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SPIROINDOLINONE DERIVATIVES

pPd3 is a tumor suppresser protein that plays a central role in protection against
development of cancer. It guards cellular integrity and prevents the propagation of
permanently damaged clones of cells by the induction of growth arrest or apoptosis. At
the molecular level, p53 Is a transcription factor that can activate a panel of genes
implicated in the regulation of cell cycle and apoptosis. p53 Is a potent cell cycle
iInhibitor which is tightly regulated by MDM2 at the cellular level. MDM2 and p53 form a
feedback control loop. MDM2 can bind p53 and inhibit its ablility to transactivate pS53-
regulated genes. In addition, MDM2 mediates the ubiquitin-dependent degradation of
pPS3. pd3 can activate the expression of the MDM2 gene, thus raising the cellular level
of MDM2 protein. This feedback control loop insures that both MDM2 and p53 are kept
at a low level in normal proliferating cells. MDM2 is also a cofactor for E2F, which plays

a central role in cell cycle regulation.

The ratio of MDM2 to p33 (E2F) is dysregulated in many cancers. Frequently occurring
molecular defects in the p16INK4/p19ARF locus, for instance, have been shown to
affect MDM2 protein degradation. Inhibition of MDM2-p33 interaction in tumor cells with
wild-type p53 should lead to accumulation of p53, cell cycle arrest and/or apoptosis.
MDM2 antagonists, therefore, can offer a novel approach to cancer therapy as single
agents or in combination with a broad spectrum of other antitumor therapies. The
feasibility of this strategy has been shown by the use of different macromolecular

tools for inhibition of MDM2-p53 interaction (e.g. antibodies, antisense oligonucleotides,
peptides). MDM2 also binds E2F through a conserved binding region as p53 and
activates E2F-dependent transcription of cyclin A, suggesting that MDM2 antagonists

might have effects in p53 mutant cells.

The present invention relates to oxindole derivatives which act as antagonists of mdm2
iInteractions and hence are useful as potent and selective anticancer agents. There are

provided compounds of the formula
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wherein

X IS oxygen or hydrogen/ hydroxy,

W is selected from the group consisting of hydrogen, halogen, cyano, nitro, ethynyl and
cyclopropuvl,

Y Is hydrogen or fluorine

R R2 Rzand R4 are selected from the group consisting of hydrogen, lower alkyl, lower
alkoxyl, substituted lower alkyl, lower alkenyl, lower alkynyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocycle, substituted heterocycle, cycloalkyl,
substituted cycloalkyl, cycloalkenyl and substituted cycloalkenyl, with the proviso that
one of Ri/Rz0r R3/R41s hydrogen and the other is not hydrogen,

and the pharmaceutically acceptable salts and esters thereof.

Preferred are compounds of formula | wherein

W is halogen

X IS oxygen,

Y Is hydrogen,

R4 1s hydrogen,

R41s hydrogen,

R2 and Rz are selected from the group consisting of lower alkyl , lower alkoxyl,
substituted lower alkyl, lower alkenyl, lower alkynyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocycle, substituted heterocycle, cycloalkyl, substituted

cycloalkyl, cycloalkenyl, and substituted cycloalkenyil.

Further preferred are compounds of formula | wherein
W is chlorine

X IS oxygen,

Y Is hydrogen,

R4 1s hydrogen,

R4 1S hydrogen,
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Rsis a meta-halogen substituted phenyl with or without further substitution and Rz s
selected from the group consisting of lower alkyl, lower alkenyl, aryl, and substituted

aryl.

Still further preferred are compounds of formula | wherein
W is chlorine;
X IS oxygen;
Y Is hydrogen;
R4 1s hydrogen;
R41s hydrogen;
Rs1s 3-chloro-phenyl; and
Rz Is selected from
-halogen;
-OH,;
-(C1-Co) alkyl, (C2-Co) alkenyl or (C2-C6) alkynyl which are all either
unsubstituted or once substituted by hydroxyl;
-furyl, iIsoxazolyl, pyridinyl or 1,2,3,0- T etrahydro-pyridinyl which are all either
unsubstituted or once substituted with —(C1-Co6) alkyl, -O—-(C1-C6) alkyl or
—-C(0)-0O-(C1-Co) alkyl;
-cyclohexyl; or
-phenyl which is either unsubstituted or one, two or three times substituted with
a substituent selected from halogen, (C2-Co) alkenyl, (C1-C0) alkyl, (C1-C0)
hydroxyalkyl, -CF3, -O-(C1-C6) alkyl, -O-phenyl, -O-CF3, -C(O)-O-methyl,
-C(O)-OH, -C(0), -C(O)-NH-methyl, -C(O)-N(methyl)z, -CN, -NH-C(O)-O-(C1-
C4) alkyl and —S-(C1-C4) alkyl.

Especially preferred are compounds selected from the group consisting of
rac-(1R,6S5)-3-bromo-6'-chloro-6-(3-chlorophenyl)spiro[2-cyclohexene-1,3-[3H]indole]-
2',4(1'H)-dione,

rac-(1R,0S)- 6'-chloro-6-(3-chlorophenyl) 3-iodospiro[2-cyclohexene-1,3-[3H]indole]-
2',4(1'H)-dione,

rac-(1R, 4S5, 6S)-6'-chloro-6-(3-chlorophenyl)-4-hydroxy-3-iodospiro[2-cyclohexene-1,3'-
[3H]indol]-2'(1'H)-one,

rac-(1R, 4S5, 6S)-6'-chloro-6-(3-chlorophenyl)-3-(5-fluoro-2-methylphenyl)-4-
hydroxyspiro[2-cyclohexene-1,3'-[3H]indol]-2°(1'H)-one,

3
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rac-(1R,06S5)-6'-chloro-6-(3-chlorophenyl)-3-methylspiro[2-cyclohexene-1,3’-[3H]indole]-
2',4(1'H)-dione,

rac-(1R, 65)-6'-chloro-6-(3-chlorophenyl)-3-(E)-(1-propenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2’,4(1°H)-dione,
rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(E)-(1-propenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(methylethenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
rac-(1R,0S)-6'-chloro-6-(3-chlorophenyl)-3-(methylethenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione,

rac-(1R, 4S5, 6S)-6'-chloro-6-(3-chlorophenyl)-3-(1,2-dimethyl-1-propenyl)-4-
hydroxyspiro[2-cyclohexene-1,3'-[3H]indol]-2°(1'H)-one,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(1,2-dimethyl-1-propenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione,
rac-(1S,06S)-6'-chloro-6-(3-chlorophenyl)-2-(3-methoxyphenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
rac-(1R,0S)-6'-chloro-6-(3-chlorophenyl)-3-(3-methoxyphenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione,
rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(2-ethoxyphenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2’,4(1°H)-dione,
rac-(1R,06S5)-6'-chloro-6-(3-chlorophenyl)-3-(2-ethoxyphenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione,

rac-(1R, 4S5, 6S)-6'-chloro-6-(3-chlorophenyl)-3-(2-methoxyphenyl)-4-hydroxyspiro|2-
cyclohexene-1,3-[3H]indol]-2°(1'H)-one,
rac-(1R,06S5)-6'-chloro-6-(3-chlorophenyl)-3-(2-methoxyphenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione,
rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(2-methoxyphenyl)spiro[2-cyclohexene-1,3-
[3H]indole]-2’,4(1°H)-dione,
rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(4-methoxyphenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-3-(4-methoxyphenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(2-ethoxyphenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
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rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(5-fluoro-2-methylphenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°'H)-dione,
(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(2-methoxyphenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2’,4(1°H)-dione,
(1S,6R)-6'-chloro-6-(3-chlorophenyl)-3-(2-methoxyphenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(5-fluoro-2-nydroxyphenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(4-fluoro-2-hydroxyphenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°'H)-dione,
rac-(1R,65)-6'-chloro-3-(5-chloro-2-ethoxyphenyl)-6-(3-chlorophenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-3-(2-phenoxyphenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-3-(4-chloro-2-ethoxyphenyl)-6-(3-chlorophenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,6S)-6'-chloro-3-(4-chloro-2-methoxyphenyl)-6-(3-chlorophenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(2-ethoxy-5-methylphenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-[2-(trifluoromethoxy)phenyl)]spiro|2-
cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(3-furanyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-[4-(hydroxymethyl)phenyl]spiro|[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(3,5-dimethyl-4-isoxazolyl)spiro[2-
cyclohexene-1,3’-[3H]indole]-2,4(1'H)-dione
rac-(1R,06S5)-6'-chloro-6-(3-chlorophenyl)-3-(1-cyclohexenyl)spiro[2-cyclohexene-1,3-
[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-[2-(hydroxymethyl)phenyl]spiro|[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-[3-(hydroxymethyl)phenyl]spiro|[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°'H)-dione,
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rac-(1S,06S)-6'-chloro-6-(3-chlorophenyl)-2-[3-(methoxycarbonyl)phenyl]spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°'H)-dione,
rac-(1R,06S5)-6'-chloro-6-(3-chlorophenyl)-3-[3-(methoxycarbonyl)phenyl)]spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-2-[4-(methoxycarbonyl)phenyl]spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-[4-(methoxycarbonyl)phenyl]spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,0S)-6'-chloro-3-(3-carboxyphenyl)-6-(3-chlorophenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione,
rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(3-cyanophenyl)spiro[2-cyclohexene-
1,3’-[3H]indole]-2",4(1’H)-dione,
rac-(1R,06S5)-6'-chloro-o-(3-chlorophenyl)-3-(3-cyanophenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione,
rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-2-(3-propoxyphenyl) spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
rac-(1R,0S)-6'-chloro-6-(3-chlorophenyl)-3-(3-propoxyphenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(3-methyl-5-f-butylphenyl)spiro|[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(2,4,6-trimethylphenyl)spiro[2-cyclohexene-
1,3’ -[3H]indole]-2",4(1'H)-dione,
rac-(1R,06S5)-6'-chloro-6-(3-chlorophenyl)-3-(4-t-butylphenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-2-(2-methoxy-3-pyridyl)spiro[2-cyclohexene-
1,3’ -[3H]indole]-2",4(1'H)-dione,
rac-(1R,065)-6'-chloro-6-(3-chlorophenyl)-3-(2-methoxy-3-pyridyl)spiro[2-cyclohexene-
1,3’-[3H]indole]-2",4(1’H)-dione,
rac-(1R,0S)-6'-chloro-o-(3-chlorophenyl)-3-(3-BOC-aminophenyl)spiro[2-cyclohexene-
1,3’ -[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-2-(2,6-dinydro-2H-BOC-pyridyl)spiro| 2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,06S)-6'-chloro-6-(3-chlorophenyl)-3-(2,6-dihydro-2H-BOC-pyridyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°'H)-dione,
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rac-(1R,0S)-6"-chloro-6-(3-chlorophenyl)-3-(2-formylphenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione,
rac-(1R,06S5)-6'-chloro-6-(3-chlorophenyl)-3-(3,5-bistrifluoromethylphenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-2-(2-ethylenephenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-3-(2-ethylenephenyl)spiro[2-cyclohexene-1,3-
[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-2-(3-methylthiophenyl)spiro[2-cyclohexene-

1,3’ -[3H]indole]-2",4(1'H)-dione,
rac-(1R,0S)-6'-chloro-6-(3-chlorophenyl)-3-(3-methylthiophenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-2-(3-dimethylacetamidophenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(3-3-dimethylacetamido phenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione and
rac-(1R,05)-6'-chloro-6-(3-chlorophenyl)-3-(3,4-dimethylphenyl)spiro[2-cyclohexene-

1,3’ -[3H]indole]-2",4(1'H)-dione.

The term “alkyl” refers to straight- or branched-chain saturated hydrocarbon groups
having from 1 to about 20 carbon atoms, including groups having from 1 to about 7
carbon atoms. In certain embodiments, alkyl substituents may be lower alkyl
substituents. The term “lower alkyl” refers to alkyl groups having from 1 to 6 carbon
atoms, and in certain embodiments from 1 to 4 carbon atoms. Examples of alkyl groups
include, but are not limited to, methyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl, t-butyl, n-
pentyl, and s-pentyl.

As used herein, “cycloalkyl” is intended to refer to any stable monocyclic or polycyclic
system which consists of carbon atoms only, any ring of which being saturated, and the
term “cycloalkenyl” Is intended to refer to any stable monocyclic or polycyclic system
which consists of carbon atoms only, with at least one ring thereof being partially
unsaturated. Examples of cycloalkyls include, but are not limited to, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, adamantyl, cyclooctyl, bicycloalkyls,
including bicyclooctanes such as [2.2.2]bicyclooctane or [3.3.0]bicyclooctane,

bicyclononanes such as [4.3.0]bicyclononane, and bicyclodecanes such as

7
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[4.4.0]bicyclodecane (decalin), or spiro compounds. Examples of cycloalkenyls include,

but are not limited to, cyclopentenyl or cyclohexenyl.

The term “"alkenyl” as used herein means an unsaturated straight-chain or branched
aliphatic hydrocarbon group containing one double bond and having 2 to 6, preferably 2
to 4 carbon atoms. Examples of such “"alkenyl group” are vinyi

ethenyl, allyl, isopropenyl, 1-propenyl, 2-methyl-1-propenyl, 1-butenyl, 2-butenyl, 3-
butenyl, 2-ethyl-1-butenyl, 3-methyl-2-butenyl, 1-pentenyl, 2-pentenyl, 3-pentenyl, 4-
pentenyl, 4-methyl-3-pentenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl and 5-

hexenyl.

The term "alkynyl” as used herein means an unsaturated straight-chain or branched
aliphatic hydrocarbon group containing one triple bond and having 2 to 6, preferably 2 to
4 carbon atoms. Examples of such “alkynyl group” are ethynyl, 1-propynyl, 2-propynyl,
1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 1-hexynyl,
2-hexynyl, 3-hexynyl, 4-hexynyl and 5-hexynyil.

