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3—Indolyl—4—Pheny1—iH—Pyrrole—2,5—Dione Derivatives as Inhibitors of
Glycogen Synthase Kinase-3Beta

The present invention is directed to 3-indolyl-4-phenyl-1H-pyrrole-2,5-
dione derivatives that inhibit glycogen synthase kinase-3( (GSK-3B) and are
therefore useful in the treatment of mammals having disease states mediated by it.
The present invention is also directed to medicaments containing these compounds,
methods for preparing them, and their use, in particular for the treatment of

diseases characterized by excess Th2 cytokines and/or an excess IgE production.

Glycogen synthase kinase (GSK) is a serine/threonine kinase for which two
isoforms, o and B, have been identified. Glycogen synthase kinase -3 (GSK-
3P) was originally identified as a protein kinase which phosphorylated and
inactivated glycogen synthase, a key enzyme regulating insulin-stimulated
glycogen synthesis (see Embi et al., Eur. J. Biochem. 107, 519-527, (1980); Rylatt
et al., Eur. J. Biochem. 107, 529-537, (1980); and Vandenheede et al., J. Biol. |
Chem. 255, 11768-1 1774, (1980)). Subsequently, it was discovered that GSK-3f is
inhibited upon insulin activation thereby allowihg the activation of glycogen

synthase. ‘Therefore, inhibition of GSK-3f stimulates insulin-dependent processes

and is useful in the treatment of type 2 diabetes which is characterized by decreased

sensitivity to insulin and an increase in blood glucose level. A number of drugs
such as 5-iodotubercidin®, metformin®, troglitazonem®, have been used to treat
diabetes. These drugs however have limited application because metformin® can
cause hypoglycemia, troglitazonem® can cause severe hepatoxicity and 5-
iodotubercidin®, a GSK-3 inhibitor, inhibits other serine/threonine and tyrosine

kinases.

Recently, it has been discovered that GSK-3f plays a role in pathogenesis
of Alzheimer's disease (see Lovestone et al., Current Biology, 4, 1077-86 (1994),
Brownlees et al., Neuro.report, 8, 3251-3255 (1997), Takashima et al., PNAS 95,
9637-9641 (1998), and Pei et al., J Neuropathol. Exp., 56, 70-78 (1997)) and

'bipolar disorder (see Chen et al., J. Neurochemistry, 72, 1327-1330 (1999)). It has
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25 J 30 The present invention is directed to

3-indol yl -4-phenyl - 1H pyrrole-2,5 dione derivatives that inhibit glycogen
synt hase y §asfas(3 (GSK-3(3) and are therefore useful inpétfgphfigassent of
mammal s having di sease states nediated by it. The present invention is al so
directed to nedi canents containing these conpounds, nethods for preparing
them and their use, in particular for ‘the treatnent of diseases

characteri zed by excess Th2 cytoki nes and/ or an excess | gE producti on.

G ycogen synt hase ki.nase K)nd: serine/th i i o r which two
i soforns, a é‘ﬁﬂ%f’%“ élﬁwgreg%‘q%éésivg%vg?ve&%é%gféhgg{,% ﬁ??%“&“.%nase -3[err]
{ GSK3[ err] wagspehisePendhdtivati ek INF-BT 78 réguldtidh@f Bpoptoas GesBedldet al., .
phosphoryl ated and I nactivated glycogen synthase, a ke)g( enza/me regul ating
i nsul i n- st i micignes 243108083 (k%ﬁﬁ@%?@%@éat&bl?w@?te"mZL1@82 -39933 ochem

107, 519-52,7 9 , 3 , IQRC = R,
(1980): and Vi bnﬁﬁ%gg@éﬁ%% ?I,?E’Feé"é?*%‘ﬁ%réﬂghn@f ?ﬁ%%&%‘%ﬁ‘?ﬁe ?’%980)) .
Subsequent | y kB hedigted ShrsRaVRESshst fothe EDF-@ 6iEnbhBing phthiviay étloledin thesul i n
activation thereby allow ng the activation of glycogen synthase. Therefore,
i nhi bition ofprasiamematosy fefpaAnse Esinfastion (Iﬁoqﬂhqi\s@séénltfatﬁreoéﬁéssés90a@909>§ usef ul
in the treatnment of type 2 diabetes which is characterized by decreased
sensitivity to insulin and an increase in blood glucose |evel. A nunber of

drugs such as 5-i &eshermersiGike3Privtlsokeawn torpeate theAsgedplioneie UER used to

treat di abetes. These,drugs however. hay Lot | L.cati se
net f or ni n (_:‘aﬁﬁlcﬁtﬁg’@? Wf)ﬁ?ﬁ?gfgﬁ}t(gglﬁ'l ,acily%f)ﬁggé"néﬁj%%g&ég 56 nggc&%rgg&g”
hepat oxpCi t'y THEITAC OBRIHBRT L 339 092263K098)] OBV, THRI& vhi B Wekeding! M
serine/threoni ne and tyrosi ne ki nhases. Recentléﬁl,E i.t has been discovered

t hat GSK- 3( 3 Tbndsdn Gendics 13 m85499%038%0sPealoF I Al shdli, ietergtigd ease (sFe
Neuror eport, itk SEa1PS2aqseor Tk dbduPotds B s ARt )

(1998)) and Regulst thel prolifdrablon ob palbric epithelirbeells Shd tHObivehefigd Apte andid bi pol ar

ﬂ;:or der ( seecligﬂ:gpge%teticasl deino’rjlétral}lee&lrag 1(% lre?g%mtessttﬁé/ devé?dpm%%g o7f c:<L3 o?ﬁoca c]'e%.gg) ). It

15
Accofdingly, there is a need for compounds that would inhibit GSK-3p and
thereby provide a means for combating diseases mediated by it. This invention

fulfills th';s and related needs.

