl)oxyle
thyfjoctatydro-5-
hydroxy-4-
methyl-1,3-
dioxo-4,7-epoxy-
2H-isoindol-2-

3.02
LC

243D, 244ii

302
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Retenton
Time Procedure

Ex. Compound Min./ of
No G R’ Name Moleculer Ex.

_ Man

yi}-1-
naphthalensacarb
onlirile

Example 422
n dlazol-4-yl)hexahydro-4.7-

[+ 7aa)-2-{7-B
dimethyl-4,7-epoxy-1H-isoindole-1,3(2H)-dione (422C)

Br
LI
-
bt

A. 4-Bromo-7-nitrobenzofurazan (422A)
NO,

<P

N

e
m“l th o

To a solution of 2,6-dibromoaniiine (1.0 g, 4.0 mmol) in CHCI, (8 mL)
was added a suspension of mMCPBA (70% by HPLC, 1.4 g, 8.0 mmol) in
CHCI, (8 mL) and the resulting mixture was stired for 24 h at . The reaction
mixture was diluted with CHCI, and washed successively with 2% Na.S,0,
solution, 5% Na,COj solution and brine. The orgarilc layer was dried over
Na, SO, and concenirated under reduced pressure to leave a solid, which was
suspended, into DMSO (15 mL). To this suspension was added a solution of
NaN, (272 mg, 4.19 mmol) in DMSO (15 mL) at rt. The resulting mixture was
stimed at rt until most of the nitrogen had evolved and was then quickly
heated to 120°C for 3 min. The reaction mixture was cooled and poured onto
crushed ice (100 g). After standing for 1 h the precipitates were filtered off,

10

15

303



10

15

LD0192 PCT 5' |
dried in vacuo and redissolved in concentrated H,SO, (5 mL). To this solution
was added a solution of NaNO, (400 mg, 4.7 mmol) in 50% H,SO, (1.6 mL)
and the temperature was maintained at 60°C. After the addition was
complete, the mixture was heated to 85°C for 30 min, cooled to rt and poured
onto crushed ice (40 g). EtOAc was added, the layers were separated and
the aqueous layer was extracted with EtOAc. The combined organic layers
were dried over Na,SO, and concentrated to leave a solid which was purified
by flash chromatography (sllica gel, EtOAc {20%) in hexanes) affording
compound 422A (785 mg, 81%) as a tan solid.

B. 4-Bromo-7-aminobenzofurazan (422B)
NH,

%

N

A solution of compound 422A (563 mg, 2.31 mmol) in AcOH (5 mlL)
was heated to 70°C and Fe® powder (258 mg, 4.62 mmol) was added in one
portion. The resulting dark reaction mixture was stired for 15 min, cooled to
rt and concentrated under reduced pressure. The residue was taken up in
EtOAc and the resulting solution was washed with sat. Na,CO, solution. The
organic layer was drled over Na,SO,, concentrated and purified by flash
chromatography (silica gel, EtOAc in hexanes 10 to 60%) yielding compound
4228 (470 mg, 95%) as a red solid.

C. (3aa,4p,7p,7aa)-2-{7-Bromo-2,1,3-benzoxadiazol-4-yl)hexahydro-
4,7-dimethyl-4,7-epoxy-1H-isoindole-1,3(2H)-dione (422C)

A mixture of compound 422B (43 mg, 0.20 mmol), compound 20A (45
mg, 0.23 mmol), MgSO, (60 mg, 0.50 mmol), Et,N (139 pL, 1.0 mmol) and
1.2-dimethoxyethane (300 ulL) were placed in a sealed tube and heated io

304
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Y,
135 °C for 14 h. After cooling to rt the mixture was filtered through celite
eluting with MeOH to yield a dark solid which was purified by flash
chromatography (silica gel, EtOAc in hexanes 5 to 40%) fumishing compound
422C (42 mg, 54%) as a yellow solid. HPLC: 99% at 2.96 min (retention
time) (YMC S5 ODS column 4.6 x 50 mm Ballistic, 10-90% aqueous methanol
over 4 minytes containing 0.2% H,PO,, 4 mL/min, monitoring at 220 nm). 'H
NMR (acetone-d;, 400 MHz): § =8.00 (d, J=7.5 Hz, 1H), 745 (d, J= 7.5 Hz,
1H), 3.31 (8, 2H), 1.98-1.93 (m, 2H), 1.74-1.69 (m, 2H), 1.57 (s, 6H).

Example 423
ac.4B.7B.7aa)-7{0ctahydro-4.7-dim -1 ioxo-4.7-8 =2H-~
Isoindol-2-yi]-2,1,3-benzoxadiazole-4-carbonitrile (423)

NC
z] o)
)

b—N

¥

To a solution of compound 422C (42 mg, 0.11 mmol) in DMA (1 mL)
was added CuCN (20 mg, 0.22 mmol) and the resulting mixture was heated
to 150°C for 5 h. The mixture was allowed to cool to rt and partitioned
between EtOAc and aqueous NaCN solution (5 g/50 mL). The layers were
soparated and the aqueous layer was extracted once with EtOAc. The
combined organic phases were dried over Na,SO,, concentrated and purified
by flash chromatography (sllica gel, EtOAc in hexanes 20 to 70%) to give
compound 423 (13 mg, 35%) as a yellow oil. HPLC: 99% at 2.66 min
(retention time) (YMC S5 ODS column 4.6 x 50 mm Ballistic, 10-90%
aqueous methanol over 4 minutes containing 0.2% H,PO,, 4 mL/min,
monitoring at 220 nm), MS (ES): m/z 396.9 [M-H+OAc}].
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Example 424
3aa.4B.7p.7aa)-7{0ctahydro-4.7-dim -1.3-diox -8 -2H-
isoindol-2-yl]-2,1,3-benzothladiazole-4-carbonitrile (424B)

NC
);] 0
N’I

SN

=] 11

)

A. 4-Cyano-7-amino-benzothiadiazol
NH,

<

o
a—

424A)

A solution of 2-cyano-5-nitrophenylenediamine (78 mg, 0.44 mmol,
prepared as described in WO 0076501) in SOCI, (2 mL) was heated to reflux .
for 3 h. The resulting mixture was allowed to cool to rt and was then poured
into ice/water. CH,Cl, was added, the layers were separated and the
aqueous layer was extracted twice with CH,Cl,, The combined organic
phases were dried over MgSO,, concentrated and purified by flash
chromatography (sllica gel, EtOAc in hexanes 50%) to give 4-cyano-7-
nitrobenzothiadiazole. This material was dissolved in AcOH (2 mL)
containing EtOAc (1 mL) and H,O (0.2 mL) and heated to 70 °C. At this
temperature Fe® powder (78 mg, 1.41 mmol) was added In one $olid portion
and the dark mixture was stimed for 20 min and then cooled to t. The
reaction mixture was filtered through Celite eluting with EtOAc, washed with
sat. Na,CO, solution, dried over MgSO, and concentrated. Purification was
achieved by flash chromatography (silica gel, EtOAc in hexanes 20 to 70%)
to yield compound 424A (47 mg, 61%) as a brown solid.

B. (3aa,4p,7p,7aa)-7-{Octahydro-4,7-dimethyi-1,3-dioxo-4,7-epoxy-
2H-isoindol-2-y1]-2,1,3-benzothladlazole-4-carbonitrile (424B)
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A mixture of compound 424A (35 mg, 0.20 mmol), compound 20A (45
mg, 0.23 mmol), MgSO, (60 mg, 0.50 mmol), Et,N (139 uL, 1.0 mmol) and
DME (200 plL) was placed in a sealed tube and heated to 135 °C for 14 h.
After cooling to rt the mixture was filtered through Celite eluting with MeOH to
yield a dark solid which was purified by a combination of flash
chromatography (silica gel, EtOAc in hexanes 10 to 50%) and reverse phase
preparative HPLC (YMC S5 ODS 20 x 100 mm eluting with 27-100%
aqueous methanol over 10 min containing 0.1% TFA, 20 mL/min) fumnishing
compound 424B (36 mg, 51%) as a yellow solid. HPLC: 98% at 2.45 min
(retention time) (YMC S5 ODS column 4.6 x 50 mm Ballistic, 10-90%
aqueous methanol over 4 minutes containing 0.2% H,PO,, 4 mL/min,
monitoring at 220 nm), MS (DCI): mvz 355.0 [M+H]".

Example 425
78.7ac)-N 4 1-n alenyl ro- 1-1,3-
dioxo-4,7-epoxy-4H-{soindol-4-yljethyl]-4-fluoro-N-methylbenzamide
(4258)

A. 4-Fluoro-N-methyi-N-{2-{5-methyi-furan-2-yl)-ethyl]-benzamide

(425A)
\@f\,u’r@";

NaH (60% dispersion in oil, 65 mg, 1.63 mmol) was added portion-wise to a
solution of 4-fluoro-N-[2(5-methyl-2-furanyl)ethylJbenzamide (269 mg, 1.09 mmol,
237A) in THF (5 mL). After gas evolution ceased, iodomethane (0.14 mL, 2.18
mmol) was added drop-wise. Once HPLC analysis showed the reaction to be 50%
complete, the mixture was concentrated under reduced pressure and resubjected to
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the above conditions. After all the starting material was consumed, H,O was added
and the resulting mixture was extracted with EtOAc (2 X 5 mL). The combined
organic layers were dried over Na,SO, and concentrated under reduced pressure.
Purification by flash chromatography eluting with 20% acetone/CHCI, gave 238 mg
(84%) of compound 425A. HPLC: 98% at 2.94 min (retention time) (Phenomenex-
prime S5-C18 column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4
minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS
(ES): m/z [M+H] = 262.38.

B. (3ac4p,7p,7aa)-N-{2-{2-{4-Cyano-i-naphthalenyl)octahydro-7-
methyl-1,3-dioxo+4,7-epoxy-4H-solndol-4-yl]ethyl]-4-fluoro-N-
methylbenzamide (425B)

A solution of compound 425A (183 mg, 0.75 mmol) and 4-(2,5-dihydro-2,5-
dioxo-1H-1-yl)- 1-naphthalenecarbonitrile (174 mg, 0.75 mmol) in benzene (1 mL)
was heated at 60°C for 15 hr. The reaction mixture was concentrated under reduced

" pressure to give 357 mg crude intermediate. The crude intermediate (156 mg) was

dissolved in EtOAc (6 mL) and 10% Pd/C (16 mg) was added and the mixture was
stirred under a hydrogen balloon overnight. The reaction mixture was filtered through
a pad of celite and concentrated under reduced pressure. Purification by reverse phase
preparative chromatography (YMC S5 ODS 20 X 100 mm, 20-100% aqueocus
methanol over 15 minutes containing 0.1% TFA, 20 mL/min, monitoring at 220 nm)
gave 160.3 mg (72%) of compound 425B as an off-white solid. HPLC: 99% at 3.23
min (retention time) (Phenomenex-prime S5-C18 column 4.6 x 50 mm cluting with
10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4
mL/min, monitoring at 220 nm), MS (ES): m/z [M+H] =512.19.

Example 426
3ac.4 7 xahydro-4.7-dl i 2 oro-1-
I 7-6 -1H-isoindole-1,3(2H)-dlone {4268
OH

OO&,
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A. 1<{4-Amino-phenyl)-2,2,2-trifluoro-ethanol (426A)

NH,

HO A

Compound 426A was made according to the procedure described in Stewart,
R. el al., Can. J. Chem. 58, 2491-2496 (1980). NaBH, (47 mg, 1.235 mmol) was
added to a solution of p-aminotrifluoroacetophenone (155.7 mg, 0.823 mmol,
synthegized as described by Klabunde, K. J. et. al., J. Org. Chem. 35, 1711-1712
(1970)) in isopropanol (3 mL) at rt. After 30 min the reaction was quenched with
phosphate buffer (pH 7.2), diluted with H,O and extracted with EtOAc (2 X 10 mL).
‘The combined organic layers were dried over N&,SO, and concentrated under reduced
pressure to give 154 mg (98%) of compound 426A as a tan solid. The material was
used directly in the next step without purification. HPLC: 99% at 0.42 min (retention
time) (YMC 55 ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol
over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm),
MS (ES): m/z [M+H] = 192.13.

B. (3ao,4B,78,7aa)-Hexahydro-4,7-dimethyl-2-[{4-(2,2,2-trifluoro-1-
hydroxyethyl)phenyl}-4,7-epoxy-1H-iscindole-1,3(2H)-dione (426B)

A mixture of compound 426A (75.3 mg, 0.394), compound 20A (51.5 mg,
0.262 mmol), triethylamine (0.15 mL) and MgSO, (50 mg) in toluene (1 mL) was
heated in a sealed tube to 135°C for 15 hr. The mixture was filtered and concentrated
under reduced pressure. Purification by reverse phase preparative chromatography
(YMC S5 ODS 20 X 100 mm, 20-100% aqueous methanol over 15 minutes
containing 0.1% TFA, 20 mL/min, monitoring at 220 nm) gave 63.1 mg (65%) of
compound 426B as a white solid. HPLC: 98% at 2.49 min (retention time)
(Phenomenex-prime S5-C18 column 4.6 x 50 mm eluting with 10-90% aqueous
methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at
220 nm), MS (ES): m/z [M+H] = 370.16.
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Example 427 3]’)(
ac,40,7p.7ac)-4-{4-{2 1-Dimethylethyl)dimethyisliylJoxylethyl]-

1,3,3a.4,7,7a-hexahydro-7-methyl-1,3-dloxo-4,7-spoxy-2H-soindol-2-yl]-

trifluorom f)benzonitrile & (3ac.4cx.7 -4 1.1-
Dimethyl dimethyisilyllo }-1,3,3a 4,7, 7a-hexahydro-7-methyli-
1,3-dloxo-4,7-epoxy-2H-isoindol-2-yl]-2<{triflucromethyl)benzonitrile
(4271 & 42711)

o Eh

FiC
Compound 204A (2.00 g, 8.50 mmol) and 4-<{2,5-Dihydro-2,5-dioxo-

1H-pyrrol-1-yl)-2-trifluoromethylbenzonitrile (1.50 g, 5.60 mmol) were mixed
in benzene (5.0 mL) and heated at 60 °C for 14 h, then cooled to 25 °C. The -
solvent was removed at 40°C under vacuum for 1 h to give the crude
material which was purified by flash chromatography on SiO, eluting with
0.5% EtOAc/CH,CI, to give 2.0 g of compound 4271 and 1.3 g of compound
4271l, both as light brown solids. Compound 4271: HPLC: 85% at 4.200 min
(retention time) (YMC S5 ODS column 4.8 x 50 mm eluting with 10-90%
aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4
mL/min, monitoring at 220 nm), MS (ES): m/z 507.1 [M+H]*. Compound
427ii: HPLC: 95% at 4.20 min (retention time) (YMC S5 ODS column 4.6 x
50 mm eluting with 10-90% aqueous methanol over 4 minutes containing
0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 507.1
[M+H]".

Example 428
aR<{3 58.78,7aa -
Dimethylethyl)dimethyisliylloxy]ethylloctahydro-5-hydroxy-4-methyl-1.3-
dioxo-4,7-epoxy-2H-isoindol-2-yl]-2<{trifluoromethyl)benzonitrile & [3aS-
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3 5p.78.7ac -[241(1.1- 38

Dimethylathyl)dimethyisliyl]loxylethyfloctahydro-5-hydroxy-4-methyl-1.3-
dioxo-4,7-epoxy-2H-isoindol-2-yl}-2«{trifluoromethyl)benzonitrile (428i &
4281i)

Compound 427i (1.40 g, 2.77 mmol) and RhCI(PPh,), (0.128 g, 0.14
mmol) were mixed in a flask. The flask was then evacuated and filled with
argon three times, followed by the syringe addition of THF (3.0 mL). Once ail
particulates were dissolved, catecholborane (0.59 mL, 5.54 mmol) was added
dropwise. The reaction mixture was stirred at 25°C under argon for 30 min,
then cooled to 0 °C. Phosphate buffer (pH=7, 20 mL) was added, followed by
EtOH (10 mL), 30% H,O0/H.O (2 mL). The reaction mixture was stimed at
0°C for 3 h, then extracted with dichloromethane (3 x 25 mL). The combined
organic layers were washed with 1 N NaOH (25 mL), 10% Na,SO, (25 mL)
and brine (25 mL). The crude material was then concentrated and purified by
flash chromatography on SiO, eluting with 2% EtOAc/CH,CL,; to 10%
EtOAc/CH,CI, to give 0.63 g of a racemic mixture of compounds 4281 & 428ii
as a light yellow solid. HPLC: 98% at 3.867 min (retention time) (YMC S5
ODS column 4.6 x 50 mm eluting with 10-80% aqueous methano! over 4
minutes containing 0.2% phasphoric acid, 4 mL/min, monitoring at 220 nm),
MS (ES): m/iz 525.1 [M+H]

The racemic mixture of compounds 4281 & 42811 was separated by
normal phase preparative chiral HPLC using a Chiracel OD coiumn (5 cm x
50 cm), eluting with 13% solvent B (EtOH) in solvent A (Hexane), fiow rate:

50 mL/min. Compound 428! eluted from 34 min to 38 min and compound
428l eluted from 44 min to 49 min. Enantiomeric excess was determined by
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chiral HPLC. Compound 4281: >99% ee (12.576 min (retention time)
(Chiralcetl OJ column 4.6 x 250 mm eluting with isocratic 85% heptane / 15%
MeOH/ethanol (1:1), 1 mL/min, monitoring at 220 nm, 40°C). Compound
428i1: 99% ee (18.133 min (retention time) (Chiralcel OJ column 4.6 x 250
mm eluting with isocratic 85% heptane / 15% MeOH/ethanol (1:1), 1 mL/min,
monitoring at 220 nm, 40°C).

The absolute configurations for compounds 4281 & 428If were not
established. For simplicity in nomenclature, compound 4281 is designated
herein as having an “R" configuration and compound 4281 as having an “S”
configuration. Enantiomerically pure products derived from compound 4281
are designated herein as having a "R" configuration and enantiomerically

pure products derived from compound 428ll are designated herein as having
an “S” configuration.

Example 429
R<{3ac.4 78.7aa =7’ ro
methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl]-2-

roxy-7-{2-hydroxyethyl ethyl-1,3-dloxo-4,7-6 -2H-isolndol-2-
-2-{trifluoromethyl)benzonitrile (4291 & 4291

CN NC
L0 0
HO OH
N N
0 0

N
=
H

Compound 428i (180 mg; 0.34 mmol) was dissoived in 2% HCUVEtOH
(5.0 mL). After 30 min, saturated NaHCO, was added and the aqueous layer
was extracted with dichloromethane (20 mL x 3), washed with brine and dried
over Na,SO, to give 135 mg of compound 4281 as a white solid. HPLC: 99%
at 2.257 min (retention time) (YMC S5°ODS column 4.8 x 50 mm eluting with
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10-90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid,
4 mL/min, monitoring at 220 nm), MS (ES): m/iz 411.1 [M+H]".

The above procedure was repeated with compound 428ii to yield the
desired diol compound 429ll in similar yield.

Example 430
aR-(3ac,40.53.78.7 5-Chloro-2-
pyridinyljoxy]ethylloctahydro-5-hydroxy-4-methyl-1,3-dioxo-4,7-epoxy-
2H-solndol-2-yl]-2-{triflucromethyl)benzonitrile {(430)

CF,
CN
0 .
Orietds
a =N HO
(o]

I
H

="ll 1]

xti

Triphenyiphosphine (0.026 g, 0.098 mmol) and DBAD (0.023 g, 0.098
mmol) were mixed in THF (0.5 mL). After allowing the previous mixture fo
react for 15 min, 2-hydroxy-8-chloropyridine (0.016 g, 0.100 mmol) was
added, the mixture was allowed to stir for 10 min and compound 4291 (0.020
g. 0.049 mmol) was added. The reaction mixture was stirmed at 25°C for 2 h
and then the crude material was purified by preparative TLC, eluting with 10%
acetone/CHCI, to give 0.014 g of compound 430 as a light brown solid.
HPLC: 100% at 3.370 min (retention time) (YMC S5 ODS column 4.6 x 50
mm eluting with 10-80% aqueous methanol over 4 minutes contalning 0.1%
TFA, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 522.08 [M+H]".

Exa 431
aS{3ac 4 7 5-Ch -
pyrdinylloxylethylloctahydro-5-hydroxy-4-methyi-1,3-dloxo-4,7-epoxy-
2H-isoindol-2-yl]-2-{triflucromethyi)benzonitrile (431)
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Triphenylphosphine (0.026 g. 0.098 mmol)} and DBAD (0.023 g, 0.098
mmol) were mixed in THF (0.5 mL). After allowing the previous mixture fo
react for 15 min, 2-hydroxy-6-chloropyridine (0.016 g, 0.100 mmol) was
added, the mixture was allowed to stir for 10 min and compound 42981 (0.020
g. 0.049 mmol) was added. The reaction mixture was stirred at 25°C for 2 h
and then the crude material was purified by preparative TLC, eluting with 10%
acetone/CHC); to give 0.015 g of compound 431 as a light brown solid.
HPLC: 100% at 3.370 min (retentlon time) (YMC S5 ODS column 4.6 x 50
mm eluting with 10-90% aqueous methanol over 4 minutes containing 0.1%
TFA, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 522.08 [M+H]".

Example 432
ax)-2 -n ale 2-
hydroxyphenyl)-7-methyl-1,3-dioxo-4,7-epoxy-4H-isoindole-4-
butanamide (432)

OH

Compound 262 (0.100 g, 0.239 mmol) was dissolved in DMF
(anhydrous, 1.5 mL), BOP (0.211 g, 0.478 mmol) was added followed by 2-
aminophenol (0.052 g, 0.478 mmol) and N-methyl morpholine (0.052 mL,
0.478 mmol). The reaction mixture was stimed at 25 °C under argon for 3 h,
then the crude material was purifled by reverse phase preparative-HPLC
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(YMC S5 ODS 20 X 100 mm, 20-100% aqueous methanol over 15 minutes "
containing 0.1% TFA, 20 mL/min, monitoring at 220 nm) to give 0.080 g of
compound 432 as a light brown solid. HPLC: 100% at 3.037 min (retention
time) (YMC S5 ODS column 4.6 x 50 mm eluting with 10-80% aqueous
methanol over 4 minutes containing 0.1% TFA, 4 mL/min, monltoring at 220
nm), MS (ES): m/z 510.34 [M+H]".

Example 433
78.7ac 2 l)pro| hydro-7-methyi-1,3-

dioxo-4,7-epoxy-2H-isoindol-2-yi]-1-naphthalenecarbonitrile (433)

Triphenylphosphine (0.031 g, 0.118 mmol) and DBAD (0.027 g, 0.118
mmol) were mixed in THF (0.5 mL). After allowing the previous mixture to
react for 15 min, compound 432 (0.030 g, 0.059 mmol) was added. The
reaction mixture was stimed at 25°C for 2 h and then the crude material was
purified by reverse phase preparative-HPLC (YMC S5 ODS 20 X 100 mm,
20-100% aqueous methanol over 15 minutes containing 0.1% TFA, 20
mL/min, monitoring at 220 nm) to give 0.018 g of compound 433 as a light
brown solid. HPLC: 100% at 3.357 min (retentlon time) (YMC S5 ODS
column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4 minutes
containing 0.1% TFA, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 492.37
[M+H]".
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3ac.4B,58.78.7 4-Ethyloctahydro-5 roxy-7-{2-hyd |

1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl]-1-naphthalenecarbonitrile {(434C)

A. tert-Butyl{2-(5-ethyl-furan-2-yl)-ethoxyl-dimethyi-sllane (434A)

/*@’\,OTBS

Imidazole (255 mg, 3.75 mmol) and TBSCI (414 mg, 2.75 mmol) were added
to the solution of 245A (350 mg, 2.5 mmol) in DMF (4 mL). The mixture was stirred
at rt for 15 hr and then 100 mg (0.66 mmol) of additional TBSCI was added to drive
the reaction to completion. After stirring for an additional hour, the reaction mixture
was diluted with diethylether (100 mL) and washed with water (20 mL), 1 N HCI (20
mL), water (20 mL) and brine (20 mL). The organic layer was dried over Na,SO, and
concentrated under reduced pressure to give 509 mg of compound 434A (80.3%) as a
yellow oil.

B. (3aa,4p,7p,7ac)-4{4-[2][(1,1-Dimethylethyl)-
dimethyisliyfjoxy]ethyl]- 4-ethyl-1,3,3a,4,7,7a-hexahydro-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-yl]-1-naphthalenecarbonitrile
(434B)
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A solution of compound 434A (509 mg, 2.00 mmol) and 4-(2,5-dihydro-
2,5-dioxo-1H-1-yl)}-1-naphthalenecarbonitrile (498 mg, 2.00 mmol) in benzene
(2 mL) was heated at 60°C for 18 h. The reaction mixture was concentrated
under reduced pressure to give 892 mg (99%) of crude compound 4348,
which was used directly in the next step without further purification.

C. (3aa,4p,58,7B,7ac)4-[4-Ethyloctahydro-5-hydroxy-7<(2-
hydroxyethyl)-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yf]-1-
naphthalenecarbonitrile (434C)

A mixture of compound 434B (992 mg, 1.98 mmol) and RhCI,(PPh,),
(183 mg, 0.198 mmol) was evacuated and filled with argon (3X). THF (20
ml.) was added and once all particulates had dissolved, catecholborane (0.42
mL, 3.96 mmol) was slowly added dropwise. When the formation of product
ceased, as was determined by HPLC, the reaction mixture was cooled to 0°C -
and quenched with phosphate buffer (34 mL, pH 7.2) followed by the addition
of EtOH (19 mL) and H,0, (2.9 mL, 30% aq sol). After 2 h, additional
phosphate buffer (6.8 mL, pH 7.2), EtOH (3.8 mL) and H,0,(0.6 mL) were
added. The reaction mixture was stirred at rt for 3 h. Once the boronate
intermediate was consumed, the mixture was extracted with CH,Cl, (300 mL)
and the combined organic layers were washed with 1N NaOH, 10% aq
NaHSO, and brine. The combined organic layers were dried over Na;SO,.
Purification by flash chromatography on sllica gel eluting with 10%
MeOH/CH,CI, gave 75 mg (9.3%) of compound 434C as a gray solid. HPLC
conditions: 97% at 2.43 min (Phenomenex-prime S5-C18 column 4.6 x 50
mm, 10%-90% aqueous methanol over 4 minute gradient with 0.2% H,PO,,
detecting at 220 nm). MS (ES): m/z 407.18 [M+H]".
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Example 435
A03.5p.7B.7ac)-4 anoph octahydro-5-
hydroxy-1,3-dioxo-4,7-epoxy-2H-soindol-2-yl]-1-naphthalenecarbonitrile
5 (435)

DBAD (39.6 mg, 0.172 mmol) was added to a solution of PPh, (45.1
10 . mg, 0.172 mmol) in THF (0.8 mL). After stirring for 10 min, 4-cyanophenol
(20.5 mg, 0.172 mmol) was added and the reaction mixture was stirmed for an
additional 5 min. Compound 434C (25.0 mg, 0.062 mmol) was added and
the mixture was stirred at rt for 2 h. The reaction was concentrated under
reduced pressure. Purification by Prep TLC eluting with 10% acetone/CHCI,
156 gave 18.1 mg (0.036 mmol, 57.6%) of compound 435. HPLC conditions:
96% at 3.15 min (YMC S5 ODS 4.6 X 50 mm, 10%-90% aqueous methanol
over 4 minute gradient with 0.2% H,PO,, detecting at 220 nm). MS (ES): m/z

508.14 [M+H]".
20 Example 436
48.78.7 4-Cyano-1 h 2-
hydroxyphenyl)-7-methyl-1,3-dloxo-4,7-expoxy-4H-soindole-4-

ethanamide (436)

318



LD0192 PCT

Compound 234B (0.100 g, 0.256 mmol) was dissolved in DMF
(anhydrous, 1.5 mL), BOP (0.225 g, 0.51 mmol) was added followed by 2-

§ aminophenol (0.056 g, 0.51 mmol) and N-methyl morpholine (0.056 mL, 0.51
mmol). The reaction mixture was stimed at 25°C under argon for 3 h, then the
crude material was purified by reverse phase preparative-HPLC (YMC S5
ODS 20 X 100 mm, 20-100% aqueous methanol over 15 minutes containing
0.1% TFA, 20 mL/min, monltoring at 220 nm) to glve 0.078 g of compound

10 438 as a light brown solid. HPLC: 100% at 3.037 min (retention time) (YMC
S$5 ODS column 4.6 x 50 mm eluting with 10-90% aqueous methanol over 4
minutes containing 0.1% TFA, 4 mL/min, monltoring at 220 nm), MS (ES):

mi/z 482.34 M+H]".
15 Example 437
7 2-Bo methyl hydro-7-methyi-1,3-

dioxo-4,7-epoxy-2H-isoindol-2-yi}-1-naphthalenecarbonlitrile {437)

20 Triphenyiphosphine (0.082 g, 0.312 mmol) and DBAD (0.072 g, 0.312
mmol} were mixed in THF (0.5 mL). After aliowing the previous mixture to
react for 15 mins, compound 436 (0.075 g, 0.156 mmol) was added. The
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37
reaction mixture was stirred at 25°C for 2 h and then the crude materiail was L
purified by reverse phase preparative-HPLC (YMC S5 ODS 20 X 100 mm,
20-100% aqueous methanol over 15 minutes containing 0.1% TFA, 20
mL/min, monitoring at 220 nm) to give 0.052 g of compound 437 as a light
brown solid. HPLC: 100% at 3.443 min (retention time) (YMC S5 ODS
column 4.6 x 50 mm eluting with 10-80% aqueous methanol over 4 minutes
containing 0.1% TFA, 4 mL/min, monitoring at 220 nm), MS (ES): m/z 464.18
[M+H]".

Example 438 .

78.7ac a 7-dimethyl -hydroxy-1-

{trifiuoromethyl)ethyl]phenyl}-4,7-epoxy-1H-soindole-1,3(2H)-dlone (438)
OH

A mixture of 2-(4-aminophenyl}-1,1,1,3,3,3-hexafluoro-2-propanol (95.7 mg,
0.369), compound 20A (48.3 mg, 0.246 mmol), triethylamine (0.15 mL) and MgSO,
(50 mg) in toluene (1 mL) was heated in & sealed tube to 135 °C ovemnight. The
mixture was filtered and concentrated under reduced pressure. Purification by reverse
phase preparative chromatography-(YMC S5 ODS 20 X 100 mm, 20-100% aqueous
methanol over 15 minutes containing 0.1% TFA, 20 mL/min, monitoring at 220 mmn)
gave 44.0 mg (41%) of compound 438 as a white solid. HPLC: 99% at 3.10 min
(retention time) (Phenomenex-prime S5-C18 column 4.6 x 50 mm eluting with 10-
90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4 mL/min,
monitoring at 220 nm), MS (ES): m/z [M+H] =438.14.

Examples 439 to 454

Additional compounds of the present invention were prepared by
procedures analogous to those described above. The compounds of
Examples 439 to 454 have the following structure (L is a bond):
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where G, R’, the compound name, retention time, molecular mass, and the
procedure employed, are set forth in Table 9. The absolute configuration for
the following compounds was not determined. For simplicity in nomenclature,
compound 243DI is designated herein as having an “S" configuration and
compound 243DIl as having an "R" configuration. Enantiomerically pure
products derived from compound 243D are designated herein as having an
“S" configuration and enantiomerically pure products derived from compound
243Dl are designated hereln as having an "R" configuration. Similarly,
compound 428} is designated herein as having an “S" configuration and

compound 428ii as having an “R" configuration.