The term "halogen” as used in the definitions means fluorine, chlorine, bromine, or

lodine, preferably fluorine and chlorine.

"Aryl” means a monovalent, monocyclic or bicyclic, aromatic carbocyclic
hydrocarbon radical, preferably a 6-10 member aromatic ring system. Preferred aryl

groups include, but are not limited to, phenyl, naphthyl, tolyl, and xylyl.

"Heteroaryl” means an aromatic heterocyclic ring system containing up to two rings.
Preferred heteroaryl groups include, but are not limited to, thienyl, furyl, indolyl, pyrrolyl,

pyridinyl, pyrazinyl, oxazolyl, thiaxolyl, quinolinyl, pyrimidinyl, imidazole and tetrazolyl.

In the case of aryl or heteroaryl which are bicyclic it should be understood that one ring

may be aryl while the other is heteroaryl and both being substituted or unsubstituted.

"Heterocycle” means a substituted or unsubstituted 5 to 8 membered, mono- or bicyclic,
non-aromatic hydrocarbon, wherein 1 to 3 carbon atoms are replaced by a hetero atom
selected from nitrogen, oxygen or sulfur atom. Examples include pyrrolidin-2-yl;
pyrrolidin-3-yl; piperidinyl; morpholin-4-yl and the like.
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“Hetero atom” means an atom selected from N, O and S.

"Alkoxy, alkoxyl or lower alkoxy” refers to any of the above lower alkyl groups attached
to an oxygen atom. Typical lower alkoxy groups include methoxy, ethoxy, iIsopropoxy or
propoxy, butyloxy and the like. Further included within the meaning of alkoxy are
multiple alkoxy side chains, e.g. ethoxy ethoxy, methoxy ethoxy, methoxy ethoxy ethoxy
and the like and substituted alkoxy side chains, e.g., dimethylamino ethoxy,

diethylamino ethoxy, dimethoxy-phosphoryl methoxy and the like.

In the specification where indicated the various groups may be substituted by 1-5 or,
preferably, 1-3 substituents independently selected from the group consisting of lower
alkyl, lower-alkenyl, lower-alkynyl, dioxo-lower-alkylene (forming e.g. a benzodioxyl
group), halogen, hydroxy, CN, CF3, NH2, N(H, lower-alkyl), N(lower-alkyl)a,
aminocarbonyl, carboxy, NO, lower-alkoxy, thio-lower-alkoxy, lower-alkylsufonyl,
aminosulfonyl, lower-alkylcarbonyl, lower-alkylcarbonyloxy, lower-alkoxycarbonyl, lower-
alkyl-carbonyl-NH, fluoro-lower-alkyl, fluoro-lower-alkoxy, lower-alkoxy-carbonyl-lower-
alkoxy, carboxy-lower-alkoxy, carbamoyl-lower-alkoxy, hydroxy-lower-alkoxy, NHo-
lower-alkoxy, N(H, lower-alkyl)-lower-alkoxy, N(lower-alkyl).-lower-alkoxy, benzyloxy-
lower-alkoxy, mono- or di-lower alkyl substituted amino-sulfonyl and lower-alkyl which
can optionally be substituted with halogen, hydroxy, NH2, N(H, lower-alkyl) or N(lower-
alkyl)o.. Preferred substituents for the cycloalkyl, cycloalkenyl, aryl, heteroaryl and
heterocycle rings are halogen, lower alkoxy, lower alkyl, carboxy, carboxy lower alkoxy

and CN. Preferred substituents for alkyl are alkoxy and N(lower alkyl)..

"Pharmaceutically acceptable,” such as pharmaceutically acceptable carrier, excipient,
etc., means pharmacologically acceptable and substantially non-toxic to the subject to

which the particular compound is administered.

"Pharmaceutically acceptable salt” refers to conventional acid-addition salts or base-
addition salts that retain the biological effectiveness and properties of the compounds of
the present invention and are formed from suitable non-toxic organic or inorganic acids
or organic or inorganic bases. Sample acid-addition salts include those derived from
iInorganic acids such as hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric

acid, sulfamic acid, phosphoric acid and nitric acid, and those derived from organic
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acids such as p-toluenesulfonic acid, salicylic acid, methanesulfonic acid, oxalic acid,
succinic acid, citric acid, malic acid, lactic acid, fumaric acid, trifluoro acetic acid and the
like. Sample base-addition salts include those derived from ammonium, potassium,
sodium and, quaternary ammonium hydroxides, such as for example,
tetramethylammonium hydroxide. Chemical modification of a pharmaceutical
compound (I.e. drug) into a salt is a technique well known to pharmaceutical chemists to
obtain improved physical and chemical stability, hygroscopicity,

flowabllity and solublility of compounds. See, e.g., Ansel et al., Pharmaceutical Dosage
Forms and Drug Delivery Systems (6th Ed. 1995) at pp. 196 and 1456- 1457 .

The compounds of formula | as well as their salts that have at least one asymmetric
carbon atom may be present as racemic mixtures or different stereoisomers. The

various isomers can be isolated by known separation methods, e.g., chromatography.

Compounds disclosed herein and covered by formula | above may exhibit tautomerism
or structural isomerism. It is intended that the invention encompasses any tautomeric or
structural isomeric form of these compounds, or mixtures of such forms, and is not

limited to any one tautomeric or structural isomeric form depicted in formula | above.

The compounds of the present invention are useful in the treatment or control of cell
proliferative disorders, in particular oncological disorders. These compounds and
formulations containing said compounds may be useful in the treatment or control of

solid tumors, such as, for example, breast, colon, lung and prostate tumors.

Therefore, in another embodiment according to the present invention there are provided

the compounds of formula | as described above for use as medicaments.

In still another embodiment according to the present invention there are provided the
compounds of formula | as described above for use as medicaments for the treatment

of tumors, In particular solid tumors, specifically breast, colon, lung and prostate tumors.

In still another embodiment according to the present invention there is provided the use
of the compounds of formula | as described herein for the manufacture of medicaments
for the treatment of tumors, In particular solid tumors, specifically breast, colon, lung and

prostate tumors.
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A therapeutically effective amount of a compound in accordance with this invention
means an amount of compound that is effective to prevent, alleviate or ameliorate
symptoms of disease or prolong the survival of the subject being treated. Determination
of a therapeutically effective amount is within the skill In

the art.

The therapeutically effective amount or dosage of a compound according to this
iInvention can vary within wide limits and may be determined in a manner known In the
art. Such dosage will be adjusted to the individual requirements in each particular case
iIncluding the specific compound(s) being administered, the route of administration, the
condition being treated, as well as the patient being treated. In general, in the case of
oral or parenteral administration to adult humans weighing approximately 70 Kg, a daily
dosage of about 10 mg to about 10,000 mg, preferably from about 200 mg to about
1,000 mq, should be appropriate, although the upper limit may be exceeded when
iIndicated. The daily dosage can be administered as a single dose or in divided doses,

or for parenteral administration, it may be given as continuous infusion.

Formulations of the present invention include those suitable for oral, nasal, topical
(Including buccal and sublingual), rectal, vaginal and/or parenteral administration. The
formulations may conveniently be presented in unit dosage form and may be prepared
by any methods well known in the art of pharmacy. The amount of active ingredient
which can be combined with a carrier material to produce a single dosage form will vary
depending upon the host being treated, as well as the particular mode of administration.
The amount of active ingredient which can be combined with a carrier material to
produce a single dosage form will generally be that amount of a formula | compound
which produces a therapeutic effect. Generally, out of one hundred percent, this
amount will range from about 1 percent to about ninety-nine percent of active ingredient,
preferably from about 5 percent to about 70 percent, most preferably from about 10

percent to about 30 percent.

Methods of preparing these formulations or compositions include the step of bringing
Into association a compound of the present invention with the carrier and, optionally,
one or more accessory ingredients. In general, the formulations are prepared by

uniformly and intimately bringing into association a compound of the present invention
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with liquid carriers, or finely divided solid carriers, or both, and then, If necessary,

shaping the product.

Formulations of the invention suitable for oral administration may be in the form of
capsules, cachets, sachets, pills, tablets, lozenges (using a flavored basis, usually
sucrose and acacia or tragacanth), powders, granules, or as a solution or a suspension
IN an aqueous or non-aqueous liquid, or as an olil-in-water or water-in-oll liquid
emulsion, or as an elixir or syrup, or as pastilles (using an inert base, such as gelatin
and glycerin, or sucrose and acacia) and/or as mouth washes and the like, each
containing a predetermined amount of a compound of the present invention as an active
iIngredient. A compound of the present invention may also be administered as a bolus,

electuary or paste.

"Effective amount” means an amount that is effective to prevent, alleviate or ameliorate

symptoms of disease or prolong the survival of the subject being treated.
“IC50" refers to the concentration of a particular compound required to inhibit 50% of a

specific measured activity. ICso can be measured, inter alia, as is described

subsequently.
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Synthetic Methods

The present invention provides methods for the synthesis of spiroindolinones. The
compounds of the invention can be prepared by processes known In the art. Suitable
processes for synthesizing these compounds are provided In the examples. Generally,
the compounds of the invention can be prepared according to the synthesis schemes
provided below.

The following synthetic schemes provide three general methods for preparation of
compounds of the invention, I.e., compounds of formula |. Each synthesis route as
described in any of schemes 1 to 3 below form a further embodiment of the present

invention.

In method A, illustrated in scheme 1, a compound of formula IV is made from a Diels-
Alder reaction of a compound of formula Il with Danishefsky diene lll at 140 °C followed
by treatment with aqg.NaOH in MeOH and pTsOH In toluene. A compound of formula IV
IS converted to compounds of formula la and Ib by reacting with |> or PAhNMesBrs to form
intermediate V followed by Suzuki coupling with various boronic acid of the formula

R-B(OH). (with R being either R or Ry) in the presence of palladium catalysts.

1) Toluene/neat
140°C

- 2) NaOH/MeOH
3) pTsOH/toluene |,/DMAP/Py-CClI,
Y _—
or, PhNMe,Br,/THF
X then TEA
1 1|
\Y
R-B(OH), ’
_— " R ","
Pd(AcO), Y »
Pd(PPh.), :@\
Pd(PCy,),Cl, X
V X=1IBr la Ib
Scheme 1
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In method B, a protected form VI of formula V is converted to a compound of formula la

by Suzuki coupling with various boronic acid in the presence of palladium catalysts

followed by deprotection with acid. (Scheme 2).

1) R-B(OH),

Pd(AcO),
or: Pd(PPh,),

Pd(PCy,),Cl,
—_—

HOCH,CH,OH
_—_—m

TsOH/Dioxanes
2) Acetone/H,0
PPTs

Scheme 2

In method C, formula V is converted to a compound of formula VIl by a reduction with
10 NaBH4 in MeOH. A compound of formula VIl is then converted to a compound of
formula la by Suzuki coupling with various boronic acid in the presence of palladium

catalysts followed by oxidation with MnO2 (Scheme 3).

1) RB(OH),
Pd(PPh,),

Cs,CO;

2) MnO,

15

Scheme 3
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Examples

The compounds of the present invention may be synthesized according to known
5 techniques. The following examples and references are provided to aid the
understanding of the present invention, the true scope of which is set forth in the

appended claims.

Example 1

10 General Synthesis Steps and Starting Materials

Example 1a

Preparation of intermediate E/Z-substituted-methylidene]-1,3-dihydro-indol-2-one |l

15 To the mixture of appropriate oxindole (92 mmol) and aldehyde (92 mmol) in methanol
(100 mL) was added pyrrolidine (92 mmol) dropwise. The mixture was then heated at
70 °C for 3 h. After cooled to 4 °C, the mixture was filtered and resulting precipitate was
collected, dried to give a mixture of E/Z-substituted-methylidene]-1,3-dinhydro-indol-2-
one Il (>90 %).
20
Example 1b

Preparation of Hag-spira!S-oycionexens-1 3 -i3HIingoiel-4 4{1 H-dione iV,

25 To a suspension of E/Z-substituted-methylidene]-1,3-dinydro-indol-2-one VII (15.0
mmol) in toluene (50 mL) in a sealed tube was added (3-methoxy-1-methylene-allyloxy)-

trimethyl-silane (3.44 g, 20.0 mmol). The reaction mixture was allowed to stir at 140 °C
15
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for 24 hrs. The solvent was removed by concentration. The residue was dissolved In
MeOH (50 mL) and treated with 4 N NaOH (5 mL) at rt for 2 hrs. The reaction mixture
was then diluted with AcOEt and washed with water and brine. After concentration the
residue was purified by flash column to give rac-{&-alkooxyspirasicycichexana-1,3'-

i SHndoiel-Z ,4{1 Hi-dione i and rac-spirgiS-oycionaxens-1,3 -{SHlindoiel-2 4{1 Hi}-
dione ¥

Example 1c
Preparation of rac-(1R,06S)-3-bromo-6'-chloro-6-(3-chlorophenyl)spiro[2-cyclohexene-
1,3’-[3H]indole]-2",4(1'H)-dione fromt rac-spirgiS-cvclonexens-1,3-{3Hiindolal-2 41T H)-

CHONE
O
O, QBr
Sas
Cl

N
M. W.437.12 C19H1QBFC|2N02

To a mixture of compound rac-spiraiS-cycionexeng-1,3 -[SHindoiel-2 41 H}-CIong
(179.1 mg, 0.5 mmol} in THF (2 mL) was added dropwise PnNMesBr3; (212.4 mg, 0.55
mmol) in THF (1 mL) at — 10 °C. After stirring at room temprature overnight, TEA (75.8
mg, 0.75 mmol) was added cautiously. The reaction mixture was stirred at rt for 2 hrs
and then diluted with AcOEt. The resulting solution was washed with water and brine.
The organic layer was dried over NaSO4. Concentration of the solvent gave the crude
product which was purified by flash column (SiO2, AcOEt/Hex = 5% to 40%) to give rac-
(1R,0S)-3-bromo-6'-chloro-6-(3-chlorophenyl)spiro[2-cyclohexene-1,3-[3H]indole]-
2’,4(1’H)-dione (84.6 mg, 38.7%): HRMS (ES") mvz Caled for CigH12BrCIoNO, + H
{M-HY T 435 8501, found: 435.8500.