20 " The present invention is directed to 3-indolyl-4-phenyl-1H-pyrrole-2,5-
dione derivatives that inhibit GSK-3p and are therefore useful in the treatment of
mammals having disease states mediated by it such as diabetes, Alzheimer’s

. disease, bipolar disorder, ischemia, traumatic brain injury, and immunodeficiency.

25 In addition, Applicants have discovered that inhibition of GSK-3f activity ‘
reduces the level of CD4-i; T-helper 2 cells (Th2) which produce cytokines such as
IL-4; IL-5, IL~13, and promote IgE production and eosinophil differentiation. This
is an important discovery because it has been established that Th2 specific
cytokines play a key role in the pathogenesis of diseases such as allergies and
30 asthma. Therefore, the compounds of the present invention also provide a novel

. approach for the treatment of allergies and asthma.



WO (12/10158 PCT/ EPOL/ 08293 7 al so been discovered that GSK-3~i is involved
I n blocking of early immune response gene activation via NF- AT and
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Q,@?g{e/%(ﬁgﬁ).pt ‘(]).si s (see Beals et al., f Science, 275pcp2Bf0ad03( 1997)

Bi ochem 273, 19929-19932,
‘ 3

Accordingly, ina first e_ispect, thisinvention is directed to 3-indolyl-4-

phcnyl-iH—pynole-2,5-di0ne derivatives represented by Formula (I):

1)

wherein:
- R' and R? indépendently represent hydrogen, alkyl, halogen, haloalkyl,

alkylthio, hydroxy, alkoxy, cyano, nitro, ar;ﬁno; acylamino, monoalkylamino, or

dialkylamino; | '

7 (wherein R’

R represents hydrogen, alkyl, cycloalkyl, heteroalkyl, -COR
is hydrogen or alkyl), or phenyl optionally substituted with one or two substituents
independently selected from the group consisting of hydrogen, alkyl, haloalkyl,
alkylthio, hydroxy, alkoxy, cyano, nitro, amino, acylamino, monoalkylamino, and
dialkylamino;

'R*and R’ independently represent hydrogen, alkyl, halogen, haloalkyl,

 alkylthio, hydroxy, alkoxy, cyano, nitro, amino, acylamino, monoalkylamino, or

dialkylamino;

.Rﬁ is Heterqalkyl, heterocyclyl, heterocyclylalkyl, heteroalkylsubstituted
heterocyclyl, heteroalkylsubstituted cycloalkyl, heterosubstituted cycloalkyl, -OR?,
-S(0),R® (wherein n is an integer from 0 to 2; and R® is heteroalkyl, heteroaralkyl, ,
heterocyclyl, or hcterocyélylalkyl), -NR°R!® (whérein R® is hydrogen or alkyl and
R'® is heterosubstituted cycloalkyl, heteroalkyl, heteroaralkyl, heterocyclyl, or
heterocyclylalkyl), or -X-(alkylene)-Y-Z (wherein X is a covalent bond, -O-, ~NH-,
or —=S(O)a1- Where nl is an integer from 0 to 2, Y is “O-, -NH-, or -S- and Z is

heteroalkyl or SiR"'R'2)(R'®) where R'!, R*? and R' are independently hydrogen

T or alkyli), or R® together with R* forms a rﬁethylenedioxy or ethylenedioxy group

when they are adjacent to each other; or



(1998)). Recently, it has al so been discovered that GSK-3(3 is required for
the NF 5 tcB nedi ated survival response in the TNF-a signalling pathway

i nvol ved @ obhgispr oi nfl ammat ory response to infection (HopEhiepbu/sbeal .,

Nat ure, 406, 86-90 (2000)). Furthernore, GSK-3[3 is also known to regul ate
t he degradation of a protein ((3-catenig) which controls the activity of
TCF famly of transcription factors (see., to Dale, T. C, Biochern. J. 329,
209-223 (1998); Cevers, H & van de Wetering, M, Treads in Genetics 13,