Enantiomerically pure

products derived from compound 428i are designated herein as having an “S”
configuration and enantiomerically pure products derived from compound
428ii are designated herein as having an “R" configuration.

The chromatography techniques used to determnine the compound retention
times of Table 9 are as follows: LCMS = YMC S5 ODS column, 4.6 X 50 mm
eluting with 10-90% MeOH/H,O over 4 minutes containing 0.1% TFA; 4 ml/min,
monitoring st 220 nm. LCMS* = YMC S5 ODS column, 4.6 X 50 mm eluting with
10-90% MeOH/H,O over 2 minutes conteining 0.1% TFA; 4 mlL/min, monitoring at
220 nm. LC = YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% MeOH/H,0
over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm.
The molecular mass of the compounds listed in Table 9 were determined by MS (ES)

by the formula m/z.
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Table 9
Retention
Time Procedure
Ex. Compound Min./ - of
No G R Name Molecular Ex
Mass
439 [3aR- 3.33 251, 253
io (3aa,4p.58.78, | 'C
5233
I qj, 7aa)}4- M
N [Octahydro-5-
H,C
hydroxy-4-
methyl-7-[2-
[(1-methyl-1H-
indazol-3-
yl)oxylethyl}-
1,3-dioxo-4,7-
epoxy-2H-
isoindol-2-yl}-
1-
naphthaleneca
rbonitrile
440 [3aR- 2.34 251,253
@e \K, (330 4p.50.78. | 'C
)\N 7 525.2
CN H;C-.N - EG)H' [M+HT*
Vo {Octahydro-5-
\\—r{ hydroxy-4-
methyl-7-[2-
[(8-methyl-9H-
purin-8-
yhoxylethyl}-
1,3-dloxo-4,7-
opoxy-2H-
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Ex.
No

(2]

Compounnd
Name

Retendon
Time

|.=‘s.g

isoindol-2-yi}-
1-
naphthaleneca
rbonitrile

441

[3aR-
(3aa,4p,5B,78,
7aa)]4-
[Octahydro-5-
hydroxy-4-
methyl-1,3-
dioxo-7-[2-[[1-
(phenyimethyl)
-1H-indazol-3-
ylloxy]ethyi}-
4, 7-epoxy-2H-
isaindol-2-yl]-
1-
naphthaleneca
rbonitrile

3.73
LC

243Dii,
2440Dii

c{N/

O~

>

[3aR-
(3ac,4p,58,7B,
7Tac)H4-
[Octahydro-5-
hydroxy-4-
methyt-1,3-
dioxo-7-[2-[[1-
(phenyimethyl)

3.37
LC

|

251, 253
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[

Compound
Name

Retention
Time
Min/

Molecular
Mans

Iﬁag

-1H-
pyrazolo[3,4-
d]pyrimidin-3-
ylloxylethyll-

4,7-epoxy-2H-

* isoindol-2-yl}-

1-
naphthaleneca
rbonitrile

aYal

[3aS-
(3aa.,4p.58,7P,
7aa)-4-
{Octahydro-5-
hydroxy-4-
methy}1,3-
dioxo-7-[2{[5-
(trifluoromethyl

)2-
pyridinyljoxylet
hylH4,7-epoxy-
2H-isoindol-2-
yiH-
naphthaleneca
rbonitrile

345
LC

M+H]"

243D, 244Di
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Retention

Time Procedure
Compound Min./ of
Name Molecular

§l 1zp
o
I3

[3aR- 346 243Dii,
(3ac,4p,5p,7P, LC 244Dil
538.24
Taa)l4- M+H
[Octahydro-5-
hydroxy-4-
methyl-1,3-
dioxo-7-[2-5-
(trifluoromethyl
)2-
pyridinyljoxylet
hy(}-4,7-epoxy-
2H-isoindol-2-
yiH1-
naphthaleneca
rbonitrile

g
9_(__}.{/ "

a5 BaR- 2747 243D, |
\LD (380485878, | 'C 24400
526.28
r ? TaNAZ |
[2-(4-Cyano-1-

ﬁ naphthalenyl)o
3 ctahydro-5-
hydroxy-4-
methyl-1,3-
dioxo-4,7-
epoxy-7H-
isoindol-7-

yllethoxy]phen
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Retention
Time
Ex. Compound ey
e ¢ R Name Molecular
Mass
yllacetamide
“ [3aR- 37 243D1, |
@G L (3aa,4B.,5B.7B, Lc 244Dii
cl 537.17
CN Taa)M4-7-2- | e
(2,4-
1 Dichloropheno
xy)ethylloctahy
dro-5-hydroxy-
4-methyl-1,3-
dioxo-4,7-
epoxy-2H-
isoindol-2-yi}-
1-
naphthaleneca
rbonitrile
“ [3aR- 389 2436". -]
@@ L (3a0.4p,5.78, | ‘© 244Dl
605.25
Q| | e
cm 3 [3l5-
Bis(trifluoromet
hyl)phenoxylet
hyljoctahydro-
5-hydroxy-4-
methyl-1,3-
dioxo-4,7-
epoxy-2H-
isoindol-2-yl}-
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Ex. Compound
Ne G R’ Name

fil
Iﬁag
3

i

1-
naphthaleneca
rbonitrile

448 [3aS- 314 243D, 244D |
\Lo (3aa,4P.5,7P. LC
7aa)l-4-
[Octahydro-5-
hydroxy-4-
methyl-1,3-
dioxo-7-[2-{4-
{(1,2,3-
thiadiazol-5-
yhphenoxyjeth
yiH4,7-epoxy-
2H-isoindol-2-
yij-1-
naphthaleneca
rbonitrile

[M+H]

17

7 [BaR- 315 24300, |
@0 Io (380,4B.58.75. LCc 244Dl
553.23
7Taa)]-4- . MSHT
[Octahydro-5-
hydroxy-4-
methy}-1,3-
dioxo-7-{2-{4-
(1,23
thiadiazol-5-

17
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[

Compound
Name

Retentlon

i

Procedure
of

yl)phenoxy]eth
yiH4,7-epoxy-
2H-isoindol-2-
ylH1-
naphthaleneca
rbonitrile

CN

4

[BaR-
(3aa,4B,5B,7B,
Taa)}4-{7-2-
[(5,7-Dichioro-
8-
quinolinyl)oxy]
ethylJoctahydr
0-5-hydroxy-4-
methyl-1,3-
dioxo-4,7-
epoxy-2H-
isolndol-2-yi}-
1-
naphthaleneca
rbonitrile,
trifluoroacetate

(1:1)

3.70
LC
588.28
MeH'

243Dii,
244Dii

451

[3aS-
(3aa,4p,5B.78.

Taa)H4-7-42-
“

3.087
LC
512.13

M+H]'

431
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A

[

Compound
Name

Procedure

Ex.

Cyanophenoxy
JethylJoctahydr
0-5-hydroxy-4-
methyl-1,3-
dioxo-4,7-
epoxy-2H-
isoindol-2-yi}-
2-
(trifluoromethyl
Ybenzonitrile

[3aS-
(3aa,4p.5B.7B,
Taa)H4-[7-{2-
[(5-Chloro-1,2-
benzisoxazol-
3
yljoxy]ethyfjoct
ahydro-5-
hydroxy-4-
methyl-1,3-
dioxo-4,7-
epoxy-2H-
isoindol-2-yi}-
2-
(trifluoromethyl

Ybenzonitrile

3.563

562.08
M+H]"

431
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Compound
Name

Retention
Time
Min/

Molecular

[3aR-
(3aa,4B,58,7B,
7a0)}4-{7{2-
[(5-Chloro-1,2-
benzisoxazol-
3-
yloxy]ethylJoct
ahydro-5-
hydroxy-4-
methyl-1,3-
dioxo-4,7-
epoxy-2H-
isoindol-2-yl}-
2-
(trifluoromethyl
)benzonitrile

3.57
LC
562.08

M+H]*

8 IF‘s.g %

[3aR-
(3ac,4B,5B.78,
Taa)H4-{7-{2-
(4-
Cyanophenoxy
Jethylloctahydr
o-5-hydroxy-4-
methyl-1,3-
dioxo-4,7-
epoxy-2H-
isoindol-2-yl}-

3.087
LC
512.08

M+H]*
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Retention

Time Procedure
Ex Compound Min/ of
No G R’ Name Molecular Ex.

Mass

2-
(trifiuoromethyl
Ybenzonitrile
Examples -455 to 457

Addltional compounds of the present invention were prepared by
procedures analogous to those described above. The compounds of
Examples 455 to 457 have the following structure (L is a bond):

where G, R’, the compound name, retention time, molecular mass, and
the procedura employed, are set forth in Table 10. The absolute configuration
for the following compounds was not determined. For simplicity in
nomenclature, compound 2381 is designated herein as having an “R”
configuration and compound 238l as having an “S" configuration.
Enantiomerically pure products derived from compound 238i are designated
herein as having an "R" configuration and enantiomerically pure products
derived from compound 238ll are designated herein as having an “S”
configuration.

The chromatography techniques used to determine the compound retention

times of Table 10 are as follows: LCMS = YMC S5 ODS column, 4.6 X 50 mm
chating with 10-90% MecOH/H,0 over 4 minutes containing 0.1% TFA,; 4 mL/min,
monitoring at 220 nm. LCMS* = YMC S5 ODS column, 4.6 X 50 mm eluting with
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10-90% MeOH/H,0 over 2 minutes containing 0.1% TFA; 4 mL/min, monitoring at
220 nm. LC=YMC S5 ODS column 4.6 x 50 mm eluting with 10-90% MeOH/H,0
over 4 minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm.
The molecular mass of the compounds listed in Table 10 were determined by MS
(ES) by the formula m/z

Table 10
Retention
Time Procedure
Ex Compound Min/ of
No G R Name Molecular Ex,
Mass
| 455 (3ac,4p.5p.7P 3.53 265, 249
LC
,ac)-4-
O | oS [ = | e
methyl-1,3-
dioxo-7(4-
oxo0-4-
phenyibutyl)-
4,7-epoxy-2H-
isoindol-2-yi}-
1-
naphthalenec
arbonltrile
456 (3ac.,4p,5B.7B 3.547 248, 249
. LC
7a
0 e |
X methyl-7-{3-
[5<1-
methylethyl)-
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Ex.
No

16

Compound
Name

Retention

Min./

Molecular

Procedure
of

1y

2.
oxazolyljprop
yi]-1,3-dioxo-
4,7-epoxy-2H-
isolndol-2-yl}-

1-
naphthalenec

arbonitrile

[Baa.4B,58,7B
»7ao(E)}4-
[Octahydro-4-
methyt-7-[3-
[5<1-
methylethyl)-
2-oxazolyl}-2-
propenyl}-1,3-
dioxo-4,7-
epoxy-2H-
isoindol-2-yl}-
1-
naphthalenec
arbonitrile

3.66
LC
482.20

M+H]

248, 240
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Example 458
a 708,780 hydro-5-hydroxy-4,7-dimethyl-1 x0-4,7-€) -
2H-isoindol-2- trifluorom 1 nitril 18,7a0)-4-

{(Octahydro-5-hydroxy-4,7-dimethyl-1,3-dioxo-4,7-epoxy-2H-Isoindol-2-yl)-2-
(trifluoromethyl)benzonitrile (221B & 222D)

CFy CF;

“Q “Q
0
OH
N N

-
-
-
-—
—
—

&
N

H

Compound 20B was converted to compounds 221B and 222D (also
synthesized as compounds 221B and 222D) by biotransformation.

Compound 20B was hydroxylated by Amycolatopsis orientalis (ATCC
43491). A 1 ml culture from a frozen vial was used to inoculate 100 m! medium in a
500 mL portion Erienmeyer flask and the flask was incubated at 28°C, at 200 rpm for
3 days. A 10 mL portion of this culture was used to inoculate 100 mL medium in a
500 ml Erlenmeyer flask and the flask was incubated at 28°C, at 200 rpm for 1 day.
10 mL portions of thie 1-day culture were distributed to each of three 50 ml flasks.
Compound 20B (3 mg in 0.1 mL methanol) was added to each culture and the
incubations were continued for 3 days. The culture broth in each flask was extracted
with 20 mL ethyl acetate, and the pooled ethyl acetate exiracts were evaporated to

- dryness at 40 °C under a nitrogen stream. The residue was dissolved in 1.2 mL

methanol and analyzed by HPLC, LC/MS and LC/NMR. The solution contained 2.5
mg of remaining Compound 20B, 1.6 mg of compound 2218, and 1.3 mg of
compound 222D. MS and NMR analyses were in agreement with the structures
shown above.

Medium: 0.5% toasted nutrisoy, 2% glucose, 0.5% yeast extract, 0.5% K2HPO4,
0.5% NaCl, adjusted to pH 7 with HCI (R. V. Smith and J. P. Rosazza, Arch.
Biochem. Biophys., 161, 551-558 (1974)
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HPLC Analysis @

Column: Phenomenex Luma C18, 150x2 mm, 5y

mobile phase: solvent A: 95% 20 mM ammonium acetate pH 5.1, 5% acetonitrile
solvent B: 95% acetonitrile, 5% 20 mM ammonium acetate pH 5.1

linear gradient going from 100% solvent A to 5% solvent A in 25 minutes followed

by equilibration at 100% solvent A for 8 minutes.

temperature: 40 °C

detection: 250 nm

injection volume: 1 puL.
retention times: compound 20B, 20.8 min; compound 221B, 16.5 min; compound
222D, 17.8 min
HPLC Conditions

Chiral HPLC conditions were employed for the separation of enantiomers and
achiral HPLC conditions were employed for the separation of diastereomers of the
hydroxylated analogs of compound 20B (i.c., compounds 2218 and 222D and
compounds 2541 and 254ff)

Two methods were used under chiral HPLC conditions, reverse phase (RP) for
chiral analysis of biotransformation products in biological samples and normal phase

(NP) for non-biological samples.

Chiral RP-HPLC Condition

Column: CHIRALPAK AD-R
46x250mm, 10p

Temperature: 40°C

Injection Volume: Sor20 uL

Mobile Phase: A: MeCN
B: H,O
Isocratic, 30% of A, 18 min.

Flow Rate: 1 mL/min,

UV Detection: 242 nm
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Chiral NP-HPLC Condition

Column: CHIRALPAK AD
46x250mm, 10
Temperature: 25°C
Injection Volume: 50r20 uL
Mobile Phase: A: Heptane
B: MeOH/Ethanol
(1:1)
Isocratic, 80% of A, 20 min.
Flow Rate: 1 mL/min.
UV Detection: 242 nm

Under these conditions compounds 254f and 25411 had retention times of 8.5 minutes
and 9.85 minutes, respectively.
Reverse phase HPLC was employed for the separation of the

' diastereomeric compounds 221B and 222D:

Mobile Phase:

Solvent A:  95% 20 mM ammonium acetate pH 5.1, 5% acetonitrile
Solvent B: 95 % acetonitrile, 5% 20 mM ammonium acetate pH 5.1 -

Gradient:

Linear gradient going from 100% solvent A to 5% solvent A in 25 minutes
followed by equilibration at 100% solvent A for 8 minutes. Total run time of
36 minutes.

Flow Rate:
0.2 ml/min

Column:
Phenomenex Luna 5 micron C,, 150X2.0 mm id

Detection:

UV detection at 242 nm
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Under these conditions, compounds 221B and 222D had retention times of
18.983 min and 20.362 min, respectively.

Example 459
3aa,40.508.78.78a dro-5-h a={2 l}-4-methyl-

1,3-dioxo-4,7-epoxy-2H-solndol-2-yl}-1-naphthalenecarbonitrile (459)

Compounds 223A and 331 were converted to compound 459 by
biotransformation.

Microbial hydroxylation of compound 223A

1. Reaction

To a 500 mL flask containing 100 ml of the transformation medium was
added one frozen vial (approximately 2 mi) of Streptomyces griseus ATCC
10137. The transformation medium was prepared as follows: to a 2 { plastic
beaker was added 20 g of dextrose, 5.0 g of yeast extract, 5.0 g of soybean
meal, 5.0 g of sodium chloride, 5.0 g of potassium phosphate (diabasic) and 1
L of delonized water, and the mixture was stirred at room temperature for 3 to
30 min. The pH of the mixture was then adjusted to 7.0 with 1 N HClor 1 N
NaOH. The resulting mixiure was dispensed Irito 500 ml flasks (100 mi per
flask). The flasks were covered with Bio/Wrap and autoclaved at 121°C for
15 min. and cooled down to room temperature before use.

The culture was incubated at 28°C and at 250 rpm for 24 hours. Ten mL of the
resulting culture was transferred to a 50 mL flask, to which 1 mg of compound 223A
in 0.2 ml ethanol was added. The flask was incubated at 28°C and 250 rpm for 24
hours, and the reaction culture was extracted with EtOAc (10 ml). The EtOAc extract
was dried under N, and the residue was dissolved in 1 ml of MeOH (reaction extract).
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2. Product analysis . '

HPLC:

10 pL of the reaction extract was injected into HPLC column (YMC ODS-AQ .
C-18 column, 150 x 6.0 mmi.d.). The column was eluted with 1 mM HCl in
water/CH,CN at 1.2 mL/min flow rate: 30 to 60% CH,CN over 8 min, 60 to
85% CH,CN over 0.5 min, 85% CH,CN for 1 min, 85 to 30% CH,CN over 0.5
min. The eluents were monitored at 300 nm. Two major peaks with about a
1 to 1 area ratio were observed, which had the same UV spectra as those of
compounds 459 and 331, and had retention times of 4.55 min and 7.23 min,
respectively, matching the retention times of authentic samples of compound
459 (4.53 min) and compound 331 (7.2 min).

LC/MS

The reaction extract: two major UV peaks.

Peak 1, Tr 4.68 min: 391 [M+H]*, 343, 319, 303, 289
Peak 2, Tr 5.35 min: 375 [M+H]", 345

Authentic samples
Compound 459, Tr 4.82 min: 391 M+H]*, 343, 319, 289
Compound 331, Tr 5.48 min: 375 [M+H]", 345

Microblal hydroxylation of Compound 331

To a 500 mL flask containing 100 ml of the transformation medium was
added one frozen vial (approximately 2 ml) of Streptomyces griseus ATCC
10137. The transformation medium was prepared as follows: to a 2 L plastic
beaker was added 20 g of dextrose, 5.0 g of yeast extract, 5.0 g of soybean
meal, 5.0 g of sodium chioride, 5.0 g of potassium phosphate (dibasic) and
one L of delonized water, and the mixture was stimed at room temperature for

* 3 10 30 min. The pH of the mixture was then adjusted to 7.0 with 1 N HCl or 1

N NaOH. The resulting mixture was dispensed into 500 mL fiasks (100 mi
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per flask). The flasks were covered with Bio/Wrap and autoclaved at 121°C
for 15 min. and cooled down to room temperature before use.

The culture was incubated at 28°C and 250 rpm for 3 days. One mL of the resulting
culture was added to a 500 mL flask containing 100 mL of the transformation
medium and the flask was incubated at 28°C and 250 rpm for 24 hours. Ten mL of
ﬂiemultingculmrewumfm'redmaSOmLﬂ-nsk,towhich 1 mg of compound
331 in 0.2 mL ethanol was added. The flask was incubated at 28°C and 250 rpm for
23 hours. HPLC analysis showed that the peak area ratio of compound 459 to
compound 331 in the reaction culture was about 1.1/1.
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Example 460 3
aa,2 5aa.68b 1.1-
Dimethylethylldimethylsilylloxyjethylloctahydro-
6-methyl-3,5-dloxo-2,6-epoxy-4H-oxireno[flisoindol-4-yll-1-
5 naphthalenecarbonitrile (460)

Compound 231A (2.00 g, 4.10 mmol) was dissolved in dicholomethane (40
ml) and cooled to 0°C. mCPBA (2.36 g, 8.20 mmol) was added. The reaction
mixture was then warmed up to room temperature and stirred under argon for 18
10 bours, followed by the addition of 10% Na,SO, (25 ml) and saturated NaHCO, (25
mi). After stirring for 20 minutes, the organic layer was separated and the aqueous
layer was extracted with dicholomethane (3 x 50 ml). The combined organic layers
were washed with brine, dried over Na,SO, and concentrated to give 2.0 g compound
460 as light yellow solid. HPLC: 99% at 4.00 min (retention time) (Phenomenex-
15  prime S5-C18 column 4.6 x 50 mm ecluting with 10-90% aqueous methanol over 4
minutes containing 0.2% phosphoric acid, 4 mL/min, monitoring at 220 nm), MS
(ES): m/z [M+H] = 505.19

Example 461
20 4 7 4-Ethylocta 1)-1,3-dioxo-
7-@ -2H-isoindol-2-yi]-1-naphthalenecarbonitrile & [3a8-
ac 4B.76.7ac 4-E h =7 ={2 ro . X0-4,7~-

epoxy-2H-isoindol-2-yi]-1-naphthalenecarbonitril (4611 & 4611i)
" CC

The racemic mixture of compounds 245C was separated by normal
phase preparative chiral HPL.C using a Chiracel AD column (5 cm x 50 cm),
eluting with 20% solvent B (50% MeOH/EtOH) in solvent A (Heptane), flow
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P
rate: 50 mL/min. Compound 4611 eluted from 80 min to 100 min and 3
compound 461Il eluted from 125 min to 150 min.

The absolute conformation for compounds 481i and 461il was not
determined. For simplicity in nomenclature, compound 481l is designated
herein as having an “R" configuration and compound 461ii as having an “S”
configuration. Enantiomerically pure products derived from compound 4611
are designated herein as having an “R" configuration and enantiomerically
pure products derived from compound 4611l are designated herein as having
an “S" configuration.

Example 462
R-{3aa,48.78.7Tac n hyl]-7 octahydro-

1,3-dioxo-4,7-epoxy-2H-isoindol-2-+y[]-1-naphthalenecarbonlirile (482)

DBAD (29.5 mg, 0.128 mmol) was added to a solution of PPh, (33.6
mg, 0.128 mmol) In THF (0.5 mL). ARer stirring for 10 mins, 4-cyanophenol
(15.2 mg, 0.128 mmol) was added and the reaction mixiure was stirmed for an
additional 5 mins. Compound 461l (18.3 mg, 0.047 mmol) was added and
the mixture was stirmed at rt for 2 h. The reaction was concentrated under
reduced pressure. Purification by flash chromatography on sllica gel eluting
with 40% EtOAc/hexane gave 16.9 mg (0.034 mmol, 73.2%) of compound
462. HPLC conditions: 98% at 3.64 min (YMC S5 ODS 4.6 X 50 mm, 10%-
80% aqueous methanol over 4 minute gradient with 0.2% H,PO,, detecting at
220 nm). MS (ES): miz 492.23 [M+H]".

Example 463
S<{3aa T nopheno -7 h

1,3-dioxo-4,7-epoxy-2H-isoindol-2-y1]-1-naphthalenecarbonitrile (463)
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DBAD (29.5 mg, 0.128 mmol) was added to a solution of PPh, (33.6
mg, 0.128 mmol) in THF (0.5 mL). After stirring for 10 mins, 4-cyanophenol
(15.2 mg, 0.128 mmol) was added and the reaction mixture was stirred for an
additional 5 mins. Compound 4611t (18.3 mg, 0.047 mmol) was added and
the mixture was stirred at rt for 2 h. The reaction was concentrated under
reduced pressure. Purification by flash chromatography on silica gel eluting
with 40% EtOAc/hexane gave 18.1 mg (0.037 mmol, 78.4%) of compound
463. HPLC conditions: 97% at 3.63 min (YMC S5 ODS 4.6 X 50 mm, 10%-
90% aqueous methano! over 4 minute gradient with 0.2% H,PO,, detecting at
220 nm). MS (ES): m/z 492.17 [M+H]'.
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We claim:

1. A compound of the following formula:

zzo Y\
o SN
i,
zZ
Q
(Ia)

wherein the symbols have the following meanings and are, for each occurrence,

" independently selected:

G is an aryl] or heterocyclo group, where said group is mono- or polycyclic, and which
is optionally substituted at one or more positions;

Z,is O, S, NH, or NR%

Z,is O, S, NH, or NR;

A, isCR'orN;

A,isCR’orN;

Y'is J-I’-J” where J is (CR’R”)n and n = 0-3, J* is a bond or O, S, S=0, SO,, NH,
NR’, CRR?, R?P=0, R*P=S, R*0P=0, R*NHP=0, OP=OOR?, OP=ONHR?,
0SO,, NHNH, NHNR®, NR°NH, N=N, cycloalky! or substituted cycloalkyl,
cycloalkeny] or substituted cycloalkenyl, or heterocyclo or substituted
heterocyclo, and J” is (CR’R”)n and n = 0-3, where Y is not a bond; and

W' is CR'/R"—CR'R?, CR'R™—C=0, NR°—CR'R”, N=CR", N=N, NR*—NR?,
cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocyclo or substituted heterocyclo, or aryl or substituted aryl, wherein,
when W' is not NR*—CR'R”, N=CR?, N=N, NR’—NR?, or heterocyclo or
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substituted heterocyclo, then J' must be O, S, S=0, SO,, NH, NR’, OP=O0R?,
OP=0ONHR?, 0S0,, NHNH, NHNR®, NR°NH, or N=N; or altematively,

Y'is NR™-CR'R” and W' is CR*=CRY; or, alternatively,

Y' is CR'R”-C=0 and W' is NR*-CR'R”;

Q, is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R'OC=0, R‘C=0, R’R°NC=0,
HOCR'R’, nitro, R'OCH,, R'0, NH,, C=OSR', SO,R' or NR‘R?;

Q, is H, alky] or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R'‘OC=0, R‘C=0, R'R*NC=0,
HOCR'R”, nitro, R'OCH,, R'Q, NH,, C=OSR', SO,R' or NR'R%;

L is a bond, (CR’R")n, NH, NR® or NRCR'R")n, where n = 0-3;

R' and R" are each independently H, alkyl or substituted alkyl, cycloalky] or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkyalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl;

R? is alky] or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl;

R? and RY are each independently H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,
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cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalky] or substituted
arylaltkyl, halo, CN, hydroxylamine, hydroxamide, alkoxy or substituted
alkoxy, amino, NR'R?, thiol, alkylthio or substituted alkylthio;

R‘ is H, alkyl or substituted alkyl, cycloalky! or substituted cycloalkyl, cycloalkenyl
or substituted cycloalkenyl, héterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0,
SO,0R!, or SO,NR'R";

R’ is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, RINHC=0, SO,R!,
SO,0R', or SO,NR'R";

R¢ is alkyl or substituted alkyl, cycloalkyl] or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalky] or substituted arylalkyl, CN, OH, OR', R'C=0,
R'NHC=0, SO,R', SO,OR', or SO,NR'R";

R” and R” are each independently H, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocycio, cycloalkylalky! or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalky, halo, CN, OR', nitro,
hydroxylamine, hydroxylamide, amino, NHR*, NR?R’, NOR!, thiol, alkylthio
or substituted alkylthio, R'C=0, R'OC=0, R'NHC=0, SO,R!, SOR/,
PO,R'R", R'R'NC=0, C=0SR', SO,R', SO,0R', or SO,NR'R", or, wherein
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A, or A, contains a group R” and W contains a group R’, said R’ groups of A,
or A, and W together form a heterocyclic ring;

R'and R* are each independently H, alkyl or substituted alkyl, alkenyl or substituted

alkenyl, cycloalky] or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkyalkyl, cycloalkenylalkyl or substituted cycloalkenylalkyl,
heterocycloalkyl or substituted heterocycloalkyl, aryl or substituted aryl,
arylalkyl or substituted arylalkyl, nitro, halo, CN, OR', amino, NHR*, NR’R?,
NOR!, alkylthio or substituted alkylthio, C=OSR', R'OC=0, R'C=0,
R'NHC=0, R'R"NC=0, SO,0R', S=OR', SO,R', PO,R'R", or SO,NR'R";
and

R’ and R ere each independently H, alkyl or substituted alkyl, alkenyl or substituted

alkenyl, cycloalkyl! or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, CN, OH, OR!, R'C=0,
R'OC=0, R'NHC=0, SO,R!, SO,0R', or SO,NR'R";

with the provisos that:

(1) when Y’ is -O-, Q, and Q, are hydrogen, Z, and Z, are O, W' is —-CH,-CH,-,
and A, and A, are CH, then G-L is not phenyl, monosubstituted phenyl or
phenyl which is substituted with two or more of the following groups:
methoxy, halo, NO,, methyl, CH,-S-, OH, CO,H, triflucromethyl, -C(0)-CH,,
NH,, 4-7-epoxy, hexahydro-1H-isoindole-1,3(2H)dione, or -C(O)-CH,;

(2) when Y is -O-, Q, and Q, are hydrogen, Z, and Z, are O, W’ is CH,-CH,,
and one of A, and A, is CH and the other is CR’, then G-L is not unsubstituted
phenyl;

(3) when Y' is -O-, Q, and Q, are hydrogen, Z, and Z, are O, W' is CH,-CH,,
and one of A, and A, is CH and the other is C-CH,, then G-L is not phenyl
substituted with chloro and/or methyl;
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(4) when Y" is -O- or -S-, Q, and Q, are hydrogen, Z, and Z, are O, W' is CH,-
CH,, and one of A, and A, is CH and the other is CH or C-alkyl, then G-L.is
not N-substituted piperazine-alkyl- or N-substituted imidazolidine-alkyl-;

(5) when Y' is -O-; Q, and Q, are hydrogen, Z, and Z, are O, W' is CH,-CH,,
and A, and A, are CH, then G-L is not oxazole or triazole;

(6) when Y’ is -O-; Q, and Q, are hydrogen or methyl, Z, and Z, are O, W' is
CH,-CH,, and A, and A, are CH or C-CH,, then G-L is not thiazole or
substituted thiazole;

(7) when Y" contains a group J' selected from S, S=0, SO,, NH, NR’, R*P=0,
R*P=8§, R*0P=0, R:NHP=0, OP=OO0R?, OP=ONHR?, 0SO,, NHNH, NHR®,
NR°®NH or N=N, W' is CR'R”- CR’R’, and Z, and Z, are O, then G-L is not
unsubstituted phenyl;

(8) when Y is NR”, W' is unsubstituted or substituted phenyl, and Q, and Q,
are hydrogen, then Z, and Z, are not O;
(9)whenY‘is—0-—,Q.andQ,arehydmgm,Z,andZ,areO,W‘is
dihydroisoxazole bearing an optionally substituted pheny] group, and A, and
A, are CH, then G-L is not unsubstituted phenyl or dichlorophenyl;

(10) when Y' is O, Q, and Q, are hydrogen, Z, and Z, are O, W' is ethylene
oxide, and A, and A, are CH, then G-L is not methylphenyl or chlorophenyl;
(11) when Y" is NR'—CR'R’, W' is CR*=CR", Q, and Q, are hydrogen, A,
and A, are CH, C-CH,, C-CH,-CH, or C-CH,-CH,, and Z, and Z, are O, then
G-L is not unsubstituted phenyl, monosubstituted phenyl or methylpyridinyl;
(12) when Y' is CR'R™—C=0, , W' is NR®—CRR7, Q, and Q, are hydrogen,
A, and A, are CH, and Z, and Z, are O, then G-L is not unsubstituted phenyl;
(13) when Y' is CHR™—NR’ where R7 is unsubstituted phenyl, methoxy or
ethoxy and R’ is unsubstituted phenyl, methyl or -C(O)-CH,, W' is
dimethoxyphenylene or unsubstituted phenylene, Z, and Z, are O, Q, and Q,
are hydrogen, A, and A, are CH, C-CN, C-C(0)-C.H,, or -C(O)-
dimethoxyphenyl, then G-L i8 not unsubstituted phenyl;

(14) the compound of formula Is is not 6,10-epithio-4H-thieno-
[3',4":5,6]cyclooct[ 1,2-flisoindole-7,9(5H,8H)dione, 8-(3,5-dichlorophenyl)-

347



10

15

20

30

'd

1DOI92 PCT 3S.>

6,6a,9a,10,11,12,-hexahydro-1,3,6,1 0-tetramethyl-2,2, 1 3-trioxide,
(6R,6aR,9aS,108);

(15) when Y' is O, W' is —CH,-CH,-, Q, and Q, are methyl, Z, and Z, are O,
and A, and A, are CH, then G-L is not unsubstituted phenyl, phenyl
substituted with methoxy, phenyl-alkyl-, or morpholine-alkyl, nor is the
compound bridged to itself through a group L which is alkylene to form a bis
compound;

(16) when Y is —O-, Q, and Q, are hydrogen, Z, and Z, are O, W' is CR'R"-
CR'R”, and A, and A, are CH, then G-L is not an unsubstituted phenyl group;
and

(17) when Y" is —O-, Q; and Q, are hydrogen, Z, and Z, are O, W' is
cyclopentyl, cyclohexyl, 3-phenyl-2-isoxazoline or CR’R"-CR'R” where R”
and R are each independently defined as Cl, Br, H and 4-butyrolactone and
R” and R are not all simultancously H, and A, and A, are CH, then G-L is not
an unsubstituted naphthyl ring or a monosubstituted phenyl ring, where said
substituent is methoxy, Br, Cl, NO,, methyl, ethyl, CH,-phenyl, S-phenyl, or
O-phenyl.