Example 1d
Preparation of rac-(1R,6S)- 6'-chloro-6-(3-chlorophenyl) 3-iodospiro[2-cyclohexene-1,3'-

[3H]indole]-2",4(1'H)-dione from rac-spirgia-cycishaexene-1,3 - 3rindosial-2 401 Hi-gione
Cl

O
Q.
l1;,
G
O
Cl

N

M. W.484.12 C19H12CI2INO>

16



10

15

20

25

30

CA 02716979 2010-09-02
WO 2009/115423 PCT/EP2009/052737

A dark-brown colored solution of rac-spirg{a-cycichexena-1,3 -ioHlindoiel-2 ,4{1 H}-
giong {(2.14 g, 6.0 mmol), DMAP (0.15 g, 1.2 mmol), and |2 (5.58 g, 18.0 mmol) in Py-
CCl4 (1/1, 40 mL) was stirred under N2 atmosphere, in dark, heated at 50°C. The
progress of the reaction was monitored by TLC (AcOEt/nHex = 1/3). After 4 hrs, the
reaction mixture was allowed to cool to rt, and then diluted with AcCOEt. The resulting
solution was washed with saturated agqueous sodium thiosulfate solution (3x30 mL)
followed by washing with sat.CuSQO4 and brine. The organic layer was dried over
Na>SQO4. Concentration of the solvent gave the crude product (2.81g, 96.9%), as a
brown solid which was triturated with AcCOEt and Hex to give rac-(1R,6S)- 6'-Chloro-6-
(3-chlorophenyl) 3-iodospiro[2-cyclohexene-1,3’-[3H]indole]-2",4(1'H)-dione as an off-
white solid (2.43 g, 83.7%) which is used in the next steps without further purification:
HEMS (EST) mvz Caled for CigH12CLaINO, + H [{M+HY | 483.9363, found: 483.93684.

Example 2
General Procedure for the Preparation of Compounds |
Method A
Preparation of compounds la and Ib from rac-(6-substituted)-3-iodospiro[2-cyclohexene-

1,3’ -[3H]indole]-2",4(1'H)-dione viz Suzuki couping reaction with Doronic acid

R-B(OH),
—_—

Pd(PPh,),
Heating

V X=I|Br

A suspension of appropriate rac-(o-substituted)-3-iodospiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione V (1.0 mmol), Pd(PPhsz)s (0.08 mmol), Cs>CO3 (2.0 mmol)
and boronic acid (2.0 mmol) in a mixture of THF (5 mL) and water (1 mL) in a sealed
tube was heated to 90-110 °C overnight or to 120 °C for 15 min with microwave reactor.
The reaction was quenched by adding Sat. NH4Cl after cooled to rt. The reaction
mixture was extracted with ACOEt and the organic layer was dried over NaxSO4. The
solvent was removed by concentration. The residue was purified by flash column (5% -
30 % AcOEt in Hex) to give racemic forms of comound la and Ib, or a chiral column to

give pure entantiomers of comound la and Ib.
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Method B
Preparation of compounds la from rac-(6-substituted)-3-iodospiro[2-cyclohexene-1,3 -

[3H]indole]-2",4(1'H)-dione ¥ via intermadiaier ¥i {(scheme 2)

HOCH,CH,OH 1) R-B(OH),
Pd(PPh,),
———
—_—
TsOH/Toluene
2) Acetone/H,0O
PPTs
v Vi la

Step 1

A suspension of rac-(o-substituted)-3-iodospiro[2-cyclohexene-1,3'-[3H]indole]-

2 ,4(1'H)-dione ¥ {:.493 mmai}, ethylene glycol (10 mL) and TsOH (0.53 mmol) in
toluene (30 mL) was heated at 150 °C to reflux for 18 hrs with a Dean-Stark trap to
remove water. The reaction was quenched by adding Sat. NaHCO3 after cooled to rt.
The reaction mixture was extracted with ACOEt and the organic layer was washed with
water and brine. The solvent was removed by concentration to give the corresponding

ketal VI which was used Iin the next step without further purification.

Step 2

A suspension of ketal VI (0.12 mmol), Pd(PPh3s)4 (0.007 mmol), boronic acid (0.24
mmol) and cesium carbonate (0.24 mmol) in a mixture of THF (5 mL) and water (1 mL)
in a sealed tube were heated with CEM microwave reactor to 120°C for 15 min. The
reaction was quenched with sat.NH4Cl| and extracted with ACOEt, dried over Na>SQg,
evaporated under reduced pressure. The residue was then purified by flash column
(AcOEt/Hex = 1% - 30%, 10 min) to give the corresponding coupling product which was

used in the next step without further purification.

Step 3

To the solution of the above product (0.07 mmol) in acetone/H20 (2.0 mL/0.2 mL) was
added PPTs (cat.) and the reaction mixture were heated with microwave reactor to
120°C for 10 min. The reaction was quenched with sat.NH4Cl and extracted with AcOEt,
dried over NaxS0O4, evaporated under reduced pressure to give racemic forms of

comound la.
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Method C

Preparation of compounds la from rac-(6-substituted)-3-iodospiro[2-cyclohexene-1,3 -
[BH]indole]-2",4(1'H)-dione ¥ via intermediater ¥ii{scheme 3)

O 1) RB(OH),

Pd(PPh,),

Cs,CO,
Y - =

2) MnO,
X

v Vii la

Step 1

To a solution of rac-(6-substituted)-3-iodospiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-
dione V (4.0 mmol) in MeOH (30 mL) was added NaBH4 (8.0 mmol) in one portion and
the reaction mixture was stirred at rt for 5 min. The mixture was poured into water and
extracted with AcOEt, dried over Nax;SQO4, evaporated under reduced pressure column
o give a mixture of the corresponding alcohol intermediater rac-(6-substituted)-4-
hydroxy-3-iodospiro[2-cyclohexene-1,3’-[3H]indol]-2°(1'H)-one VII (100%) which was

used in the next step without further purification.

Step 2

A suspension of appropriate rac-(6-substituted)-4-hydroxy-3-iodospiro[2-cyclohexene-
1,3’ -[3H]indol]-2'(1'H)-one (1.0 mmol), Pd(PPhs)4 (0.08 mmol), Cs,CO3 (2.0 mmol) and
boronic acid (2.0 mmol) in a mixture of THF (5 mL) and water (1 mL) in a sealed tube
was heated to 90-110 °C overnight or to 120 °C for 15 min with microwave reactor. The
reaction was quenched by adding Sat. NH4CI after cooled to rt. The reaction mixture
was extracted with AcOEt and the organic layer was dried over Na>SO4. The solvent
was removed by concentration. The residue was purified by flash column (5% -30 %
AcOELt in Hex) to give rac-(b6-substituted)-(3-substituted)-4-nydroxyspiro[2-cyclohexene-
1,3’ -[3H]indol]-2'(1'H)-one which was used in the next step without further purification.

Step 3

A mixture of rac-(6-substituted)-(3-substituted)-4-nydroxyspiro[2-cyclohexene-1,3'-
[3H]indol]-2°(1'H)-one (0.47 mmol) and MnO- (11.5 mmol) in CH2Cl» (20 mL) were
heated to reflux for 16 hrs. The mixture was filtered through Celite and concentrated.
The residue was then purified by flash column (AcOEt/Hex = 1% - 30%) to give racemic

forms of comound la.
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Example 3
Preparation of rac-(4'R,5'S)-6"-chloro-5'-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-
2,1'-[2]cyclohexene-4",3"-[3H]indol]-2"(1"H)-one

M. W528.18 C21H16CI2INO3
In @ manner similar to the method described in example 2 (method B, step 1), rac-
(1R,06S5)- 6'-chloro-6-(3-chlorophenyl) 3-iodospiro[2-cyclohexene-1,3-[3H]indole]-
10 2,4(1'H)-dione (1.42 g, 2.93 mmol) was reacied with ethylene glycol (10 mL) and TsOH
(0.53 mmol) in toluene (30 mL) at 150 °C overnight to give rac-(4'R,5’S)-6"-chloro-5’-(3-
chlorophenyl)-2’-iododispiro[1,3-dioxolane-2,1"-[2]cyclohexene-4",3"-[3H]indol]-2"(17"H)-

one (1.36 g, 87.7 %) which was used in the next step without further purification.

15 Example 4
Preparation of rac-(1R, 4S5, 65)-6'-chloro-6-(3-chlorophenyl)-4-nydroxy-3-10odospiro[2-
cyclohexene-1,3'-[3H]indol]-2°(1'H)-one

O
@ .
11,
g
ISR
Cl

N
M. W.486.12 C19H14CI2INO>

20 In a manner similar to the method described in example 2 (method C, step 1), rac-
(1R,06S5)- 6'-chloro-6-(3-chlorophenyl) 3-iodospiro[2-cyclohexene-1,3-[3H]indole]-
2',4(1'H)-dione (1.94 g, 4.0 mmol) was reduced with NaBH4 (0.3 g, 8.0 mmol) in MeOH
(30 mL) to give rac-(1R, 4S, 6S)-6'-chloro-6-(3-chlorophenyl)-4-hydroxy-3-iodospiro[2-
cyclohexene-1,3’-[3H]indol]-2’(1’H)-one (1.94 g): HRMS {(ES™ vz Calod for

25  CigH14ClaINO, + H [R+HY | 485 8518, found: 485.8521.

Example 5

Preparation of rac-(1R, 4S, 6S)-6'-chloro-6-(3-chlorophenyl)-3-(5-fluoro-2-
methylphenyl)-4-hydroxyspiro[2-cyclohexene-1,3'-[3H]indol]-2°(1'H)-one

20
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M. W. 415.3 C22H2CIl2N202
In a manner similar to the method described in example 2 (method C, step 2), rac-(1R,
4S, 6S)-6'-chloro-6-(3-chlorophenyl)-4-hydroxy-3-iodospiro[2-cyclohexene-1,3'-
[3H]indol]-2°(1'H)-one (48.6 mg, 0.1 mmol) was reacted with 5-fluoro-2-
methylphenylboronic acid (30.8 mg, 0.2 mmol) in the presence of Pd(PPhs)4 (5.6 mg,
0.005 mmol), Cs,CO3 (130.0 mg, 0.4 mmol) in a mixture of THF (1.6 mL) and water (0.4
mL) in a sealed tube was heated to 120 °C for 10 min with microwave reactor to give
rac-(1R, 4S5, 6S)-6'-chloro-6-(3-chlorophenyl)-3-(5-fluoro-2-methylphenyl)-4-
hydroxyspiro[2-cyclohexene-1,3’-[3H]indol]-2’(1’'H)-one (32.8 mg, 70.1%): HREMS (£S5}
miz Cabod for CogHooCloFNQOo + H {ihd+HY 1 488.0828., found: 488.0827.

Example 6
Preparation of rac-(1R,06S)-6'-chloro-6-(3-chlorophenyl)-3-(5-fluoro-2-
methylphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione

M. W. 466.3 C2sH1sCI2FNO>
In a manner similar to the method described in example 2 (method C, step 3), rac-(1R,
45, 6S)-6'-chloro-6-(3-chlorophenyl)-3-(5-fluoro-2-methylphenyl)-4-hydroxyspiro[2-
cyclohexene-1,3-[3H]indol]-2°(1'H)-one (32 mg, 0.068 mmol) was reacted with MnO-
(200 mg) in CH2Cl2 (5 mL) were heated to reflux for 16 hrs to give rac-(1R,06S5)-6'-
Chloro-6-(3-chlorophenyl)-3-(5-fluoro-2-methylphenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2’,4(1’H)-dione (27.5 mg, 86.2%): HRMS (ES7) mz Caled for CosH1gCloFNO,
+ H HMAHY T 488.0772, found: 468.0771.

Example 7

Preparation of rac-(1R, 4S, 6S)-6'-chloro-6-(3-chlorophenyl)-3-(2-methoxyphenyl)-4-
hydroxyspiro[2-cyclohexene-1,3'-[3H]indol]-2'(1'H)-one
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M. W. 466.4 CosH21CI2NO3
In a manner similar to the method described in example 2 (method C, step2), rac-(1R,
4S, 6S)-6'-chloro-6-(3-chlorophenyl)-4-hydroxy-3-iodospiro[2-cyclohexene-1,3'-
[3H]indol]-2°(1'H)-one (48.6 mg, 0.1 mmol) was reacted with 5-fluro-2-
methylphenylboronic acid (30.8 mg, 0.2 mmol) in the presence of Pd(PPhs)4 (5.6 mg,
0.005 mmol), Cs,CO3 (130.0 mg, 0.4 mmol) in a mixture of THF (1.6 mL) and water (0.4
mL) in a sealed tube was heated to 120 °C for 10 min with microwave reactor to give
rac-(1R, 4S5, 6S)-6'-chloro-6-(3-chlorophenyl)-3-(2-methoxyphenyl)-4-hydroxyspiro|2-
cyclohexene-1,3’-[3H]indol]-2'(1’H)-one (32.8 mg, 70.1%): HRMS (ES"} m/z Calod for
CosH20CloFNO, + H i+ 4688.0828. found: 488.0827.