15ass (19T hnrheonl difuafh fl e cfnat! onel, I munl ooy 1, 817323
proliferation of colonic epithelial cells; and the biochem cal data and
' g;lng IGS él 1ge netic SAgg g?e esu:[ré :;[.rg cf)xggéunldg wrh?c%uv!/i tbeé\sieftePrgd (tjoet\{]g lfglﬁjorsr;vﬁi‘lrllgt m?cIer colon
(i) which are compounds as defined above [these will be referred to in the
s . following under (A)], |
wherein: R® represents hydrogen, alkyl, cycloalkyl, -COR’ (wherein R is
" hydrogen or alkyl), or phenyl optionaliy substituted with one or two substituents
independently selected from the group consisting of hydrogen, alkyl, haloalkyl,
alkylthio, hydroxy, alkoxy, cyano, nitro, amino, acylamino, monoalkylamino, and
10 " dialkylamino, and R® is heteroalkyl, heterocyclyl, heterocyclylalkyl,
heteroalkylsubstituted heterocyclyl, heteroalkylsubstituted cycloalkyl,
hetéroéubstitufed cycldalkyl, OR?, -S(O),R® (wherein n is an integer from 0 to 2;
and R® is heteroalky), heteroaralkyl, heteroc'yclyi, or heterocyclylalkyl), -NR’R"®
(wherein R® is hydrogen or alkyl and RYis heferoalkyl, heteroaralkyl, heterocyclyl,
15 -or heterocyclylalkyl), or -X-(alkylene)-Y-heteroalkyl (wherein X is a covalent -
bond, -O-, —NH-, or —S(O),1- where nl is an integer from O to 2, and Y is ~O-, —
NH-, or -S-), or R® together with R* forms a methylenedioxy or ethylenedioxy

group when they are adj acent to each other.

20 'Furtﬁermore preferred compounds are:
(i) ‘The compound of (i), wherein R is alkyl.
(iii) The compound of (ii), wherein R? is methyl.
.(iv)  The compound of (i), Whereiﬁ RS is at the 3-position of the phenyl ring and
~ is heteroalkyl, heterocyclylalkyl, -OR® (wherein R® is heteroalkyl or
25 heterocyclylalkyl), -NHRY (wherein R'° is heteroalkyl, heterocyclyl, or '
heterocyclylalkyl), or -X-(élkylene)—Y—heteroalkyl (wherein X is a covalent bond, -
O- or.—-NI-I- and Y is -O- or -NH)
(v)  The compound of (iv), wherein R® is (RS), (R) or (S) 2,3-
dihydroxypropyloxy, 3-hydroxypropyloxy, 2-aminoethyloxy, 3-aminopropyloxy,
30 2-morpholin-4-ylethyloxy, or (RS), (R) or (S) 2,2-dimethyl-1,3-dioxolan-4-
.ylmethylbxy. A '



Accordingly, there is a need for conmpounds that would inhibit GSK-3~i and
t hereby provide a neans for conbating di seases nediated by it. This

i nventi oRyhyhAdike S this and rel ated needs. 20 The present poiyepiiiseys | S
directed to 3-indolyl-4-phenyl-1H pyrrole-2,5 dione derivatives that

i nhibit GSK-3~3 and are therefore.usefuf in the treatment of mammals having
di sease states nmediated by it such as diabetes, Al zheiner's disease,

bi pol ar di sorder, ischenma, traumatic brain injury, and i munodefi ci ency.

25 1'n addi tiQR, AR i BEYS), WhSSAMETIOERNAE dr Y 42 tibGBcRf. GSK- 3~

activity
propylammo, 2-hydroxyethylamino, 3~hydro>;ypropyla1mno, (RS), (R) or () 2,2-

dimethyl-1 3»dioxolan—4-ylmethy1amino, 2-hydroxy-1-hydroxymethylethylamino,
-hydroxybutylammo, or tetrahydropyran-4-ylamino.
5. . (vn) The compound of (i), wherein R! and R? are hydrogen; R*and R® are at the
2 and the 6 positions of the phenyl ring and are independently of each other
-~ hydrogen or halogen; and RS is at the 3-position of the pheny] ring.
(viii) The compound of (vii), wherein R? is hydrogen or alkyl, R,6 is -OR®
(wherein R? is heteroalkyl or heterocyclylalkyl), -NHR'" (wherein R'is

10 " heteroalkyl, heterocyclyl, or heterocyclylalkyl), or -X-(alkylene)-Y-heteroalkyl
(wherein X is a covalent bond, -O- or -NH- and Y is ~O- or -NH). |
(ix) The compound of (viii), wherein R® is methy! and R* and R are
independently of each other hydrogen, chloro, or fluoro.

x) The compound of (ix), wherein R*and RS are hydrogen.

15 (xi) ,The compound of (x), wherein R%is (RS), (R) or (S) 2,3-dihydroxy-
propyloxy, 3-hydroxypropyloxy, 2-aminoethyloxy, 3-aminopropyloxy, 2-
morpholin-4-ylethyloxy, or (RS), (R) or (S) 2,2-dimethyl-1,3-dioxolan-4-
ylmethyioxy. |
(xil) The cofnpound of (x), wherein Réis (RS), (R) or (S) 2,3-dihydroxy-

20 - propylamino, 2-hydroxyethylamjno, 3-hydroxypropylamino, (RS), (R) or (§) 2,2-

.dimethyl-1,3-dioxolan-4-ylmethylamino, 2-hydroxy-1-hydroxymethylethylamino,

3-hydroxybutylamino, or tetrahydropyran-4-ylamino.