2. The compound of Claim 1 wherein

G is an aryl orhetero-cyclo group, where said group is mono- or polycyclic, and which
is optionally substituted at one or more positions;

Z,is O, S, NH, or NR%;

Z,is O, S, NH, or NR%;

A,isCR7orN;

A,isCR’orN;

Y' is J-J'-J" where J is (CR'R")n and n=0-3, J" is a bond or O, S, S=0, SO,, NH,
NR’, CR'R”, R?P=0, R?P=8, R°0P=0, R’NHP=0, OP=00R?, OP=ONHR?,
0S0,, NHNH, NHNR?, NR*NH, N=N, cycloalky! or substituted cycloalkyl,
cycloalkenyl or substituted cycloalkenyl, or heterocyclo or substituted
heterocyclo, and J” is (CR'R”)n and n = 0-3, where Y" is not a bond;
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W' is CR'R”’—CRR”, CR'R"—C=0, NR®—CR'R”, N=CR', N=N, NR*—NR?,
cycloalkyl or substituted cycloalkyl, cycloalkeny! or substituted cycloalkenyl,
heterocyclo or substituted heterocyclo, or aryl or substituted aryl, wherein,
when W' is not NR>—CR'R”, N=CR®, N=N, NR*—NR?, or heterocyclo or
substituted heterocyclo, then J must be O, S, =0, SO,, NH, NR’, OP=0O0R?2,
OP=ONHR?, 0SO,, NHNH, NHNR‘, NR°NH, or N=N;

Q, is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substitutet_l cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R'OC=0, R*C=0, R*R*NC=0,
HOCR'R’, nitro, R'OCH,, R'Q, NH,, or NR‘R?;

Q, is H, alkyl or substituted alkyl, alkeny] or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R'OC=0, R*C=0, R*R°NC=0,
HOCRR?, nitro, R'OCH,, R'O, NH,, or NR*R?;

L is a bond, (CR'R”)n, NH, NR® or NR¥(CR’R”)n, where n = 0-3;

R' and R" are each independently H, alkyl or substituted alkyl, cycloalky! or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylialkyl or substituted cycloalkyalkyl,
cycloalkenylalky! or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalky! or substituted
arylalkyl;

R?is alky] or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl;
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R’ and R? are each independently H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkeny! or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl, halo, CN, hydroxylamine, hydroxamide, alkoxy or substituted
alkoxy, amino, NR'R?, thiol, alkylthio or substituted alkylthio;

R* is H, alky] or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl
or substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0, or
SO,NR'R";

R’ is alkyl or substituted alkyl, cycloalky] or substituted cycloalkyl, cycloalkeny! or

' substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0, SO,R’,
or SO,NR'R";

R¢ is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl! or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, CN, OH, OR', R'C=0,
R'NHC=0, SO,R’, or SO,NR'R";

R’ and R” are each independently H, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
‘cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, halo, CN, OR!, nitro,
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hydroxylamine, hydroxylamide, amino, NHR*, NR?R?, NOR!, thiol, alkylthio
or substituted alkylthio, R'C=0, R'OC=0, R'NHC=0, SOR', PO,R'R,
R'R"NC=0, C=OSR', SO,R', or SO,NR'R";

R*and R¥ are each independently H, alkyl or substituted alkyl, alkeny] or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkyalkyl, cycloalkenylalkyl or substituted cycloalkenylalkyl,
heterocycloalkyl or substituted heterocycloalkyl, aryl or substituted aryl,
arylalky] or substituted arylalkyl, nitro, halo, CN, OR', amino, NHR*, NR*R’,
NOR', alkylthio or substituted alkylthio, C=OSR', R'OC=0, R'C=0,
R'NHC=0, R'R"NC=0, S=OR', SO,R!, PO,R'R", or SO,NR'R";

R® and R” are cach independently H, alky! or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, ur_yl or substituted aryl, arylalkyl or substituted
arylalkyl, CN, OH, OR!, R'C=0, R'OC=0, R'NHC=0, or SO,NR'R";

with the provisos (1) to (17) of said formula Ia, and firther where (i) when Y’ is -O-
and W' is CR'R™—CR'R”, A, and A, are not simultaneously CH; and (ji)
when L is a bond, G is not an unsubstituted phenyl group.

3. The compound of Claim 1, wherein
G is an aryl or heterocyclo group, where said group is mono- or polycyclic, and
which is optionally substituted at one or more positions;
Z,is0;
Z,is O,
A, is CR’;
A, is CR’;
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Y' is J-J'-J” where } is (CR'R”)n and n = 0-3, J* is a bond or O, S, $=0, SO,, NH,
NR’, CR'R”, R?P=0, R’P=S8, R*0OP=0, R*NHP=0, OP=OOR?, OP=ONHR?,
0S0,, NHNH, NHNR*, NR*NH, N=N, cycloalky! or substituted cycloalkyl,
cycloalkeny! or substituted cycloalkenyl, or heterocyclo or substituted
heterocyclo, and J” is (CR'R”)n and n = 0-3, where Y" is not a bond;

W' is CR'R"—CR'R”, CR'R"—C=0, NR’~-CR'R”, N=CR?, N=N, NR*—NR’,
cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocyclo or substituted heterocyclo, or aryl or substituted aryl, wherein,
when W' is not NR>—CR'R”, N=CR?, N=N, NR*—NR?, or heterocyclo or
substituted heterocyclo, then J' must be O, S, S=0, SO,, NH, NR’, OP=O0R?,
OP=0ONHR?, 0S0,, NHNH, NHNR¢, NR°NH, or N=N;

Q, is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R*C=0, R*R*NC=0, HOCR'R?, nitro,
R'OCH,, R'0, NH,, or NR‘R%;

Q, is H, alkyl or substituted alkyl, alkeny] or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkyny! or substituted alkynyl, aryl or substituted aryl, heterocyclo

 or substituted heterocyclo, halo, CN, R‘C=0, R*R*NC=0, HOCR'R?, nitro,
R'OCH,, R'0, NH,, or NR'R%

L is a bond; _

R' and R" are each independently H, alkyl or subatituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkyalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylaikyl;
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R? is alkyl or substituted alkyl, cycloalky! or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkmylalkyi, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylaikyl or substituted arylalkyl;

R’ and R* are each independently H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl, halo, CN, alkoxy or substituted alkoxy, amino, NR'R?, alkylthio or
substituted alkylthio;

_ R*is H, alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl
or substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R*C=0, R'NHC=0, or
SO,NR'R";

R’ is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo, -
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted -
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0, SO,R’,
or SO,NR'R';

R® is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, CN, OH, OR', R'C=0,
R'NHC=0, SO.R', or SONR'R";
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R’ and R are each independently H, alkyl or substituted alky), alkeny] or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, halo, CN, OR', nitro,
amino, NHR*, NR?R?, alkylthio or substituted alkylthio, R'C=0, R'NHC=0,
SO.R', R'R"'NC=0, or SO,NR'R";

R*and RY are each independently H, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkyalkyl, cycloalkenylalkyl or substituted cycloalkenylalkyl,
heterocycloalkyl or substituted heterocycloalkyl, aryl or substituted aryl,
arylalkyl or substituted arylatkyl, nitro, halo, CN, OR', amino, NHR", NR’R?,
alkylthio or substituted alkylthio, R'C=0, R'NHC=0, R'R"NC=0, SO,R', or
SO,NR'R"; and

R’ and R* are each independently H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl, CN, OH, OR', R'C=0, R'NHC=0, or SO,NR'R";

with the provisos (1) to (17) of said formula Ia, and further where (i) when Y' is -O-
and W' is CR'R”—CR'R”, A, and A, are not simultaneously CH; and (ii)
when L is a bond, G is not an unsubstituted phenyl group.

4. A compound selected from the group consisting of:

(3aa,4a,7a,7aa)-2<{4-Bromo-3-methylphenyl)tetrahydro-4,7-
ethancthiopyrano[3.4-cjpyrmole-1,3,8(2H,4H)-rione (1C);
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(3aa,4a,7a,7aa)-2<{4-Bromo-3-methylphenyl)tetrahydro-4,7-
ethanothiopyranof3,4-c]pymole-1,3,8(2H,4H)-trione 5,5-dioxide (2);
(3aa,4B,7p,7aa)-2«(3-Chlorophenyl)hexahydro-4-methyl-4,
7-epoxy-1H-isoindole-1,3(2H)-dione (3);
(3ac,4a,7c,7aa)- and (3aa,4p,78,7ax)-4-[(Acetyloxy)methyl]-3a,4,7,7a-
tetrahydro-2-[3<{trifluoromsthyl)phenyi]-4,7-epoxy-1H-isoindole-1,3(2H)-dione
(4i & 4il, respectively);
(3ac,4a,7a,7ac) and (3aa,4B,78,7ax)-4-{(Acetyloxy)methyll-Hexahydro-2-[3-
(trifluoromethyi)phenyi}-4,7-epoxy-1H-iscindole-1,3(2H)-dione (51 & 5ii,
respectively);
(3aa,4a,7a,7aa) and (3aa,4p,78,7aa)-3a,4,7,7a-Tetrahydro-5-
(hydroxymethyl)-2-[3-{trifluoromethyi)phenyl}-4,7-epoxy-1H-isoindole-1,3(2H)-
dione (6i & 6ll, respectively);
(3ac,4a,7a,7aa)-3a,4,7,7a-Tetrahydro-5-(hydroxymethyl)}-4-methyl-2-[3-
(trifiuvoromethyl)phenyl}-4,7-epoxy-1H-lsoindole-1,3(2H)-dione (7);
(3aa,4p,7p,7aa)-2{3,5-Bis(trifluoromethyl)phenyijhexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dione (8);
(3aa,4a,7a,7aa)-2-(4-Bromophenyl)octahydro-1,3-dioxo-4,7-etheno-5H-
pyrmolo[3,4-c]pyridine-5-carboxylic acid phenyl ester (9);
(3aa.4,7a,7aa)-2-(4-Bromophenyl)octahydro-1,3-dioxo-4,7-etheno-5H-
pyrrolo[3,4-c]pyridine-5-carboxylic acid phenylmethy! ester (10); -
(3aa,4a,7a,7aa)-Hexahydro-2{3-(trifluoromethyl)phenyi}4,7-ethano-1H-
pyrrolof3,4-c]pyridine-1,3(2H)-dlone triflucroacetate (11);
(3ac,4a,7a,7ac)-5-Acetylhexahydro-2-{3-{trifluoromethyl)phenyl]-4,7-ethano-
1H-pyrrolo[3,4-c]pyridine-1,3(2H)-dlone (12);
(3aa,4a,7a,7ac)-5-Benzoythexahydro-2-[3-(trifluoromethyl)phenyl}4,7-
ethano-1H-pyrrolo[3,4-c)pyridine-1,3(2H)-dione (13);
(3ax4a,7a,7aa)-Hexahydro-5-methyl-2-[3<(trifluoromethyl)phenyl}-4,7-
ethano-1H-pyrrolo[3,4-c]pyridine-1,3(2H)-dione (14);
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(3aa,4a,7a,7aa)-Hexahydro-5<phenylmethyl)-2{3-(trifluoromethyl)phenyl}-
4, T-ethano-1H-pymolo[3,4-c]pyridine-1,3(2H)-dione trifluoroacetate (15);
(3aa,4a,7a,7aa)-Hexahydro-5-propyl-2-[3<{trifiuoromethyi)phenyl}-4,7-ethano-
1H-pyrrolo[3,4-c]pyridine-1,3(2H)-dione trifluoroacetate (16);
(3aa,4a,4ap,5ap,6a,6aa)-2-[4-Cyano-3-(trifluoromethyl)phenyljdecahydro-
1,3-dioxo-4,6-(iminomethano Jcycloproplflisoindole-7-carboxylic acid
phenyimethyl ester (17);
(3aa,4a,4ap,5ap,6a,6aa)y4{Decahydro-1,3-dioxo-4,6-
(iminomethano)cycloprop[t]isoindol-2-yl]—2-(triﬂuof6methyl)banzonitrile (18);
(3ac,40,4ap,5ap,6c.6ac)-4-[Decahydro-7-methyl-1,3-dioxo-4,6-
(Iminomethano)cyclopmp[ﬂisoin'dol-z-yl}-z-(triﬂuoromethyl)benzonitriIe (19);
(3ac,4B,7p.7aa)4-(Octahydro-4,7-dimethyl-1,3-dioxo-4,7-epoxy-2H-isoindol-
2-yl)-2-(trifluoromethyl)benzonitrile (20B);
(3aa,4pB,7p,7aa)-N-[4-[[2-[2-]4-Cyano-3-{trifluoromethyl)phenylloctahydro-7-
methyi-1,3-dioxo-4,7-epoxy-4H-isoindol-4-yllethyilthio]phenyl]lacetamide
(21E);
(3aa,4p,7p,7aa)-N{4-[[2]2-{4-Cyano-3-(trifluoromethyl)phenyijoctahydro-7-
methyl-1,3-dloxo-4,7-epoxy-4H-isoindol-4-yljethyljsulfinyl]]phenyljacetamide
(22);
(3aa,4p,7B,7aa)-N-[4-{[2-[2-{4-Cyano-3-{triflucromethyl)phenyljoctahydro-7-
methyl-1,3-dioxo-4,7-epoxy-4H-isoindol-4-yljethyl]sulfonyllphenyllacetamide
(23);

(3aa,4p,7p,7aa) and (3aa,4a,7a,7ac)-N-{2{2-[4-Cyano-3-
(trifluoromethyl)phenyljoctahydro-7-methyl-1,3-dioxo-4,7-epoxy-4 H-isoindol-4-
yijethyilbenzenesulfonamide (24Ci & 24Cit, respectively); '
(3aa,4p,7p,7aa)-4-[Octahydro-4-{2-hydroxyethyl)-7-methyt-1,3-dioxo-4,7-
epoxy-2H-isoindol-2-yi]-2-{trifluoromethyl)benzonitrile (25B);

(3aa,4a,7a,7aa)- and (3aa,4B,7p,7aa)-N-[4-[2-[2-[4-Cyano-3-
(trifluoromethyi)phenyijoctahydro-7-methyl-1,3-dioxo-4,7-epoxy-4H-isoindol-4-
yilethoxy]phenyllacetamide (26Ci & 26Cli, respectively);
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(3aa,4a,7a,7aa)-Hexahydro-2-(2-naphthalenyl)-4,7-epoxy-1H-isoindole-
1.3(2H)-dione (27D);
(1aa,2p,2aa,5aa,6p.6ac)-Hexahydro-4-(2-naphthalenyl)-2,6-epoxy-3H-
oxirenolflisoindole-3,5(4H)-dione (28B);
(3aa,4a,7a,7aa)-2-{4-Bromo-3<(trifiuoromethyl)phenyl}-3a,4,7,7a-tetrahydro-
4,7-dimethyl-4,7-epithio-1H-isoindole-1,3(2H)-dione 8-oxide (29);
(3aa,4a,7a,7aa)-2-[4-Bromo-3-(trifiuoromethyl)phenyl]-3a,4,7,7 a-tetrahydro-
4 7-epithio-1H-isoindole-1,3(2H)-dione 8-oxide (30);
(3aa,4a,7a,7aa)-Hexahydro-2{3-{triluoromethyi)phenyl}-4,7-imino-1H-
isoindole-1,3(2H)-dione (31D);

(3ac,4p,78,7ac}- and (3aa,4a,7a,7aa)-3a,4,7,7a-Tetrahydro-4,7-dimethyl-2-
[3-(trifluoromethyl)phenyl}-4,7-epoxy-1H-isoindole-1,3(2H)-dione (32i & 32ii,
respectively);

_(3aa,4a,7a,7a a}-Hexahydro-4,7-dimethyl-2{3«trifluoromethyl)phenyf}-4,7-

epaxy-1H-isoindole-1,3(2H)-dione (33);
(3aa.4a,7a,7aa)-Tetrahydro-5-methyl-2-(4-nitro-1-naphthalenyl)}-4,7-etheno-
1H-pymolo[3,4-c]pyridine-1,3,6(2H,5H)-trione (34B);
(3an,4p,7p,7ac)-4-[4-[2-(4-Fluorophenoxy)ethylloctahydro-7-methyt-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-yl}-2-{trifluoromethyi)benzonitrile (35):
(3ac,4p,7p,7aa)4-[4-{2-Bromoethyljoctahydro-7-methyl-1,3-dioxo-4,7-epoxy-
2HAsoindol-2-yl]-2(trifluoromethyl)benzonitrile (36);
(3aa,4p,7p,7aa)-Hexahydro-4,7-dimethyl-2<(3-methyl-4-nitrophenyl}-4,7-
epoxy-1H-isoindole-1,3(2H)-dione (37);
(3aa,4p,7p,7aa)-2-(2-Fluorenyl)hexahydro-4,7-epoxy-1H-isoindole-1,3(2H)-
dione;
(3ac,4pB,7p,7ac)-2-[3-Chloro-4-{4-morpholinyi)phenyllhexahydro-4,7-epoxy-
1H4soindole-1,3(2H)-dione;
(3ac,4p,7p,7aa)-2-(2,3-Dihydro-1H-inden-5-yl)hexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
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(3aa,48,7B,7aa)-2<(4-Bromo-1-naphthalenyl)hexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dions;
(3aa,4p,78,7aa)-2-(4-Chloro-1-naphthalenyl)hexahydro-4,7-epoxy-1H-
iscindole-1,3(2H)-dione;
(3aa,4p,7B,7aa)-2-(5-Amino-1-naphthalenyl)hexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
3daa,4B,7p,7aa)y-Hexahydro-2-(7-hydroxy-1-naphthalenyl)}-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3ac,4p,7p,7aa)-Hexahydro-2-{4-nitro-1-naphthalenyi}4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3ac,4p,7p,7aa)-Hexahydro-2{(1H-indol-5-yl)}-4,7-epoxy-1H-isoindole-
1,3(2H)dione;

(3aa,48,7p,7aa)-Hexahydro-2-( 1H-indazol-6-yl)-4, 7-epoxy-1H-iscindole-
1.3(2H)-dione; |
(3ac,4p,7p,7aa)-2-(1,3-Benzodioxol-5-yl }hexahydro-4,7-epoxy-1H-isoindole-
1.3(2H)-dlone;
(3aa.4p.7[3.7aa)-2-[4—Amino-3—(tﬂﬂu.oromethyl)phenyl]hexahydro-4.7-epoxy-
1H-isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-2-(3-Chloro-4-iodophenyl)hexahydro-4,7-epoxy-1H-
Isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-Hexahydro-2-(8-quinolinyi)}4,7-epoxy-1H-isolndole-1,3(2H)-
dione; '
(3aa,4B,7B,7aa)-2-(2,3-Dihydro-1,4-benzodioxin-6-yl)hexahydro-4,7-epoxy-
1H-isoindole-1,3(2H)-dione;
(3ac,4p,7B.7ac)-Hexahydro-2-[2-oxo-4-(trifluoromethyl)-2H-1-benzopyran-7-
yi}-4,7-epoxy-1H-isoindole-1,3(2H)-dions;
(3aa,4f,7p,7aa)-Hexahydro-2-{4-methyl-2-oxo-2H-1-benzopyran-7-yi}-4,7-
epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-2-(2,5-Dimethoxy-4-nitrophenyl)hexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dione; )
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(3aa,4B,7p.7aa)-2,3,5,6-Tetrafluoro-4-{octahydro-1,3-dioxo-4,7-epoxy-2H-
Isoindol-2-yl)benzonitrile;
(3aa,4p,7p.7aa)-Hexahydro-2-2,4,5-trifluorophenyl)-4,7-apoxy-1H-isoindole-
1,3(2H)-dione;
(3aa,4p,7p,7ax)-Hexahydro-2-(2,4,5-trichiorophenyl)}-4, 7-epoxy-1H-isoindole-
1,3(2H)-dione;
(3aa,4p,7B.7aa)-2-(2-Amino-4,5-dichlorophenyl)hexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-2(3,4-Difluorophenyl)rexahydro-4,7-epoxy-1H-isoindole-
1,3(2H)-dione;
(3aa,4B,7p,7aa)-1-Acetlyl-2,3-dihydro-6-(octahydro-1,3-dioxo-4,7-epoxy-2H-
isoindol-2-yl)-1H-indole;
(3aa,4p,7B,7aa)2-(3-Chloro-4-fluorophenyl)hexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa,4B,7p,7aa)-2+3,4-Dichlorophenyl)hexahydro-4,7-epoxy-1H-isoindole-
1,3(2H)-dione;
(3ac,4p,7p,7ac)-Hexahydro-2-{3,4,5-trichlorophenyi)-4,7-epoxy-1H-iscindole-
1,3(2H)-dione;
(3aa,4p,7B,7aa)-2+(3-Chloro-4-methoxyphenyl)hexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dlone;
(3aa,4p,78,7aa)-2-(3-Chloro-4-methyiphenyl)hexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;

(3aa,4p,7p, 7aa)-Hexahydro-2-(2-methyl-1-naphthalenyi)-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa,4P,7p,7acc)-2-{4-Chloro-3-methylphenyl)hexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3ac,4B,7p,7ac)-2(3,.4-Dimethyiphenyl)hexahydro-4,7-epoxy-1H-isoindole-
1,3(2H)-dione;
(3ac,4p,7p,7aa)-24{4-Bromo-3-(frifiuoromethyi)phenyilhexahydro-4,7-epoxy-
1H-isoindole-1,3(2H)-dione;
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(3aa,4p.7p.7aa)-2-{4-Bromo-3-methylphenyl}hexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa,4pB,7p,7aa)-2-{4-Fluoro-3-nitrophenyl)hexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-2-{4-Fluoro-3-{trifluoromethyl)phenyllhexahydro-4,7-epoxy-
1H-isoindole-1,3(2H)-dione; _
(3ac.,4B,78,7aa)-2-{4-Chloro-3-nitrophenyl)hexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3ac,4p8,7p,7aa)-2-{4-Chloro-3<{trifluoromethyl)phenyilhexahydro-4,7-epoxy-
1H-Isolndole-1,3(2H)-dione;
(3ac,48,7p,7aa)-2<(4-Chloro-2-methoxy-5-methylphenyl)hexahydro-4,7-
epoxy-1H-isoindole-1,3(2H)-dione;

- (3ac,4p,7B,7aa)-2-{4-Amino-3-nitrophenyl)hexahydro-4,7-epoxy-1H-

isoindole-1,3(2H)-dione;
(3aa.4p,7p,7aa)-Hexahydro-2-{4-methyl-3-nitrophenyi}-4,7-epoxy-1H-
isoindole-1,3(2H)-dlone;
(3aa,4p,7p,7aa)-2-3,4-Dimethoxyphenyl)hexahydro-4,7-epoxy-1H-isoindole-
1,3(2H)-dione;
(3ax,4p,7p,7aa)-Hexahydro-2-(3-hydroxy-4-methoxyphenyl)-4,7-epoxy-1H-
isoindole-1,3(2H)-dione; .
(3aa,4p,7p,7aa)-Hexahydro-2-(4-methyl-5-nitro-2-pyridinyl)-4,7-epoxy-1H-
Isoindole-1,3(2H)-dione;
(3ac,48,7p,7aa)-2-Chioro<4-(octahydro-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl)-
a-phenylbenzeneacetonitrile;
(3ax,4p,78,7aa)-Hexahydro-2-(2-methoxy-3-dibenzofuranyi)-4,7-epoxy-1H-
Isoindole-1,3(2H)-dione;
(3ax,4p,7p,7aa)-Hexahydro-2-(2,3,4-trifluorophenyl)-4, 7-epoxy-1H-Isoindole-
1,3(2H)-dione;
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(3aa,4B,7p,7aa)-2<2,3-Dihydro-2-methyl-1,3-dioxo-1H-isoindol-5-
yl)hexahydro-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7p,7au)-2-(4-Bromo-2,3,5,6-tetrafluorophenyl)hexahydro-4,7-epoxy-
1H-isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-Hexahydro-2-(2-hydroxy-1-naphthalenyl)-4,7-epoxy-1H-
Isoindole-1,3(2H)-dione;

(3aa,4B,78,7aa)-2-[2,5-Dichloro-4-{ 1H-pyrrol-1-yl)phenyllhexahydro-4,7-
epoxy-1H-isoindole-1,3(2H)-dione;

(3aa, 4,78, 7aa)-Hexahydro-2-[4-{methoxymethyl)-2-oxo-2H-1-benzopyran-7-
yil-4,7-epoxy-1H-isoindole-1,3(2H)-dione;

(32,4, 7B, 7aa)-2-(6-Benzothiazolyl)hexahydro-4,7-epoxy-1H-isoindole-
1,3(2H)-dlone;

(3aa.4B.7B, 7ac)-2-Methoxy-4-{octahydro-1,3-dioxo-4, 7-epoxy-2H-isoindol-2-
yl)benzolic acid methyl ester;
(3aa,48,7p,7aa)-2-Methyl-5-(octahydro-1,3-dioxo-4,7-epoxy-2H-isoindol-2-
yl)benzonitrile;
(3aa,4p,7p,7aa)-Hexahydro-2<(2-oxo-2H-1-benzopyran-6-yl)-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa,48,7p,7ac)-Hexahydro-2-(2,3,5,6-tetramethyl-4-nitrophenyli)}-4, 7-epoxy-
1H-Isoindole-1,3(2H)-dione;

(3ax,4B.7p,7aa)-Hexahydro-22 4,5-trimethyiphenyi)4,7-epoxy-1H-isoindole-
1,3(2H)dione;
(3aa,4B,7p,7aa)-2-(4-Fluoro-3-methyiphenyl)hexahydro-4,7-epoxy-1H-
isolndole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-Hexahydro-2-(3-methoxy-4-methylphenyl)-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa,4B,7p,7aa)-N-Ethyl-2-methyl-5-{octahydro-1,3-dioxo-4,7-epoxy-2H-
isoindol-2-yl)-N-phenylbenzenesulfonamide;
(3aa.4p.76,7aa)-2,6-Dibromo-4-{octahydro-1,3-dioxo-4, 7-epoxy-2H-isoindol-
2-yl)benzenesulfonamide; ) '
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(3ac,4B,78,7aa)-2,4-Dimethyl-6-{octahydro-1,3-dioxo-4,7-epoxy-2H-isoindol-
2-yl)-3-pyridinecarbonitrile;
(3ax,4B,7B,7aa)-2-(2,3-Dimethyt-1H-indol-5-yl)hexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-2«(3-Dibenzofuranyl)hexahydro-4,7-epoxy-1H-isoindole-
1,3(2H)-dione;
(3aa,4B,7B,7aa)-Hexahydro-2{(2"-hydroxy[1,1':3",1"-terphenyl}-5'-yi)-4,7-
epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4B,7B,7ac)-Hexahydro-2<5,6,7,8-tetrahydro-3-hydroxy-2-naphthalenyf)-
4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7B,7aa)-2-(2,3-Dihydro-1H-indol-6-yl)hexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa,4p,7B,7aa)-2-(1,3-Dihydro-2,2-dioxidobenzo[c]thiophen-5-yl}hexahydro-
4, 7-epoxy-1H-soindole-1,3(2H)-dione;
(3aa,4p,7p,7ac)-Hexahydro-2-(2-hydroxy-4,5-dimethylphenyl)-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa,4P,7p,7aa)-2+(2,3-Dihydro-2,2,3,3-tetrafiuoro-1,4-benzodioxin-6-
yl)hexahydro-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-Hexahydro-2« 1H-indazol-5-yl}4,7-epoxy-1H-isoindole-
1.3(2H)-dione; _ _
(3ac,4p,7p,7aa)-2-(4-Amino-2,3,5,6-tetrafluorophenyl)hexahydro-4,7-epoxy-
1H-iscindole-1,3{2H)-dione;
(3aa,4B,7p,7aa)-2-{4-Bromo-3-chlorophenyl)hexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3ac,4B,7p,7ac)-Hexahydro-2-(5-hydroxy-1-naphthalenyl)-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)4-(Octahydro-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi)-2-
(trifluoromethyl)benzonitrile;
(3aa,4p,7p,7aa)-2-(4-Morpholinyl)-5-(octahydro-1,3-dloxo-4,7-epoxy-2H-
isolndol-2-yl)benzoic acld methyl ester;
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. (3ac.,4p,7p,7ac)-2-Fluoro-5-(octahydro-1,3-dioxo-4,7-epoxy-2H-isoindol-2- N

yl)benzonitrile;
(3aa,4p,7p,7aa)-Hexahydro-2-(2-naphthalenyl)-4,7-epoxy-1H-isoindole-
1,3(2H)-dione;
(3aa,4p,7p,7ac)-2-8-Ethyl-9H-carbazol-3-yl)hexahydro-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa.4B,7p,7aa)-2-[1,2-Dihydro-8-methyl-2-oxo-4~(triftuoromethyl)-7-
quinolinyl]hexahydro-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa..4a.7a,7m)—Hexahydm—2—[3-(tr|ﬂuommethyl)bﬁenyl]—4.7-apoxy-1 H-
isoindole-1,3(2H)-dione;
(3aa.4a,70,7aa)-Hexahydro-2-(4-nitro-1-naphthalenyl)-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-2-{4-Bromo-3-methylphenyl)-3a,4,7,7a-tetrahydro-4,7-epoxy-
1H-isoindole-1,3{2H)-dione;
(3aa,4p,7p,7aa)-3a,4,7,7a-Tetrahydro-2-(2-naphthalenyl)-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa,48,7p,7aa)-2-(9-Ethyl-9H-carbazol-3-yl)-3a,4,7,7 a-tetrahydro-4,7-epoxy-
1H-isoindole-1,3(2H)-dions;
(3aa,4§,7p,7aa)-2-[4-Fluoro-3<{trifluoromethyl)phenyl]-3a,4,7,7a-tetrahydro-
4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-2-[1,2-Dihydro-8-methyl-2-oxo-4-{trifluoromethyl)-7-
quinolinyl}-3a,4,7,7a-tetrahydro-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4a,7a,7aa)4-{(Acetyloxy)methyl}-2-(4-bromo-3-methylphenyl)-
3a,4,7,7a-tetrahydro-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa.4p,7p.7aa)-4-{(Acetyloxy)methyl]-2-(4-bromo-3-methylphenyi)-3a,4,7,7a-
tetrahydro-4,7-epoxy-1H-isoindole-1,3(2H)-dione.;
(3ac,4p,7p,7ac)-Hexahydro-4,7-dimethyl-2-[3<{trifluoromethyl)phenyl}-4,7-
epoxy-1H-lsocindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)4-(Octahydro-4,7-dimethyl-1,3-dioxo-4,7-epoxy-2H-isoindol-
2-yl}-1-naphthalenecarbonitrile;
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(3aa.4B,78,7ac){Benzo[blthiophen-3-yl )hexahydro-4,7-dimethyl-4,7-epoxy-
1H-isoindole-1,3(2H)-dione;
(3aa,4B,7p.7aa)-Hexahydro-4,7-dimethyl-2-[4-nitro-3-(triflucromethyl)phenyi}-
4,7-epoxy-1H-isoindole-1,3(2H)-dione; -
(3ac,4p,7p,7aa)4<1,3,3a,4,7,7a-Hexahydro-4,7-dimethyi-1,3-dioxo-4,7-
epoxy-2H-isoindol-2-yl)-1-naphthalenecarbonitrile;
(3aa,4a,7a,7aa)-Hexahydro-4-methyl-2{2-naphthalenyl)-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa,4B,78,7aa)-2-(4-Bromo-3-methylphenyl)hexahydro-4-methyl-4,7-epoxy-
1H-iscindole-1,3(2H)-dione;
(3ac,4p,78,7aa)-Hexahydro-4-methyi-2-{3-(trifluoromethyl)phenyl}-4,7-epoxy-
1H-soindole-1,3(2H)-dione;
(3aa,4p,7B,7aa)-2-(3,5-Dichlorophenyl)hexahydro-4-methyl-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa,4B,7p,7aa)-2-{3-Chloro-4-fluorophenyi}hexahydro-4-methyl-4,7-epoxy-
1H-isoindole-1,3(2H)-dione;
(3aa,4p,7B,7aa)-2-Methoxy-4-{octahydro-1,3-dloxo-4-methyl-4, 7-epoxy-2H-
isoindol-2-y1}-1-naphthalenecarbonitrile;
(3aa,4B,7pB,7aa)-Hexahydro-4-methyl-2-[4-nitro-3-(trifiuoromethyl)phenyl}-4,7-
epoxy-1H-isoindole-1,3(2H)-dione;
(3aa4p,7p,7aa)-Hexahydro-2-{4-(1H-imidazol-1-yl)phenyl]-4-methyi-4,7-
epoxy-1H-soindole-1,3(2H)-dione;