Example 8
Preparation of rac-(1R,06S)-6'-chloro-6-(3-chlorophenyl)-3-(-2-methylphenyl)spiro|2-
cyclohexene-1,3'-[3H]indole]-2,4(1'H)-dione, (1R,6S)-6'-Chloro-6-(3-chlorophenyl)-3-(2-
methoxyphenyl)spiro[2-cyclohexene-1,3-[3H]indole]-2",4(1'H)-dione and (1S5,0R)-6'-
Chloro-6-(3-chlorophenyl)-3-(2-methoxyphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-
2',4(1'H)-dione
C

s

M. W. 464.4 CosH19CI2NO3

In a manner similar to the method described in example 2 (method C, step 3), rac-(1R

.

45, 6S)-6'-chloro-6-(3-chlorophenyl)-3-(2-methoxyphenyl)-4-hydroxyspiro[2-
cyclohexene-1,3'-[3H]indol]-2°(1'H)-one (60 mg, 0.13 mmol) was reacted with MnO»
(400 mg) in CH2Cl2 (10 mL) were heated to reflux for 4 hrs to give rac-(1R,06S5)-6'-
Chloro-6-(3-chlorophenyl)-3-(2-methylphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-
2’ ,4(1’H)-dione (45.8 mg, 76.7%): HEMS {ES™) miz Caled for CogHi9CloNO3 + H

(MY T 484 0818, found: 464.0814. rac-(1R, 4S, 6S)-6'-chloro-6-(3-chlorophenyl)-3-
(2-methoxyphenyl)-4-hydroxyspiro[2-cyclohexene-1,3'-[3H]indol]-2'(1'H)-one was further

separated by chiral chromatography to give (1R,65)-6'-Chloro-6-(3-chlorophenyl)-3-(2-

methoxyphenyl)spiro[2-cyclohexene-1,3-[3H]indole]-2",4(1'H)-dione and (1S,0R)-6'-
22



10

15

20

25

30

CA 02716979 2010-09-02
WO 2009/115423 PCT/EP2009/052737

Chloro-6-(3-chlorophenyl)-3-(2-methoxyphenyl)spiro[2-cyclohexene-1,3’-[3H]indole]-
2',4(1'H)-dione

Example 9
Preparation of rac-(1S,6S)-6'-Chloro-6-(3-chlorophenyl)-2-(2-methoxyphenyl)spiro|2-
cyclohexene-1,3'-[3H]indole]-2,4(1'H)-dione

Cl

99

M. W. 464.4 CysH19CIoNO3
In a manner similar to the method described in example 2 (method A), rac-(1R,65)- ©'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3'-[3H]indole]-2',4(1'H)-dione
(96.8 mg, 0.20 mmol) was reacted with 2-methoxyphenylboronic acid (60.4 mg, 0.40
mmol) in the presence of Pd(PCys)2 Cl2 (1.4 mg, 0.005 mmol), Cs,CO3 (130.0 mg, 0.40
mmol) in a mixture of THF (1.6 mL) and water (0.4 mL) in a sealed tube was heated to
90 °C overnight to give rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(-2-
methylphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione (10.8 mg, 11.6%) and
rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(2-methoxyphenyl)spiro[2-cyclohexene-1,3-
[3H]indole]-2’,4(1’H)-dione (10.2 mg, 11.0%):HEMS (ES™} miiz Caled for CsHigCloNO3 +
HHHY L 484.0815. Found: 464.0813.

Example 10
Preparation of rac-(1R, 65)-6'-chloro-6-(3-chlorophenyl)-3-(E)-(1-propenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione and rac-(1S,6S)-6'-chloro-6-(3-
chlorophenyl)-2-(E)-(1-propenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione

Cl Cl
O O O
Ou, Q’\\/ huQ/\/
\ N\
s wh
SN ISR
Cl N Cl N

M. W. 398.3 C22H17CI2NO>
In a manner similar to the method described in example 2 (method A), rac-(1R,65)- ©'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3'-[3H]indole]-2',4(1'H)-dione
(48.4 mg, 0.10 mmol) was reacted with (E)-1-prepenylboronic acid (17.2 mg, 0.20
mmol) in the presence of Pd(OAc)2 (2.2 mg, 0.01 mmol), PPhs (13.1 mg, 0.05 mmol),

Cs2C03 (65.0 mg, 0.20 mmol) in toluene (2.0 mL) in a sealed tube was heated to 140
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°C for 10 min with microwave reactor to give rac-(1R, 6S)-6'-chloro-6-(3-chlorophenyl)-
3-(E)-(1-propenyl)spiro[2-cyclohexene-1,3’-[3H]indole]-2",4(1'H)-dione (6.3 mg, 15.8%):
HEMS (ES7) mvz Caled for CoH17CINO, + H [EM+HYT: 388.0708. Found: 388.0708,
and rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(E)-(1-propenyl)spiro[2-cyclohexene-
1,3’-[3H]indole]-2’,4(1’H)-dione (10.8 mg, 27.1%):HEMS (ES™) miz Caled for
C2oH17CIoNO, + H {ih+HY' ] 388.0708. Found: 388.0707.

Example 11
Preparation of rac-(1S,065)-6'-chloro-6-(3-chlorophenyl)-2-(4-methoxyphenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione and rac-(1R,6S)-6'-chloro-6-(3-
chlorophenyl)-3-(4-methoxyphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione

Adon ago

M. W. 464.4 CyH19CI2NO3
In a manner similar to the method described in example 2 (method A), rac-(1R,65)- ©'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3'-[3H]indole]-2',4(1'H)-dione
(96.8 mg, 0.20 mmol) was reacted with 4-methoxyphenyl boronic acid (60.4 mg, 0.40
mmol) in the presence of Pd(OAc)2 (2.2 mg, 0.01 mmol), PPhs (13.1 mg, 0.05 mmol),
Cs2CO3 (130.3 mg, 0.40 mmol) in toluene (3.0 mL) in a sealed tube was heated to 160
°C for 20 min with microwave reactor to give rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-
(4-methoxyphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione (18.8 mg,
20.3%): HRMS {ES™y mfz Caled for CoeH19CloNO3 + # [{M+H}Y' ] 464 .0815. Found:
404 0815, and rac-(1S,0S5)-6'-chloro-6-(3-chlorophenyl)-3-(4-methoxyphenyl)spiro[2-
cyclohexene-1,3-[3H]indole]-2’,4(1’H)-dione (12.9 mg, 13.9%): HRMS {ES"} m/z Calod
for CogH19CloNO3 + H [{(M+H Y 464.08158. Found: 484.0815

Example 12
Preparation of rac-(15,65)-6'-chloro-6-(3-chlorophenyl)-2-(methylethenyl)spiro|2-
cyclohexene-1,3-[3H]indole]-2°,4(1'H)-dione and rac-(1R,6S)-6'-chloro-6-(3-
chlorophenyl)-3-(methylethenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione

Cl

Cl
QLA ) A
Cl N Cl
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M. W. 398.3 C2H17CI2NO>
In a manner similar to the method described in example 2 (method A), rac-(1R,65)- ©'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3'-[3H]indole]-2',4(1'H)-dione
(48.4 mg, 0.10 mmol) was reacted with 2-I1sopropenyl-4,4,5,5-tetramethyl-
[1,3,2]dioxaborolane (35.4 mg, 0.20 mmol) in the presence of Pd(PPhs)4 (5.8 mg, 0.005
mmol), Cs2CO3 (133.2 mg, 0.40 mmol) in a mixture of THF (3.0 mL) and water (0.3
mL) in a sealed tube was heated to 80 °C for 10 hrs to give rac-(1S,6S)-6'-chloro-6-(3-
chlorophenyl)-2-(methylethenyl)spiro[2-cyclohexene-1,3"-[3H]indole]-2",4(1'H)-dione
(10.8 mg, 27.1%): HEMS {(ES7) miz Caled for CoHy7CINO, + H {{R+HY T 388.0708.
~ound: 388.0710, and rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-3-
(methylethenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2',4(1'H)-dione (6.3 mg,
15.8%):HRRMS (ES") miz Calod for CooH7CINO, + H {{R+HY'T 388 07098, Found:
3498.0711.

Example 13
Preparation of rac-(1R, 4S, 6S)-6'-chloro-6-(3-chlorophenyl)-3-(1,2-dimethyl-1-
propenyl)-4-hydroxyspiro[2-cyclohexene-1,3"-[3H]indol]-2°(1'H)-one

Cl

oS

!I:.QS\/
foas

Cl

N

M. W. 428.4 Cy4H23CIoNO>
In a manner similar to the method described in example 2 (method C, step2), rac-(1R,
45, 6S)-6'-chloro-6-(3-chlorophenyl)-4-hydroxy-3-iodospiro[2-cyclohexene-1,3'-
[3H]indol]-2°(1'H)-one (48.6 mg, 0.10 mmol) was reacted with 1,2-dimethyl-1-
propenylboronic acid (22.8 mg, 0.20 mmol) in the presence of Pd(PPhs)s (5.6 mg, 0.005
mmol), Cs2CO3 (130.0 mg, 0.4 mmol) in a mixture of THF (1.6 mL) and water (0.4 mL)
in a sealed tube was heated to 120 °C for 10 min with microwave reactor to give rac-(1R,
4S, 6S)-6'-chloro-6-(3-chlorophenyl)-3-(1,2-dimethyl-1-propenyl)-4-hydroxyspiro[2-
cyclohexene-1,3’-[3H]indol]-2’(1'H)-one (35.5 mg, 82.9%): HRMS (ES"} m/z Calod for
C24H23CIoNOo + H [{M+HY T 428 1179, found: 4281179,

Example 14
Preparation of rac-(1R,6S5)-6'-chloro-6-(3-chlorophenyl)-3-(1,2-dimethyl-1-
propenyl)spiro[2-cyclohexene-1,3-[3H]indole]-2',4(1'H)-dione
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M. W. 426.4 Cy4H21CIoNO>
In a manner similar to the method described in example 2 (method C, step 3), rac-(1R,
4S, 6S)-6'-chloro-6-(3-chlorophenyl)-3-(1,2-dimethyl-1-propenyl)-4-hydroxyspiro[2-
cyclohexene-1,3'-[3H]indol]-2°(1'H)-one (30 mg, 0.071 mmol) was reacted with MnO»
(200 mg) in CH.Cl, (5 mL) were heated to 35 °C for 4 hrs to give rac-(1R,6S)-6'-chloro-
o-(3-chlorophenyl)-3-(1,2-dimethyl-1-propenyl)spiro[2-cyclohexene-1,3-[3H]indole]-
2’ ,4(1’H)-dione (19.8 mg, 66.0%): HEMS {(ES™) miz Caled for CoaH21CIoNO, + H
{RHY T 4261022, found: 428.1021.

Example 15
Preparation of rac-(1S,65)-6'-chloro-6-(3-chlorophenyl)-2-(3-methoxyphenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione and rac-(1R,6S)-6'-chloro-6-(3-
chlorophenyl)-3-(3-methoxyphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione

M. W. 464.4 CysH19Cl2NO3
In a manner similar to the method described in example 2 (method A), rac-(1R,6S5)- 6'-

chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3-[3H]indole]-2,4(1'H)-dione
(48.4 mg, 0.10 mmol) was reacted with 3-methoxyphenyl boronic acid (30.4 mg, 0.20
mmol) in the presence of Pd(PPh3)4 (9.0 mg, 0.008 mmol), Cs,CO3 (65.2 mg, 0.20
mmol) in a mixture of THF (1.6 mL) and water (0.4 mL) in a sealed tube was heated to
90 °C overnight to give rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(3-
methoxyphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione (21.3 mg, 45.7%):
HRMS (ES7) miz Calod for CosH19CloNO3 + H {IM+HY T 464 0815, Found: 484.0817,
and rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-3-(3-methoxyphenyl)spiro[2-cyclohexene-
1,3’-[3H]indole]-2’,4(1°’H)-dione (10.9 mg, 23.4%): HFEMS (EB™) miz Calcd for
CosH19CIoNO3 + B [{RA+H ] 484 0815, Found: 464.0817
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Example 16
Preparation of rac-(15,065)-6'-Chloro-6-(3-chlorophenyl)-2-(2-ethoxyphenyl)spiro[2-
cyclohexene-1,3-[3H]indole]-2",4(1'H)-dione and rac-(1R,6S)-6'-chloro-6-(3-
chlorophenyl)-3-(2-ethoxyphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione

B B

M. W. 478.4 CoH21CIoNO3
In a manner similar to the method described in example 2 (method A), rac-(1R,65)- ©'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3-[3H]indole]-2,4(1'H)-dione
(96.8 mg, 0.20 mmol) was reacted with 2-ethoxyphenylboronic acid (66.4 mg, 0.40
mmol) in the presence of Pd(PCys)2 Cl2 (1.4 mg, 0.005 mmol), Cs2CO3 (130.0 mg, 0.40
mmol) in a mixture of 1,4-dioxane (2.0 mL) and water (1.0 mL) in a sealed tube was
heated to 90 °C overnight to give rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-2-(-2-
ethylphenyl)spiro[2-cyclohexene-1,3’-[3H]indole]-2,4(1'H)-dione (12.8 mg, 13.4%):
HRMS (ES7) miz Calod for CosH2oiCloNO3 + M {IM+HY 1 478 0871, Found: 478.0870,
and rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-3-(2-ethoxyphenyl)spiro[2-cyclohexene-
1,3’-[3H]indole]-2’,4(1’H)-dione (13.5 mg, 14.1%):HRMS (ES5"} miz Calod for
CosH21CIoNO3 + B [{R4+H ] 478.0871. Found: 478.0098%.