(xiii) The compound of (i), wherein R!is at the 5-position of the indole ring and
s halogen; R%is hs}drogen; R* and R are at the 2 and the 6 positions of the phenyl

25  ring and are independently of each other hydrogen or halogen; and RS is at the 3-
position of the phenyl ring.

(xiv) The compound of (xiii), wherein R? is hydrogen or alkyl, R® is -OR®
(wherein R® is heteroalkyl or heterocyclylalkyl), -NHR'® (wherein R' is
heteroalkyl, fleterocycly], or héterocyclylalkyl), or -X-(alkylene)-Y-heteroalkyl

30 (wherein X is a covalent bond, -O- or -NH- and Y is ~O- or ~-NH).

(xv) The compound of (xiv), wherein R' is chloro or fluoro; R® is methyl; and R*

and R® are independently of each other hydrogen, chloro, or fluoro.



reduces the | evel of CD4+ T-helper 2 cells (Th2) which produce cytokines
such as IL-4, IL-5, I1,-13, and pronote |IgE production and eosi nophil

di fferenty@hhpfiss This is an inportant discovery because ipcR@poilaRess
established that Th2 specific cytokines play a key role in the pathogenesis

of diseases such as allergies and.-30 asghma. Therefore, the conpounds of
the present invention also provide a novel approach for the treatnent of
aIIergles and. asthna '

(xvi) The compound of (xv), wherein R® is (RS), (R) or (S) 2,3-dihydroxy-
propyloxy, 3-hydroxypropyloxy, 2-aminoethyloxy, 3-aminopropyloxy, 2-
morpholin-4-ylethyloxy, or (RS),‘ (R) or (S) 2,2-dimethyl-1,3-dioxolan-4-
ylmethyloxy
5. . (xvi) The compound of (xv), wherein Réis (RS), (R) or (S) 2,3- dlhydroxy-
propylamino, 2-hydroxyethylamino, 3-hydroxypropylamino, (RS), (R) or (S) 2,2~
dimethyl-l,3-dibxolan-4—ylmethylamiho, 2-hydroxy-1-hydroxymethylethylamino,
3-hydroxybutylamino, or tetrahydropyran-4-ylamino.
(xviii) The compound of (A) or (i) wherein Réisatthe 2,3 or 4-position of the
10 " phenyl ring.
(xix) The compound of any one of (A) (i) and (xviii) wherein R® is at the 3- |
position of the phenyl ring.
(xx) The compound of any one of (A), (i), (xviii) and (xix) wherein R® is
heteroalkyl, heterocyclylalkyl, -OR® (wheréin' R®is heteroalkyl or
15 _heterocyclylalkyl), -NHR' (wherein R' is heteroalkyl, heterosubstituted
cycloalkyl, heterocyclyl, or heterocyclylalkyl), or -X~(alkylene)-Y-heteroalkyl
(wherein X is a covalent bond, -O- or -NH- and Y is —-O- or -NH).
(xx1) The compound of any one of (A), (i) and (xviii) to (xx) wherein R*and R’
are at the 2 and the 6 positions of the phenyl ring and are independently of each
20 - other hydrogen or halogen.
.(xxii). The compound of any one of (A), (i) and (xviii) to (xxi) wherein'R! and R®
are hydrogen.
(xxiii) The compound of any one of (A), (i) and (xviii) to (xxi) wherein R!is at the
| 5-position of the iﬂdole ring and is halogen and R? is hydrogen.
25 (xxiv) The compound of any one of (A) and (i), (xviii) to (xxiii) wherein R3is
hydrogen or alkyl, R®is -OR® (wherein R® is héteroalkyl or heterocyclylalkyl), -
NHR' (wherein R'? is heteroalkyl, heterosubstituted cycloalkyl, heterocyclyl; or
heterocyclylalkyl), or -X-(alkylene)-Y-heteroalkyl (wherein X is a covalent bond, -
O- or -NH- and Y is -O- or -NH).
30 (xxv) The compound of any one of (A), (i) and (xviii) to (xxiv) wherein R%is
| hydrogen or alkyl, R®is -OR® (wherein R® is heteroalkyl or heterocyclylalkyl), -
NHR'® (wherein R" is heteroalkyl, heterocyclyl, or heterocyclylalkyl), or -X-



WO U2/ 10158 3 PCT/EPO | /08293 Accordingly, in a first aspect, this
invention is directed to 3-indolyl-4 phenyl-1H pyrrole-2,5-dione
derivatiugg osgRsesented by Formula (1): R2 Ra .J R-~~ N~ pCr/EP01/08293
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(alkylene)-Y-heteroalkyl (wﬁe;"rein X is a covalent bond, -O- or -NH- and Y is ~O-

or —NH). . :
(xxvi) The compound of any one of (A), (i) and (xviii) to (xxv) wherein R3is
alkyl.