(3ac, 4,78 Taa)-2-[3-Chloro-4-(2-ﬂ1|azolyl)phenyllhemhydro-4—meﬂ1yl-4 7-
epoxy-1H-isoindole-1,3(2H)-dlone;
(3aa,4a,70,7ac)-2«3,5-Dichlorophenyl)hexahydro-4,7-imino-1H-isoindole-
1,3(2H)-dione;
(3aa,4a,70,7aa)-2-(4-Bromo-1-naphthalenyl)hexahydro-4,7-imino-1H-
isoindole-1,3(2H)-dione;
(3ac4a,7a,7aa)-2-<(4-Bromo-3-methylphenyl)hexahydro-4,7-imino-1H-
isoindole-1,3(2H)-dlone;
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(3aa,4a,7a,7ac)-Hexahydro-2-(4-nitro-1-naphthalenyl}-4,7-imino-1H-
isoindole-1,3(2H)-dione;
(3aa,4a,7a,7aa)-8-Acetyl-2{3,5-dichlorophenyl)hexahydro-4,7-imino-1H-
iscindole-1,3(2H)-dione;
(3aa,4a,7a,7aa)-Octahydro-1,3-dioxo-2-[3<(trifluoromethyl)phenyl]-4,7-
ethano-5H-pyrrolo[3,4-clpyridine-5-carboxylic acid phenyl ester;
(3aa,4a,7a,7aa)4-(Octahydro-1,3-dioxo-4,7-ethano-2H-pyrrolo[3,4-clpyridin-
2-yi}-1-naphthalenecarbonitrile;
(3aa,4a,7a,7aa)4-(Octahydro-5-methyl-1,3-dioxo-4,7-ethano-2H-pyrolo[3,4-
c]pyridin-2-yl)-1-naphthaienecarbonitrile;
(3ac.4a,7a,7aa)-2-(4-Cyano-1-naphthalenyl)octahydro-1,3-dioxo-4,7-etheno-
SH-pyrrolo[3,4-c]pyridine-5-carboxylic acid phenylmethyl ester;
(3aa,40,7a,7aa)4-(Octahydro-1,3-dioxo-4,7-ethano-2H-pymolo[3,4-clpyridin-
2-yl)-2-{trifluoromethyl)benzonitrile;
(3ac,4a,7a,7aa)4<Octahydro-5-methyl-1,3-dioxo-4,7-ethano-2H-pymolo[3,.4-
clpyridin-2-yt)-2-(trifuoromethyl)benzonitrile;
(3a0,4a;7a,7aa)-2-{4-Cyano-3-{trifluoromethyl)phenyfjoctahydro-1,3-dioxo-
4,7-etheno-5H-pymolo[3,4-c]pyridine-5-carboxytic acid phenyimethyl ester;
(3aa,4a,7a,7aa)-2-[4-Bromo-3-{trifluoromethyl)phenyijtetrahydro-5-methyl-
4,7-etheno-1H-pyrrolo[3,4-clpyridine-1,3,6(2H,5H)-trione;
(3aa,4a,7a,7aa)-Tetrahydro-5-methyil-2{3-{triflucromethyl)phenyl}-4,7-
etheno-1H-pyrrolo[3,4-c]pyridine-1,3,6(2H,5H)-trione;

(3aa,4a,7a, 7aa)-Tetrahydro-5-methyl-2<(2-naphthalenyi)-4, 7-etheno-1H-
pyrrolo[3,4-c]pyridine-1,3,6(2H,5H)-trione;
(1aa,2,2aa,5aa,6p,6aa)-Hexahydro-4-{3-(trifluoromethyl)phenyl}-2,6-epoxy-
3H-oxirenolf]isoindole-3,5(4H)-dione;
(1aa,2p,2aa,5aa,6p,6aa)4-(3,5-Dichiorophenyl)hexahydro-2,6-epoxy-3H-
oxirenoffjisoindole-3,5(4H)-dione;
(1aa,2p,2aa,5aa,6p,6aa)-Hexahydro-4-(4-nitro-1-naphthalenyl)-2,6-epoxy-
3JH-oxirenoff]isoindole-3,5(4H)-dione; ’
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(1aa,2p,2ac,5aa,6B,6aa)4-(3,4-Dichlorophenyl)hexahydro-2,6-epoxy-3H-
oxireno[flisoindole-3,5(4H)-dione;
2-[4-(4-Bromophenoxy)phenyl}-3a,4,7,7a-tetrahydro-4,7-dimethyl-4,7-epoxy-
1H-isoindole-1,3(2H)-dione;

3a 4,7,7a-Tetrahydro-2-(2-methoxyphenyli)-4,7-dimethyl-4,7-epoxy-1H-
isoindole-1,3(2H)-;
[(1.2,3,3a,7,7a-Hexahydro-2-phenyi-4,7-epoxy-4H-isoindol-4-
yl)methyljcarbamic acid (3,5-dimethoxyphenyl)methyl ester;
2<(2,4-Dimethyiphenyl)-3a,4,7,7a-tetrahydro-4-{hydroxymethyl)-4,7-epoxy-1H- '
isoindole-1,3(2H)-dlone;

2-(1,3-Benzodioxol-5-yi)-3a,4,7, 7a-tetrahydro-4-methyl-4,7-epoxy-1H-
isoindole-1,3(2H)-dlone; '
4-[Bis(acetyloxy)methyl]-2(3-bromophenyl)-3a,4,7,7a-tetrahydro-4,7-epoxy-
1H-isoindole-1,3(2H)-dione;
N-[[1,2,3,3a,7,7a-Hexahydro-2-(2,4,6-trimethyiphenyl)-4,7-epoxy-4H-Isoindol- -
4-ylimethyl]-2,2-dimethylpropanamide;
3a,4.7,7a-Tetrahydro-4-(hydroxymethyl)-2-[2-(trifluoromethyl)phenyl]}-4,7-
epoxy-1H-isoindole-1,3(2H)-dione;
3a,4,7,7a-Tetrahydro-4-(hydroxymethyl)-2-( 1-naphthalenyl)-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
2-Chloro-51,3,3a,4,7,7a-hexahydro-4,7-dimethyl-4,7-epoxy-2H-isoindol-2-
yi)benzoic acid methyl ester;
4-{Bis(acetyloxy)methyl}-2-(4-bromo-2-nitrophenyl)-3a.4,7,7a-tetrahydro-4, 7-
epoxy-1H-isoindole-1,3(2H)-dione;
3a.4,7,7a-Tetrahydro-4-methyl-2{4-methyl-3-nitrophenyl)4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
2-[2-Chloro-5<trifluoromethyl)phenyl}-3a.4,7,7a-tetrahydro-4-methyi-4,7-
epoxy-1H-Isoindole-1,3(2H)-dione;
244-Chioro-3-{triflucromethyl)phenyl}-3a,4,7,7a-tetrahydro-4,7-dimethyl-4,7-
epoxy-1H-isoindole-1,3(2H)-dione;
2-{1,3,3a,4,7,7a-Hexahydro-4-methyl-4,7-epoxy-2H-isoindol-2-yl)benzonitrile;
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24{4-Fluorophenyl)-3a,4,7,7a-tetrahydro-4-methyl-4,7-epoxy-1H-isoindole-
1,.3(2H)-dione;
2,2,2-Trifluoro-N-{(1,2,3,3a,7,7a-hexahydro-2-phenyl-4, 7-epoxy-4H-isoindol-
4-yl)methyllacetamide;
3a,4,7,7a-Tetrahydro-4,7-dimethyl-2-(4-methyl-3-nitrophenyl)-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
2-Chloro-5-[1,3,3a,4,7,7a-hexahydro-4-(hydroxymethyi)-4,7-epoxy-2H-
isoindol-2-yllbenzoic acid,;
3a,4,7,7a-Tetrahydro-4,7-dimethyl-2-(4-nitrophenyl)-4,7-epoxy-1H-isoindole-
1.3(2H)dione;
3a,4,7,7a-Tetrahydro-2-(2-mercaptophenyl)-4,7-epoxy-1H-Isoindole-1,3(2H)-
dione;

_ 3a,4,7.7a-Tetrahydro-2-[2-[(phenyimethyl)thio]phenyi]-4,7-epoxy-1H-

isoindole-1,3{2H)-dione;
[[2<{4-Chlorophenyi)-1,2,3,3a,7,7a-hexahydro-4,7-epoxy-4H-isoindol-4-
yljmethyl]carbamic acld 2-methylpropyi ester;
4-(1,1-Dimethylethyl}-N-[[1,2,3,3a,7,7a-hexahydro-2-(4-methylphenyl)-4,7-
epoxy-4H-isoindol4 yljmethyllbenzamide;
2,4-Dichloro-N{[1.2,3,3a,7,7a-hexahydro-2-(4-nitrophenyl)4,7-epoxy-4H-
isoindol-4-yljmethyllbenzamide; _
N-[2<(4-Chlorophenyi}-1,2,3,3a,7,7a-hexahydro-4,7-epoxy-4H-isoindol-4-
yijmethyl}-2 4,6-trimethylbenzenesulfonamide;
[(1,2,3,3a,7,7a-Hexahydro-2-phenyl-4,7-epoxy-4H-isoindol-4-
yi)methyljcarbamic acid 1,1-dimethylethyl ester;
N-{(1,2,3,3a,7,7a-Hexahydro-2-phenyl-4,7-epoxy-4H-isoindol-4-yl)methyl}-2-
phenoxyacetamide;
N-[I1.2,3,3a,7,7a-Hexahydro-2-{4-nitrophenyli}-4,7-epoxy-4H-isoindol-4-
ylimethyi}-2,2-dimethylpropanamide;

2-(2 4-Dichlorophenoxy)-N{[1,2,3,3a,7,7a-hexahydro-2-(4-nitrophenyl)}-4,7-
epoxy-4H-isoindol-4-yljmethyllacetamide;
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N-[[1,2,3,3a,7,7a-Hexahydro-2-(4-methylphenyl}-4,7-epoxy-4H-isoindol-4-
yiimethyl}-3,5-dimethoxybenzamide;
N-{{2{4-Chlorophenyi)-1,2,3,3a,7,7a-hexahydro-4,7-epoxy-4H-isoindol-4-
yiimethyl}-2-nitrobenzenesulfonamide;
(3aa,4p,7p,7ax)-Hexahydro-2-{(1S)-1-phenylethyl]-4,7-epoxy-1H-isoindole-
1.3(2H)-dione;
(3aa,4f,7p,7aa)-Hexahydro-2-[(1S)-2-hydroxy-1-phenylethyl]-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3ac.4p,78.7ac)-2-[(1S)-2-(Acetyloxy)-1-phenylethyl]-3a,4,7,7a-tetrahydro-
4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3ac,4a,7a,7aa)-3a,4,7,7a-Tetrahydro-2-[( 1S }-1-phenylethyl]-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3ac,4p,7p,7aa)-Hexahydro-2-[(1R)-1-phenylethyl}-4,7-epoxy-1H-Isoindole-
1.3(2H)-dione;

(320,4B,7p, 7aa)4-[[(Octahydro-1,3-dioxo-4,7-epoxy-2H-isoindoi-2-
yi)methyijlamino]benzoic acid;
(3ac.,4p,7p,7aa)-Hexahydro-2-{(4-morpholinyimethyl)-4,7-epoxy-1H-isoindole-
1,3(2H)dione

(3acx,4B,7p, 7aa)-4-[Octahydro-4-(2-hydroxyethyl)-7-methyl-1,3-dioxo-4,7-epoxy-
2H-isoindol-2-ylI]-2<(trifluoromethyl)benzonitrile;

(3aa,4p,7p,7aa)- and (3acx, 4, 7a, 7a0)-4-[Octahydro-4-methyl-1,3-dioxo-7-
(phenylmethryl)-4,7-epoxy-2H-isoindol-2-yI]-2-(trifluoromethyl)benzonitrile;
(3aa,4B,7p,7aa){4-[7-]2-{4-Bromophenoxy)ethyljoctahydro-4-methyl-1,3-
dioxo-4,7-spoxy-2H-isoindol-2-yi}-2-(trifluoromethyl)benzonitrile;
(3aa.,4B,7B,7aa)4-[Octahydro-7-[2-(4-lodophenoxy)ethyl}-4-methyl-1,3-dioxo-
4,7-epoxy-2H-isoindol-2-yl}-2-{trifluoromethyi)benzonitrile;
(3aa,4p,7B,7aa)4{Octahydro-4-methyl-1,3-dioxo-7-[2-[4-
(trifluoromethyl)phenoxylethyl}-4,7-epoxy-2H-isaoindol-2-yl}-2-
(triflucromethyl)benzonitrile;
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(3aa,4B,7p,7aa)-4-{Octahydro-7-[2{4-methoxyphenoxy)ethyl]-4-methyl-1,3- (\_\
dioxo-4,7-epoxy-2H-isoindol-2-yl]-2-(trifluoromethyl)benzonitrile;
(3ac,4P.7p,7ac)4-[7-[2-(4-Ethoxyphenoxy)ethylloctahydro-4-methyl-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-yl}-2«{trifluoromethyl)benzonitrile;
(3aa,43,7p,7aa)-4-{7-[2-(4-Chlorophenoxy)ethyljoctahydro-4-methyl-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-yl}-2-{trifluoromethyl)benzonitrile;
(3aa,48,7p,7aa)4-[2-[2-[4-Cyano-3-trifluoromethyl)phenylJoctahydro-7-
methyt-1,3-dioxo-4,7-epoxy-4H-isoindol-4-yllethoxy]benzoic acid, methyi
ester;

(3aa,48,7p,7aa)-Hexahydro-4-(2-hydroxyethyl)-7-methyl-2-(3-methyl-4-
nitrophenyl)-4,7-epoxy-1H-isaindole-1,3(2H)-dions;
(3aa,4B,7p,7aa)4-[Octahydro-4-methyi-1,3-dioxo-7-{2-[4-
(trifluoromethoxy)phenoxylethyl}-4,7-epoxy-2H-isoindol-2-yl}-2-
(trifluoromethyl)benzonitrile;
(3aa.4p.7p,7aa)-2-3,5-Dichlorophenyl)hexahydro-4,7-dimethyl-4,7-epoxy-
1H-isoindole-1,3(2H)-dione;
(3ac,4pB,7p,7ac)-Hexahydro-4,7-dimethyl-2-{4-nitro-1-naphthalenyi)4,7-
epoxy-1H-isoindole-1,3(2H)-dlone;
(3aa,48,7p,7aa)-2-[4-Cyano-3-(triflucromethyl)phenyljoctahydro-7-methyt-1,3-
dioxo-4,7-epoxy-4H-isoindole-4-propanenitrile;
(3aa.4[3.7|3,TaaH-[Octahydro-4—methyl-7-[2-(4-morpho|inyl)ethyl]—1'.3-dioxo-
4,7-epoxy-2H-isoindol-2-yi}-2-(trifluoromethyl)benzonitrile, triffuoroacetate;
(3ac,4B,7B,7aa)-2-(5-Fluoro-1-naphthalenyl)hexahydro-4,7-dimethyl-4,7-
apoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-2-5-Fluoro-4-nitro-1-naphthalenyl)hexahydro-4,7-dimethyl-
4,7-epoxy-1H-isoindole-1,3{2H)-dione;
(3aa,4B,7p,7aa)-2-(1,1-Dioxidobenzo[bjthiophen-3-yi)hexahydro-4,7-
dimethyt-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
4-(1,3,3a,4,7,7a-Hexahydro-4,6,7-trimethyl-1,3-dioxo-4,7-apoxy-2H-
pymolo[3,4-c]pyridin-2-yl)-2<{trifluoromethyl)benzonitrile;
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(3aa,4p,7p,7aa)-Tetrahydro-4,7-dimethyl-2-{3-(triflucromethyl)phenyl}-4,7-
aepoxy-1H-isoindole-1,3,5(2H,4H)-trione;

(3ac,4a,7a,7aa)-Tetrahydro-4, 7-dimethyl-2-[3-(trifluoromethyl)phenyl}-4,7-
epoxy-1H-isoindole-1,3,5(2H,4H)-trione;
(3aa,4p,78.7aa)-2«(5-Chloro-1-naphthalenyl)hexahydro-4,7-dimethyl-4,7-
epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-2-(5-Chloro-4-nitro-1-naphthalenyl)hexahydro-4,7-dimethyl-
4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(33a.4ﬂ,7ﬂ.7aa)-4-Eththexahydm—7—methy|-2-(4—.r;itro-1 -naphthalenyi)-4,7-
epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4pB,7p,7aa)-2-(4-Cyano-1-naphthalenyl)-N-{4-fluorophenyi)octahydro-7-
methyl-1,3-dioxo-4,7-epoxy-4H-isoindole-4-acetamide;
(3aa,4p,7p,Taa)-Hexahydro-4-maethyl-2-(2-naphthalenyi}-4,7-epoxy-1H-
isoindole-1 .3(2_H)-diona. faster eluting enantiomer,;
(3aa,4p,7p,7aa)-Hexahydro-4-methyl-24(2-naphthalenyl)-4,7-epoxy-1H-
isoindole-1,3(2H)-dione, slower eluting enantiomer;
(3aa,4p,7p,.7ac)4-[4-{2(4-
Fluorophenyl)methyllmethylaminojethylloctahydro-7-methyl-1,3-dioxo-4,7-
epoxy-2H-isoindol-2-yl}-2-{trifluoromethyl)benzonitrile;
(3ax,4B,5p,6p,7B,7ac)4{Octahydro-4,5,6,7-tetramethyl-1,3-dioxo-4,7-epoxy-
2H-isoindol-2-yl)-2-(trifiuoromethyl)benzonitrile;
(3aa,4p,7p,7aa)4-[Octahydro-4-methyl-1,3-dioxo-7-[2-{4-
(trifluoromethyl)phenoxylethyl}-4, 7-epoxy-2H-isoindol-2-yf}-2-
(trifluoromethyl)benzonitrile, faster eluting antipode;
(3aa,4p,7p,7ac)4-{Octahydro-4-methyl-1,3-dioxo-7-[2-{4-
(trifluoromethyl)phenoxyjethyi}-4,7-epoxy-2H-isoindol-2-yf}-2-
(trifluoromethyl)benzonitrile, slower eluting enantiomer;
(3aa,4p,58.7p,7aa)-4-{Octahydro-5-hydroxy-4,7-dimethyl-1,3-dioxo-4, 7-
epoxy-2H-isoindol-2-yl}-2-(trifluoromethyl)benzonitrile;
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(3aa,4p,5a,7p,7aa)-4-{Octahydro-5-hydroxy-4,7-dimethyi-1,3-dioxo-4,7-
epoxy-2H-isoindol-2-yl}-2-(trifluoromethyl)benzonitrile;
(zR)-a-Methoxybenzeneacetic acld, 2-{(3ax,4p,7p.7aa)-2-(4-cyano-1-
naphthalenyl)octahydro-7-methyi-1,3-dioxo-4,7-epoxy-4H-isoindol-4-yjethyl
ester;
(3aa,4p,7B,7ac)-2<{Methyithlo)}-4-(octahydro-4,7-dimethyl-1,3-dioxo-4,7-
epoxy-2H-isocindol-2-yl)benzonitrile;
(3aa,4p,78,7aa)-2-(Methylsulfinyl}-4-{octahydro-4,7-dimethyl-1,3-dioxo-4,7-
epoxy-2H-isoindol-2-yl)benzonitrile;
(3aa,4p,7B,7aa)-2-(Methyisulfonyi)-4-{octahydro-4,7-dimethyl-1,3-dioxo-4,7-
epoxy-2H-isoindol-2-yt)benzonitrile;

(3ac,48,58,78,7aa)-7-[2-[[(1,1-
DimethylethylXdimethylsilylJoxy]ethyl]hexahydro-5-hydroxy-4-methyl-2-(4-nitro-
1-naphthalenyl)-4,7-epoxy-1H-isoindole-1,3(2H)-dione;

(3aa.4P,5p.7p, 7ac)-Hexahydro-5-hydroxy-7-{2-hydroxysthyl)}4-methyl-2-(4-
nitro-1-naphthalenyl)-4,7-epoxy-1H-Isoindole-1,3(2H)-dione;
(3aa,4p,5B,7p,7aa)-7-{2-(4-Fluorophenoxy)ethyljhexahydro-5-hydroxy-4-
methyl-2<(4-nitro-1-naphthalenyl)-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4B,5p,68.7p,7ax)4-{Octahydro-5,6-dlhydroxy-4,7-dimethyl-1,3-dioxo-
4,7-epoxy-2H-isoindol-2-yl)-2-{trifluoromethyi)benzonitrile;
(3aa,4p,5a,6a,7p,7aa)4-{Octahydro-5,6-dihydroxy-4, 7-dimethyi-1,3-dioxo-
4,7-epoxy-2H-isoindol-2-yl}-2-(trifluoromethyl)benzonitrile; )
3aa,4p.5p.603,78,7aa)4-[Octahydro-5,8-dihydroxy-4-( hydroxyethyl)-7-methyi-
1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi}-1-naphthalenecarbonilrile;
(3aa.4p,58.6B,7B,7aa)4{Octahydro-5,6-dihydroxy-4-methyl-1,3-dioxo-7-[2-
[4-<{triflucromethyl)phenoxylethyl}-4,7-epoxy-2H-isoindol-2-yi}-2-
(trifluoromethyli)benzonitrile;
(3ax,4p,5p,5ap,8ap,8ba)-4-(Decahydro-5-hydroxy-4-methyi-1,3-dioxo-4,8a-
epoxy-2H-furo[3,2-e]isoindol-2-yl)-1-naphthalenecarbonitrile;
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(3aa,4pB,7p,7aa)-2-(4-Cyano-1-naphthalenyl)octahydro-7-methyl-1,3-dioxo-
4 7-epoxy-4H-isoindole-4-acetic acid;
(3aa,4f,7p,7aa)-2+(4-Cyano-1-naphthalenyl)octahydro-7-methyl-1,3-dioxo-
4, 7-epoxy-4H-isoindole-4-acetic acid, methyl ester;
(3aa,48,7p,7aa)-2-(4-Cyano-1-naphthalenyl)-N-{(4- :
fluorophenyl)methyiloctahydro-7-methyl-1,3-dioxo-4,7-epoxy-4H-isoindole-4-
acetamide;
(3aa,4p,7B,7aa)-N{2-[2-(4-Cyano-1-naphthalenyli)octahydro-7-methyl-1,3-
dioxo-4,7-epoxy-4H-isoindol-4-yljethyl}-4-fluorobenzamide;
[3aR<(3aa,4p,7p,7aa)]-4-[Octahydro-4-(2-hydroxyethyl)-7-methyl-1,3-dioxo-
4,7-epoxy-2H-isoindol-2-yl}- 1-naphthalenecarbonitrile;
[3aS(3aa,4p,7p,7aa)]-4-[Octahydro-4-(2-hydroxyethyl)-7-methyt-1,3-dioxo-
4, 7-epoxy-2H-isoindol-2-yl}-1-naphthalenecarbonitrile;
{3aR-(3aa,4B,7p,7aa)]-4-[4-{2-{3-Fluorophanoxy)ethyljoctahydro-7-methyt-
1.3-dioxo-4,7-epoxy-2H-isoindol-2-yl]-1-naphthalenecarbonitrile;
[3aS-(<(3aa,4p.7B.7aa)]-4-{4-[2«3-Fluorophenoxy)ethylJoctahydro-7-methyl-
1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi}-1-naphthalenecarbonitrile;
(4-Fluorophenyi)carbamic acid, 2-[(3ac,4B,7p,7aa)-2<(4-cyano-1-
naphthalenyl)octahydro-7-methyl-1,3-dloxo-4,7-epoxy-4H-isoindol-4-yjethyl
ester;
(3aa,4p,7pB.7aa)-4-[Octahydro-4-(2-hydroxyethyl)-1,3-dioxo-4,7-apoxy-2H-
Isoindol-2-yi}-1-naphthalenecarbonitrile; |
(3ac,48.6p,7p,7aa)-4-{4-[2(4-Cyanophenoxy)ethyljoctahydro-8-hydroxy-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-yl]-1-naphthalenecarbonitrile;
[3aS<{3aa.4p,5p,7p,7aa)}-4-[Octahydro-5-hydroxy-7-(2-hydroxyethyi)-4-
methyl-1,3-dioxo-4,7-epoxy-2H-soindol-2-yl]-1-naphthalenecarbonitrile;
[3aR-(3aa,48,5B,78,7aa)4-{Octahydro-5-hydroxy-7-(2-hydroxyethyl)-4-
methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi}-1-naphthalenecarbonitrile;
(3aa,4P,7,7aa)-4-{4-{2-(4-Cyanophenoxy)ethyl}-7-ethyloctahydro-1,3-dioxo-
4,7-epoxy-2H-isoindol-2-yi}-1-naphthalenecarbontirile; ]
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(3aa.48,7p,7ax)-4-[2Acetyloxy)ethyl}-2-(4-cyano-1-naphthalenyl)hexahydro-
7-methyl-4,7-apoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4f,7B,7ac)-4-[Octahydro-4-methyl-1,3-dioxo-7-(2-oxoethyl)-4,7-epoxy-
2H-isoindol-2-yl}-1-naphthalenecarbonitrile;

[3aa,48(E), 7B, 7ac]-4-[4{3-(4-Cyanophenyl)-2-propenylJoctahydro-7-methyl-
1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl}-1-naphthalenecarbonitrile;
[3aa,4p(2),78,7aal-4-[4-[3{4-Cyanophenyl)-2-propenyljoctahydro-7-methyl-
1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi}- 1-naphthalenecarbonltrile;
(3ac.4p,7p,7aa)4-[4-[3-(4-Cyanophenyl)propylloctahydro-7-methyl-1,3-
dioxo-4,7-apoxy-2H-Isoindol-2-yi]-1-naphthalenecarbonitrile;
(3ac,48,7p,7aa)4-{4-[2-[(6-Chloro-1,2-benzisoxazol-3-yl)oxylethylloctahydro-
7-methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi]-1-naphthalenecarbonitrile;
(3aa,4B,7B, 7aa)4-[Octahydro-4-methyl-7-[2-[(6-nitro-1H-indazol-3-
vl)oxylethyl]-1,3-dloxo-4,7-epoxy-2H-isoindol-2-yi}-1-naphthalenecarbonitrile;
{3aS+(3aa,4pB,5p,7B,7aa)]-4-[7-[2«(1,2-Benzisoxazol-3-yloxy)ethyljoctahydro-
5-hydroxy-4-methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl}-1-
naphthalenecarbonitrile;
[3aR-(3aa,4p,5B,7B,7ac)}-4-[7-{2-(1,2-Baenzisoxazol-3-yloxy)ethylJoctahydro-
5-hydroxy-4-methyl-1,3-dioxo-4,7-epoxy-2H-lsoindol-2-yi}-1-
naphthalenacarbonitrile;
(3ac,4B,5pB,78,7aa)]-4-(Octahydro-5-hydroxy-4,7-dimethyl-1,3-dioxo-4,7-
epoxy-2H-isoindol-2-yl)-2-{trifluoromethyl)benzonitrile;