Example 17
Preparation of rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(5-fluoro-2-
hydroxyphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1 H)-dione

M. W. 468.3 C25H16CI2FNOs3
In a manner similar to the method described in example 2 (method A), rac-(1R,06S)- 6'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3-[3H]indole]-2,4(1'H)-dione
(242.0 mg, 0.50 mmol) was reacted with 5-fluoro-2-hydroxyphenyl boronic acid (160.7
mg, 1.0 mmol) in the presence of Pd(PPhs)4 (35.0 mg, 0.03 mmol), Cs2COs (325.8 mg,

1.0 mmol) in a mixture of THF (2.5 mL) and water (0.5 mL) in a sealed tube was heated
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to 130 °C for 10 min using a microwave reactor to give rac-(1R,6S)-6'-chloro-6-(3-

chlorophenyl)-3-(5-fluoro-2-nydroxyphenyl)spiro[2-cyclohexene-1,3’-[3H]indole]-
2’ ,4(1'H)-dione (121.9 mg, 51.9%): HRRS (ES™Y mz Calod for CosH1eCloFNO3 + H
{M+HY T 488.0564. Found: 468.0583.

Example 18
Preparation of rac-(1R,06S)-6'-chloro-6-(3-chlorophenyl)-3-(4-fluoro-2-

hydroxyphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione
Cl

10 M. W. 468.3 Co5H15CI2FNO3
In @ manner similar to the method described in example 2 (method A), rac-(1R,05)- 6'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3-[3H]indole]-2,4(1'H)-dione
(242.0 mg, 0.50 mmol) was reacted with 4-fluoro-2-hydroxyphenyl boronic acid (160.7
mg, 1.0 mmol) in the presence of Pd(PPhs)4 (35.0 mg, 0.03 mmol), Cs>,CO3 (325.8 mg,

15 1.0 mmol) in a mixture of THF (2.5 mL) and water (0.5 mL) in a sealed tube was heated
to 130 °C for 10 min using a microwave reactor to give rac-(1R,6S)-6'-chloro-6-(3-
chlorophenyl)-3-(4-fluoro-2-hydroxyphenyl)spiro[2-cyclohexene-1,3’-[3H]indole]-
2’ ,4(1'H)-dione (73.1 mg, 31.2%): HERMS {(ES") miz Calod for CosHieCloFNO3 + H
(M+HY ] 468.0864. Found: 4688 .0562.

20

Example 19
Preparation of rac-(1R,06S)-6'-chloro-3-(5-chloro-2-ethoxyphenyl)-6-(3-
chlorophenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione

25 M. W. 512.8 Ca7H2CIsNO3
In @ manner similar to the method described in example 2 (method B, step 2 & 3), rac-
(4'R,5'S)-6"-chloro-5'-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-2,1'-[2]cyclohexene-
4",3"-[3H]indol]-27(1"H)-one (example 3) (65.0 mg, 0.12 mmol) was reacted with 5-
chloro-2-ethoxyphenyl boronic acid (48.0 mg, 0.24 mmol) in the presence of PA(PPhs)4

30 (8.0 mg, 0.007 mmol), Cs>CO3 (78.0 mg, 0.24 mmol) in a mixture of THF (2.5 mL) and
28
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water (0.5 mL) in a sealed tube was heated to 120 °C for 15 min using a microwave
reactor followed by treatment with pTsOH to give rac-(1R,6S)-6'-chloro-3-(5-chloro-2-
ethoxyphenyl)-6-(3-chlorophenyl)spiro[2-cyclohexene-1,3-[3H]indole]-2",4(1'H)-dione
(35.2 mg, 57.3%): HRMS {(ES"} miz Calcd for Co7H2CIsNO3 + H [{M+H ' 512.0582.
cound: 212.008{.

Example 20
Preparation of rac-(1R,06S)-6'-chloro-6-(3-chlorophenyl)-3-(2-phenoxyphenyl)spiro|2-
cyclohexene-1,3'-[3H]indole]-2,4(1'H)-dione

Cl

QLSO
%

M. W. 526.4 C31H21CIoNO3
In a manner similar to the method described in example 2 (method B, step 2 & 3), rac-
(4'R,5'S)-6"-chloro-5'-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-2,1"-[2]cyclohexene-
4’ 3"-[3H]indol]-27(1"H)-one (example 3) (65.0 mg, 0.12 mmol) was reacted with 2-
phenoxyphenyl boronic acid (51.3 mg, 0.24 mmol) in the presence of Pd(PPhs)4 (8.0 mg,
0.007 mmol), Cs,CO;3 (78.0 mg, 0.24 mmol) in a mixture of THF (2.5 mL) and water (0.5
mL) in a sealed tube was heated to 120 °C for 15 min using a microwave reactor
followed by treatment with pTsOH to give rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-3-(2-
phenoxyphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione (15.0 mg, 23.7%):
HREMS (ES7) m/z Caled for C31H21CloNOs + H [{(M+HY'T: 526.0887. Found: 528.0671.

Example 21
Preparation of rac-(1R,06S)-6'-chloro-3-(4-chloro-2-ethoxyphenyl)-6-(3-

chlorophenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione
Cl

O O e
9

M. W. 512.8 Cz7H20CIsNO3
In a manner similar to the method described in example 2 (method B, step 2 & 3), rac-
(4'R,5'S)-6"-chloro-5'-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-2,1"-[2]cyclohexene-
4’ 3"-[3H]indol]-2"(1"H)-one (example 3) (65.0 mg, 0.12 mmol) was reacted with 5-
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chloro-2-ethoxyphenyl boronic acid (48.0 mg, 0.24 mmol) in the presence of Pd(PPhs3)4
(8.0 mg, 0.007 mmol), Cs.CO;3 (78.0 mg, 0.24 mmol) in a mixture of THF (2.5 mL) and
water (0.5 mL) in a sealed tube was heated to 120 °C for 15 min using a microwave
reactor followed by treatment with pTsOH to give rac-(1R,6S)-6'-chloro-3-(4-chloro-2-
ethoxyphenyl)-6-(3-chlorophenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione
(41.9 mg, 68.2%): HRMS (£S5} miz Caled for Co7H2CIsNO3 + H {{h+HY | 812.0582.
Found: 5120578,

Example 22
Preparation of rac-(1R,0S)-6'-chloro-3-(4-chloro-2-methoxyphenyl)-6-(3-

chlorophenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione
Cl

M. W. 498.8 CasH1gCIsNO3
In a manner similar to the method described in example 2 (method B, step 2 & 3), rac-
(4'R,5'S)-6"-chloro-5'-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-2,1'-[2]cyclohexene-
4",3"-[3H]indol]-2"(1"H)-one (example 3) (65.0 mg, 0.12 mmol) was reacted with 5-
chloro-2-methoxyphenyl boronic acid (44.7 mg, 0.24 mmol) in the presence of
Pd(PPhs)4 (8.0 mg, 0.007 mmol), Cs2COs (78.0 mg, 0.24 mmol) in a mixture of THF (2.5
mL) and water (0.5 mL) in a sealed tube was heated to 120 °C for 15 min using a
microwave reactor followed by treatment with pTsOH to give rac-(1R,6S)-6'-chloro-3-(4-
chloro-2-methoxyphenyl)-6-(3-chlorophenyl)spiro[2-cyclohexene-1,3-[3H]indole]-
2’,4(1’H)-dione (37.6 mg, 62.8%): HRMS {ES"} m/z Calod for CoeHigCIsNO3 + H
(MY 488.0425, Found: 488.0425.

Example 23
Preparation of rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-3-(2-ethoxy-5-
methylphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione

M. W. 492.4 CoH23CI2NO3

30



10

15

20

25

CA 02716979 2010-09-02
WO 2009/115423 PCT/EP2009/052737

In @ manner similar to the method described in example 2 (method B, step 2 & 3), rac-
(4'R,5'S)-6"-chloro-5'-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-2,1'-[2]cyclohexene-
4’ 3"-[3H]indol]-2"(1"H)-one (example 3) (65.0 mg, 0.12 mmol) was reacted with 2-
ethoxy-5-methylphenyl boronic acid (43.2 mg, 0.24 mmol) in the presence of Pd(PPhs)4
(8.0 mg, 0.007 mmol), Cs,CO3 (78.0 mg, 0.24 mmol) in a mixture of THF (2.5 mL) and
water (0.5 mL) in a sealed tube was heated to 120 °C for 15 min using a microwave
reactor followed by treatment with pTsOH to give rac-(1R,65)-6'-chloro-6-(3-
chlorophenyl)-3-(2-ethoxy-5-methylphenyl)spiro[2-cyclohexene-1,3-[3H]indole]-

2’ 4(1'H)-dione (44.8 mg, 75.8%): HRMS (ES™} mvz Calod for CoeH1gCIsNO3 + H
(MY 4821127, Found: 492 1128,

Example 24
Preparation of rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-[2-

(trifluoromethoxy)phenyl)]spiro[2-cyclohexene-1,3'-[3H]indole]-2,4(1'H)-dione
Cl

O
O A0
oae
o N F?/

M. W. 518.3 CosH16Cl2F3NO3

In a manner similar to the method described in example 2 (method B, step 2 & 3), rac-
(4'R,5'S)-6"-chloro-5'-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-2,1'-[2]cyclohexene-
4’,3"-[3H]indol]-2"(1"H)-one (example 3) (65.0 mg, 0.12 mmol) was reacted with 2-
trifluoromethoxy-phenyl boronic acid (49.4 mg, 0.24 mmol) in the presence of Pd(PPhs3)4
(8.0 mg, 0.007 mmol), Cs2CO3 (78.0 mg, 0.24 mmol) in a mixture of THF (2.5 mL) and
water (0.5 mL) in a sealed tube was heated to 120 °C for 15 min using a microwave
reactor followed by treatment with pTsOH to give rac-(1R,65)-6'-chloro-6-(3-
chlorophenyl)-3-[2-(trifluoromethoxy)phenyl)]spiro[2-cyclohexene-1,3'-[3H]indole]-
2',4(1'H)-dione

(46.7 mg, 75.1%): HRMS (ES™Y miz Calod for CogH1eCloFsNO3 + H [{RM+HY ] 518.05832.
Found: 518.0532.

Example 25

30 Preparation of rac-(1R,065)-6"-chloro-6-(3-chlorophenyl)-3-(3-furanyl)spiro|2-

cyclohexene-1,3'-[3H]indole]-2,4(1'H)-dione
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Cl

O
QLA
w
O
Cl N

M. W. 424.3 Cy3H15CIoNO3
In @ manner similar to the method described in example 2 (method B, step 2 & 3), rac-
(4'R,5'S)-6"-chloro-5'-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-2,1'-[2]cyclohexene-
5 4°,37-[3H]indol]-2"(17H)-one (example 3) (65.0 mg, 0.12 mmol) was reacted with 3-
furanyl boronic acid (26.9 mg, 0.24 mmol) in the presence of Pd(PPhs)s (8.0 mg, 0.007
mmol), Cs2CO3 (78.0 mg, 0.24 mmol) in a mixture of THF (2.5 mL) and water (0.5 mL)
in a sealed tube was heated to 120 °C for 15 min using a microwave reactor followed by
treatment with pTsOH to give rac-(1R,0S5)-6'-chloro-6-(3-chlorophenyl)-3-(3-
10 furanyl)spiro[2-cyclohexene-1,3"-[3H]indole]-2,4(1'H)-dione (41.9 mg, 82.3%): HRMS
(E57) mifz Caled for CosHisCloNO3 + H [{M+HY' 1 424 0502, Found: 424 .0502.

Example 26

Preparation of rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(4-

15 hydroxymethylphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2,4(1'H)-dione
Cl

M. W. 464.4 CyH19CI2NO3
In @ manner similar to the method described in example 2 (method B, step 2 & 3), rac-
(4'R,5'S)-6"-chloro-5'-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-2,1'-[2]cyclohexene-
20 4',3"-[3H]indol]-2"(1"H)-one (example 3) (65.0 mg, 0.12 mmol) was reacted with 4-
hydroxymethylpheny boronic acid (36.5 mg, 0.24 mmol) in the presence of Pd(PPh3)4
(8.0 mg, 0.007 mmol), Cs.,CO3 (78.0 mg, 0.24 mmol) in a mixture of THF (2.5 mL) and
water (0.5 mL) in a sealed tube was heated to 120 °C for 15 min using a microwave
reactor followed by treatment with pTsOH to give rac-(1R,65)-6'-chloro-6-(3-
25 chlorophenyl)-3-(4-hydroxymethylphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-
dione (28.3 mg, 50.8%): HRMS {(ES™) miz Caicd for CosH19CloNO3 + H [{M+HY'T:
484.0815. Found: 464.0814.
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Example 27
Preparation of rac-(1R,065)-6'-chloro-6-(3-chlorophenyl)-3-(3,5-dimethyl-4-
Isoxazolyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2,4(1'H)-dione

M. W. 453.3 C24H18CIl2oN203
In a manner similar to the method described in example 2 (method B, step 2 & 3), rac-
(4'R,5'S)-6"-chloro-5'-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-2,1"-[2]cyclohexene-
4",3"-[3H]indol]-2"(1"H)-one (example 3) (65.0 mg, 0.12 mmol) was reacted with 3,5-
10 dimethylisoxazol-4-yl boronic acid (33.8 mg, 0.24 mmol) in the presence of Pd(PPhs)4
(8.0 mg, 0.007 mmol), Cs.CO;3 (78.0 mg, 0.24 mmol) in a mixture of THF (2.5 mL) and
water (0.5 mL) in a sealed tube was heated to 120 °C for 15 min using a microwave
reactor followed by treatment with pIsOH to give rac-(1R,0S)-6"-chloro-6-(3-
chlorophenyl)-3-(3,5-dimethyl-4-iIsoxazolyl)spiro[2-cyclohexene-1,3-[3H]indole]-
15 2',4(1’'H)-dione (40.2 mg, 73.9%): HRMS (ES™) miz Caled for CosgH1gCloNoO3 + i
{M+HY T A83.0787. Found: 453.0768