. (xxvii) The compound of any one of (A), (i) and (xviii) to (xxvi) wherein R}is |

methyl.
(xxviii)The compound of any one of (A), (i) and (xviii) to (xxvii) wherein R* and
R’ are independently of each other hydrogen, chloro, or fluoro. -

(xxix) The compound of any one of (A), (i) and (xviii) to (xxviii) wherein R*and

" RS are hydrogen.

(xxx) The compound of any one of (A), (i) and (xviii) to (xxix) wherein RCis |
(RS), (R) or (S) 2,3—dihydroxypropylloxy, 3-hydroxypropyloxy, 2-aminoethyloxy,
3-aminopropyloxy, 2-morpholin-4-ylethyloxy, or (RS), (R) or (S) 2,2-dimethyl-1,3-
dioxolan-4-ylmethyloxy. o

_ (xxxi).. The compound of any one of (A), (i) and (xviii) to (xxix) wherein Réis,

(RS), (R) or (S) 2,3-dihydroxypropylamino, 2-hydroxyethylamino, 3-
hydroxypropylamino, (RS), (R) or (5) 2,2-dimethyl-1,3-dioxolan-4-ylmethylamino,
2-hydroxy-1-hydroxymethylethylamino, 3-hydroxybutylamino, or tetrahydropyran-

4-y1afnin6.

" The compounds of the present invention exhibit surprisingly effective
activity against GSK-38. It is contemplated that the improved activity is due to

their enhanced bioavailability and increased metabolic stability.

In a second aspect, this invention is directed to a medicament comprising a
therapeutically effective amount of a compound of formula (I) and a
pharmaceutically acceptable excipient. In particular, the aforementioned
medicament is useful for the treatment of GSK-3f mediated diseases selected from
Alzheimer’s disease, obesity, diabetes, atherosclerotic cardiovascular disease,

polycystic ovary syndrome, syndrome X, ischemia, traumatic brain injury, bipolar

_ disorder, immunodeficiency, cancer, allergy, and asthma in a mammal, and

espécially useful for the treatment of asthma.



R3 -16 Rs R (lI) wherein: R and R2 independently represent hydrogen, alkyl,
hal ogen, hal oal kyl, al kyl thi o, hydroxy, alkoxy., cyano, nitro, am no,

acyl am nQyoeAaRas kyl am no, or dial kyl am no; R3 represent sphygppg@tes al kyl ,
cycl oal kyl', raEeteroal kyl, -CORD (wherein R to is hydrogenpgr&al kyl 33 or

phenyl optionally substituted with one @r two substituents

In a third aspect,.this invention provides processes for preparing compounds

of Formula 1.

In a fourth aspect, this invention is directed to the use of a compound of
5 . . fonﬁula 1 for the manufacture of medicaments comprising one or more com;;ouﬁds
of formula I for the treatment of GSK-3f mediated diseases selected from
Alzheimer’s disease, obesity, diabetes,‘ atherosclerotic cardiovascular disease,
polycystic ovary syndrome, syndrome X, ischemia, traumatic brain injury, bipolar
disorder, immunodeficiency, cancer, allergy, and asthma in a mammal, especially,

10 asthma.

In afifth aspeét, this invention is directed to the use of an inhibitor of GSK-
3p for the treatment of a disease characterized By an excess of CD4+ Th2
cytokines, such as asthma, allergy or allergié rhinitis, especially asthma.

15 ‘
In a sixth aspect, this invention is directed to the use of an inhibitor of GSK-
3P for the treatment of a disease characterized by an excess IgE production such as

asthma, allergy or allergic rhinitis, especially asthma.

20 "Figure 1 shows the correlation between GSK inhibition by compounds of
theinvention and B-catenin levels in Jurkat T-cells.
Figure 2A shows expression of TCF7 transcripts in mRNA from the
- B10.D2 cells relative to that in Balb/C T-cells.
‘ | Figure 2B shows the induction of TCF-7 by interferon-gamma.
25 ' ,
Unless otherwise stated, the following terms used in the specification and

claims have the meanings given below:

"Alkyl" means a linear saturated monovalent hydrocarbon radical of one to
30 six carbon atoms or a branched saturated monovalent hydrocarbon radical of three
to six carbon atoms, e.g., methyl, ethyl, propyl, 2-propyl, n-butyl, iso-butyl, zerz-
butyl, pentyl, and the like.



i ndependent|y sel ected fromthe group consisting of hydrogen, alkyl,
hal oal kyl , al kyl thi o, hydroxy, al koxy, cyano, nitro, am no, acyl am no,

nonoal kyl\g{po 1.{:imd di al kyl ami no; R4 and RS independentlyy
hydr ogen, E@? ™ hal ogen, hal oal kyl, 15 al kylthi.o, hydr oxy?ﬁﬂ#ﬁoxy, cyano

nitro, an1no, acyl am no, nonoal kyl.am nog or dial kylam no; R6 is
het er oal kyl , heterocyclyl, heterocyclylal kyl, heteroal kyl substituted
het erocycl yl, heteroal kyl substituted cycl oal kyl, heterbsubstituted

cycloal kyl, -OR8 ,,-S(O,nR8 ein n.is. an t and Rg is

heteroal kyl ,” het er‘%lg?%&y‘i“?argg]ﬁ%%ﬁag’&%‘?9'Iva168tpl ﬁ% erc?{clg Ifl Oﬁﬁgﬁ b NRgRl
(wherein RO kg chibeh Q@@ d2'a bhrehed Sdtkated divalent hydrocarbon radJcal of three to

* six carbon atoms, €.g., methylene, ethylene, 2,2-dimethylethylene, propylene,

2-methylpropylene, butylene, pentylene, and the like.