(380,4p,58,7B, 7aa)}4-{Octahydro-5-hydroxy-4,7-dimethyl-1,3-dioxo-4,7-
epoxy-2H-Isoindol-2-yl)}-2-(trifluoromethyl)benzonitrile;
(3a0.4p,7B,7ac)-2-4-Cyano-1-naphthalenyl)octahydro-1,3-dioxo-7-[2-
(phenylmethoxy)ethyl}-4,7-epoxy-4H-isoindole-4-propanenitrile;
(3aa.40,7a,7aa)-2-{4-Cyano-1-naphthalenyl)octahydro-1,3-dloxo-7-[2-
(phenyimethoxy)ethyl}-4,7-epoxy-4H-isoindole-4-propanenitrile;
(3aa,4p,7p,7aac)-2(4-Cyano-1-naphthalenyl)octahydro-7-(2-hydroxyethyl)-
1,3-dloxo-4,7-apoxy-4H-isoindole-4-propanenitrile;
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(3aa,4a,7a,7aa)-2-{4-Cyano-1-naphthalenyl)octahydro-7-(2-hydroxyethyl)-
1,3-dioxo-4,7-epoxy-4H-isoindole-4-propanenitrile;
(3ac,4p,7pB,7aa)-2-(4-Cyano-1-naphthalenyl)-7-[2-(4-
fluorophenoxy)ethylloctahydro-1,3-dioxo-4,7-epoxy-4H-iscindole-4-
propanenitrile;
(3aa,4p,78,7aa)-2<(7-Chloro-2,1,3-benzoxadiazol-4-yl)hexahydro-4,7-
dimethyl-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa.,48,7p,7aa)-2-(7-Chloro-2-methyl-4-benzofuranyl)hexahydro-4,7-
dimethyl-4,7-epoxy-1H-Isoindole-1,3{2H)-dione;
(3aa,4p,7p.7aa)-2<7-Chioro-2-methylbenzo[b}thiophen-4-yl)hexahydro-4,7-
dimethyl-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
[3aa,4B(E),7B,7aal-4-[2(4-Cyano-1-naphthalenyljoctahydro-7-methyi-1,3-

- dioxo-4,7-epoxy-4H-isoindol-4-yi}-2-butenoic acid, phenyimethyl ester;

(3aa.4p,7B,7aa)-2-(4-Cyano-1-naphthalenyl)octahydro-7-methyl-1,3-dloxo-
4.,7-epoxy-4H-isolndole-4-butanolc acid;
(3aa,4p,7p.7aa)-2-{(4-Cyano-1-naphthalenyl }-N-{4-flucrophenyl)octahydro-7-
methyl-1,3-dioxo-4,7-epoxy-4H-isoindole-4-butanamide;
[3aS-(3aa,4p,58,7p,7aa)]-4-[7-{2{Acetyloxy)ethyljoctahydro-5-hydroxy-4-
methyl-1,3-dioxo-4,7-epoxy-2H-Isoindol-2-yi}-1-naphthalenecarbonitrile;
[3aR-(3ac,4,58,7,7aa)]-4-{Octahydro-5-hydroxy-7-{2-hydroxyethyl)-4-
methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi}-1-naphthalenecarbonltrile;
(3aa,4p,7p,7aa(E)]-4-[Octahydro-4-methyl-1,3-dioxo-7<{4-oxo-4-phenyl-2-
butenyl)-4,7-epoxy-2H-isoindol-2-yl}-1-naphthalenecarbonitrile;
(3aa.4p,78,7aa(E)}4-[Octahydro-4-methyl-1,3-dioxo-7-{4-oxo-4-phenyl-2-
butenyt)-4,7-epoxy-2H-isoindol-2-yi}-1-naphthalenecarbonitrile;
(3aa,4p,7p,7aa){4-{7-[2(4-Bromophenoxy)ethylloctahydro-4-methyl-1,3-
dioxo-4,7-aepoxy-2H-Isoindol-2-yl]-2-(trifluoromethyl)benzonitrile;
(3ac,4p,78,7aa)-4-[Octahydro-7-{2<(4-odophenoxy)ethyi]-4-methyl-1,3-dioxo-
4,7-epoxy-2H-isoindol-2-yi]-2-{trifluoromethyl)benzonitrile;
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(3aa,4p,7B,7aa)4-[Octahydro-4-methyi-1,3-dioxo-7-[2-[4-
(triflucromethyl)phenoxylethyl}-4,7-epoxy-2H-soindol-2-yil-2-
(trifluoromethyl)benzonitrile;
(3ac,4p,7.7aa)4-[Octahydro-7-{2-(4-methoxyphenoxy)ethyl}-4-methyi-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-yi]-2-(trifluoromethyl)benzonitrile;
(3aa.48,7p,7aa)4-{7-[2-(4-Ethoxyphenoxy)ethylloctahydro-4-methyl-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-yf]-2-{trifluoromethyl}benzonitrile;
(3ac,4p,7p.7aa)4-[7-{2-(4-Chlorophenoxy)ethylloctahydro-4-methyl-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-yl}-2-{trifluoromethyl)benzoniirile;
(3aa.4p,7p,7aa)-4-[2-[2-{4-Cyano-3-{trifluoromethyl)phenylloctahydro-7-
methyl-1,3-dioxo-4,7-epoxy-4H-isoindol-4-yfjethoxylbenzoic acid, methyl
ester;
(3ac,4p,7p,7aa)-Hexahydro-4-(2-hydroxyethyl)-7-methyl-2-(3-methyl-4-
nitrophenyl)-4,7-epoxy-1H-isoindole-1,3(2H)-dlone;
(3aa,4p,7p,7aa)4-[Octahydro-4-methyi-1,3-dioxo-7-[2-{4-
(trifluoromethoxy)phenoxy]ethyl]-4,7-epoxy-2H-isoindol-2-yi}-2-
(trifluoromethyl)benzonitrile;
(3aa,4B,7p,7aa)-2-3,5-Dichlorophenyl}hexahydro-4,7-dimethyl-4,7-epoxy-
1H-isoindole-1,3(2H)-dione;
(3aa,4p,78,7aa)-Hexahydro-4,7-dimethyl-2-(4-nitro-1-naphthalenyi)-4,7-
opoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,78,72a)4{Octahydro-4-methyl-1,3-dioxo-7-[2-[4-
(phenyimethoxy)phenoxy]ethyl}-4,7-epoxy-2H-isocindol-2-yl}-2-
(trifluoromethyi)benzonitrile;
(3aa,4p,7p,7aa)-Hexahydro-4-(2-hydroxyethyl)-7-methyl-2-(4-nitro-1-
naphthalenyl)4,7-epoxy-1H-Isoindole-1,3(2H)-dione;
(3aa,4p,7B,7aa)4-{2-(4-Fluorophenoxy)ethyllhexahydro-7-methyl-2(3-
methyl-4-nitrophenyli)4,7-epoxy-1H-isoindole-1,3(2H)-dione;
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(3aa,4p,7B,7aa)4-{Octahydro-4-methyi-1,3-dioxo-7-{2-{4-
[(trifluoromethyl)thio]phenoxy]ethyl]-4,7-epoxy-2H-isoindol-2-yl]-2-
(trifluoromethyl)benzonitrile;
(3aa,4p,7B,7aa)-4-[Octahydro-4-methyl-7-[2-(4-nitrophenoxy)ethyl}-1,3-dioxo-
4,7-epoxy-2H-isoindol-2-yl}-2-{trifluoromethyl)benzonitrile;
(3aa,4p,7p,7aa)-4-[2-{4-Fluorophenoxy)ethyllhexahydro-7-methyl-2-(4-nitro-
1-naphthalenyl)-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4B,7p,7aa)-4-{Octahydro-7-methyl-1,3-dioxo-7-[2-[2-
(trifluoromethyi)phenoxylethyl}-4,7-epoxy-2H-isoindol-2-yi}-2-
(trifluoromethyl)benzonitrile;
(3ac,4p,7p,7aa)-4-[4-[2<(2-Bromophenoxy)ethylloctahydro-7-methyl-1,3-
dioxo-4, 7-epoxy-2H-isoindol-2-yl]-2<{trifluoromethyl)benzonitrile;
(3ac,4p,7p,7aa)4-[4-[2<(3-Fluorophenoxy)ethylloctahydro-7-methyl-1,3-
dioxo-4, 7-epoxy-2H-isoindol-2-yi}-2(trifluoromethyl)benzonitrile;
(3aa,4B,7p,7aa)-Hexahydro-2-{4- 1H-imidazol-1-yl)phenyl}-4-methyl-4,7-
epoxy-1H-isoindole-1,3{(2H)-dione;
(3aa,4p,7p,7aa)-2-[3-Chloro-4-(2-thiazolyl)phenyfjhexahydro-4-methyl-4,7-
epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-Hexahydro-4,7-dimethyl-2-(3-methyl-4-nitrophenyl)-4,7-
epoxy-1H-isoindole-1 .3(2H)-dlope:
(3aa..4|3.7|3.Taa)-HexahydrtM.7-d|methy|-2-(2-methy|-4-nltmphen§l)—4.7—
epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-2-3,5-Dichiorophenyl}hexahydro-4-{2-hydroxyethyl)-7-
methyl-4,7-apoxy-1H-Isoindole-1,3(2H)-dione;
(3aa,4p,78,7aa)-2-(3,5-Dichiorophenyl)-4-[2-(4-
fluorophenoxy)ethyllhexahydro-7-methyl-4,7-epoxy-1H-isoindole-1,3(2H)-
dione;
(3ac,4p,7p,7aa)4-[Octahydro-4-[2<{(4-hydroxyphenoxy)ethyl]-7-methyi-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-yi}-2-(trifluoromethyl)benzonitrile;

376



10

15

20

25

LD0192 PCT 384

(3aa,4p,7p,7ac)-4-[4-[2-(4-Cyanophenoxy)ethylloctahydro-7-methyi-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-yi]-2-(trifluoromethyl)benzonitrile;
(3ac:,4p,7p,7aa)4-[Octahydro-4-methyl-1,3-dioxo-7-[2-[3-
(trifluoromethyl)phenoxylethyl]-4,7-epoxy-2H-isoindol-2-yi]-2-
(trifluoromethyl)benzonitrile;
(3aa,4p,7p,7ac.)}-4-{4-{2+(3-Bromophenoxy)ethylloctahydro-7-methyl-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-yi]-2-(trifluoromethyl)benzonitrile;
(3aa,4p,7p,7aa)-4-[4-[(4-Fluorophenyl)methyljoctahydro-7-methyl-1,3-dioxo-
4.7—epoxy-2H4solndoI—2-yI]—2-(triﬂuoromethyl)benéonitrile:
(3aa,4B,7B,7aa)-2-{1,6-Dlhydro-1-methyl-8-ox0-3-pyridinyl)}hexahydro-4,7-
dimethyl-4,7-apoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4B,7B,7ac)-Hexahydro-4,7-dimethyi-2-(1-methyi-6-oxo-3-piperidinyl)-4,7-
epoxy-1H-Isoindole-1,3(2H)-dlone;
(3aa,4p,7p,7aa)-4-[4-[2-(3-Cyanophenoxy)ethylJoctahydro-7-methyi-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-yi}-2-{trifluoromethyl)benzonitrile;
(3aa,4p,7p,7ac)4-{2-{4-Cyano-3-{trifluoromethyl)phenyijoctahydro-7-methyl-
1,3-dioxo-4,7-epoxy-4H-isoindol-4-yllethoxy]benzoic acid, phenylmethyl ester;
(3aa,4p,7p,7aa)-4-{Octahydro-4-methyi-1,3-dioxo-7-{2-phenoxyethyi)-4,7-
epoxy-2H-isoindol-2-yl]-2<{triflucromethyl)benzonitrile;
(3aa.4p,78,7aa)-2«(3,5-Dichloro-4-nitrophenyl)hexahydro-4,7-dimethyi-4,7-
epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7B,7aa)-2<3,5-Dichloro-4-hydroxyphenyl)hexahydro-4,7-dimethyl-
4,7-epoxy-1H-Isolndole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-2-(5-Fluoro-1-naphthalenyl)hexahydro-4,7-dimethyl-4,7-
epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4B,7p,7aa)-Hexahydro-4,7-dimethyl-2-( 1-naphthalenyl)-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3aa,4B,7B,7aa)-Hexahydro-2-[3-methoxy-4-{5-oxazolyl)phenyl]}-4,7-dimethyl-
4,7-epoxy-1H-isoindole-1,3(2H)-dlone;
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(3aa,4p, TB 7aa)-Hexahydro-4—[2-(4—methoxyphonoxy)ethyl]—T—methyl—Z-(4-
nltro-1-naphthalenyl)-4 7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-Hexahydro-4-methyl-2-(4-nitro-1-naphthalenyl)-7-[2-[4-
(trifluoromethyi)phenoxylethyl]-4,7-epoxy-1H-isocindole-1,3(2H)-dione;
(3aa,4pB,7p,7ac)-Hexahydro-4-methyl-2-(4-nitro-1-naphthalenyl)-7-[2-(4-
nitrophenoxy)ethyl]-4,7-epoxy-1H-iscindole-1,3(2H)-dione;
(3aa,4p,7B,7aa)-2<(1,6-Dihydro-1,4-dimethyl-6-oxo-3-pyridinyl)hexahydro-4,7-
dimethyl-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7B,7aa)-4{Octahydro-7-methyl-2-(4-nitro-1-naphthalenyl)-1,3-dioxo-
4,7-epoxy-4H-isoindol-4-yllethoxy]benzonitrile;
(3aa,4p,7p,7aa)-4-{Octahydro-4,7-dimethyl-1,3-dioxo-4,7-epoxy-2H-isoindo}-
2-yl}-1,2-benzenedicarbonitrile;
(3ac.4p,78,7aa)4-{2-Bromoethyl)hexahydro-7-methyl-2-(4-nitro-1-

naphthalenyl)-4,7-epoxy-1H-isoindole-1,3(2H)-dione;

(3aa,4B,7p,7aa)4{4-[2(4-Cyanophenoxy)ethyljoctahydro-7-methyl-1,3-
dioxo-4,7-epoxy-2H-isocindol-2-yi}-1-naphthalenecarbonitrile;
(3aa,4p,7p,7aa)4-{Octahydro-4-{2-(4-methoxyphenoxy)ethyl}-7-methyi-1,3-
dioxo-4,7-epoxy-2H-Isoindol-2-yf]-1-naphthalenecarbonitrile; .
(3ac,4p,7p,7ac)-4-{Octahydro-4-[2«(3-methoxyphenoxy)ethyl]-7-methyi-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-y[}-1-naphthalenecarbonitrile;
(3aa,4B,7p,7aa)-4-[4-[2{3-Fluorophenoxy)ethylJoctahydro-7-methyl-1,3-
dioxo-4,7-apoxy-2H-isoindol-2-y[}-1-naphthalenecarbonitrile; ]
(3aa,4B,78,7ac)4-[Octahydro-4-methyl-7{2-{3(4-morpholinyl)phenoxylethyi}-
1,3-dioxo-4, 7-epoxy-2H-Isoindol-2-yi}-1-naphthalenecarbonitrile;
(3aa,4B,7p,7aa)-4-[Octahydro-4-methyl-7-{2-{4-nitro-3-
(triflouoromethyl)phenoxy]ethyl]-1,3-dioxo-4,7-epoxy-2H-soindol-2-y(}-1-
naphthalenecarbonitrile;
(3ac,4p.7p,7aa)4-[4-[2-(3-Cyanophenoxy)ethylloctahydro-7-methyl-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-yi]-1-naphthalenecarbonitrile;
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(3aa,4p,78,7aa)-2+(2,3-Dihydro-3-methyl-2-oxo-8-benzothiazolyl)hexahydro-
4,7-dimethyi-4,7-epoxy-1H-Isoindole-1,3(2H)-dlone;
(3aa,4B,7p,7aa)-24(2,3-Dihydro-2-oxo-6-benzothiazolyl)hexahydro-4,7-
dimethyi-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4B,7B,7ac)4-[4-[2-{3-(Dimethylamino)phenoxy]ethylloctahydro-7-
methyt-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl]-1-naphthalenecarbonitrile;
(3aux,48,7p,7aa)4-{2-{4-Cyano-3-{trifluoromethyl)phenyljoctahydro-7-methyl-
1,3-dioxo-4,7-epoxy-4H-isoindol-4-yllethoxy]-1,2-benzenedicarbonitrile;
(3aa,4B,7p,7aa)-N-[2-Cyano-5-(octahydro-4, 7-dimethyl-1,3-dioxo-4,7-epoxy-
2H-isoindol-2-yl)phenyljacetamide;
(3aa,48,7B,7aa)4-{Octahydro4,7-dimethyl-1,3-dioxo-4,7-epoxy-2H-isoindo}-
2-yl}-2-{trifluoromethoxy)benzonitrile;
(3ac,4p,7p,7aa)-2-Methoxy-4-(octahydro-4,7-dimethyl-1,3-dioxo-4,7-epoxy-
2H-isoindol-2-yl)benzonltrile;
(3aa,4p,7p,7aa)-24{4-(4,5-Dichloro-1H-Imidazol-1-yl)phenyllhexahydro-4,7-
dimethyl-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3ac,4p.7p.7aa)-2-[4-{4-Bromo-1 4ﬁethyl-1 H-pyrazol-3-yl)phenyl]hexahydro-
4,7-dimethyi-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7B,7ac)4-{Octahydro-4-(2-hydroxyethyi)-7-methyl-1,3-dioxo-4,7-
epoxy-2H-isoindol-2-yi}-1-naphthalenecarbonitriie;
(3aa,4p,7p,7aa)-2-lodo-4-{Octahydro-4,7-dimethyi-1,3-dloxo-4,7-epoxy-2H-
isoindol-2-yi)benzonitrile; )
(3aa.4p,7p,7aa)4-[4-[2{(4-Fluorophenoxy)ethyljoctahydro-7-methyl-1,3-
dloxo-4,7-epoxy-2H-isoindol-2-yl}-1-naphthalenecarbonitrile;
(3aa,4p,7p,7aa)-4-[Octahydro-4-methyl-1,3-dioxo-7-[2-{4-
(trifiuoromethyl)phenoxylethyi]-4,7-epoxy-2H-isoindol-2-yi}-1-
naphthalenecarbonitrile;
(3aa,4p,7p,7aa)-44{4-[2{4-Cyano-3-fluorophenoxy)ethyljoctahydro-7-methyi-
1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl}-1-naphthalenecarbonitrile;

379



10

15

25

LD0192 PCT E 2/
(3aa,4p,7p,7aa)-4-[Octahydro4-methyl-1,3-dioxo-7-[2-[2,3,5,6-tetrafluoro-4-
(trifluoromethyl)phenoxyjethyl}4, 7-epoxy-2H-isoindol-2-y{}- 1-
naphthalenecarbonitrile;

(3aa,4p,7p,7aa)-Hexahydro-4,7-dimethyl-2-{4 1H-1,2, 4-triazol-3-yl)phenyl]-
4 7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4P,7,7aa)-2-[4-(4,5-Dihydro-5-oxo-1,2,4-oxadiazol-3-
yi)phenyllhexahydro-4,7-dimethyl-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,48,7p,7aa)-Hexahydro-2-[3-methoxy-4-(2-oxazolyl)phenyl}-4,7-dimethyi-
4 7-epoxy-1H-isoindole-1,3(2H)-dione; .
(3aa,4P,7p,7aa)-Hexahydro-2-(4-hydroxy-1-naphthalenyl}-4,7-dimethyl-4,7-
epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7p.7aa)-Hexahydro-2-(8-hydroxy-5-quinolinyl)-4,7-dimethyl-4,7-
epoxy-1H-isoindole-1,3(2H)-dione, triflucroacetate;
(3aa,4p,7p.7ax)-4-[Octahydro-4-methyl-1,3-dioxo-7-[2-
[methyl(phenyimethyi)amino]ethyi]-4,7-epoxy-2H-isoindol-2-yl}-2-
(triflucromethyl)benzonitrile;
(3aa,4p,7p,7aa)-Hexahydro-4,7-dimethyl-2-(5-quinolinyl)-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
(3ac,4p,7p.7aa)-5-{Octahydro-4,7-dimethyl-1,3-dioxo-4, 7-epoxy-2H-isoindol-
2-yl)-2-pyridinecarbonlirile;
(3aa,4p,7p,7ac)-5+(Octahydro-4,7-dimethyl-1,3-dioxo-4,7-epoxy-2H-isoindol-
2-yl)}-8-quinolinecarbonitrile;

(Sau.-4|3.7[3.7aa)-2-(5-Bromo-4—nitm-1 -naphthalenyl)hexahydro-4,7-dimethyl-
4,7-epoxy-1 H-isoindgle-1 3(2H)-dione;
(3ac,4B,7p,7aa)-2-(5-Bromo-1-naphthalenyi)hexahydro-4,7-dimethyl-4,7-
epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7B,7aa)-Hexahydro-4,7-dimethyl-2-[8-{trifluoromethyl)}-4-quinolinyl}-
4,7-epoxy-1H-isoindole-1,3(2H)-dione;

380



10

15

LD0192 PCT 398 ;' %
4-Fluorobenzoic acid, 2-{(3ac,4p.7f,.7aa)-2-{(4-cyano-1-

naphthalenyl)octahydro-7-methyl-1,3-dioxo-4,7-epoxy-4H-isoindoH4-ylathyl
aster;

Benzeneacetic acid, 2- (3aa,4p,78,7aa)-2<(4-cyano-1-
naphthalenyl)octahydro-7-methyl-1,3-dioxo-4,7-epoxy-4H-isoindol-4-yjethyl
ester; :

4-Fluorobenzeneacetic acid, 24 (3aa,4f,7p,7ax)-2{4-cyano-1-
naphthalenyl)octahydro-7-methyl-1,3-dioxo-4, 7-epoxy-4H-isoindol-4-ylethyl
ester;
(3aa,4p,7p,7aa)-Hexahydro-4-methyl-7-[2-[4-(methylsulfonyl)phenoxylethyl}-
2-{4-nitro-1-naphthalenyi)}4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7p,.7aa)-Hexahydro-2-(2-naphthalenyl)-4,7-dimethyl-4,7-epoxy-1H-

- isoindole-1,3(2H)-dione;

(3aa,4p,7p,7aa)-2<{4-Chloro-1-naphthalenyl)hexahydro-4,7-dimethyl-4,7-
epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4P,7B,7aa)-N-[{(4-Chlorophenyl)methyl]-2{4-cyano-1-
naphthalenyl)octahydro-7-methyl-1,3-dioxo-4, 7-epoxy-4H-isoindole-4-
acetamide;

4,7,7-Trimethyl-3-oxo-2-oxabicyclo[2.2. 1]heptane-1-carboxylic acid, 2-
[(3aa,4B,7P,7aa)-2-(4-cyano-1-naphthalenyl)octahydro-7-methyi-1,3-dloxo-

4 7-epoxy-4H-iscindol-4-ylethyl ester;

(aS)- a-Methoxy-a<{triflucromathyl)benzeneacetic acid, 2-{(3aa,4p,7p,7ac)-2-
(4-cyano-1-naphthalenyl)octahydro-7-methyl-1,3-dloxo-4,7-epoxy-4H-
isoindol-4-ylethyt ester;

(xR)- a-Methoxy-a-(triflucromethyl)benzeneacetic acid, 2-{(3aa 4p,7p,7aa)-2-
(4-cyano-1-naphthalenyl)octahydro-7-methyl-1,3-dioxo-4,7-epoxy-4 H-
isoindol-4-ylethyl ester;
(3aa,4p,7p.7aa)4-[Octahydro-4-methyl-7-{2-{(7-methyl-1,2-benzisoxazol-3-
yl)oxylethyl}-1,3-dloxo-4,7-epoxy-2H-isolndol-2-yi}- 1-naphthalenecarbonitrile;
(3aa,4p,7p,7aa)4-{4-[2-(1,2-Benzisoxazol-3-yloxy)ethyljoctahydro-7-methyl-
1.3-dioxo-4,7-epoxy-2H-isoindol-2-yi}-1-naphthalenecarbonitrile;
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(3aa,4p,7p,7aa)4-{2-(Benzoyloxy)ethyl]-2-(4-cyano-1-
naphthalenyl)hexahydro-7-methyl-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa.4p,7p,7aa)-2-(4-Cyano-1-naphthalenyl)}4-[2-[(4-
hitrobenzoyl)oxylethyllhexahydro-7-methyl-4,7-epoxy-1H-isoindole-1,3(2H)-
dione;

4-Chlorobenzoic acid, 2-{(3aa,4p,7p,7aa)-2-(4-cyano-1-
naphthalenyl)octahydro-7-methyl-1,3-dioxo-4,7-epoxy-4H-isoindol-4-y]ethyl
ester;

[Baa,48,78,7ax(E)}-4-[Octahydro-4-methyl-7-[3<( 1-naphthalenyl)-2-propenyl]-
1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl}-1-naphthalenecarbonitrile;
(3aa,4B,7p,7aa)4-{Octahydro-4-methyl-7-{3(1-naphthalenyi)propyi}-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-yl}-1-naphthalenecarbonitrile;
(3aa,4p,7B,7aa)-Hexahydro-4,7-dimethyl-2-{2-methyl-6-quinolinyl}-4, 7-epoxy-
1H-isoindole-1,3(2H)-dlone;
(3&a.4B.7|5.7aa)-Haxah§dr0—2—(5—isoqulnoIinyl)-4.7-dimelhy|-4.7-epoxy—1 H-
isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-2-{6-Benzothiazolyl)hexahydro-4,7-dimethyl-4,7-epoxy-1H-
isoindole-1,3(2H)-dione;
[3ac,4B,7p,7ac({E)}-4-[Octahydro-4-methyl-1,3-dloxo-7-(4-oxo-4-phenyl-2-
butenyl)-4,7-epoxy-2H-Isoindol-2-yi]-1-naphthalenecarbonitrile;
(3ac,48,7B,7aa)-2-{4-Cyano-1-naphthalenyl)octahydro-N-(2-hydroxyphenyl)-
7T-methyi-1,3-dloxo-4,7-epoxy-4H-isoindole-4-acetamide;
[3aa,4B(E),7B,7aa}-4-[Octahydro-4-methyl-7-{3-(6-methyl-2-pyridinyl)-2-
propenyi]-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yf}-1-naphthalenecarbonitrile;
(3aa,4p.7p.7aa)-4-[Octahydro-4-methyl-7-{3-(6-methyl-2-pyridinyl)propyl}-1,3-
dioxo-4,7-epoxy-2H-isoindo!-2-yi}- 1-naphthalenecarbonitrile;
[BaR-{3aa,4p,7p,7ac)}-4-{Octahydro-4-{2-(3-methoxyphenoxy)ethyl}-7-methyl-
1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi]-1-naphthalenecarbonitrile;
[3aS{(3aa,4p,7p,7ac)}-4-[Octahydro-4-[2-(3-methoxyphenoxy)ethyl]-7-methyi-
1,3-dioxo-4, 7-epoxy-2H-isoindol-2-yl}- 1znaphthalenecarbonlirile; -
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[3aR-(3aa,4p,78,7aa)}-4-[4{2{4-Cyanophenoxy)ethylloctahydro-7-methyl-
1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl}- 1-naphthalenecarbonitrile;
[3aS<{3aa,4p,7B,7aa)]-4-[4-[2{4-Cyanophenoxy)ethylloctahydro-7-methyl-
1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi}-1-naphthalenecarbonitrile;
(3aa,4a,7a,7aa)4-[4-[{4-Fluorophenyl)methyljoctahydro-7-methyl-1,3-dioxo-
4,7-epoxy-2H-isoindol-2-yl}-2<{triflucromethyl)benzonitrile;
(3aa,4a,7a,7aa)-Hexahydro-4,7-dimethyl-2<(1-methyl-6-oxo-3-piperidinyl)-
4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa.4a,7a,7aa)-2~1,6-Dihydro-1,4-dimethyl-8-0x0-3-pyridinyl)hexahydro-
4,7-dimethyl-4,7-epoxy-1H-isoindole-1,3(2H)-dione;
(3aa,4p,7p,7aa)-2-[4-Cyano-3-(trifluoromethyi)phenylloctahydro-1,3-dioxo-7-
[2-{phenyimethoxy)ethyl]-4,7-epoxy-4H-isoindole-4-propanenitrile;
(3aa,4B,7p,7aa)-2-{4-Cyano-3-(trifluoromethyl)phenyljoctahydro-1,3-dioxo-7-
[2{phenyimethoxy)ethyi}-4,7-epoxy-4H-isoindole-4-propanenitrile;
(3ac,4B,7p,7aa)4-[7-[2-(4-Cyanophenoxy)ethylloctahydro-5-hydroxy-4-
methyl-1,3-dioxo-4,7-epoxy-2H-Isoindol-2-yi}-1-naphthalenecarbonitrile;
(3aS-(3ac,4p,7p,7aa)}-4-{7-{2<1,3-Benzodioxol-5-yloxy)ethyijoctahydro-5-
hydroxy-4-methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi]-1-
naphthalenecarboniirile;
[3aR-(3aa,48,7p,7aa)H4-{7{2<1,3-Benzodioxol-5-yloxy)ethylloctahydro-5-
hydroxy-4-methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi}-1- '
naphthalenecarbonitrile;
[3aS+(3aa,4p,7p,7aa)|-4-{74{2-{(5-Chioro-2-pyridinyl)oxylethylloctahydro-5-
hydroxy-4-methyl-1,3-dioxo-4, 7-epoxy-2H-isoindol-2-yl}-1-
naphthalenecarbonitrile;

[3aR-(3aca,4p,7p,7aa)}4-{7-[2-{(5-Chloro-2-pyridinyl Joxylethylloctahydro-5-
hydroxy-4-methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi}-1-
naphthalenecarbonitrile;