Example 28
Preparation of rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-3-(1-cyclohexenyl)spiro[2-

20 cyclohexene-1,3'-[3H]indole]-2,4(1'H)-dione
Cl

j“n
\\“
O
CI

N

M. W. 438.4 Cy5H21CIoNO-
In @ manner similar to the method described in example 2 (method B, step 2 & 3), rac-
(4'R,5'S)-6"-chloro-5'-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-2,1'-[2]cyclohexene-
25 4°,3"-[3H]indol]-2"(17H)-one (example 3) (65.0 mg, 0.12 mmol) was reacted with 1-
cyclohexenyl boronic acid (30.2 mg, 0.24 mmol) in the presence of Pd(PPhs)4 (8.0 mg,
0.007 mmol), Cso,CO;3 (78.0 mg, 0.24 mmol) in a mixture of THF (2.5 mL) and water (0.5

mL) in a sealed tube was heated to 120 °C for 15 min using a microwave reactor

followed by treatment with pTsOH to give rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-3-(1-
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cyclohexenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione (33.2 mg, 61.0%):
HEMS (ES7) iz Caled for CosHziCloNO, + H [{Rd+HY T 438.1022. Found: 4381024

Example 29
5 Preparation of rac-(1R,05)-6'-chloro-6-(3-chlorophenyl)-3-(2-

hydroxymethylphenyl)spiro[2-cyclohexene-1,3-[3H]indole]-2,4(1'H)-dione
Cl

847

M. W. 464.4 CyH19CI2NO3
In a manner similar to the method described in example 2 (method B, step 2 & 3), rac-
10 (4'R,5'S)-6"-chloro-5'-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-2,1'-[2]cyclohexene-
4",3"-[3H]indol]-2"(1"H)-one (example 3) (65.0 mg, 0.12 mmol) was reacted with 2-
hydroxymethylpheny boronic acid (36.5 mg, 0.24 mmol) in the presence of Pd(PPhs)4
(8.0 mg, 0.007 mmol), Cs2CO3 (78.0 mg, 0.24 mmol) in a mixture of THF (2.5 mL) and
water (0.5 mL) in a sealed tube was heated to 120 °C for 15 min using a microwave
15 reactor followed by treatment with pTsOH to give rac-(1R,6S)-6'-chloro-6-(3-
chlorophenyl)-3-(2-hydroxymethylphenyl)spiro[2-cyclohexene-1,3’-[3H]indole]-2",4(1'H)-
dione (20.8 mg, 37.3%): HEMS (ES™} vz Caled for CogHigCloNO3 ~ H H{MM-HY T
462.066%. Found: 402.0667.

20 Example 30
Preparation of rac-(1R,06S)-6'-chloro-6-(3-chlorophenyl)-3-(3-

hydroxymethylphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione
Cl

o

M. W. 464.4 CoH19CIoNO3
25 In a manner similar to the method described in example 2 (method B, step 2 & 3), rac-
(4'R,5'S)-6"-chloro-5'-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-2,1'-[2]cyclohexene-
4’ 3"-[3H]indol]-2"(1"H)-one (example 3) (52.8 mg, 0.10 mmol) was reacted with 3-
hydroxymethylpheny boronic acid (30.4 mg, 0.20 mmol) in the presence of Pd(PPhs)4
(8.0 mg, 0.007 mmol), Cs.CO3 (65.2 mg, 0.20 mmol) in a mixture of THF (2.5 mL) and

30 water (0.5 mL) in a sealed tube was heated to 120 °C for 15 min using a microwave
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reactor followed by treatment with pIsOH to give rac-(1R,0S)-6"-chloro-6-(3-
chlorophenyl)-3-(3-hydroxymethylphenyl)spiro[2-cyclohexene-1,3’-[3H]indole]-2",4(1'H)-
dione (24.8 mg, 53.4%): HRMS {ES™) miz Caicd for CosH19CloNO3 - H HM-HY'T:
482.0068. Found: 462.0668.

Example 31
Preparation of rac-(1S,65)-6'-chloro-6-(3-chlorophenyl)-3-[3-

(methoxycarbonyl)phenyl]spiro[2-cyclohexene-1,3-[3H]indole]-2",4(1'H)-dione
Cl

10 M. W. 4924 Cy7H19CIoNOy
In @ manner similar to the method described in example 2 (method B, step 2 & 3), rac-
(4'R,5'S)-6"-chloro-5'-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-2,1'-[2]cyclohexene-
4",3"-[3H]indol]-27(17"H)-one (example 3) (52.8 mg, 0.10 mmol) was reacted with 3-
(methoxycarbonyl)pheny boronic acid (36.0 mg, 0.20 mmol) in the presence of

15 Pd(PPhs)s (8.0 mg, 0.007 mmol), Cs2CO3 (65.2 mg, 0.20 mmol) in a mixture of THF (2.5
mL) and water (0.5 mL) in a sealed tube was heated to 120 °C for 15 min using a
microwave reactor followed by treatment with pTsOH to give rac-(1S,6S)-6'-chloro-6-(3-
chlorophenyl)-3-[3-(methoxycarbonyl)phenyl]spiro[2-cyclohexene-1,3'-[3H]indole]-
2',4(1'H)-dione

20  (25.1 mg, 51.0%): HRMS (ES" mvz Caled for CogH19CloNO3 + H [{(M+HY' 1 492.0784.
Found: 492.0783.

Example 32
Preparation of rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-3-[4-

25 (methoxycarbonyl)phenyl]spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1 H)-dione
Cl

M. W. 4924 Cy7H19CI2NO4
In a manner similar to the method described in example 2 (method B, step 2 & 3), rac-
(4'R,5'S)-6"-chloro-5-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-2,1'-[2]cyclohexene-

30 4',3"-[3H]indol]-27(1"H)-one (example 3) (52.8 mg, 0.10 mmol) was reacted with 4-
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(methoxycarbonyl)pheny boronic acid (36.0 mg, 0.20 mmol) in the presence of
Pd(PPhs)4 (8.0 mg, 0.007 mmol), Cs2COs (65.2 mg, 0.20 mmol) in a mixture of THF (2.5
mL) and water (0.5 mL) in a sealed tube was heated to 120 °C for 15 min using a
microwave reactor followed by treatment with pTsOH to give rac-(1S,6S)-6'-chloro-6-(3-
chlorophenyl)-3-[4-(methoxycarbonyl)phenyl|spiro[2-cyclohexene-1,3'-[3H]indole]-
2',4(1'H)-dione

(29.6 mg, 60.2%): HEMS {(ES™) vz Calod for CogHi9CloNO3 + H [{R+H YT 492 0764,
Foung: 492.0751.

Example 33
Preparation of rac-(1R,05)-6'-chloro-3-(3-carboxyphenyl)-6-(3-chlorophenyl)spiro[2-

cyclohexene-1,3’-[3H]indole]-2,4(1'H)-dione
Cl

M. W. 478.3 CoH17CIoNO4
In a manner similar to the method described in example 2 (method B, step 2 & 3), rac-
(4'R,5'S)-6"-chloro-5'-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-2,1"-[2]cyclohexene-
4",3"-[3H]indol]-27(17"H)-one (example 3) (52.8 mg, 0.10 mmol) was reacted with 3-
carboxyphenyl boronic acid (50.0 mg, 0.30 mmol) in the presence of Pd(PPhs)4 (8.0 mg,
0.007 mmol), Cs,CO3 (98.0 mg, 0.30 mmol) in a mixture of THF (2.5 mL) and water (0.5
mL) in a sealed tube was heated to 120 °C for 15 min using a microwave reactor
followed by treatment with pTsOH to give rac-(1R,0S)-6'-chloro-3-(3-carboxyphenyl)-6-
(3-chlorophenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione (11.3 mg, 23.0%):
HEMS (EST) vz Caled for CogH17CINO, + H [{M+HYT 478.0808. Found: 478 0605,

Example 34
Preparation of rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-3-(3-cyanophenyl)spiro[2-

cyclohexene-1,3’-[3H]indole]-2,4(1'H)-dione
Cl

QLA
O3
N\
o
Cl N

M. W. 459.3 C26H16CI2N202
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In @ manner similar to the method described in example 2 (method B, step 2 & 3), rac-
(4'R,5'S)-6"-chloro-5'-(3-chlorophenyl)-2'-iododispiro[1,3-dioxolane-2,1'-[2]cyclohexene-
4’ 3"-[3H]indol]-2"(1"H)-one (example 3) (52.8 mg, 0.10 mmol) was reacted with 3-
cyanoyphenyl boronic acid (44.1 mg, 0.30 mmol) in the presence of Pd(PPhs)4 (8.0 mg,
0.007 mmol), Cs>CO3 (98.0 mg, 0.30 mmol) in a mixture of THF (2.5 mL) and water (0.5
mL) in a sealed tube was heated to 120 “°C for 15 min using a microwave reactor
followed by treatment with pTsOH to give rac-(1R,06S)-6'-chloro-6-(3-chlorophenyl)-3-(3-
cyanophenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione (29.5 mqg, 64.3%):
HRMS (ES7) miz Calod for CosH17CIoNO4 + H {IM+HY 1 458 0682, Found: 458.0880.

Example 35
Preparation of rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-2-(3-propoxyphenyl) spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione & rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-
3-(3-propoxyphenyl)spiro[2-cyclohexene-1,3-[3H]indole]-2",4(1'H)-dione

Al o
. Og O

M. W. 4924 CygHo3CI2NO3
In a manner similar to the method described in example 2 (method A), rac-(1R,65)- ©'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3-[3H]indole]-2,4(1'H)-dione
(48.4 mg, 0.10 mmol) was reacted with 3-propoxyphenylboronic acid (36.0 mg, 0.20
mmol) in the presence of Pd(PPhs)4 (8.0 mg, 0.007 mmol), Cs2CO3 (98.0 mg, 0.30
mmol) in a mixture of THF (2.5 mL) and water (0.5 mL) in a sealed tube was heated to
120 °C for 15 min with microwave reactor to give rac-(1R,6S)-6'-chloro-6-(3-
chlorophenyl)-2-(3-propoxyphenyl) spiro[2-cyclohexene-1,3"-[3H]indole]-2',4(1'H)-dione
(11.5 mg, 23.4%): HEMS (EST) iz Caled for CogHosCloNO3 + H [{+HY | 482.1128.
Found: 442.1127, and rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(3-
propoxyphenyl)spiro[2-cyclohexene-1,3’-[3H]indole]-2",4(1'H)-dione (12.8 mg,
26.0%):HRMS (ES"Y mfz Calod for CogHosCloNOs + M {{h+HY T 492.1128. Found:
492 1130,

Example 36

Preparation of rac-(1R,06S)-6"-chloro-6-(3-chlorophenyl)-3-(3-methyl-5-f-
butylphenyl)spiro[2-cyclohexene-1,3"-[3H]indole]-2,4(1'H)-dione
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M. W. 504.454 C3oH27CIoNO-
In a manner similar to the method described in example 2 (method A), rac-(1R,65)- ©'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3'-[3H]indole]-2',4(1'H)-dione
(100.0 mg, 0.21 mmol) was reacted with 3-methyl-5-t-butylphenyl boronic acid (79.5 mg,
0.41 mmol) in the presence of Pd(PPhs)4 (19.0 mg, 0.015 mmol), KoCO3 (1.0 mL, 2.0
mmol, 2M) and THF (4.0 mL) in a sealed tube was heated to 110 °C for 14 hrs. Organic
layer separated and solvent evaporated under vacuum. Purification with flash
chromatography gave rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(3-methyl-5-t-
butylphenyl)spiro[2-cyclohexene-1,3"-[3H]indole]-2",4(1°'H)-dione as an white powder
(17.0 mg, 16.4%). HEMS (E5") mz Calcd for CaoHo7CILLNO, + H [{h-+H) | 804.1492.
Found: 54,1487

Example 37
Preparation of rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(2,4,6-
trimethylphenyl)spiro[2-cyclohexene-1,3’-[3H]indole]-2',4(1'H)-dione

M. W. 476.401 CogH23CI2NO>
In @ manner similar to the method described in example 2 (method A), rac-(1R,0S)- 6'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3-[3H]indole]-2,4(1'H)-dione
(100.0 mg, 0.21 mmol) was reacted with 2,4,6-trimethylphenyl boronic acid (67.9 mg,
0.41 mmol) in the presence of Pd(PPhs)4 (19.0 mg, 0.015 mmol), KoCOs3 (1.0 mL, 2.0
mmol, 2M) and THF (4.0 mL) in a sealed tube was heated to 110 °C for 14 hrs. Organic
layer separated and solvent evaporated under vacuum. Purification with flash
chromatography gave rac-(1R,06S)-6'-chloro-6-(3-chlorophenyl)-3-(2,4,0-
trimethylphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2',4(1'H)-dione as an off-white
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powder (6.0 mg, 6.1%). HRMS (ES™ miz Caled for CogHasCloNO, + B [{RA+HY T

470117, Foundl 476117 Y

Example 38
Preparation of rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-3-(4-t-butylphenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2,4(1'H)-dione

M. W. 490427 Cu9H25CIoNO-
In a manner similar to the method described in example 2 (method A), rac-(1R,65)- ©'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3'-[3H]indole]-2',4(1'H)-dione
(100.0 mg, 0.21 mmol) was reacted with 4-t-butylphenyl boronic acid (73.7 mg, 0.41
mmol) in the presence of Pd(PPh3)4 (19.0 mg, 0.015 mmol), KoCO3 (1.0 mL, 2.0 mmol,
2M) and THF (4.0 mL) in a sealed tube was heated to 110 °C for 14 hrs. Organic layer
separated and solvent evaporated under vacuum. Purification with flash
chromatography gave rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(4-t-
butylphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2,4(1'H)-dione as an off-white powder
(3.0 mg, 3.0%). HREMS (ES7) mvz Caled for CogHosCloNOs + H {{R+HY T 486.1335.
Found: 4801334