"Alkoxy " means a radical -OR where R is an alkyl as defined above e.g.,

methoxy, ethoxy, propoxy, butoxy and the like.

_ "Alkylthio " means a radical -SR where R is an alkyl as.defined above e.g.,
10 " methylthio, ethylthio, propylthio, butylthio, and the like.

" "Acyl" means a radical -C(O)R, Where R is hydrogen, alkyl, cycloalkyl,
cycloalkylalkyl, phenyl or‘phenylalkyl wherein alkyl, cycloalkyl, cycloalkylalkyl,
and phenylalkyl are as defined herein. i{epresentative examples include, but are

15 “not limited to formyl, acetyl, cylcohexylcarbonyl, cyclohexylmethylcarbonyl, :
benzoyl, benzylcarbonyl, and the like.

"Acylamino” means a radical -NR’C(Q)R, where R’ is hydrogen or alkyl,
and R is hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, phenyl or phenylalkyl
20 wherein alkyl, cycloalkyl, cycloalkylalkyl, and phenylalkyl are as defined herein.
. Representative examples include, but are not limited to formylamino, acetylamino,
cylcoﬁexylcarbonylamino, cyclohexylmethyl-carbonylamino, benzoylamino,

benzylcarbonylamino, and the like.

25 - "Cycloalkyl" refers to a saturated monovalent cyclic hydrocarbon radical of
three to seven ring carbons e.g., cyclopropyl, cyclobutyl, cyclohexyl, 4-

methylcyclohexyl, and the like.

"Cycioalkylalkyl" means a radical -R2Rb where R2 is an alkylene group as

30  defined herein and RP is a cycloalkyl group as defined herein, e.g.,
cyclohexylmethyl, and the like.



R is heterosubstituted cycl oal kyl, heteroal kyl, heteroaral kyl,
het erocycl yl, or heterocyclylal kyl), or -X-(al kylene)-Y-Z (wherein Xis a

coval ent 8’69/’101 -NH-, or -S(Onl- where nl is an inte to 2, Y
is - qu \- S— and Z is heteroal kyl or SIRI(Ri z)(Ri gj%&%ngfr?dieﬁz% 1,

and RI 3 are mdependently hydrogen 25 ofgp al kyl.), or R6 together with R4

forms a methyl enedi oxy or ethyl enedi oxy group when they are adjacent to
each other; or WO 02/ 101s8

"Dxalkylanuno"-.meaﬁs;a iadical -NRR’where R and R’ independently
rcpreseﬁt an alkyl, cyclbailkyl, or cycloalkylalkyl group as defined herein.
Representative examples includg, but are not limited to dimethylamino,
methylethylamino di(1-methylethyl)amino, (cyclohexyl)(methyl)amino,

5 . (cyclohexyl)(ethyl)amino, (cyclohexyl)(propyl)amino,’
(cyclohexylmethyl)(methyl)amino, (cyclohexylmethyl)(ethyl)amlno, and the like.

"Halogen" means fluoro, chloro, bromo, or iodo, preferably fluoro or

chioro.
10
"Haloalkyl" means alkyl substituted with one or more same or different
halogen atoms, e.g., -CH;Cl, -CFs, -CH2CFs, -CH,CCls, and the like.
"Heteroalkyl" means an alkyl radical as defined herein wherein one, two or
15  three hydrogen atoms have been replaced with a substituent independently selected

from the group consisting of -OR?, -NR'R®, and -S(0).R? (where n is an integer
from O to 2), with the understanding that the point of attachment of the heteroalkyl
radical is through a carbon atom, whérein R? is hydrogen, acyl, alkyl, cycloalkyl, or
cyclozilk&lalkyi; RP and R° are independently of each other hydrogen, acyl, alkyl,

20 - cycloalkyl, or cycloalkylalkyl; and whenn is 0, RY is hydrogen, alkyl, cycloalkyl,

- or cycloalkylalkyl, and whennis 1 or 2, R%is alkyl, cycloalkyl, cycloalkylalkyl,
amino, acylamino, mondalkylamino, or dialkylamino. Representative examples
include, but are not limited to, 2-hydroxyethyl, 3-hydroxypropyl, 3-hydroxy-1-

| methyli)ropyl, 2—h};droxy-l-hydroxymethylethyl, 2,3-dihydroxypropyl, 1-

25 hydroxymethylethyl, 3-hydroxybutyl, 2,3-dihydroxybutyl, 2-hydroxy-1-
methylpropyl, 2-aminoetliyl, 3-aminopropyl, Z-methylsulfonylethyl, amino-
sulfonylmethyl, aminosulfonylethyl, aminosulfonylpropyl, methylamino-
sulfonylmethyl, methylaminosulfonylethyl, methylaminosulfonylpropyl, and the
like. | |