[3aS<(3aa 4p,7B,7aa)}4-[7-[2-(4-Chlorophanoxy)ethyljoctahydro-5-hydroxy-4-
methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl}-1-naphthalenecarbonitrile;
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[3aR-{3aca,4p,7,7ax)}-4-[7-[2(4-Chlorophenoxy)ethylJoctahydro-5-hydroxy-
4-methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yf}-1-naphthalenecarbonitrile;
[3aS<{3aa,4B.7p,7aa)}-4-[7-]2-{4-Acetylphenoxy)ethyijoctahydro-5-hydroxy-4-
methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl}-1-naphthalenecarbonitrile;
[3aR<(3aa,4B,78,7aa)]-4-{7-[2-(4-Acetyliphenoxy)ethyljoctahydro-5-hydroxy-4-
methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi}- 1-naphthalenecarbonitrile;
[3aS-(3aa,4p,7B,7aa)]-4-[7-{2-3-Cyanophenoxy)ethylloctahydro-5-hydroxy-4-
methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi]-1-naphthalenecarbonitrile;
[3aR-(3aa.4B.7[5.730:)]-4—[7—[2-(3-Cyanophenoxy)éthyl]octahydro-5-hydroxy-4-
methyt-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi}-1-naphthalenecarbonitrile;
[3aS-{3aa.4p,78.7aa)}-4-{Octahydro-5-hydroxy-4-methyl-1,3-dioxo-7-[2-
[(5.6,7,8-tetrahydro-1-naphthalenyl)oxy]ethyl}-4,7-epoxy-2H-isoindol-2-yi}-1-
naphthalenecarbonitrile;
[3aR-(3aa,48,7p,7aa)}-4-{Octahydro-5-hydroxy-4-methyl-1,3-dioxo-7-[2-
[{5.6,7,8-tetrahydro-1-naphthalenyl)oxy]ethyl}-4,7-epoxy-2H-isoindol-2-yi}-1-
naphthalenecarbonitrile;
[3aS-(3aa,4B,7p.7aa)}-4-[Octahydro-5-hydroxy-4-methyi-1,3-dioxo-7-[2-
[(5,6,7 8-tetrahydro-5-oxo-1-naphthalenyl)oxylethyl]-4, 7-epoxy-2H-isoindol-2-
yi]-1-naphthalenecarbonitrile;
[3aR-(3aa.4f,7B,7aa)]-4-{Octahydro-5-hydroxy-4-methyl-1,3-dioxo-7-[2-
[(5.6,7,8-tetrahydro-5-oxo-1-naphthalenyl)oxy)ethyl}4, 7-epoxy-2H-isoindol-2-
yi}-1-naphthalenecarbonitrile;
[3aS-(3aa,4P,7B,7aa)]-4-[7-[2<{4-Fluorophenoxy)ethylloctahydro-5-hydroxy-4-
methyl-1,3-dioxo-4, 7-epoxy-2H-isoindol-2-yi}- 1-naphthalenecarbonitrile;
[3aR-{3aa,4p,7p,7ax)H-{7-[2<4-Fluorophenoxy)ethyljoctahydro-5-hydroxy-4-
methyl-1,3-dioxo-4, 7-epoxy-2H-isoindol-2-yi}- 1-naphthalenecarbonitrile;
[BaS-(3ac,4B,7B,7ac)}-4-[Octahydro-5-hydroxy-4-methyl-7-[2-{(4-methyi-2-
oxo-2H-1-benzopyran-7-yljoxyjethyl}-1,3-dioxo-4,7-epoxy-2H-isoindo}-2-yl]-1-
naphthalenecarbonitrile;
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[3aR<(3aa,4p,7p,7aa)]-4-[Octahydro-5-hydroxy-4-methyl-7-[2-[(4-methyi-2-
oxo-2H-1-benzopyran-7-yl)oxy]ethyi}-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi}-1-
naphthalenecarbonitrile;
[3aS<(3aa,4p.7B.7aa)H4-[7-[243,5-Dimethoxyphenoxy)ethylloctahydro-5-
hydroxy-4-methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl}-1-
naphthalenecarbonitrile;
[BaR-<(3aa.4B,7B,7aa)]4-[7-[2-(3,5-Dimethoxyphenoxy)ethylloctahydro-5-
hydroxy-4-methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-y1}-1-
naphthalenecarbonitrile;
[3aR-(3aa,4B,7p,7aa)}-]-4-[7-{2<(4-Chloro-3-methylphenoxy)ethyljoctahydro-
5-hydroxy-4-methyi-1,3-dloxo-4,7-epoxy-2H-isoindol-2-yi}-1-
naphthalenacarbonitrile;
[3aR-(3aa,4p,7B,7ac)l-4-{7-[2-{4-Cyano-2,3-difluorophenoxy)ethylloctahydro-
5-hydroxy-4-methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl}-1-
naphthalenecarbonitrile;
[3aS-{3aa,4p,7B,7aa)]4-[7-[2-[(5-Chloro-1,2-benzisoxazol-3-
yl)oxylethyiloctahydro-5-hydroxy-4-methyl-1,3-dioxo-4,7-epoxy-2H-Isoindol-2-
yil-1-naphthalenecarbonitrile;
[3aR-(3ac,4p,7p,7aa)}4-[7-{2-](5-Chioro-1,2-benzisoxazol-3-
yl)oxy]ethylloctahydro-5-hydroxy-4-methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-
yl}-1-naphthalenecarbonitrile;
[3aR«(3aa,4B,7p,7aa)}-3-[2-[2(4-Cyano-1-naphthalenyl)octahydro-6-hydroxy-
7-methyl-1,3-dioxo-4,7-epoxy-4H-isoindol-4-yllethoxy]-5-isoxazolecarboxylic
acid, methyl ester;
[3aR<(3ax,48,7p,7ax)}l-4-[Octahydro-5-hydroxy-4-methyl-1,3-dioxo-7-[2-[4-
(1H-1,2 4-trlazol-1-yl)phenoxylethyl}-4,7-epoxy-2H-isoindol-2-yf}-1-
naphthalenecarbonitrile;
[3aS<{3aa,4p.78.7aa)H4-{7{2-|(7-Chloro-4-quinolinyl)oxy]jethyfloctahydro-5-
hydroxy-4-methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yi}-1-
naphthalenecarboniirile, trifiuoroacetate;
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[3aR-(3ac.4p,7p.7aa)]4-[7-[2-[(7-Chloro-4-quinolinyl)oxy]ethylloctahydro-5-
hydroxy-4-methyl-1,3-dioxo-4,7-epoxy-2H-isoindol-2-yl}-1-
naphthalenecarbonitrile, triflucroacetate;
(1ac,2p,2aa,5ac,6pb,6aa)4-[2-[2-][(1,1-dimethylethyl)-
dimethyisilylloxy]ethylloctahydro- 6-methyi-3,5-dioxo-2,6-epoxy-4H-
oxirenolflisoindoi-4-yi}-1-naphthalenecarbonitrile;
[3aR-(3aa,4B,7B.7ax)}-4-[4-Ethyloctahydro-7-(2-hydroxyethyf)-1,3-dioxo-4,7-
epoxy-2H-isoindol-2-yi]-1-naphthalenecarbonitrile;
[3aS-(3aa.4B,7p,7aa)}-4-[4-Ethyloctahydro-7-(2-hydroxyethyl)-1,3-dloxo-4,7-
epoxy-2H-isoindol-2-yl}-1-naphthalenecarbonitril;
[3aR~(3aa,4B,7B,7aa)}4-[4-[2-(4-Cyanophenoxy)ethyl}-7-ethyloctahydro-1,3-
dioxo-4,7-epoxy-2H-isolndol-2-yl}-1-naphthalenecarbonitrile; and
[3aS<(3aa,4p,7p,7aa)}-4-14-[2-(4-Cyanophenoxy)ethyl}-7-ethyloctahydro-1,3-
dioxo-4,7-epoxy-2H-isoindol-2-yl]-1-naphthalenecarbonitrile.

5. A pharmmaceutical composition capable of treating a NHR - associated
condition, comprising a compound of the following formula I or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier:

z,
Y
L Q I\
G/ \N -.
A—wy
Z
Q,

)

wherein the symbols have the following meanings and are, for each occurrence,

independently selected:

Gisanu‘ylorhetuocyclogmup,wheresaidgmupismono—orpolycyc]ic,nnd_which
is optionally substituted at one or more positions;
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Z,is O, S, NH, or NR%

Z, is O, S, NH, or NRS;

A isCR'orN;

A,isCR'orN;

Y is J-I’-I” where J is (CR'R")n and n = 0-3, J’ is a bond or O, S, S=0, SO,, NH,
NR’, C=0, OC=0, NR'C=0, CR'R’, C=CR'R?, R?P=0, R?P=S§, R'OP=0,
R*NHP=0, OP=00R?, OP=ONHR?, OP=0R?, 0S0,, C=NR’, NHNH,
NHNR¢, NRNH, N=N, cycloalkyl or substituted cycloalkyl, cycloalkeny] or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo or aryl or
substituted aryl, and J” is (CR’R”)n and n = 0-3, where Y is not a bond;

W is CR'/R"—CR'R”, CR'=CR*, CR'R”—C=0, NR"—CR'R”, N=CR?, N=N, NR*—
NR*, S—CRR”, SO—CR'R”, SO,—CR'R7, cycloalkyl or substituted
cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo or
substituted heterocyclo, or aryl or substituted aryl, wherein when W is not
NR’—CR'R”, N=CR"®, N=N, NR*—NR¥, S—CR'R’, SO—CR'R’, S0,—
CR'R?, or heterocyclo or substituted heterocyclo, then J* must be O, S, S=O,
SO,, NH, NR’, 0C=0, NR'C=0, OP=00R?, OP=ONHR?, OSO,, NHNH,
NHNRS, NR*NH, or N=N;

Q, is H, alky] or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted

_ arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R'OC=0, R‘C=0, R’R*NC=0,
HOCR'R’, nitro, R'OCH,, R'0, NH,, C=OSR', SO,R' or NR'R’,

Q, is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkeny! or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R'OC=0, R*‘C=0, R’R°NC=0,
HOCR'R”, nitro, R'OCH,, R'0, NH,, C=OSR', SO,R' or NR*R®,
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L is a bond, (CR'R")n, NH, NR?, NH(CR'R")n or NR*(CR'R")n, where n = 0-3; (\’\
R' and R" are each independently H, alkyl or substituted alkyl, cycloalkyl or '
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkyalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted

arylalkyl;

R? is alky! or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or

substituted cycloalkenyl, heterocyclo or substituted heterocyclo,

cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or

substituted aryl, arylalkyl or substituted arylalkyl;
. R’andk"ueeachindepmdmﬂyH.alkylorsubsﬁhneda]kchycloalkylor

substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl, halo, CN, hydroxylamine, hydroxamide, alkoxy or substituted

alkoxy, amino, NR'R?, thiol, alkylthio or substituted alkylthio;

R‘is H, alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl

or substituted cycloalkenyl, heterocyclo or substituted heterocyclo,

cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0,

SO,0R!, or SO,NR'R";

R’ is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or

substituted cycloalkenyl, heterocyclo or substituted heterocyclo,

cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, ary! or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0, SO,R',

SO,0R!, or SO,NR'R";
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R® is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or

substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalky! or substituted arylalkyl, CN, OH, OR', R'C=0,
R'NHC=0, SO,R, SO,OR', or SO,NR'R";

R” and R” are each independently H, alkyl or substituted alkyl, alkeny] or substituted

alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, halo, CN, OR/, nitro,
hydroxylamine, hydroxylamide, amino, NHR*, NR?R®, NOR!, thiol, alkylthio
or substituted alkylthio, R'C=0, R'OC=0, R'NHC=0, SO,R', SOR!,
POR'R", R'IR"'NC=0, C=OSR', SO,R!, SO,OR!, or SO,NR'R", or, wherein
A,, or A, contains a group R” and W contains a group R’, said R” groups of A,
or A, and W together form a heterocyclic ring;

R*and R* are each independently H, alkyl or substituted alkyl, alkenyl or substituted

alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkyalkyl, cycloalkenylalkyl or substituted cycloalkenylalkyl,
heterocycloalkyl or substituted heterocycloalkyl, aryl or substituted aryl,
arylalkyl or substituted arylalkyl, nitro, halo, CN, OR!, amino, NHR", NR?R?,
NOR', alkylthio or substituted alkylthio, C<OSR!, R'OC=0, R'C=0,
R'NHC=0, R'R"NC=0, SO,0R’, S=OR’, SO,R', PO,R'R", or SO,NR'R";
and

R® and R” are each independently H, alkyl or substituted alkyl, alkenyl or substituted

alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
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substituted aryl, arylalkyl or substituted arylaikyl, CN, OH, OR', R'C=0,
R'OC=0, R'NHC=0, SO,R', SO,0R', or SO,NR'R".

6. A pharmaceutical composition of Claim 5 further comprising another
anti-cancer agent.

7. A method of modulating the function of a nuclear hormone receptor
which comprises administering to a mammalian species in need thereof an effective
nuclear hormone receptor modulating amount of a compound of the following
formula I:

Z,
Q; |\
Ny * A
¢ AN
AM—w
z
Q
@

wherein the symbols have the following meanings and are, for each occurrence,

independently selected: .

G is an aryl or heterocyclo group, where said group is mono- or polycyclic, and which
is optionally substituted at one or more positions;

Z,is O, S, NH, or NRS;

Z,is 0, S, NH, or NR%

A,isCR’orN;

A,isCR’orN;

Y is J-J'-I* where J is (CR'R")n and n = 0-3, J’ is a bond or O, S, S=O, SO,, NH,
NR’, C=0, OC=0, NR'C=0, CR'R”, C=CR'R", R?P=0, R’P=S, R?’0P=0,
RINHP=0, OP=00R?, OP=ONHR?, OP=0R?, 0S0,, C=NR’, NHNH,
NHNR®, NR*NH, N=N, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
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substituted cycloalkenyl, heterocyclo or substituted heterocyclo or aryl or
substituted aryl, and I is (CR’R")n and n = 0-3, where Y is not a bond;

W is CR'R"—CR'R”, CR™=CR¥, CR'R"—C=0, NR®—CR'R”, N=CR", N=N, NR*—
NRY, S—CR'R”, SO—CR'R”, SO,—CRR”, cycloalkyl or substituted
cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo or
substituted heterocyclo, or aryl or substituted aryl, wherein when W is not
NR’—CR'R”, N=CR", N=N, NR’—NR’, S—CR'R", SO—CR'R", S0,—
CR'R’, or heterocyclo or substituted heterocyclo, then J' must be O, S, S=0,
S0,, NH, NR’, OC=0, NR'C=0, OP=0O0R?, OP=ONHR?, 0SQ,, NHNH,
NHNR¢, NR°NH, or N=N;

Q, is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R'OC=0, R‘C=0, R*R°NC=0,
HOCRR?, nitro, R'OCH,, R'0, NH,, C=OSR', SO,R' or NR'R*;

Q, is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R'0C=0, R‘C=0, R*R°NC=0,
HOCR'R, nitro, R'OCH,, R'0, NH,, C=OSR', SO,R' or NR‘R%;

L is a bond, (CR'R")n, NH, NR®, NH(CR’R")n or NR*(CR'R")n, where n = 0-3;

R' and R" are each independeatly H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkyalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalky] or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl;
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R?is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalky] or substituted arylalkyl;

R® and R* are each independently H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl, halo, CN, hydroxylamine, hydroxamide, alkoxy or substituted
alkoxy, amino, NR'R?, thiol, alkylthio or substituted alkylthio;

R* is H, alky] or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl
or substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0,
SO,OR, or SO,NR'R'; .

R’ is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted ary), arylalkyl or substituted arylalkyl, R'C~=0, R'NHC=0, SO,R’,
SO,OR!, or SO,NR'R";

R® is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, CN, OH, OR', R'C=0,
R'NHC=0, SO,R', SO,0R', or SO,NR'R";
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R’ and R are each independently H, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, halo, CN, OR', nitro,
hydroxylamine, hydroxylamide, amino, NHR*, NR?R®, NOR, thiol, alkylthio
or substituted alkylthio, R'C=0, R'OC=0, R'NHC=0, SO,R', SOR/,
PO,R'R", R'R"'NC=0, C=OSR', SO,R!, SO,0R}, or SO,NR'R", or, wherein
A, or A, contains a group R’ and W contains a group R’, said R’ groups of A,
or A, and W together form a heterocyclic ring;

R'and RY are each independently H, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkyalkyl, cycloalkenylalkyl or substituted cycloalkenylalkyl,
heterocycloalkyl or substituted heterocycloalkyl, aryl or substituted aryl,
arylalkyl or substituted arylalkyl, nitro, halo, CN, OR', amino, NHR*, NR’R?,
NOR!, alkylthio or substituted alkylthio, C=OSR', R'OC=0, R'C=0,
R'NHC=0, R'R"NC=0, SO,0R’, S=OR’, SO,R!, PO,R'R", or SO,NR'R";
and

R’ and R are each independently H, alky] or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalky] or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryi, arylalkyl or substituted arylalkyl, CN, OH, OR!, R'C=0,
R'OC=0, R'NHC=0, SO,R', SO,OR!, or SO,NR'R""

8. The method of Claim 7 wherein said nuclear hormone receptoris a
steroid binding nuclear hormone receptor.
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9. The method of Claim 7 wherein said nuclear hormone receptor is the
androgen receptor.

10. The method of Claim 7 wherein said nuclear hormone receptor is the
estrogen receptor.

11. The method of Claim 7 wherein said nuclear hormone receptor is the
progesterone receptor.

12. The method of Claim 7 wherein said nuclear hormone receptor is the
glucocorticoid receptor.

13. The method of Claim 7 wherein said nuclear hormone receptor is the
mineralocorticoid receptor.

14. The method of Claim 7 wherein said nuclear hormone receptor is the
aldosterone receptor.

15. A method for treating a condition or disorder comprising administering
to a mammalian species in need thereof a therapeutically effective amount of a
compound of the following formula:

2,
Q
/L\N : ,\Az
A—w
z
Q,
®
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wherein the symbols have the following meanings and are, for each occurrence,
independently selected: )

G is an aryl or heterocyclo group, where said group is mono- or polycyclic, and which
is optionally substituted at one or more positions;

Z,is O, S, NH, or NR%

Z,is O, S, NH, or NR%,

A,isCR'or N;

A,isCR'or N;

Y is J-J°-J” where J is (CR’R")n and n = 0-3, )’ is a bond or O, S, S=0, SO,, NH,
NR’, C=0, OC=0, NR'C=0, CR'R”, C=CR'R*, R’P=0, R?P=S, R’0P=0,
R:NHP=0, OP=OOR?, OP=ONHR?, OP=0R?, OSO,, C=NR’, NHNH,
NHNRS, NR*NH, N=N, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo or aryl or
substituted aryl, and J” is (CR'R")n and n = 0-3, where Y is not a bond;

W is CR'R"—CR'R”, CR*=CR¥, CR'R"—C=0, NR*—CR'R”, N=CR", N=N, NR’—
NR*, S—CR'R”, SO—CR'R7, SO,—CRR’, cycloalkyl or substituted
cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo or
substituted heterocyclo, or aryl or substituted aryl, wherein when W is not
NR’—CR'R”, N=CR?, N=N, NR’—NR?, S—CR™R”, SO—CR'R”, SO,—
CR'R’, or heterocyclo or substituted heterocyclo, then J must be O, S, S=0,
S0,, NH, NR’, OC=0, NR'C=0, OP=00R?, OP=ONHR?, 0SO,, NHNH,
NHNR*, NR"NH, or N=N;

Q, is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R'0C=0, R*C=0, R’R"NC=0,
HOCR'R?, nitro, R'OCH,, R'0, NH,, C=OSR', SO,R' or NR‘R%;

Q, is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
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heterocycloalky] or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R'OC=0, R*C=0, R*R*NC~0,
HOCR'R?, nitro, R'OCH,, R'0, NH,, C=OSR', SO,R’ or NR‘R’;

L is a bond, (CR'R")n, NH, NR?, NH(CR'R”)n or NR*(CR'R")n, where n = 0-3;

R' and R" are each independently H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkyalkyl,
cycloalkenylalky! or substituted cycloalkenylalky!, heterocycloalky! or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl;

R? is alkyl or substituted alkyl, cycloatkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalky], lieterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl;

R’ and R” are each independently H, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkylalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl, halo, CN, hydroxylamine, hydroxamide, alkoxy or substituted
alkoxy, amino, NR'R?, thiol, alkylthio or substituted alkylthio;

R*is H, alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl
or substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalky] or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0,
SO,0R', or SO,NR'R";

R’ is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
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cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0, SO,R’,
SO,0R', or SO,NR'R";

R® is alkyl or substituted alkyl, cycloalkyl or substituted cycloalky!, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalky) or substituted arylalkyl, CN, OH, OR', R'C=0,
R'NHC=0, SO,R!, SO,OR', or SO,NR'R";

R’ and R” are each independently H, alky] or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, halo, CN, OR', nitro,
hydroxylamine, hydroxylamide, amino, NHR*, NR’R?, NOR', thiol, alkylthio
or substituted alkylthio, R'C=0, R'0OC=0, R'NHC=0, SO,R', SOR',
PO,R'R', R'R'NC=0, C=0SR/, SO,R', SO,0R', or SO,NR'R", or, wherein
A, orA,contmnsagroupR’andWconmnsagroupR’ said R’gmupsofA,
or A, and W together form nheterocycllcnng,

R*and R" are each independently H, alkyl or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkyalkyl, cycloalkenylalkyl or substituted cycloalkenylalkyl,
heterocycloalkyl or substituted heterocycloalkyl, aryl or substituted aryl,
arylalkyl or substituted arylalkyl, nitro, halo, CN, OR', amino, NHR*, NR*R?,
NOR!, alkylthio or substituted alkylthio, C=OSR’, R'0C=0, R'C=0,
R'NHC=0, R'R"'NC=0, SO,0R, S=OR!, SO,;R', PO,R'R", or SO,NR'R!
and
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R’ and R” are each independently H, alkyl or substituted alkyl, alkeny! or substituted

alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, CN, OH, OR’, R'C=0,
R'OC=0, R'NHC=0, SO,R', SO,0R', or SO,NR'R";

wherein said condition or disorder is selected from the group consisting of proliferate

diseases, cancers, benign prostate hypertrophia,'l-ldmomas and neoplasies of
the prostate, benign or malignant tumor cells containing the androgen receptor,
heart disease, angiogenic conditions or disorders, hirsutism, acne,
hyperpilosity, inflammation, immune modulation, seborrhea, endometriosis,
polycystic ovary syndrome, androgenic alopecia, hypogonadism, osteoporosis,
suppressing spermatogenisis, libido, cachexia, anorexia, inhibition of muscular
atrophy in ambulatory patients, androgen supplementation for age related
decreased testosterone levels in men, cancers expressing the estrogen receptor,
prostate cancer, breast cancer, endometrial cancer, hot flushes, ylginnl

dryness, menopause, amennoreshea, dysmennoreahea, contraception,
pregnancy termination, cancers containing the progesterone receptor,
endometriosis, cachexia, menopsuse, cyclesynchrony, meniginoma, fibroids,
labor induction, autoimmune diseases, Alzheimer's disease, psychotic
disorders, drug dependence, non-insulin dependent Diabetes Mellitus,
dopamine receptor mediated disorders, congestive heart failure, disregulation
of cholesterol homeostasis, and attenuating the metabolism of a

pharmaceutical agent.

16. A method for preparation of a compound of the following formula

XVI, or salt thereof:
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et °’L oH
2/ : T
Qq
xvi
where

G is an ary] or heterocyclo group, where said group is mono- or polycyclic, and which
is optionally substituted at one or more positions;

Z,is 0, S, NH, or NR%

Z,is 0, S, NH, or NRS;

A;isCR'or N;

A,isCR"orN;

Y' is J-I'-J” where ] is (CR'R")n and n = 0-3, J’ is O, S, S=O, SO,, NH, NR/,
OP=00R?, OC=0, NR'C=0, OP=ONHR?, 0S0,, NHNH, NHNR", NR°NH,
or N=N, and J” is (CR'R")n and n = 0-3;

Q, is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R'0C=0, R‘C=0, R'R°NC-0,
HOCR'R?, nitro, R'OCH,, R'O, NH,, C=OSR, SO,R' or NR*R?;

Q; is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R'OC=0, R'C=0, R*R°NC=0,
HOCR'R, nitro, R'OCH,, R'0, NH,, C=OSR', SO,R! or NR*R’;

L is abond, (CR'R")n, NH, NR® or NR¥(CR'R”)n, where n=0-3;

R' and R" are each independently H, alky! or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkyalkyl,
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cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, ary! or substituted aryl, arylalkyl or substituted
arylalkyl;

R?is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalky! or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl;

R* is H, alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl
or substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0,
SO,0R!, or SO,NR'R";

R’ is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0, SO,R’,
SO,OR!, or SO,NR'R";

R is alky! or substituted alkyl, cycloalky! or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalky! or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, CN, OH, OR', R'C=0,
R'NHC=0, SO,R', SO,0R', or SO,NR'R"; and

R” and R” are each independently H, alky! or substituted alky!, alkeny] or substituted
alkenyl, cycloalky! or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
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substituted aryl, arylalkyl or substituted arylalkyl, halo, CN, OR', nitro,
hydroxylamine, hydroxylamide, amino, NHR*, NR?*R®, NOR, thiol, alkylthio
or substituted alkylthio, R'C=0, R'OC=0, R'NHC=0, SO,R', SOR',
PO,R'R", R'IR"NC=0, C=OSR', SO,R!, SO,OR', or SO,NR'R';

comprising the steps of contacting a compound of the following formula XV, or salt

thereof:
2, Y
LN Q,L
zf‘i? M
XV

Q

where the symbols are as defined above;
with an enzyme or microorganism capable of catalyzing the hydroxylation of said
compound XV to said compound XVI, and effecting said hydroxylation.

17. A method for preparation of a compound of the following formula

XVI1I, or salt thereof:
Z
oyl
A OH
2L

gl;:r:_n aryl or heterocyclo group, where said group is mono- or polycyclic, and which
is optionaily substituted at one or more positions;

Z,is 0, S, NH, or NR*;

Z,is O, S, NH, or NR%,

A, isCR’orN;

A,is CR’orN;

Y' is J-J’-J" where J is (CR'R")n and n = 0-3, J' is O, S, $=0, SO,, NH, NR’,
OP=0O0R?, OC=0, NR'C=0, OP=ONHR?, 0S0,, NHNH, NHNR¢, NR°NH,
or N=N; and J* is (CR'R")n and n=0-3;
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Q, is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R'OC=0, R‘C=0, RR°NC=0,
HOCR'R”, nitro, R'OCH,, R'0, NH,, C=OSR/, SO,R" or NR*R%;

Q, is H, alkyl or substituted alkyl, alkenyl or substituted alkenyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycloalkyl or substituted heterocycloalkyl, arylalkyl or substituted
arylalkyl, alkynyl or substituted alkynyl, aryl or substituted aryl, heterocyclo
or substituted heterocyclo, halo, CN, R'OC=0, R'C=0, R'R°NC=0,
HOCR'R”, nitro, R'OCH,, R'0, NH,, C=OSR', SO,R' or NR‘R?;

- L.is a bond, (CR’R")n, NH, NR® or NR*(CR'R")n, where n = 0-3;

R' and R" are each independently H, alky! or substituted alkyl, cycloalkyl or
substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocyclo
or substituted heterocyclo, cycloalkylalkyl or substituted cycloalkyalkyl,
cycloalkenylalkyl or substituted cycloalkenylalkyl, heterocycloalkyl or
substituted heterocycloalkyl, aryl or substituted aryl, arylalkyl or substituted
arylalkyl;

R? is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl;

R* is H, alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl
or substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalky] or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0,
SO,0R’, or SO,NR'R";
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R’ is alkyl or substituted alkyl, cycloalky] or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, R'C=0, R'NHC=0, SO,R,
SO,OR!, or SO,NR'R";

R® is alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocyclo or substituted heterocyclo,
cycloalkylalkyl or substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted aryl, arylalkyl or substituted arylalkyl, CN, OH, OR', R'C=0,
R'NHC=0, SO,R', SO,OR’, or SO,NR'R"’; and

R” and R” are each independently H, alky] or substituted alkyl, alkenyl or substituted
alkenyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocyclo or substituted heterocyclo, cycloalkylalkyl or
substituted cycloalkylalkyl, cycloalkenylalkyl or substituted
cycloalkenylalkyl, heterocycloalkyl or substituted heterocycloalkyl, aryl or
substituted eryl, arylalkyl or substituted arylalkyl, halo, CN, OR/, nitro,
hydroxylamine, hydroxylamide, amino, NHR*, NR’R®, NOR', thiol, alkylthio
or substituted alkylithio, R'C=0, R'OC=0, R'NHC=0, SO,R’, SOR',
PO,R'RY, R'R'NC=0, C=OSR', SO,R’, SO,0R’, or SO,NR'R";

comprising the steps of contacting a compound of the following formula XVII, or salt
thereof:

z Y
N °’A.
Ay
BN
xvil
where the symbols are as defined above;

with an enzyme or microorganism capable of catalyzing the opening of the epoxide
ring of compound XV1I to form the diol of said compound XVIII, and effecting said
ring opening and diol formation.
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18. A compound of the following formula Ib:

7y
L_ Q; |\
¢ N -
Ay
Z;
5 b

where G, Z,, Z,, Q, and Q, arc as defined in claim I;
Y is J-J'-J" where J is (CR'Rr)n and n=0-3, )" is abond or O, S, S=0, SO,, NH,
NR’, CR'R7, R?P=0, R?P=$, R?0P=0, R°NHP=0, OP=00R?, OP=ONHR?,
10 0SO,, NHNH, NHNR¢, NR®NH, N=N, cycloalkyl or substituted cycloalkyl,
cycloalkenyl or substituted cycloalkenyl, or heterocyclo or substituted
heterocyclo, and J” is (CR’R™)n and n = 0-3, where Y is not a bond; and
W' is CR'R"—CR'R7, CR'R"—C=0, NR®—CR'R’, N=CR", N=N, NR*—NR’,
cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
15 heterocyclo or substituted heterocyclo, or aryl or substituted aryl, wherein,
when W’ is not NR*—CR'R”, N=CR", N=N, NR*—NR’, or heterocyclo or substituted
heterocyclo, then J' must be O, S, S=0, SO,, NH, NR’, OP=O0OR?,
OP=0ONHR?, 0S0,, NHNH, NHNR®, NR*NH, or N=N;; or altematively,
Y’ is CR'R”-C=0 and W' is NR>-CR'R”;
20 Lisabond; and -
A, and A, are as defined above with the proviso that, when Y' = O and W' = -CH,-
CH,-, then at least one of A, or A, is not CH;
with the further provisos (2), (3), (6), (7) and (8) of claim 1.
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Fused Heterocyclic Succinimide Compounds and Analogs

Thereof, Modulators of Nuclear Hormone Receptor Function

Abstract of the Disclosure

Fused cyclic compounds, methods of using such compounds in the
treatment of nuclear hormone receptor-associated conditions such as cancer and
10 immune disorders, and pharmaceutical compositions containing such compounds.
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2. A copy of the report and its annexes, if any, is being transmirned to the International Bureau for communication w
all the elected Offices.
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The applicant mmst enter the national phase before each elected Office by performing certain acts {filing
wranslations and paying oational fees) within 30 months from the priority date {or later in some Offices){Article
39(1)Xsee also the reminder sem by the International Buresu with Form PCT/IB/301).

‘Where a transiation of the internationa] application must be furnished w an elected Office, that translation must
contain a transiation of any annexes to the international preliminary examination report. It is the applicants
responsibility to prepare and furnish such translation directly tw each elected Office concerned.
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IPC(7): COTD 209/56: ASIK 31/40 and US Cl.: 514/411; 548/435
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1. This international preliminary examination report has been prepared by this Imternational Preliminary
Examining Authority and is wansmined to the applicant according to Article 36.

2. This REPORT consists of a lotal of _".Qth. including this cover sheet.

I:I This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings
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which have been amnended and are the basis for this report and/or sheets containing rectifications made
before this Authority (see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).
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3. This report conmins indications relating to the following itemns:

E Basis of the report

D Priort

D Non-esmblishment of report with regard to novelty, inventive nicp and industrial spplicability
[ ] Lack of unity of invention
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D Certain documents cited
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Imternational application No.
INTERNATIONAL PRELIMINARY EXAMINATION REPORT PCT/USO1/19655
1. Basls of the report
1. With regand to the clements of the imternational application:*
the international application as originally filed.
E the description:
pages 1-342 as originally filed
pages NONE , filed with the demand
pages NONE , filed with the letter of
E the claims:
pages 343405 , 85 originally filed
pages NONE » a8 amended (together with any smtement) under Article 19
pages NONE , filed with the demand
pages NONE , filed with the lenter of
E the drawings:
pages NONE , 85 originally filed
pages NONE s filed with the demand
page< NONE , filed with the letter of
I:’ the sequence listing part of the description:
pages NONE , 83 originally filed
pages NONE . filed with the demand
pages NONE , filed with the leter of .

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the
language in which the international application was filed, unless otherwise indicated under this item.
These clements were available or furnished to this Authority in the following language which is:

D the language of a translation furnished for the purposes of joernational search (under Rule23.1(b)).
EI the language of publication of the international application (under Rule 48.3(b)).

the language of the translation furnished for the purposes of international preliminary examination{under Rules
55.2 and/or 35.3).