Example 39
Preparation of rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-2-(2-methoxy-3-pyridyl)spiro[2-
cyclohexene-1,3-[3H]indole]-2°,4(1'H)-dione and rac-(1R,6S)-6'-chloro-6-(3-
chlorophenyl)-3-(2-methoxy-3-pyridyl)spiro[2-cyclohexene-1,3"-[3H]indole]-2",4(1 H)-

dione

M. W. 465.334 C25H13CI2N203
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In a manner similar to the method described in example 2 (method A), rac-(1R,06S)- 6'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3-[3H]indole]-2,4(1'H)-dione
(100.0 mg, 0.21 mmol) was reacted with 2-methoxypyridine-3-boronic acid (63.3 mg,
0.41 mmol) in the presence of Pd(PPhs)4 (19.0 mg, 0.015 mmol), KoCO3 (1.0 mL, 2.0
mmol, 2M) and THF (4.0 mL) in a sealed tube was heated to 110 °C for 14 hrs. Organic
layer separated and solvent evaporated under vacuum. Purification with flash
chromatography gave two products; rac-(1R,0S)-6'-chloro-6-(3-chlorophenyl)-2-(2-
methoxy-3-pyridyl)spiro[2-cyclohexene-1,3"-[3H]indole]-2",4(1'H)-dione as light yellow
powder (30.0 mg, 31.3%) HRMS (ES™) miz Calod for CosHigClaNoOs+ H {{hd+HY'T:

465 U767, Foung: 485.0767 and rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-3-(2-
methoxy-3-pyridyl)spiro[2-cyclohexene-1,3-[3H]indole]-2',4(1'H)-dione as an off-white
powder (12.0 mg, 12.5%). HRMS {(ES™Y mz Calod for CosHigCloNoOs+ H [{M+HY T
4850767, Found: 465.0708

Example 40
Preparation of rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(3-BOC-aminophenyl)spiro[2-
cyclohexene-1,3’-[3H]indole]-2,4(1'H)-dione

M. W. 549.451 C3pH25CI2oN204
In @ manner similar to the method described in example 2 (method A), rac-(1R,05)- 6'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3-[3H]indole]-2,4(1'H)-dione
(100.0 mg, 0.21 mmol) was reacted with 3-BOCaminophenyl boronic acid (62.0 mg,
0.28 mmol) in the presence of Pd(PPhs)4 (19.0 mg, 0.015 mmol), KoCO3 (1.0 mL, 2.0
mmol, 2M) and THF (4.0 mL) in a sealed tube was heated to 110 °C for 14 hrs. Organic
layer separated and solvent evaporated under vacuum. Purification with flash
chromatography gave rac-(1R,06S5)-6'-chloro-o0-(3-chlorophenyl)-3-(3-BOC-
aminophenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2',4(1'H)-dione as an off-white
powder (12.0 mg, 10.6%). HRMS {(ES"} miz Calod for CaoHosClaN2O4 + H {{d+NaY |
5711164, Found: 571.1184
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Example 41
Preparation of rac-(1R,06S)-6"-chloro-6-(3-chlorophenyl)-2-(2,0-dinydro-2H-BOC-
pyridyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione and rac-(1R,6S)-6'-chloro-6-
(3-chlorophenyl)-3-(2,6-dinydro-2H-BOC-pyridyl)spiro[2-cyclohexene-1,3’-[3H]indole]-
2',4(1'H)-dione
Cl

M. W. 539.456 C29H23CloN204
In a manner similar to the method described in example 2 (method A), rac-(1R,65)- ©'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3'-[3H]indole]-2',4(1'H)-dione
(100.0 mg, 0.21 mmol) was reacted with 2,6-dihydro-2H-BOC-pyridyl boronic ester
(128.0 mg, 0.41 mmol) in the presence of Pd(PPhs)4 (19.0 mg, 0.015 mmol), KoCO3 (1.0
mL, 2.0 mmol, 2M) and THF (4.0 mL) in a sealed tube was heated to 110 °C for 14 hrs.
Organic layer separated and solvent evaporated under vacuum. Purification with flash
chromatography gave two products; rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-2-(2,6-
dihydro-2H-BOC-pyridyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione as an off
white powder (12.0 mg, 10.8%) HRMS {(ES™ miz Calcd for CogHogCloN2O4+ H
{(MeNay 8611318, Found: 5681.1319 and and rac-(1R,6S)-6'-chloro-6-(3-
chlorophenyl)-3-(2,6-dinydro-2H-BOC-pyridyl)spiro[2-cyclohexene-1,3'-[3H]indole]-
2’,4(1’H)-dione as an off-white powder (15.0 mg, 13.5%). HR_S (ES7) vz Calod for
CogHosCloNoOg+ H [{M+MNat'l: 581.1319. Found: 581.1318

Example 42
Preparation of rac-(1R,0S)-6'-chloro-6-(3-chlorophenyl)-3-(2-formylphenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2,4(1'H)-dione

M. W.462.33 Co6H17CI2NO3
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In a manner similar to the method described in example 2 (method A), rac-(1R,06S)- 6'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3-[3H]indole]-2,4(1'H)-dione
(100.0 mg, 0.21 mmol) was reacted with 2-formylphenyl boronic acid (62.1 mg, 0.41
mmol) in the presence of Pd(PPh3)4 (19.0 mg, 0.015 mmol), KoCO3 (1.0 mL, 2.0 mmol,
5 2M)and THF (4.0 mL) in a sealed tube was heated to 110 °C for 14 hrs. Organic layer
separated and solvent evaporated under vacuum. Purification with flash
chromatography gave rac-(1R,6S5)-6'-chloro-6-(3-chlorophenyl)-3-(2-
formylphenyl)spiro[2-cyclohexene-1,3-[3H]indole]-2",4(1'H)-dione as a colorless powder
(13.5 mg, 14.2%). HEMS {(ES™) miz Calcd for CoeH17CINO3 + H {{M+HY L #. Found: #

10
Example 43
Preparation of rac-(1R,06S5)-6'-chloro-6-(3-chlorophenyl)-3-(3,5-
bistrifluoromethylphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione
15

M. W. 570.315 C27H15Cl2FsNO>
In a manner similar to the method described in example 2 (method A), rac-(1R,65)- ©'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3-[3H]indole]-2,4(1'H)-dione
(100.0 mg, 0.21 mmol) was reacted with 3,5-bistrifluorophenyl boronic acid (106.7 mg,
20  0.41 mmol) in the presence of Pd(PPhs)4 (19.0 mg, 0.015 mmol), K.COs (1.0 mL, 2.0
mmol, 2M) and THF (4.0 mL) in a sealed tube was heated to 110 °C for 14 hrs. Organic
layer separated and solvent evaporated under vacuum. Purification with flash
chromatography gave rac-(1R,06S5)-6'-chloro-6-(3-chlorophenyl)-3-(3,5-
bistrifluoromethylphenyl)spiro[2-cyclohexene-1,3-[3H]indole]-2',4(1'H)-dione as a
25 colorless powder (5.0 mg, 4.3%). HRMS {(ES™) m/z Calod for CorH1sCloFgNO, + H
(MEHY T 868.0311. Found: 588.0309

Example 44
Preparation of rac-(1R,0S5)-6'-chloro-6-(3-chlorophenyl)-2-(2-ethylenephenyl)spiro[2-
30 cyclohexene-1,3'-[3H]indole]-2',4(1'H)-dione and rac-(1R,6S)-6'-chloro-6-(3-
chlorophenyl)-3-(2-ethylenephenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione
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M. W. 460.358 C27H19CI2NO>
In @ manner similar to the method described in example 2 (method A), rac-(1R,65)- 0'-

chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3-[3H]indole]-2,4(1'H)-dione
(100.0 mg, 0.21 mmol) was reacted with 2-vinylbenzyl boronic acid (61.3 mg, 0.41
mmol) in the presence of Pd(PPhs)4 (19.0 mg, 0.015 mmol), KoCO3 (1.0 mL, 2.0 mmol,
2M) and THF (4.0 mL) in a sealed tube was heated to 110°C for 14 hrs. Organic layer
separated and solvent evaporated under vacuum. Purification with flash
chromatography gave two products; rac-(1R,065)-6'-chloro-6-(3-chlorophenyl)-2-(2-
ethylenephenyl)spiro[2-cyclohexene-1,3-[3H]indole]-2',4(1'H)-dione as an off white
powder (16.0 mg, 16.9%) HRMS (ES™) miz Caled for Co7H19CloNOL+ H [{(M+HYT] £
~ound: # and rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(2-ethylenephenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione as a colorless powder (13.1 mg, 13.8%).
HEMS (ES7) mvz Caled for CorH1gClNO2+ H [+ 4680.0888. Found: 480.0865

Example 45
Preparation of rac-(1R,0S5)-6'-chloro-6-(3-chlorophenyl)-2-(3-methylthiophenyl)spiro[2-
cyclohexene-1,3’-[3H]indole]-2",4(1'H)-dione and rac-(1R,6S)-6'-chloro-6-(3-
chlorophenyl)-3-(3-methylthiophenyl)spiro[2-cyclohexene-1,3-[3H]indole]-2",4(1 H)-

dione

M. W. 480.413 CosH19CI2NO2S

In @ manner similar to the method described in example 2 (method A), rac-(1R,65)- 0'-

chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3-[3H]indole]-2,4(1'H)-dione
(100.0 mg, 0.21 mmol) was reacted with 3-methylthiophenyl boronic acid (69.6 mg, 0.41
mmol) in the presence of Pd(PPhs)4 (19.0 mg, 0.015 mmol), KoCO3 (1.0 mL, 2.0 mmol,
2M) and THF (4.0 mL) in a sealed tube was heated to 110°C for 14 hrs. Organic layer
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separated and solvent evaporated under vacuum. Purification with flash
chromatography gave two products rac-(1R,0S)-6'-chloro-6-(3-chlorophenyl)-2-(3-
methylthiophenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione as an off white
powder (24.3 mg, 24.6%) HRMS (£S5} miz Caled for CorH1gCloNOo+ H [{h+HY T #.
Found: # and rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(3-methylthiophenyl)spiro[2-
cyclohexene-1,3’-[3H]indole]-2,4(1'H)-dione as a colorless powder (22.4 mg, 22.6%).
HEMS (EST) mfz Caled for CozHi9CloNOo+ H HM+Y]: 4800587, Found: 480.0588

Example 46
Preparation of rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-2-(3-
dimethylacetamidophenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1 H)-dione and rac-
(1R,06S)-6'-chloro-6-(3-chlorophenyl)-3-(3-3-dimethylacetamido phenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2',4(1'H)-dione

M. W. 505.399 C2sH22CIloN203

In @ manner similar to the method described in example 2 (method A), rac-(1R,65)- 0'-

chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3-[3H]indole]-2,4(1'H)-dione
(100.0 mg, 0.21 mmol) was reacted with 3-dimethylacetamidobenzyl boronic acid (79.9
mg, 0.41 mmol) in the presence of Pd(PPhs)4 (19.0 mg, 0.015 mmol), KoCO3 (1.0 mL,
2.0 mmol, 2M) and THF (4.0 mL) in a sealed tube was heated to 110°C for 14 hrs.
Organic layer separated and solvent evaporated under vacuum. Purification with flash
chromatography gave two products rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-2-(3-
dimethylacetamidophenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2',4(1"'H)-dione
[RO5289881-000-001] as an off white powder (21.0 mg, 20.2%) HRMS (ES™) miz Caled
for CogH2oCloN2Os+ H [{M+HY'1: #. Found: # and rac-(1R,6S)-6'-chloro-6-(3-
chlorophenyl)-3-(3-dimethylacetamidophenyl)spiro[2-cyclohexene-1,3’-[3H]indole]-
2’,4(1’H)-dione as an off-white powder (18.0 mg, 17.3%). HR,MS (ES") mvz Calod for
CogH2oCloN2O5+ H [{hd+17]: 505.1080. Found: 505.1082
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Example 47
Preparation of rac-(1R,06S5)-6'-chloro-6-(3-chlorophenyl)-3-(3,4-dimethylphenyl)spiro|[2-
cyclohexene-1,3’-[3H]indole]-2,4(1'H)-dione

M. W. 462.38 C27H21CI2NO>
In a manner similar to the method described in example 2 (method A), rac-(1R,65)- ©'-
chloro-6-(3-chlorophenyl)-3-iodospiro[2-cyclohexene-1,3-[3H]indole]-2,4(1'H)-dione
(100.0 mg, 0.21 mmol) was reacted with 3,4-dimethylphenyl boronic acid (62.1 mg, 0.41
mmol) in the presence of Pd(PPhs)4 (19.0 mg, 0.015 mmol), KoCO3 (1.0 mL, 2.0 mmol,
2M) and THF (4.0 mL) in a sealed tube was heated to 110 °C for 14 hrs. Organic layer
separated and solvent evaporated under vacuum. Purification with flash
chromatography gave rac-(1R,06S)-6'-chloro-6-(3-chlorophenyl)-3-(3,4-
dimethylphenyl)spiro[2-cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione as an off-white
powder (15.0 mg, 15.7%). HRMS {(ES™y miz Calcd for Co7H21CIoNO, + B [{(RA+HYT:
461.2296. Found: 481 2285

Cxampie 48

in Vitro Activity Assay
The abiiily of ihe compounds 1o Inhibi ihe interaction bebweaen p53 and MDMZ proteins