30

"Hydroxyalkyl" means an alkyl radical as defined herein, substituted with

one or more, preferably one, two or three hydroxy groups, provided that the same



4 a pharnmaceutically acceptable salt thereof. PCT/EPU 1 /08293 Al so
preferred are conpounds which will be referred to the followi ng under (i)

whi ch ar gyg@paugds as defined above [these will be referpegppdigiod he
foll ow ng under (A)], wherein: R3 represents hydrogen, alkyl, cycloal kyl,
-CORD (wherein R is hydxogen or al kyl}jior phenyl optionally substituted
with one or two substituents independently selected fromthe group

consi sting of hydrogen, alkyl, hal oal kyl, ‘

carbon atom does not carry mbre than one hydroxy group. Representative
examples include, but are not limited to, 2-hydroxyethyl, 2-hydroxypropyl,
3-hydroxypropyl, 1-(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl,
3-hydroxybutyl, 4-hydroxybutyi, 2,3-dihydroxypropyl, 2-hydroxy-1-

5 : hyciroxymethylcthyl, 2,3-dihydroxybutyl, 3,4-dihydroxybutyl and
2-(hydroxymethyl)-3-hydroxypropyl, preferably 2-hydroxyethyl,
2,3-dihydroxypropyl and.1-(hydroxymcthyl)-z-hydroxyethyl. Accordingly, as used
herein, the term “hydroxyalkyl” is used to define a subset of heteroalkyl groups.

0 "Heterosubstituted cycloalkyl" means a cycloalkyl radical as defined herein
wherein one, two or three hydrogen atoms in the cycloalkyl radical have been |
replaced with a substituent independently selected from the group consisting of
hydroxy, alkoxy, amino, acylamino, monoalkylamino, dialkylamino, or —-S(0),R
(where n is an integer from O to 2) such that when n is 0, R is hydrogen, alkyl,

15 cycloalkyl, or cycloalkylalkyl, and when n is 1 or 2, R is alkyl, cycloalkyl,

' cycloalkylalkyl, amino, acylamino, monoalkylamino, or dialkylamino.
Representative examples include, but are not limited to, 2-, 3-, or 4-
hydroxycyclohexyl, 2-;3-, or 4-amiﬁocyclohexyl, 2-, 3-, or 4-sulfonamido-
cyclohe}{yl, and the like, preferably 4-hydroxycyclohexyl, 2-aminocyclohexyl, 4-

20 - sulfonamidocyclohexyl.

"Heteroalkylsubsituted cycloalkyl” means a cycloalkyl radical as defined
herein wherein one, two or three hydrogen atoms in the cycloalkyl radical have
been réplaced witﬁ a heteroalkyl group as defined herein with the understanding

25 that the heteroalkyl radical is attached to the cycloalkyl radical via a carbon-carbon
bond. . Representative examples include, but are not limited to, 1-hydroxy-

methylcyclopentyl, 2-hydroxymethylcyclohexyl, and the like.

"Heteroaryl" means a monovalent monocyclic or bicyclic radical of 5 to 12
30 ring atoms having at least one aromatic ring containing one, two, or three ring
heteroatoms selected from N, O, or S, the remaining ring atoms being C, with the

understanding that the attachment point of the heteroaryl radical will be on an



al kyl t hi o, hydroxy, al koxy, cyano, nitro, am no, acylam no, nonoal kyl am no,
and 1o ~ dialkylamno, and R6 is heteroal kyl, heterocyclyl,

het er ocyowgloahkigs, het er oal kyl substituted heterocyclyl, PCT/EP61/08293

het er oal kyl substituted cycl oal kyl, heterosubstituted cycloal kyl, -OR$ ,
-S(ONR$ (wherein nis an integer froml2 to 2; and R$ is heteroal kyl,

het eroaral kyl, heterocyclyl, or heterocyclylalkyl), -NROR (wherein RO is
hydrogen or alkyl and R is heteroal kyl, heteroaral kyl, heterocyclyl, 15 or

heterocycl yl glokistie I‘ln%r Thé(hétéﬂokbyl ﬁﬂ§§5'0}§tlb®ﬂl@rsﬁﬁdtiiﬁ’tbd (dﬁbpdnﬂbﬁtl%vitlsoﬁe coval ent
bond, -O, NH, or -S(Onl- where nl is an integer fromO tog 2, and Y is

“O, NH, oPriBolE subsitygnts, pEpseTly Ong OHWRAUPHItANTS S‘?}Eﬁtﬂ/ﬁf‘é‘ﬁé‘é}?)@xy or

et hyI enedi OXMalgz{lﬁ}ldPhéQg%Qlk&D ﬁych%*ﬁ aﬂ@xﬁqﬁmgeﬁ,%t‘?&(é}m%, h@ibre specifically
the term heteroaryl includes, but is not limited to, pyridyl, furanyl, thienyl,

5 thiaiolyl, isothiazolyl, triazolyl, imidazolyl, isoxazolyl, pyrrolyl, pyrazolyl, |
pyrimidinyl, benzofuranyl, tetrahydrobenzofuranyl, isobenzofuranyl,
benzothiazolyl, benzoisothiazolyl, benzotriazolyl, indolyl, isoindolyl,
benzoxazolyl, quinolyl, tetrahydroquinolinyl, isoquinolyl, benzimidazolyl,
benzisoxazolyl or benzothienyl, and the derivatives thereof.