3. With regard to any nucleotide and/or amino acld sequence disclosed in the international epplication, the

international preliminary examination was carried out on the basis of the sequence listing:

[] contmined in the international application in printed form.

D filed together with the international application in computer readable form.
furnished subsequently to this Authority in wrinen form.

D furnished subsequently to this Authority in computer readable form.

D The statement that the subsequeatly furnished wrinen sequence listing does not go' beyond the disclosure in the
international application as filed has been furnished.

D Themmnttlntlheinfomﬁonrenordedincmnpumrmdlbleformisidentiultolhewrimnlequeneelistingi
has been furhished

4, E The amendments have resulted in the cancellation of.

X  the description. pages None
the claims, Nos. None
E the drawings, sheets/fig None
5. D This report has been esmblished as if (some of) the amendments had not been made. since they have been considered 10 go
heyond the disclosure as filed. as indicared in the Supplemental Box (Rule 70.2(c)).**

* Repilacement sheets which have been furnished 1o the recelving Office in response to an inviiation under Articie 14 are referred to in
this repors as “originally filed™ and are not annexed to this report since they do not comaln amendmenrs (Rulex 70.16 and 70.17).
** Ay replacement sheet comaining siich antendmenis must be referred to under item I and annexed fo this report.

Form PCT/IPEA/409 (Box 1) (July 1998)
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Interrational application No.
INTERNATIONAL PRELIMINARY EXAMINATION REPORT PCT/US01/19655

Y. Reasoned statement under Rule 66.2(a)(lf) with regard to navelty, inventive step or Industrial applicabllity;
citations and explanations supporting such staternent

1. STATEMENT
Novelty (N) Claims 1-18 YES
Claims NONE NO
Inventive Step (IS) Claims 1-18 YES
Claims NONE NO
Industrial Applicability (1A) Claims 1-18 YES
Claims NONE NO

2. CTTATIONS AND EXPLANATIONS

The invention relates to fused cyclic compounds thaz are useful in the treatment of nuclear hormon receptor-asociated conditions such
a3 cancer, immune disorders, and to pharmaceutical compositions containing such compounds. Considering the prior art clted (WO
01/19831) in the International search report claims 1-18 of dhis invention are novel. The closest prior art of record ks Andersen et al
(WO 01/19831). Claims 1-18 mees the criteria set out in PCT nticle 33(20-(4). because the prior art do not tesch or fairly suggest the
fused cyclic compounds described in this applicaiion.

————— NEW CITATIONS

Form PCT/IPEAMOS (Box V) (July 1998)
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Attn. Babajko, Suzanne OR THE DECLARATION
P.0. Box 4000 Ac- res 26 240X S8
Lawrencevi]lle-Princeton Rd.
PRINCETON, NJ 08543-4 Tiem 105-L00)§ A . (PCT Rule 44.1)
UNITED STATES OF AMER Daie ba./o/:L y

ttorney YS-10S-L001Gde - 5, d+/0Au.

A Daie of malling
(dapimonthien)  92/02/2002

Appiicant's or agent's fie referance
LD0O192 FOR FURTHER ACTION See paragraphs 1 and 4 below
international appication No. Imamational filing daie
PCT/US 01/ 19655 (deyimaninives)  20/06/2001
Applicant

BRISTOL-MYERS SQUIBB COMPANY

1. m The applicent Is hereby nofified that the Intemational Search Repert has boon esteblishad and la tranemitied herawith.

Flling of smandments and sintsment under Article 18
The appiicant ia entiied, if he so wishes, ¥ ameand the claime of the Intemational Appiication (see Rule 48):

When? The time [imit for filng such amendments is normally 2 months from the date of transmitial of the
inmational Search Report; however, for more detalls, see the notes on the accompanying sheel.

Where? Directiy o the  International Bureau of WIFO
34, chemin des Colombeties
1211 Geneva 20, Gwitoariand
Fastimie No.: (41-22) 740.14.35

For more detalled instructions, 886 the notes on the accompanying sheet.

2 D The applicant Is hareby notified that no imemational Gearch Report will be sstabiished and that the dadanation under
Article 17(2)(a) 1o that effect s transmitied herewtth.

3 D With regard to the protest againet paymant of (an) axiditonal fee{s) under Fule 40.2, the applicent (s notified thet:

the protest mmummmmmmmwhlmmmwmm
applicant's request © forward the iexts of both the protest and the decision therneon 10 the designaled Offices.

D no dacision has been made yet on the protest; the applicant will be notified as soon as a dacision bs made.

4. Further action(s): The appiicant is reminded of the following:

Shortly after 18 monthe from the pricdty date, the niemational application will be published by the Intemational Buraau.
¥ the appicant wiahes to avold or postpons publication, a notics of withdrawal of the interational appiication, or of the
priority claim, must each the niemational Bureau as provided in Rules BObis.1 and BOLIE.3, respectively, before the

completion of the tachnical preparations for intemational pubication,

Within 18 months from the priority daie, a demand for intemational prefiminary emmination must be flted If the appiicant
wishes i postpone the entry inio the national phase until 30 months from the priarity date {in some COffices even later).

mmlnaommmupmwm the applicant must perform the preacrbed acts for antry Into the nasional phass
before all designaied Offices which have not baen elecied in the demand or In a [ater election within 19 months from the
priority dat or could not be elecied because they are not bound by Chapier Il

Name and maling address of the Intemational Searching Authoriy | Authorized officer
Europsan Patent Office, P.B. 5818 Palantiaan 2

NL-2280 HV Rijewljk
Tel. (431-10)310-2040. Tx. 31 851 epo i,
Fax: (+31-70) 3403016

Véronique Baillou

Form PCTAGBA/220 (July 10086)
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NOTES TO FORM PCTISA/220

N\

These Noles are intended o give the baslo instrualions conosming the filing of amendmenis under articls 18. The
h-nh-dmhrqimthMMandy the Regulsiions and the Adminisirstive Instrudlions
uncler thal Tresly. In cass of disarepancy belween thess Notes and thoss requiremenis, the lalter are spplicshle. For morne
detalied informetion, wee also the PCT Applicant’s Guide, a publication of WIPO.

In thess Notes, “Arisle”, "Fuiia", and "Gsclion® refer io the provisions of the PCT, the PCT Regulaiions and the PCT
mmw,

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, afier having recsived the iInlamalional search repart, one apportunity 1o amend the elaims of the
MMiMIMMhMMM sinos all parts of the intlernationsl (elaimm,
duscription and drawings) may be amended curing the intemalional prefiminary examination there Is usually
mmdhbmm“dhmmmllwm..o hwmh*hhm
fior the purposss of provisional protection or has ancther reason by smending the daime belore intlernational phbulioation.
Furthermove, & should be smphasizad that proviaional protestion s avalisbie in some Siates only.

What parts of the inlemationsal spplioation may be assended?
Undar Article 19, only the olaims may be amendsd.

During the intemastional phase, 8w daime slso be amendsd (or further smanded) under Artidle 34 belore
hlmﬂﬁﬁnbyﬁmﬂmm“ly mu-qﬁls:deulyhmm
Asticly 34 tafore the International Examining Authorlly.

Lhnmlbhndhmln. ol pwts of the inlemalional appilsstion may be amendad under Asticle 28
ar, whare applissbis, Arlicle

Wina? mzmmu&umuummmuummum
duis, whichever ime imil spires lster. & should be noled, however, thet the amandments will be conaldered
uhmmmmhliuyul—wdhyhlmmmdhhnﬁﬂmdh
mmmmumnmuhhmmummm

48.1).

Whare not 1= fie the amandments ?

The amendvents may only be fled with the intemnalional Bureal and nol with the ressiving Ofiss or the
iniemational Bearching Autharty (Fule 48.2).

Whate a demand for intemational prefiminary exsmination has been A fled, see below,

How? Eithar by cancelling one or more sniire olaima, by ackling one ar more new olaims or by amanding the text of
ane tr more of the clsims es fled.

A replacemeni shest must ba submitied for aach shest of the slalkvs whish, on ssoount of an amendment or
sspandmants, differs from the shest originally Sled.

All the slaims sppearing on a mepiscament shest must be numbered in Arablo umersis. Whare a olaim b
canssiled, no reruambering of the other olainw b recuired. in afl assess whare olslms are remumbered, they must
. be renumbered consseutively {(Adminisirative insirustions, Seclion 205({b)).

The amendments must be made in the language In which the intamational applicstion i to be published.

What documents nuad/may ascompany the assndments?
Latier (Sestion 208(h)):
The amenciments must be submitied with a letter.

Tha letier wil not be published with the inlsmational applicstion and the amandad daims. & shoulkd nat be
confused with the “Stabement uncler Astiole 18(1)" (see below, under "Stxiament under Ariicle 19(1)").

Tha leitar must be In English or French, at the cholos of the However, I the nguage of the
mwumnw-munaﬁmuhm
is Franch, the istter must be In Franch.

Nolsa to Form PCTABA/ZX) (frst shest) (lanuary 1994)
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NOTES TO FORM PCT/I5A/220 (continued)
g

The lelier must indioaie the differences belween the claitns s flied and the elaime as amendad. & must, In
nhl. indiaxia, In cannection with eash dlsim appsaring in the inlemational appiication (R being undersiood
thet ldentiaal

the claim replscss one or more olaims s Biad;

0
m
(H) the olsim is new;
o)
) the olaim is the result of the division of a dlaim aa Ged.

The following examnpise Hustrals the marmer in which amendmants must be sxplained In the
sccompanying istier:

1. [Whare ariginally there ware 48 olsime and after amendment of some dlaims theve are B1):
“Claims 1 tn 20, 31, 32, 34, 36, 37 io 48 repiaced by amended claims bearing the sams rumbamn;
clairs 30, 33 and 36 unchangad: new claims 49 10 59 added *

[Whare ariginally thers ware 15 slsims and afier amandment of all dlsims there are 11}:
"Clabms 1 b 15 replassd by amanded claims 1 to 1.

Whare ariginally thare ware 14 slsims and the smendments sonsist in sancsling sama alaime and in adkling
%-130-:14%&-1:.1:-—5&--“15 18 and 17 adkind.* or
“Glaims 7 to 13 cancelled; new dlaiime 16, 16 and 17 sdded; ell other clsims unshanged.”

[

¢

4 varioun kinds of amandmenis are mady):
1-10 unchanged: claims 11 ta 13, 18 snd 19 eancalled; elaims 14, 15 and 16 replaned by amended
. u-u-.u.mwmmma—na.u-un new olaims 20 and 21 added.*

"Bistement wnder article 16(1)" (Rule 48.4)

The amendmenis may be sccompanied by & staetament axplaining the amendmanis and indicaling any impaest
lelmqn.-ﬂnﬂnﬁlhnmhm-dhmmmhmﬂm

The stelsmant will be published with the inlemational appliication and the amendad claims.
R ssuat be In the lsnguage in which the ivlamations) appplioation Is to be publishad,
R must be brief, not axoseding 500 words if in English or § iranslasied inlo English.

1 should not be confused with and doss not eplace the leller indiesting the differences between the slaime
2 Mlad and = smended. k must be Slad on a sepersls shest and st be identified as sush by a heailing,
preferably by using the wasds "Sislement under Artisle 18(1)."

&t may not sontain any diaparaging eommenia on the inlermational searsh report or the reisvanse of ellatiors
sontained in thal reporl. Aeferenes to oliziions, relevent i a given claim, contsined in the intemationsl ssarsh
report may be made only in cornestion with an amendmant of thal elaim.

Canseguenss i a demand for international preliminary sxaminstion has sirpady bean flled

N, at the time of fling anvy amendments under Artiole 19, a demand for intemational prefiminary examination
has siready been submitted, the spplicant must preferably, at the same time of fiing e amendmenia with the
international Buresu, also Es a copy of such amencinenis with the intemational Preliminary Examining
Authorily (ses Ruls 62 2(s), first seniencs).

Cansaguence with regard to transistion of the intersationsl appiisstion for aniry inio the national phase

The applioants atteniion s drasm to the fact that, whers upon eniry inlo the nationsl phase, a transision of the
elaima as smended under Article 18 may have to be lumishaed to the designated/alecind Offioss, instead of, or
in addiion o, the translstion of the dsirs = fled.

For further dataiis on the requirements of sash designaiedisissisd Offios, see Volumns I of the PCT Appliaant's

Noilss to Farm PCTASAZ220 (sseond sheel) (laruary 1004)



PATENT COOPERATION TREA% @ \
- PCT A x{

INTERNATIONAL SEARCH REPORT

(PCT Anticie 18 and Rules 43 and 44)

R | PO FURTHER e e e,
LD0192 ACTION

intemational appication Na. intemationel fiing date (dayATonth/yesr) (Earfiest) Priority Date (day/monthysar)
PCT/US 01/ 19655 20/06/2001 19/09/2000

Appicant

BRISTOL-MYERS SQUIBB COMPANY

This Imemational Saarch Report has besn prepaned by this Intemational Saarching Authority and Is tanamitiad to the applcant
accaording % Article 18. A copy Is being tranamitted © the intemational Bureaw.

This Inlemational Search Raport conaists of a ol of 6 sheets.
It ls aiso accompanied by a copy of sach prior art document clied in this report.

1. Basia of the repost
a With regard o the languages, the intermnational search was carried out on the basis of the intermnational agpiication In the
languags in which it was fled, uniess otherwies indicated under thia item.

D the Intemational search was cariad out on the basis of a ranslation of the intemational application furnished 1o this
Authority (Rule 23.1(b)).

b. Wih regard to any nuciectide and/or amino acid sequence discioasd In the Inlemational application, the intarnational eearch
mearrbdwlonhhﬂolhemllﬂm:

contained in the htemational application in written form.

fiad togsther with the International application in compuisr readable form.
fumished subsequantly 1o this Authorfty In written form.

fusnished subseguently to this Authority In computer readbie form.

the statement that the subsequenty furnished writien sequence lsting does not go beyond the daciosure in the
Iintemnational application as fled has been fumished

the statemant that the information recorded In computar raadable form Is identical to the writlen secuencs liating has been

Certain cisims wers found unsearchable (See Box |).
Unity of invention Is Iacking (ses Box I1).

02 0O 00000

4. With regard to the tithe,
[X] the text is approved as submitted by the epplicant.
D the text has baen establiehed by this Authority 1o read as follows:

5. With eegard 1o the ebstract,
the toxt is approved as submitied by the epplicant.
D the text has been estebiished, acoording to Rule 38.2(b), by this Authority as it agpsars In Box lil. The applicant may,

within one month from the dats of malling of this intemational search repart, submit commants © this Autharity.
8. The figure of the drawings 0 be published with the abstract Is Figure No. -
[}  =» swpgesied by the eppicant [X] noneof the figums.

[}  because the appicant falled 1o suggest a fAigure.
[[] because this figure better charactertzes the invantion.

Form PCTASA/210 (firM aheet) (July 1898)



- CLABSIFICA
A61P35/00

tee P ot0T0491/08 | CO70495/08 COTDA71/08  A61K31/40

A61K31/439

m!u International Pant Clasallication (PC) or 10 both national classification and IPC

Minimum documentstion
IPC7 CO7D

searched (clsssiication sywiem followed by ciamification symbols)

Documentation ssarched ather than minimum documentation 1o the axient that such docurmanis are inclucsd n the fiakis searched

EPO-Internal, CHEM ABS Data

Elsctronic duta base consutied curing the niamational ssarch (nams of daia bass and, whem praciical, search tenms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Calegory ® | Cation of documant, with indication, where appropriats, of the relovant passages

the whole document

* see p.100, ex. 42 »
the whole document

E W0 02 00617 A (GOTTARDIS MARCO M ;SQUIBB 1-18
BRISTOL MYERS CO (US); SACK JOHN S (US);)
3 January 2002 (2002-01-03)

* see p. 334 -83, examples =*

P.X WO 01 19831 A (NOVO NORDISK AS ;ONTOGEN 1-18
CORP (US)) 22 March 2001 (2001-03-22)

-

m Furter docurnents are listed In the continuation of box C.

D Putent temilly members ars siad In annex.

* Spacial categories of cied documanis :

*A* document defining the ganers! staie of the ait which is not
conaidased 1o be of panlicular relsvance

e doammant but publighad on or aflerthe Inlemational
fiing dule

v mt&unﬂuwm llln&:r
cligfion or othar spaciel reason {(as epeciiad)

0" documani relerring o e oral disciosure, use, exchibition or

ather moans
*P* documeni published prior 10 the Inlemations! filng dade bul
brllmllumuhbﬁlmd

T miar documanl published afler the nlemational date
or priorlly daie and not
rartion o e principle o heoty iy he

" document of particular relevanca; the claimad invention
cannot be consiiared novel or cannot be conakderad o
Invoivs an iventive siep whan the document s talan alone

menis, such combination being abvious o . person sidied
ntheart

"S" documnant mamber of the same paient familly

Duis of the actual compiation of the iInlamational search

Deie of maling of the niamationsl sasrch mport

Tel (+31-70) 340-2040, T 31 851 spo nl,
Frxc (+31-10) 240-3018

30 January 2002 22/02/2002
Nams and maiiing addess of the ISA Authorized afficer
Eurcpean Puilant Ollice, P.B. 5818 Paionllaan 2
NL — 2200 HV

Stelimach, J

Fosm FCTABAMO {ascond shest) {huly 1083)

page 1 of 3
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PCT/US 01/19655

40

C.{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT -

Catogory *

Clation of docsmant, with Incication where approgrisie, of the relsvant passages

Y

XU,B.: "Pharmacology of some natural
products of China“

TRENDS IN PHARMACOLOGICAL SCIENCE,
vol. 2, October 1981 (1981-10), pages
271-2272, XP002188686

AMSTERDAM

= see p.272, fig .5 *

the whole document

WALTER,W.G.: "Antitumor Imide Derivatives
of 7-Oxabicyclo‘2.2.1!heptane-2,63-di-
methyl-2,3-dicarboxylic Acid *
J.PHARM.SCI .,

vol. 78, no. 1, January 1989 (1989-01),
pages 66-67, XP002188687

= see p,66, formula 2-4 *

the whole document

EVANS R M: “"THE STERIOD AND THYRIOD
HORMONE RECEPTOR SUPERFAMILY"

SCIENCE, AMERICAN ASSOCIATION FOR THE
ADVANCEMENT OF SCIENCE, US,

vol. 240, no. 4854,

13 May 1988 (1988-05-13), pages 889-895,
XP000574469

ISSN: 0036-8075

cited in the application

* see page 889, abstract =

the whole document

DENISON,M.S. ET AL.:
"Xenobiotic-inducible Transcription of
Cytochrome P450 Eenes™

J.BIOL.CHEM.,

vol. 270, no. 31,

4 August 1995 (1995-08-04), pages
18175-18178, XP002188273

ROCKVILLE PIKE

* see p.18177,right col. =

the whole document

WALLER,C.W. ET AL.: "Three-Dimensional
Quantitative Structure-Activity
Relationships for androgen Receptro
Ligands”

TOXICOL.APPL.PHARMACOL .,

vol. 137, no. 2, April 1996 (1996-04),
pages 219-227, XP002188688

NEW YORK

* see p.221, Procymidone *

the whole document

1-18

1-18

1-18

1-18

1-18

Fosm PCTASATO {oontinugtion ol angend eheat) (uly 1888)

page 2 of 3
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C.{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category *

Cliation of documant, with indication, whars spprapriate. Of the falyvant pasSages

Relovant 1o ciaim No.

Y

W0 99 27365 A (TULARIK INC)
3 June 1999 (1999-06-03)

* see page 3, line 5-18 =»
the whole document

WO 98 49555 A (SALK INST FOR BIOLOGICAL
STUDI) 5 November 1998 (1998-11-05)
* see p.1, 1ine 2 - 23, p.4, 1ine 17 - 28

]
the whole document

EP 0 678 507 A {SQUIBB BRISTOL MYERS CO)
25 October 1995 (1995-10-25)

* See ex. 2 *

the whole document

WO 96 19458 A (LIGAND PHARM INC)

27 June 1996 (1996-06-27)

cited 1n the application

the whole document

WO 97 49709 A (EDWARDS JAMES P ;HIGUCHI
ROBERT (US); JONES TODD (US); LIGAND PHAR)
31 December 1997 (1997-12-31)

cited in the application

the whole document

1-18

1-18

1-18

1-18

1-18

Feam PCTABAZR1G jecrdiramiion of sescrst sheet) Lhdy 1000}
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Intemational Appilcation No. PCTAUS 01

FURTHER INFORMATION CONTINUED FROM PCTASA/ 210

Continuation of Box 1.2

Present claims 1-3 and 18 relate to an extremely large number of possible
compounds. In fact, the claims contain so many options, variables,
possible permutations and provisos at the end of claim 1

that a lack of clarity (and/or conciseness) within the meaning of Articile
6 PCT arises to such an extent as to render a meanfngful search of the
claims impossible. Consequently, the search has been carried out for
those parts of the application which do appear to be clear and concise),
namely the families of compounds disclosed on page 56 as especelally
preferred subgenus..

Morevover, present claims 1- 3 and 18 relate to an extremely large
number of possible families of compounds. Support within the meaning of
Article 6 PCT and/or disclosure within the meaning of Articie 5 PCT 1s to
be found, however, for only a very small proportion of the compounds
claimed. In the present case, the claims so lack support, and the
application so lacks disclosure, that a meaningful search over the whole
of the claimed scope is impossible. Consequently, the search has been
carried out for those parts of the claims which appear to be supported
and disclosed, napely those parts relating to the families of compounds
disclosed on page 56 as especially preferred subgenus.

slessceajcafeaiaiaierone

The applicant’s attention is drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66.1(e) PCT). The applicant
is advised that the EPO policy when acting as an International
Preliminary Examining Authority 1s normally not to carry out a
preliminary examination on matter which has not been searched. This 1s
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.




intemational application No.

INTERNATIONAL SEARCH REPORT PCT/US 01/19655

Box| Obasrvations where certain clasims ware found unasarchable (Continuation of item 1 of first sheet)

This Intemaiional Search Report has not bean astablished in respect of certaln claims under Articie 17(2)(a) for the fallowing n-onl.)l?lS

1. [ﬂ Claimes Noa.:
because they relats to subject matter not required io be esarched by this Authority, namely:
Although claims 7-15 are directed to a method of treatment of the human/animal
body, the search has been carried out and based on the alleged effects of the
compound/composition.

2 Claims Noe.: =
m becauss they miale to parts of the Internationa) Application that do not comply with the prescribed requirements to such
an axtent that no meaningful international S8eerch can be carried out, apacitically:

see FURTHER INFORMATION sheet PCT/ISA/210

3 D Claima Noa.
becauss they are dapendent clalme and are not drafiad in accordance with the second and third sentences of Rule 8.4(a).

Box Il Obssrvetions where unity of Invention is lacking (Continuation of ltam 2 of first sheef)

This intamational Ssarching Authority found multipie Inventions in this intemational application, as lollows:

1. D As all required additonal saarch fees were fimely paid by the applicant, this International Saarch Report covers all
ssarchabie claima.

2. |:| As all searchable cieims could be ssarched without effort justifying an additional fee, this Authorlty did not invils payment
of any additional fee.

3 D nmmummmwmmmmmwuwmunwmm
covers only those claime for which fees wers paid, spacifically claims Noa

4. D No required additonal ssarch fees were timaly paid by the applicant. Consaquantly, this inlsmational Search Report ls
reskiciad to the Invention first mentioned in the claims; It Is coversd by clalms Noa.:

Ramark on Protest Dmmmmmmmwumm

Dmmumwmwdmmm

Form PCTASA/210 (continuation of first sheet (1)) (uly 1998)



Patant document Publication Patent Publication
cited in search report dais member{a) dale
WO 0200617 A 03-01-2002 WO 0200716 A2 03-01-2002
WO 0200653 A2 03-01-2002
WO 0200617 A2 03-01-2002
WO 0119831 A 22-03-2001 AU 6985300 A 17-04-2001
L[] 0119831 Al 22-03-2001
WO 9927365 A 03-06-1999 AU 734875 B2 21-06-2001
AU 1598999 A 15-06-1999
EP 1032834 Al 06-09-2000
JP 2001524672 T 04-12-2001
WO 9927365 Al 03-06-1999
WO 9849555 A 05-11-1998 AU 6945898 A 24-11-1998
EP 0979407 Al 16-02-2000
WO 9849555 Al 05-11-1998
EP 0678507 A 25-10-1995 US 5539126 A 23-07-1996
AU 1656195 A 02-11-1995
CA 2146038 Al 21-10-1995
EP 0678507 Al 25-10-1995
JP 7300457 A 14-11-1995
WO 9619458 A 27-06-1996 US 5688810 A 18-11-1997
us 5688808 A 18-11-1997
us 5693647 A 02-12-1997
us 5696127 A 09-12-1997
uUs 5693646 A 02-12-1997
us 5696130 A 09-12-1997
us 5696133 A 09-12-1997
AU 717251 B2 23-03-2000
AU 4597796 A 10-07-1996
BR 9510486 A 02-06-1998
CA 2208347 Al 27-06-1996
CN 1175247 A 04-03-1998
CZ 9701761 A3 16-09-1998
EP 1043325 Al 11-10-2000
EP 1043326 Al 11-10-2000
EP 1041071 Al 04-10-2000
EP 1041066 Al 04-10-2000
EP 1043315 Al 11-10-2000
EP 0800519 Al 15-10-1997
HU 78117 A2 29-11-1999
JP 10510840 T 20—-10-1998
NO 972591 A 14-08-1997
NO 20003550 A 14-08-1997
NO 20003551 A 14-08-1997
NO 20003552 A 14-08-1997
WO 9619458 A2 27-06-1996
us 6093821 A 25-07-2000
us 5994544 A 30-11-1999
us 6121450 A 19-09-2000
WO 9749709 A 31-12-1997 AT 209207 7 15-12-2001
AU 728178 B2 04-01-2001
AU 3508497 A 14-01-1998
BR 9710988 A 15-01-2002
CA 2259031 Al 31-12-1997

Foun PCTABARIO fpmlent femilly ) fuly 1002)

page 1 of 2




The demad sust be Biad directly mmmmm’ s i Autborities
mum::myqum mumcmmdum-yum;u?z';uuu:

IPRA/ US
PCT C
~N
DEMAND Z?
under Article 31 of the Patent T'-Eln 4
The undersigned requests that the international a specified be the subject of
international examination to the Patent Treaty and
hereby elects all eligible States (except where otherwise ted).
For International Examining Authorily use only
[dentification of IPEA Date of receipt of DEMAND

—
— — —— — .

BoxNo.] IDENTIFICATION OF THE INTERNATIONAL APPLICATION A"""“"'l Dm;“"""m'm

Internstional epplication No. International %‘W Whhla'%w

PCT/US01/19655 20.JUNE.2001 19.September.00

Thile of fnvention
FUSED HETEROCYCLIC SUCCINIMIDE COMPOUNDS AND ANALOGS THEREOF,
MODULATORS OF NUCLEAR HORMONE RECEPTOR FUNCTION

BoxNo.II APPLICANT(S)

e ol LS S/l [ < = | 608 2624009
Bristol-Myers Squibb Company Facsimils No.
P.O. Box 4000 600-252-4526
Princeton, NJ 08543-4000 Teleprinter No.
Unlted States of America
Applicunt's registration No. with the Office
Site (that is, country) of nationality: State (that i, country) of residence:
United States of America United States of America
Name and address: (Runify s billowed by given same: 2 ogel enthy, fll alficial dewiguation. The ackiess st iachals postal code and sewse of coontry)
SALVATI, Mark E.
© Tracey Drive
Lawrenceville, NJ 08648
UNITED STATES OF AMERICA

State (that is, country) of mationality: State (that is, commiry) of rexidence:
® | usS

Name and address: (Fanlly mme inllowed by given same; 8 lngpl ey, Ad aliicial designation. The adtiress sost inclede postal code aml seme of countyy)

BALOG, James Aaron

2 Sassafras Court

Scotch Plains, NJ 07076
UNITED STATES OF AMERICA

State (that &, coustry} of nationality: | State (that &, comtry) of residence:
us us

[¥] Purther applicants are indicated on a conttontion sheet.
Form PCT/IPEA/401 (first sheet) (March 2001; repeint July 2001) See Notes to the demand form




International application No.

Sheet No. 2. PCT/US01/19655

Continuation of Bax No.II  AFFLICANT(S)
I none of the fliowing sub-boses i used, this sheet should not be included in the desand. l"%

Name and address: (Rually same tiower by gives sume; or u iegal eatly, S oficial desigaation. The ackiress st inchle postel code s same of coutry)
PICKERING, Dacia A.

507 Drexel Avenue

Lawrenceville, NJ 08648

UNITED STATES OF AMERICA

State (that v, comniry) of nationality: State (that is, country) of residence:
British Virgin Islands US

Name and address: (Fally ooy fulowed by ghves same; or a legal ectlly, £l officil desigration. The adtiress st lnckuc postal code s sse of comtiy)

GIESE, Soren

11183 Polo Run Drive

Yardiey, PA 19067

UNITED STATES OF AMERICA

State {that k comsiry) of oationality: Statn (Hiset is, cooniry) of residence:

Germany us

Name and address: Funily same bilowed by givew come; Jor a kegal enilly, &l offick! deajgration. The adkiress mowt iackade povin! cods sl seme of comntty)
FURA, Aberra

15 Cresthlll Road
Lawrenceville, NJ 08648

State {that is, country) of natiovality: State (that ks, country) of residence:

ETHIOPIA us

Neme and address: (Rl seme fulwad by ghes mume; br 3 iggel catly, £l official ducjguetion The ackivess st jacheik pental cods ard seme of comtry)
LI, Wenying

6221 Town Place

Middistown, CT 08457

UNITED STATES OF AMERICA

State (it s, cooniry) of nationality: State (et #, comiry] of residence:

P.R. CHINA us

Ptber applicants are indicated on another continustion sheet

Form PCT/IPEA/401 (continmation shea) (March 2001; reprint July 2001) See Notes to the demand form



Sheet No. .3.

Continnation of BaxNo. I  APPLICANT(S)
I none of the fliowing sub-boses ts nsed, this sheet shonkkd pot be inckaded in the desasd

Name and address: (Family ssse fllower! by ghen mame; for 2 kegal eafty, jil alficisl dhaiption. The ackirest sy inchele povtal code sad same of cowity)
PATEL, Ramesh N.

572 Cabot Hill Road

Bridgewater, NJ 08807

UNITED STATES OF AMERICA
State (thet is, comniry) of naticnlity: State (that is, commiry) of residence:
us us

Name and address: Famlly sase Sillowed ly gives same; fir 2 legal enilly, £ alicll desigastion. The adkiess syt dackel postel cod sad sasse of couniry)
HANSON, Ronald L.

54 Whitewood Drive

Momis Plains, NJ 07950

UNITED STATES OF AMERICA

State (thet i, convtry) of nationality: State (that is, comniry) of residence:
us Us

Name and sddress: (Family same hilowed by gives rume; for g byl ently, il olficisl degjgnticn. Tia sbiress swet inchede posinl cule sud seme of comstyy)

State (that is, coentry) of nationaltty: State (thet 15, comstry) of residence:

Nama ] address: (Ranily sows ilbwed ly gives maue; for g bgal eallly, Al olicial dujgeiion. The adkiress st leclade posial code ssd seme of cousity)

State (Mt i, coontry) of nationality: State (it is, comsiyy) of residence:

[[] Forther applicants are indicated on another contimustion sheet

Form PCT/IPEA/401 (contirustion sheet) (March 2001; reprint July 2001) See Notes t the demand form
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International application No. \
Sheet No. .4 PCT/US01/18655

Box No.I AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE
The following person is egent [} common representative \
and [f] hes been appointed earlier and represents the applicant(s) also for intemational preliminary examination.