WaS IMSasured oy an H i KF (Nomogenaous iime-rescived HTUorascence ) assay in which
recomiinant o -lagged MDMZ Dings {0 & peplige thal resembies the MR-
interacting region of pb3 {Lang et al.). Binding of G 1-MUMZ protein and pai-peptide
(oiotinyiated on g Nderminal end} s registered by the FRET (Huoraescences rgsonancs
energy transfer) tetweaen burepium (buk-abeiad anbi-GH 1 antibody andg sirepiavidin:

conjugateg Allophyoocyanin (APU)

Test s periormed in plack lat-bottom 384-well plates {Cosiary in a olal volume of 40 ul
contairung:. 8t nd bictinylale peptide, 160 ng/mi GST-MIMZ, 20 oM streptavidhin-AP{
(PerkinkimerWaliac), 2 nhM Bu-iabeled anli-GST-antibody (PerkinkimerWallac), 0.2%
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ngd 20 Mt ins-borate saling

(TES) bufter as foliows: AGE 10 ul of GHT-RMINZ (0440 ng/mib working solution} in
reaclion putfer (o sach well, AGO 10 Ul diluted compounds (1.5 Gilulion in reagtion
putier 1o each weall, mix by shaking. Add 20 ul biotinviated pa3 peptide {180 nhj
wOrking seiution in reaction pulter 1o each well and mix on shaker, incubate al 3770 oy
1h. Ada 20 ub streptavidin-APC and Eu-anti-Gh 1 antibody mixiure (& nM Eu-anti-Go i
and 64 nM streptavidin-ARPC working soiution} in T8S buffer with 3.2% BS54, shaks at

room lemperature for 30 minuies and res

G using 2 1R

~,&

pabie piale reader at

o0h and 815 nm Victyr &, Ferkin BElmerWallacy, i not specified, the reagents were

curchasead from Sigma Chemical 0.
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Claims

1. A compound of the formula

wherein

X IS oxygen or hydrogen/nydroxyl;

W is selected from the group consisting of hydrogen, halogen, cyano, nitro, ethynyl and
cyclopropyl;

Y Is hydrogen or fluorine;

R1 R2 Rzand R4 are selected from the group consisting of hydrogen, lower alkyl, lower
alkoxyl, substituted lower alkyl, lower alkenyl, lower alkynyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocycle, substituted heterocycle, cycloalkyl,
substituted cycloalkyl, cycloalkenyl and substituted cycloalkenyl, with the proviso that
one of Ri{/Roor R3/R41s hydrogen and the other is not hydrogen;

and the pharmaceutically acceptable salts and esters thereof.

2. The compound of claim 1 wherein

W is halogen;

X IS oxygen;

Y Is hydrogen,;

R4 1s hydrogen;

R4 1S hydrogen; and

R2and Rz are selected from the group consisting of lower alkyl , lower alkoxyl,
substituted lower alkyl, lower alkenyl, lower alkynyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocycle, substituted heterocycle, cycloalkyl, substituted

cycloalkyl, cycloalkenyl, and substituted cycloalkenyl.

3. The compound of claim 2 wherein

W Is chlorine;
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X IS oxygen;

Y Is hydrogen;

R4 1s hydrogen;

R41s hydrogen;

Rsis a meta-halogen substituted phenyl with or without further substitution and Rz s
selected from the group consisting of lower alkyl, lower alkenyl, aryl, and substituted

aryl.

4.  The compound according to claim 1, wherein
W is chlorine;
X IS oxygen;
Y Is hydrogen;
R4 1s hydrogen;
R41s hydrogen;
Rs1s 3-chloro-phenyl; and
Rz Is selected from
-halogen;
-OH,;
-(C1-C0) alkyl, (C2-C06) alkenyl or (C2-C0) alkynyl which are all either
unsubstituted or once substituted by hydroxyl;
-furyl, iIsoxazolyl, pyridinyl or 1,2,3,06-Tetrahydro-pyridinyl which are all either
unsubstituted or once substituted with —(C1-C6) alkyl, -O—(C1-C6) alkyl or
—-C(0O)-0O-(C1-Cb) alkyl;
-cyclohexyl; or
-phenyl which is either unsubstituted or one, two or three times substituted with
a substituent selected from halogen, (C2-C06) alkenyl, (C1-C06) alkyl,
(C1-C6) hydroxyalkyl, -CF3, -O-(C1-C06) alkyl, -O-phenyl, -O-CF3,
-C(O)-O-methyl, -C(O)-OH, -C(0O), -C(O)-NH-methyl, -C(O)-N(methyl),, -CN,
-NH-C(O)-O-(C1-C4) alkyl and =S-(C1-C4) alkyl.

5. The compound of claim 1 selected from the group consisting of
rac-(1R,6S)-3-bromo-6'-chloro-6-(3-chlorophenyl)spiro[2-cyclohexene-1,3-[3H]indole]-
2’',4(1'H)-dione,

rac-(1R,06S)- 6'-chloro-6-(3-chlorophenyl) 3-iodospiro[2-cyclohexene-1,3'-[3H]indole]-
2',4(1'H)-dione,
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rac-(1R, 4S5, 6S)-6'-chloro-6-(3-chlorophenyl)-4-hydroxy-3-iodospiro[2-cyclohexene-1,3'-
[3H]indol]-2°(1'H)-one,

rac-(1R, 4S5, 6S)-6'-chloro-6-(3-chlorophenyl)-3-(9-fluoro-2-methylphenyl)-4-
hydroxyspiro[2-cyclohexene-1,3'-[3H]indol]-2°(1'H)-one,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-methylspiro[2-cyclohexene-1,3’-[3H]indole]-
2',4(1'H)-dione,

rac-(1R, 6S)-6'-chloro-6-(3-chlorophenyl)-3-(E)-(1-propenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(E)-(1-propenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(methylethenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2’,4(1°H)-dione,
rac-(1R,06S)-6'-chloro-o-(3-chlorophenyl)-3-(methylethenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,

rac-(1R, 4S5, 6S)-6'-chloro-6-(3-chlorophenyl)-3-(1,2-dimethyl-1-propenyl)-4-
hydroxyspiro[2-cyclohexene-1,3'-[3H]indol]-2°(1'H)-one,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(1,2-dimethyl-1-propenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°'H)-dione,
rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(3-methoxyphenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2’,4(1°H)-dione,
rac-(1R,0S)-6'-chloro-o-(3-chlorophenyl)-3-(3-methoxyphenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione,
rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(2-ethoxyphenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
rac-(1R,0S)-6'-chloro-6-(3-chlorophenyl)-3-(2-ethoxyphenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione,

rac-(1R, 4S5, 6S)-6'-chloro-6-(3-chlorophenyl)-3-(2-methoxyphenyl)-4-hydroxyspiro|2-
cyclohexene-1,3-[3H]indol]-2°(1'H)-one,
rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-3-(2-methoxyphenyl)spiro[2-cyclohexene-1,3-
[3H]indole]-2",4(1'H)-dione,
rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(2-methoxyphenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(4-methoxyphenyl)spiro[2-cyclohexene-1,3-
[3H]indole]-2",4(1'H)-dione,
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rac-(1R,06S5)-6'-chloro-6-(3-chlorophenyl)-3-(4-methoxyphenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione,
rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(2-ethoxyphenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2’,4(1°H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(5-fluoro-2-methylphenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione,
(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(2-methoxyphenyl)spiro[2-cyclohexene-1,3’-
[3H]indole]-2",4(1'H)-dione,
(1S,6R)-6'-chloro-6-(3-chlorophenyl)-3-(2-methoxyphenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(5-fluoro-2-hydroxyphenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(4-fluoro-2-nydroxyphenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-3-(5-chloro-2-ethoxyphenyl)-6-(3-chlorophenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-3-(2-phenoxyphenyl)spiro[2-cyclohexene-1,3-
[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S5)-6'-chloro-3-(4-chloro-2-ethoxyphenyl)-6-(3-chlorophenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,6S)-6'-chloro-3-(4-chloro-2-methoxyphenyl)-6-(3-chlorophenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(2-ethoxy-5-methylphenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-[2-(trifluoromethoxy)phenyl)]spiro|[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(3-furanyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2’,4(1°H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-[4-(hydroxymethyl)phenyl]spiro|[2-
cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(3,5-dimethyl-4-isoxazolyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,0S)-6'-chloro-o-(3-chlorophenyl)-3-(1-cyclohexenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione,
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rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-[2-(hydroxymethyl)phenyl]spiro|[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-[3-(hydroxymethyl)phenyl]spiro|[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1S,65)-6'-chloro-6-(3-chlorophenyl)-2-[3-(methoxycarbonyl)phenyl]spiro|2-
cyclohexene-1,3'-[3H]indole]-2",4(1'H)-dione,
rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-3-[3-(methoxycarbonyl)phenyl)]spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-2-[4-(methoxycarbonyl)phenyl]spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-[4-(methoxycarbonyl)phenyl]spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,06S5)-6'-chloro-3-(3-carboxyphenyl)-6-(3-chlorophenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione,
rac-(1S,6S)-6'-chloro-6-(3-chlorophenyl)-2-(3-cyanophenyl)spiro[2-cyclohexene-

1,3’ -[3H]indole]-2",4(1'H)-dione,
rac-(1R,0S)-6"-chloro-6-(3-chlorophenyl)-3-(3-cyanophenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione,
rac-(1R,06S)-6'-chloro-6-(3-chlorophenyl)-2-(3-propoxyphenyl) spiro[2-cyclohexene-1,3'-
[3H]indole]-2’,4(1°H)-dione,
rac-(1R,0S)-6'-chloro-o-(3-chlorophenyl)-3-(3-propoxyphenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(3-methyl-5-t-butylphenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-3-(2,4,6-trimethylphenyl)spiro[2-cyclohexene-
1,3’ -[3H]indole]-2",4(1'H)-dione,
rac-(1R,0S)-6'-chloro-6-(3-chlorophenyl)-3-(4-t-butylphenyl)spiro[2-cyclohexene-1,3 -
[3H]indole]-2’,4(1°H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-2-(2-methoxy-3-pyridyl)spiro[2-cyclohexene-
1,3’ -[3H]indole]-2",4(1'H)-dione,
rac-(1R,065)-6'-chloro-6-(3-chlorophenyl)-3-(2-methoxy-3-pyridyl)spiro[2-cyclohexene-
1,3’ -[3H]indole]-2",4(1'H)-dione,
rac-(1R,0S)-6"-chloro-6-(3-chlorophenyl)-3-(3-BOC-aminophenyl)spiro[2-cyclohexene-
1,3’ -[3H]indole]-2",4(1'H)-dione,
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rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-2-(2,6-dihydro-2H-BOC-pyridyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(2,6-dihydro-2H-BOC-pyridyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,

5 rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(2-formylphenyl)spiro[2-cyclohexene-1,3'-
[3H]indole]-2",4(1'H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-3-(3,5-bistrifluoromethylphenyl)spiro|2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,65)-6'-chloro-6-(3-chlorophenyl)-2-(2-ethylenephenyl)spiro[2-cyclohexene-1,3-

10 [3H]indole]-2',4(1'H)-dione,
rac-(1R,06S5)-6'-chloro-6-(3-chlorophenyl)-3-(2-ethylenephenyl)spiro[2-cyclohexene-1,3-
[3H]indole]-2’,4(1°H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-2-(3-methylthiophenyl)spiro[2-cyclohexene-
1,3’ -[3H]indole]-2",4(1'H)-dione,

15 rac-(1R,06S)-6'-chloro-6-(3-chlorophenyl)-3-(3-methylthiophenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°H)-dione,
rac-(1R,6S)-6'-chloro-6-(3-chlorophenyl)-2-(3-dimethylacetamidophenyl)spiro[2-
cyclohexene-1,3'-[3H]indole]-2",4(1°'H)-dione,
rac-(1R,6S5)-6'-chloro-6-(3-chlorophenyl)-3-(3-3-dimethylacetamido phenyl)spiro[2-

20 cyclohexene-1,3’-[3H]indole]-2",4(1'H)-dione and
rac-(1R,05)-6'-chloro-6-(3-chlorophenyl)-3-(3,4-dimethylphenyl)spiro[2-cyclohexene-
1,3’ -[3H]indole]-2",4(1'H)-dione.

6. A pharmaceutical composition comprising a compound of the formula

25
wherein

X IS oxygen or hydrogen/ hydroxy,
W is selected from the group consisting of hydrogen, halogen, cyano, nitro, ethynyl and

cyclopropuvl,
30 Y Is hydrogen and fluorine
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R R2 Rzand R4 are selected from the group consisting of hydrogen, lower alkyl, lower
alkoxyl, substituted lower alkyl, lower alkenyl, lower alkynyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocycle, substituted heterocycle, cycloalkyl,
substituted cycloalkyl, cycloalkenyl and substituted cycloalkenyl, with the proviso that
one of Ri/Rz20r R3/R4i1s hydrogen and the other not hydrogen,

and the pharmaceutically acceptable salts and esters thereof,

together with a pharmaceutically acceptable salt or ester thereof.

/. The compounds according to any one of claims 1 to 5 for use as medicaments.

3. The compounds according to any one of claims 1 to 5 for use as medicaments for
the treatment of tumors, In particular solid tumors, specifically breast, colon, lung and

prostate tumors.

9. The use of the compounds according to any one of claims 1 to 5 for the
manufacture of medicaments for the treatment of tumors, in particular solid tumors,

specifically breast, colon, lung and prostate tumors.

10. A process for the synthesis of a compound according to claim 1, wherein a

compound of formula IV

IS reacted with |, or PhNMesBr; to form an intermediate of formula V

O

d3
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followed by Suzuki coupling with a boronic acid of the formua R{-B(OH), and/or Ro-
B(OH), In the presence of palladium catalysts, to give the compounds of formula |

according to claim 1, wherein all substituents have the meanings given in claim 1, and

X IS 10do or bromo.

11. The novel compounds, processes, methods and uses substantially as

described herein before.

* %%
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