[] s hereby appotnted and any esriier appotntment of {an) agent(s)/common representative is hereby revoked.

| umwmmrummmmmwmmwm.hmm

-

Nume and address: ml: Bﬂf:.?'*’“" , Al alficiel designation '::9!;;;&

BABAJKO, Suzanne E. [ Facsimile No.
Bristol-Myers Squibb Company 609-252-4528

P.O. Box 4000 Teiopriater No.
Princeton, NJ 08543-4000

32,880

United States of America SregatatcaNo Wi e O |

mm erktllllldn:k mmmam%mu-wmm

Box No.IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION

Statement concerming amendments:*

1. The applicant wishes the intemational] preltminary exsmination to start an the basls of:
the international spplication as originally fiisd
the description [ X| as origtnally filed

a5 amended under Articia 34

the claims (X| as originally filed
as amended under Article 19 (together with any accompanying statement)
a8 amended under Article 34

the drawings s origimally filed
. ss amended under Article 34

Cibd CICIRd b

2 D The applicant wishes anry amendment to the claims under Articls 19 to he considered a3 reversed.

3. D The applicant wishes the start of the international preliminary examination to be postponed until the expirstion of 20 months
from the priority date tnless the Internationa) Prelbminary Examining Authority recetves a copy of any smendments made
under Asticle 19 or a notice from the applicant that he does not wish (o make such amendments (Rule 09.1(0). (TZis cheal-
bax may be marked anly where the time limit under Article 10 bas not yet explred)

* Where no check-box is marked, internations] preliminary exzminstion will start on the basis of the international spplication
a filed or, where s of amendmentis to (he claims under Article 19 snd/or smendments of the nternational

application
under 34 are received before it has drew up a wriiten
mnder are by Pl'lh:llyhmm begun to upa opinion

Language for the purposes of international preliminary examination: English
which is the language in which the international application was filed.
D which is the langusge of a tramlation furnished for the purposes of international semrch.

[[] which is the langoage of publication of the intemational applicstion.
[T] which is the ianguage of the trenslation (o bie) furnixhed for the porposes of international praliminery examination.

Box No.V ELECTION OF STATES

The applicant hereby elects all eligible Stutes (zhat is, all Statrs which have boa designated snd which are bound by Chapter IT of
the PCT)

excluding the following Staies which the spplicant wishes not to elect:

Form PCT/IPEA/401 (second shest) (March 2001; reprint July 2001) Ser Notes to the demend form



Internationsl application No.
Sheet No. 5. PCT/US01/19655
Box No. VI CHECK LIST .
The demand is accompunied hrdlmdumhmem:dm For International Preliminery y
Box Na. IV, fullnpupmb{lf tnternations] preltminary exambng ok m:mamnyumy >
recelved 0ot recetved

1. transiation of imernation] spplication : 0 sheets O .
2. amendments under Article 34 sheets a [
3. copy (cx, where required, transistion) of

amencuents under Article 19 : 0 sheets | |
4. copy (or, where required, translstion) of

staternent onder Article 10 sheets O I:I
5. letter sheets O -
8. other Mpecify) sheets a -

The demand 1is also accompanied by the ttem(s) marked below:
1.[Q) fec calculation sheet 5.7] stxtement explaining lack of signature
2.[] original separste power of atiamey 6. ] sequence Msting in computer readsbie form
3.[] origimal gevieral power of attomey 1.0 other Cartification for POA):
4. mpyd'gn-llmufm
ruference mumber, if any:

Box No. VII SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Next o eack ignatre. iaciicaie the same of the porsom sigaing s the capacily fx wikich the persc siyest (f such capacity 18 w0t Gbvioes from reading the dessand).

Agent Date: M J, Zgove

For International Preliminary Bxamining Authority use oaly
1. Date of actual receipt of DEMAND:

2. Adjusted date of receipt of demand due
to CORRECTIONS under Rule 60.1():

3 D The date of receipt of the demand is AFTER the expintion of 19 months D The spplicant has basn
from the priority date and tiem 4 or 5, below, does not apply. informed accondingly.

JO mm&wthhmmmdlummumuumwmu

5. D %ﬁhd’ ﬂnhmdhlﬂuﬂlnﬂnﬂmdlimhlﬁmﬂnpiﬂﬂyhﬂnﬂlyhm

For International Buresu use only

Demand recetved from IFEA on:

Form PCT/IPEA/40] (lnst shee() (March 2001; repwint July 2001) See Notes to the desannd form



examination under

Applicant’s Guide, s WIPQ
www.wipo.in enﬂnda:.hm:l.w'l‘he Notes are based on the
Instructions

. @)= 10 THE DEMAND FORM (PCTIII"UI)

These Notes are intended to facilitate the filling i of the demand form and to
II of the Patent Cooperation Treaty

informetion,
.mumm.ammmmmmmuwmo'sw

the PCT. In case of any discrepancy between

430

some information concerning
. For more detailed

of the PCT, the Regulations and the
Notes and those requirements, the latter sre

In the demand form and these Notes, “Article”, “Rule” and “Section® refer to the provisians of the PCT, the PCT Regulations

and the Administrative Instractions, respectively.

Please use a typewriter; check-boxes may be marked by hand with derk ink (Rules 11.9(s) and (b) and 11.14).
The demand form and these Notes may be downloaded from WIPO's Website at the address given above.

IMPORTANT GENERAL INFORMATION

Whe File 2 Demand? (Article 31(2)(a) and Rule 54):

A demand international exsmination) may
be filed by an applicant who is a national or resident of a
Cmuﬂu&lhwhﬂmkhmﬂwcupunnﬂhwcr:

E
;
E
1T
il
T

the dete. Warning: If the demand is flled later, the
national will not be delayed in respect of the elected

the t must enter the national phase before the
of the time limit applicahle under Article 22 (which

is usually 20 months from the priority date).

In Which Must the Demand Be Filed?
(Rule 55.1): The mustbe flled in the in which
international examination will be out (see
Notes to Box No. IV). .

What b the of
and 02.2 and Section 104):

(Rules 66.9

translation (see Notes to Box No. IV), any letter from the
to the IPEA must be in the of the trunslation.
mWMhmﬁl%lpfalm

Which Fees Must Be Pald and When? (Rules 57 and 58):
Two fees sre due in respect of the lnternational
cmamination: the examination fee and
fee. Both fees must be paid to the IPEA within oue month from
the date on which the demand Is submitted. The Fee Calculation
Shullhuﬂdbeuadl’m'ﬂum“ For details
the payment of the fees, see otes to that Sheet.

Applicant’s or Agent’s File Refierence: A file reference
may be indicated, if desired. It should not exceed 12 characters.
Characters in excess of 12 may be disregarded (Section 108).

Identification of the lntmatlonmllutlon
(Rule 53.6): The international application must be
indicated in Box No. 1. Where the demand is filed at 2 time
when the intemnations! a number has not yet been
notified by the the neme of that must
be indicated instead of the international application numbesr.

Internstional Filing Date and (Earliest) Priority Date
(Section 110): Dates musi be indicated lhnAnllhzmhu
of the day, the name of the month and the number of the
Sboul be repeate s pareashese. ustng two dlght Aratc
in
mmmmmdum.d::udﬂdm
month and the Iast two digits of the year, in that order, and
sginted szoru‘lods. ts or , for example,
“20 March (20.03.01)", 20 2001 (20/0301)" or
*20 March 2001 (20-03-01)". Where the international
) mgmamwmﬂ%
claimed must be indicated a3 the priosity date. v

Title of the Invention: If a new title bas been established

the International Searching Authority, thet title must be
bh':llubdlnBMNo.I.

Applicant(s) (Rule 53.4): All the for the elected
mmummum-nﬂ:m named in
the request (Form PCT/R0/101) fora State iz notelected
need not be named i the demand. 1t should be noted thet the
persons named as “inventor only” in the request need not be
named in the demsnd.

Make In Bax No. II of the demand the required indications
as In Boxes Nos. I and 1] of the request . The Notes
to the request apply aéatis mutandis, If there sye two or more
applicants for States elected in the demand, give the
required indications for each of them; if there are mare than

Notes to the demand form (PCT/IPEA#O]) (page 1) (March 2001; reprint July 2001)
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three applicants, make the required indications on the
“Continuation Sheet”.

If different applicants are indicated in the request for different

ted States, indicate in Bax No. I of the demand only the

for the States elected in Bax No. V (oo indication of

States for which a personisa need be made, because
those indications have been In the request).

Applicant’s tion number with the Office
(Rule 53.4): Where the applicant is with the national
or regional Office that is acting as tional Preliminary
Emnhﬂnghmhnﬂz.lhedmulmhﬂhleﬂnmmbuw
other indication which the applicant is 30 registered,

BOX No. Il
Tnor(:mm (Rules 53.5, 50.1
and 90.2): Mark the check-boxes to indicate frst
whether the person named in this Box is agent or common
person bas been

appointed in the demand and any earlier appointment of another
m:emﬁ.ﬁ:ulmﬂuof ﬂ?::dmw
in addition to the person(s) lppulmd.;yﬂlu '

Where an additional is specifically for the
mudmbn&uethem " jssued by the IPEA

will be addressed only 1o that additional person.

A of must be filed with the JIPEA,
o e e S
lp];dl:ldmbethnethedmﬂhﬂld ., WS ot
earlier) signs the deynend on behalf of the spplicant 80.4).

tion number with the Office (Rule 53.5):

Sed?:ldll:l')' Morrup’:ndenct {(Rule 4.4(d) and

H lll!gﬂl .pwlml

intended for the will be sent to Il:lzddl'ﬂl

E';EIIIM (‘?v'mh ﬂ;l- mﬂutlr:hhlm
a . one of two ormore s

28 Common the address indicated for that applicant

in Bax No. IIl will be gaed.

Where no agent is appointed,
cormespandence will be sent to lddrul.lndlunding
No.ll.nflhnppllﬂmllfmumndulppﬂmnﬂ
orof theapplicantwho is tnhemmmrTumM
(if thereare two or more persons named asa . However,
if the applicant wishes correspondence to be sent (o a different
asddress in such a case, thet address may be indicated in Bax
No.IIl tnstead of the of an agent or common

In this case, and only in this case, the last check-
box of Box No. IT] must be (that is, the last check-box
must not be marked if either of the check-boxes © " or
“common representative” in Bax No. III has been .

BOX No. IV
Statemnent Amandments (Rules 53.2(a)(v),

53,0, 62, 68.1 and 69.1): The international
examination will start on the basis of the application

43>

as filed ar, if amendments have been filed, as smended.
the aj check-box(es) to enahle the IPEA to
when on what basis it can start international
examination.

check-box(es) under No. 1
where the interna/ preliminary examination should start
on the basis of the international as originally filed
or where amendments are to be into account, as the case
be. Where amendments are o be taken into account, the
must submit with the demanda of smendments
to the claims under Article 19 (Rule 53.9(a)(1)) and/or the
amendments of the international spplication under Article 34
(Rule 53.9(c)), as the case may be. If a check-box i marked
but the demand i not sccompanied by the documents referred
to, the start of international preliminary examination will be
delayed until the IPEA receives them.

Mark check-bax No. 2 if smendments of the claims under
Article 19 have been flled with the International Burean during
the Chapter I procedure, but the applicant does not want these
amendments to be taken Into sccount for the mu of
international starts

Mark check-bax No. 3 where the time limit for filing

amendments of the claims under Article 19 bas not a
applicant wants to the

option far the filing of such amendments open; the IPEA is thus
requesied 10 themdhmw
examination 53.9(b) and 60.1(d)). Xt be
that the examinstion will start in szty event afier the
of 20 months from the
for filing amendments
bave been received by the

I no check-box s marked, refer to the footnote at the

Llngupﬁlrthehgl-

(Rule 55.2): Where nelther the in
which the internetions] application is filed nor the ]
which the international application is published is accepted by

such a case the international examination is carried
outon the basis of the furnished far the purposes of
search,
The for the of international
mWMdbe IndimedmlnnmNa. IV, on the
line, and the corresponding check-box should be marked.
Language of Amendments es 55.3 and 66.9):
Amendments and letters thereto must be in the

Notes 1o the demand fors (PCT/IPEAAOL) (page 2) (March 2001; reprint Jaly 2001)
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from the of the invitation. That time limit may be
extended by the IFEA.
BOX No. V

Election of States (Rule 53.7): Only States which are
bound by ChapterI] of the PCT andwhich have been
inthe international (thatis, States whose tons
have been made Rule 4.9(s), confirmed under 4.8(c)
or considered as been made under Rule 32.2(a) (1) can
be elected. They are the “eligible States”.

For the convenlence and of » Box
No. V contains a statement to the effect that al eligible States
are elected. Jtis where the does not wish to elect

certain eligible States that the name(s) or two-letter code(s) of
msammhmumummmmm

The indication in the demand of the kind of protection or
treatment desired for any elected State is not since it

BOX No. VI 4}4

Check List: It is recommended that this Bax he
in order for the IPEA to determine a3 soon as
whether it is in of the docxomenty on the of
which the applicant wishes international preliminary
examiostion to start.

Where the international mnuludls:lm
ofnnewmnemdeoﬂde acid sequences, and

this Is the case, check-box No. § must he
BOX No. VII
ture (Rules 53.8, 80.3(s) and 50.4(s)): The
m;maﬁaﬂl#nﬂm:mwmﬂn
the the mlllv.'{.(nll)

E EEE

%
i
?i}
E'EE
‘EEEEEE,

Notss to the denend form (PCT/IPEA/40L) (page 3) (March 2001; reprint July 2001)
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FEE CALCULATION SHEET
Annex to the Demand

mppliaticaNo. PCT/US01/19655

ﬂl“’ﬂ"‘"‘"ﬂ“" Dute stamp of the IPEA
rferecs | )19 ==

CHAPTER II

45

For Internntiona] Preliminary Rexmainiag Anthority use only 1

Applicent
Bristol-Myers Squibb Company

CALCULATION OF PRESCRIBED FEES

750.00| P

|
.E

146.00] H

and
and enter total in the TOTAL BOX ....oconeummmersancassm e 896.00

e o i

] cheque [0  reveose stampe
[ postl money arder ] coupon
[] teskann O otier sty

AUTHORIZATION TO CHARGE (OR CREDIT) DRPOSIT ACCOUNT
(This mode of psymemt may oot be avatisble at ail IPEAS) us
IPEA/

(This check-bax may be marked only ifthe conditions for Date: April 3, 2002

[¥] Authorization to cherge the tntsl fees indicated shove. Deposit Account No.: 19-3880

depasit accounts of the IPEA so perast) Anthorizstion

to charge eny deficlency or credit any overpayment ta Name:Suzanne £, Babalko

e—
-

Form PCT/IPEA/401 (Annex) (March 2001; reprint July 2001) Sea Notes o the fee calcalztion sheet




] PC’I. ru.vin;ome_my
REQUEST _

The undersigned requests that the present

international spplication be processed

acconding to the Patent Cooperation Tresty. [ Name of receiving Office and "PCT International Application®
Applicant's or agent's file reference LDO1e2
(if desired) (12 characters maxinmamm)

BoxNo.]  TITLE OF INVENTION '
FUSED HETEROCYCLIC SUCCINIMIDE COMPOUNDS AND ANALOGS THEREOF, MODULATORS OF NUCLEAR
KORMONE RECEPTOR FUNCTION

BoxNe. I APPLICANT ,

md address: (Family nams followed by given name; for a iegal entily. fidl official designation,
Tha address st include postal code and name of cosmtry, The country of the address indicated in this [:I This person i also igventor,
i the applicant's State (tkat b, country) of revidence f no Sats of residence ts indicated below.)

BRISTOL-MYERS SQUIBB COMPANY Telephone No,
P.O. Box 4000 ; Lawrenceville-Princeton Rd. (009)252-41?69
Princeton, N 08543-4000, USA
Facsimile No.
(60B)252-4528
Teleprinter No.
Stato (that is, country) of nationality: State (that is, country) of residence:

us us

for e perponen et L Bhim = DX) S el St o Amaants ) o Armercn sty L the Sepmiomcier o
BoxNo.Ill FURTHER AFPPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

ame and address: (Family nams followed by given nams; for o legal entity, full official dexignation.
addresy must includs portal code and name qf country. The country of the oddress indicated in This pereon is:
I the applicant's State (that iy, country} of residence if no State of residence iy indicasad balow )

SALVATI, Mark E. :
8 Tracey Drive D spplicant only
Lawrenceville, NJ 08648 .
UNITED STATES OF AMERICA applicant and inventor
[[] vetor only @ ehis check-bax
is marked, do not fill in beiow,)
State (that is, country) of nationality: State (that is, country) of residence:

us us

This person is applicant [ all designated [ all dasignated States oxcopt the United States [ the States indicated i
for 1 purposes O - L8 (] 2 dyeignated Sitey proont, ] S United Stxge the Supplementa) Bax

[34] Purther spplicants and/or (Auther) inventors are indicated on s continuation sheet.
BoxNe.IV  AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE
The persan ideatified below is herebry/has bee sppointed behalf :
ﬁth)mmeuAuﬁzi?umm E agent D common feprescatative
Name snd sddvem: (F ;

o e e e 0 G e

ALGIERI, Aldo A.; BABAJKO, Suzanne E.; BABCOCK, Timothy J..D'AMICO, .
Stephen C; DAVIS, Stephen B.; DUBOFF, Samue! J.; HERMENAU, Ronald S.; Facsimile No.

KILCOYNE, John M.; KLEIN, Christopher A.; LANGE, Kaith R.; LOPEZ, Gabriel; (608)252-4526
MAKUJINA, Shah R_;: MATHIAS, Maria J.; MORSE, David M.; O'BRIEN, Meureen P.;
PATEL, Rena; PEIST, Kenneth W; PROVOOST, Jonsthan N.; RODNEY, Burton; | Teleprinter No.

RYAN, P.: SHER, Audrey F.; SWITZER, Joan E.; WILK-ORESCAN,
Rosemarie R. R Eontinue o:l;| suppl. sheet)

Address for correspoadence; Mark this check-box whare no t or common ive is’has been appainted and the
Dmﬁnhmﬂmﬂmhﬁmlgﬁdlﬂmm i muﬂ.

Form PCT/RO/101 (fitet sheet) (July 1998; reprint Jarmary 2000) Lageiiner 2000, Foon PCTREQ See Notes to the requent form




Continnation of Box No. Il FURTHER APPLICANTS AND/OR (FURTHER) INVENTOR(S)

If none of the following sub-boxes Is used, this sheet is not to be inciuded in the request.

ame and address: (Family name followed by piven name; for a legal entity, full officiol devignation.
The addresy waat inchude postal cods and name of country. The country of the oddresy indicated in
Bexx is the applicans’s Siate (1hal b, country) of residence {f no State of revidence iy indicated below)
BALOG, James Aaron

2 Sessafras Court, Scotch Plains, NJ 07078

UNITED STATES OF AMERICA

I:I epplicaut caly
lpplimndinvumr

|:] inventir only (ff this check-box
is marked, do wot fill in below,)

State (that Ir, couniry) of nationality:

?Jt;lnﬂhﬂh.mry)oflﬁdmu:

us
Ais peron is applicant [ g desienatnd [ ] o o Ss of Aty X

the United States
of America only

the States indicated in
the Supplementat Bax

O

‘Name md sddress: (Family nams followed by given name; for ¢ lagal axtify, full official devignation,
The addrayy snust inchude posial code and nams of country. The country of the address indicated in
Bax iv the applicans’s Swxte (thal Is, country) of rexidence if no Sicte of residence is indicated below,)
PICKERING, Dacla A

507 Draxsl Avenue, Lawrencevilla, NJ 08848-3844

[:]qmﬁmuwM'

1113 Polo Run Drive, Yardiey, PA 18087
UNITED STATES OF AMERICA

UNITED STATES OF AMERICA licant and i
|:| inventor oaly (0 this check-bax
. is marked, do not fill in below,)
State {that is, country) of natiopality: State (that s, country) of residence:
British Virgin lslands Us
E’uﬂ:pm'p::d‘ D o desig D the Uni Smoflunmu . %’Mﬁs&“ D%gi';mmnﬂ
Name snd adidress: (Family name foliowsd by given naws; for a legal extity, full official designation.
The eddress mut includs postal code and nawe of country. The coiniry of the addrass indicated in This persan is:
Bax ix the applicant’s State (that is, country) of residence |f no Siats of rexidence iz indicated balow)
GIESE, Sdren D ticat culy

DA sppticant end imventor

[] taventor caly @ shis check-box
is marked, do not il in below,)

[ State (thas is, country) of nationality:

Sinte {that is, country) of residence:
us

pemon

Gormany
hhwp::mlm D o D II:eUm

. ﬁeUnltﬂISm D the

States indicated i
the Supplemental Box

The address must incleds posial code cnd name of country. The coumiry of the address indicated in
Bax ir the applicont’s Stats (that is, country) of rasidence {f no State of reidencs is indicated below )
FURA, Aberra

15 Cresthill Road, Lawrenceville, NJ 08848

UNITED STATES OF AMERICA

NmunﬂIﬂmnﬂhdbumqﬂbmdhqﬂ-nnuﬁmﬂhdaﬂmﬁﬂdhﬂdﬁhubnﬁJ_nm o

D applicent only
| spplicant and inventor

D inventor only (7 this check-bax
is marked, do not il in below,)

Seate (that is, country) of nationality:
-Qatar

E?Mdh.mby)cfm

This pereon
flor the parposes of

o= [ g [ Eesrn, ) sy

PO
e ey L

[ Further spplicants andor (farther) inventors aro indicated an snother coptinuation shost.

Form PCT/ROV101 {continustion sheet) (July 1998; reprint January 2000) L0020 FamPCTREQ g0 Notes 10 the request form



SheetNo. ...3... )Ba

Continuation of Box No, Il FURTHER APPLICANTS AND/OR (FURTHER) INVENTOR(S) M
1 mona of the following sub-baxes is used, this shoet is ot to be Included ix the request ‘M

[Namo and address: (Family nams followed by given name; for a lsgol entity, full official designation.
The address must includs pastal code and nams of country. The country of the address indicated in This person is:
|Bex iy the applicant’s State (that ts, country) of residence §f no Sinte of residence is indicased helow,)
LI, Wenying D jcant cmly
6221 Town Place Middlstown, CT 08457 spplicant
UNITED STATES OF AMERICA licant and i
[] inventor anly @ this chack-bax
is marked, do not fill in below,)
State (that is, country) of nationality: State (that ts, country) of residence:
P.R. CHINA us

T persan s wppficant [ ] 4 dosignated [ ] A o s of Amcita 2] SF Atscrion o2ly [ e gy indicareg i
Naroe and M&-:(Fulbmﬁ&ndbyﬁ_mhﬂqd-mﬂwmmll
This

The address muxt inchude partal cade and xams of country. Tha country of the addrexs indicated in
Bax s the applicant’s Stats (that is, country) of residencs {f no Siass of residence is indicetad beiow)

pernon is;

PATEL, Ramesh N. .
572 cabott Hill Rd. D applicent only
Bridgewater, NJ 08807 _ E licant and i

UNITED STATES OF AMERICA
[] iaveutor aaly 27 his check-bax
is markad, do not fill in below,)

State (that s, couniry) of nationality: State (that ir, country) of residence:
_us Us
e [ e [ Lernsy e, () rinty & ipaenis

ame and address: (Famtly apms followed by gives name; for a legol endty, full official designation.
The addrezs must includa posisl code and name of countyy. The country of the address indicated in This person is:

Box is the applicant’s Siats (that s, country) of revidecs |f no Siate &of rexidence is indicated below,)
HANSON, Ronald L. applicent
54 Whi;:ewood Drive I:I ouly
Morris Plains, NJ 07950 [X] applicant and invemtor
UNITED STATES OF AMERICA

[] inventor caly arthis check-box

is marked, do rot fill in below,)

State (that is, country) of nationality: State (that is, country) of residence:

Us

. Us
S . licant e 1 - . sted St 3 indicated i
Eulhepwpumt D anmu D :tlnanmEsﬁs:ﬁAmm m &‘A‘E&lﬂmly nglmn:
and address: (Fi followed ; legal entily, fiell official desigration.
l&wuﬂ&”ﬂﬂ#ﬂ’uﬁ%mfﬁ““hﬂj This person ia:
Box iz the applicant’s Stats (that ix. country) of revidence {f mo State of residence iy indicated beipw,)

[ epplicast oty
[ sppitcant and inventor

[[] saventor cuty ar chis check-bax
is marked, do rot ill tn below,)

State (that is, country) of nationality: Sixte (that is, country) of residence:

Toisporvon o pplom: [7] gl denigmeted [ ol St of Asmetin ] of Armarics oy || the Supplermenea Bow

[ Further spplicents endior (forther) inventors are indicated an another continustion shest.

Form PCT/RO/101 (contiauation sheet) (fuly 1998; reprint Jamary 2000) ~ 40wi00.FemPCTREQ  gop Notes 0 the request form



BoxNo.VI _ PRIORITY CLAIM @ ﬂrmmmmm.mmuwm

o I-'nhngdm ) of Number Where earlier application is:
carlier spplication L natiopal application: | regional application:* | international cati
(daymonth/year) . coumtry regional Office receiving Office
item (1)
19 Sept. 2000 | 60/233,519 us
.(19.09.00) .
item (2) '
18 April 2001 60/284,730 Us
(18.04.01)
T i 284,438
Hansi 51}001 60/ ' _ us
L) and tranxmit to the Interuational B a certificd (1), (2) &
X ofua:gum-ppnemﬁ'i"r'm‘" e eorile appl %ﬁtkﬂn m‘;ﬂ (3)

-n-u:r-u- p“'.#q. s ket -mn*w—fh-mna-ymnﬁmwhiw

Box No. VI INTERNATIONAL SEARCHING AUTHORITY

hﬂh‘ Raquast to use results of enrlier search; refarsues to that ssarch V' an erlier
 mo .h-' w Awthorities g socrch has beun cxrviad eut by or repuesied from she International Esarching dushoriy):
m’ﬂhm&whm Dute (daqy/month/year) Number Comtry (or reglonal Offiet)

ISA/ ep

Bex Ne. VEI CHECK LIST: LANGUAGE OF FILING

This intemational spplication contains | This internstional application is accompaniad by the item(s) marked below:
the following number of sheets:

1.8 foo calculation sheat
request : 5 2. BS] scparts aignad power of attacy
description (excluding 3.0 copy of general power of sttomey; refirence mumber, if sny:
mpmclaiog ) 138 | 40 sotenent coplving nckof iguatr

3.0 priority document(s) identified in Box No. VI as jtem(u):

abetract ol 6. trenaletion of intemationsl application into (langamgs):
drawings 7. ] separate indications conceming deposited microorganism or other biological material
:quwnu-t _ 8. [3 mcleotide and/or amino acid sequeacs listing in computer resdabie form
—e | §_[M] other : Transmitial lotter
the which of of the
Figars of muggp Laoguage of fillny c

BoxNo.IX SIGNATURE OF AFPLICANT OR AGENT

and the in which the sk i
Muﬂ%ﬂh&hmd@mm capacify peraon signs (f capacily is not

%ﬁé@ﬂ'
For recelving Office use only

1. Dato of sctusl receipt of the parparted 2, Drawings:
intemational application:

3. Comecicd date of sotual receipt doe to Iter but received:
unllytwg:lmum;qmto D
| purported interoational

b O T [ e

5. Intemstional Searching Authority Transmittsl of scarch delayed
(if two or maxe arc competent): ISA/ § D mm:.m

For Intemational Buresn mee cnly

Duts of receipt of the record copy
by the International Baresu:

U39

Form PCT/RO/I01 (1ast shoet) (Fuly 1998; roprint Jamary 2000) Lagaifier 5000, PForm PCTREQ Sew Notez to the request form



’ e, 5. 440

BoxNe.V DESIGNATION OF STATES  Adork the applicable chach-baves beiow; of least ons must be marked.
Reglonal Patent
8 AP ARIPO Patent: GH Ghens, GM Gambis, KE Kenyu, LS Lusotho, MW Malawl, MZ Mozambique, 5D Sudan,
AL Siera Leone, 87 Swaziland, TZ Unlted Republic of Tanzanis, UG Ugsnds, ZW Zimbabwe, and any other State which is
a Coutracting Stats of the Harars Protocol and of the PCT
X xA EorssissPatent: AM Armenis, AZ Azerbaljan, BY Belarus, KG Kyrgyzstsn, KZ Kazakhstan, MD Repuoblic of Moldovs,
:mev:nn d-nn.du:'::;lcrmmm and say other State which iy a Contracting State of the Eumasian
{8 EP Eoropesw Patest: AT Austris, BE Belgium, CH & LI Switzariand and Lischtenstein, CY Cypres, DE Germeay,
DK Denmark, ES Spain, F1 Finlsnd, FR Prance, GB United Kingdom, GR Grosce, IE Ireland, IT Italy, LU Luzembourg,
MC Monaco, NL Netheriands, PT Portagal, SE Sweden, TR Turkey, snd sy othex State which is & Contracting Stsw of
the Exropom Petent Coavention sod of the PCT
M OA OAPI Patent: BF Burkine Faso, BJ Benin, CF Centra} Aftican Republic, CG Congn, CI Cts &"Iveirs, CM Cameroon,
GA Gabon, GN Guinss, GW Guines-Bissan, ML MaMl, MR Muxritania, NE Niger, SN Sencgal, TD Chad, TG Togo, mdany
:ﬁmﬂm&mmmu;m‘ State of the PCT (I other kind of prosaction or tretwent desived,
OGN G (Y «cavene sesssndaanvan sessawsmssSasyvSTsVEEEE R I m saaaa
Natlonal Patent (}father kind of protection or reatwen desirad, specify en dotied ling): .
[8 AE Unied Arsb Emirates BOGE Georgin .. ccvnacnriancnnanaas BIMWMalawl...ocuneerennnneacans
&) AG Astigos and Barbuda Kl GH Ghamx ... ... errnees vorrs BIMXMaxdoo.....ccvvuuennes
K AL Abagia............ R v». Bl M Gambla ) MZ Mozambique
B AMAmenls.......cccinnnnnnanann BIMR Crosthe ...cocvvnnnnnnnnarans ) NO Norway
B AT Aomtris.....ocnececcnacncacnss B AU Hongery ooccocvcannnnannnnns B NZ NowZeald . ...............
B AU Angralia........ caruns reeases E]ID Indooesis AL Paland...............
[E} AZ Azabaljan BIL lamel..ccccarvenrarernananes ErT Porugal....... cevenvasanane
K] PA Bosls snd Hersegovim . . ... ... BIIN Indis....oovececmvnncnnnnnes X RO Romanla
............... sarsersssonces (I8 Jooland P RU Rusmisn Rederstion .. ........
Kl BB Bartwics TP Jopmh...ceenecnenerans veesss  eveesesesdsescmesmmsesas
Bl BG Bulgsia......evuvaennns ceanee KE KSOYB...oveeecanncas veerte.. B18D Soden
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