10
"Heteroaralkyl" means a radical -R2Rb wherc R2is an alkylene group as

deﬁned herein and Rb is a heteroaryl group as defined herein, e.g., pyridin-3-
ylmethyl, imidazolylmethyl, imidazolylethyl, pyridinylethyl, 3-(benzofuran-2-
yl)propyl, and the like. |
15 | ' '
"Hetefocyclyl" means a saturated cyclic radical of 5 to 8 ring atoms in
which one or two ring atoms are heteroatoms selected from NR (where R is
independently hydrogen, alkyl, or heteroalkyl)', O, or S(O);, (where n is an integer
from O to 2), the remaining ring atoms being C, where one or two C atoms may
20 optionélly bé replaced by a carbonyl group. The heterocyclyl ring may be
'option:ally substituted independently with one, two, or three substituents selected
from alkyl, haloalkyl, heteroalkyl, halogen, nitro, cyano, hydroxy, alkoxy, amino,
. monoalkylamino, dialkylamino, -COR (where R is alkyl). More specifically the
~ term heterocyclyl includes, but is not limited to, tetrahydropyranyl, 2,2-dimethyl-
25 1,3-dioxolane, 2,2- d1methy1 1,3-dioxane-5-yl, p1pend1no N-methylpiperidin-3-yl, '
piperazino, N-methylpyrrolidin-3-yl, 3-pyrrolidino, morpholin-4-yl, morpholino,
thiomorpholino, thiomorpholino-1-oxide, thiomorpholino-1,1-dioxide, pyrrolinyl,

imidazolinyl, and the derivatives thereof.

30 . "Heteroalkylsubsituted heterocyclyl" means a heterocyclyl radical as
- defined herein wherein one, two or three hydrogen atoms in the heterocyclyl

radical have been replaced with a heteroalkyl group with the understanding that the



20 Furthernore preferred conpounds axe: (ii) The conpound of (i), wherein
R3 is alkyl. (iii) The conmpound of (ii), wherein R3 is nethyl. (iv) The
conmpound wH obhdissWherein R6 is at the 3-position of the phemnproriésags and is
het er oal kyl , heterocyclylal kyl, -ORg (wherein Rg is heteroal kyl or 25
heterocyclylalkyl), -NHRL (wherein R (13 heteroal kyl, heterocyclyl, or

het erocycl yl al kyl ), or -X-(al kyl ene)-Y-heteroal kyl (Wnerel n Xis a coval ent
bond, O or -NH and Yis -O or -NH). (v) The conpound of (iv), wherein R6

is (RS, (R he%roﬁl@yl radissl 1'§'¥1@2[cﬁ¥d’ Wtﬁ@“ét%}éycl?rﬁa&@ﬂ@)iy PEABYI-8ar¥on bond.

2-am noet hyl oxy, 3-am nopropyloxy, 30 2-norpholin.-4-ylethyloxy, or (RS),
{R) or (S) 2Representatitg Exammesineluds, But are ppkmitod 9x §-hydroxymet ylpiperidin-

' 1-yl, 4-hydroxymethylpiperazin-1-yl, 4-hydroxyethylpiperidin-1-yl, 4-

hydroxyethylpiperazim1-yl, and the like.

"Heterocyclylalkyl" means a radical -RaRD where R2 is an alkylene group

as defined hereiﬁ and RV is a heterocyclyl group as defined herein, e.g.,

tetrahydropyran-2-ylmethyl, 4-methylpiperazin-1-ylethyl, 3-piperidiny1methy1,'

2,2-dimethyl-1,3-dioxoxolan-4-ylmethyl, benzyl, cyclohexylmefhyl, 2-morpholin-
10 - 4-ylethyl, and the like.

"Monoalkylamino” means a radical -NHR where R is an alkyl, cycloalkyl,
or cycloalkylalkyl group as defined above, e.g., methylamino,
(1-methylethyl)amino, cyclohexylamino, cyclohexylmethylamino,

15 cyclohexylethylamino, 2-morpholin-4-ylethyl and the like.

"Optional" or "optionally" means that the subsequently described event or
circumstance may but need not occur, and that the description includes instances
where-.the event or circumstance occurs and instances in which it does not. For

20 example, “héterocyclo group optionally mono- or di- substituted with an alkyl
' group'; means that the alkyl may but need not be present, and the description
includes situations where the heterocyclo group is mono- or disubstituted with an

_ alkyl group and situations where the heterocyclo group is not substituted with the

alkyl group.
25 ' .
~ "Phenylalkyl" meéns a radical -Ra8RP where R2 is an alkylene group and
RD is a phenyl group as defined herein, e.g., benzyl and the like.
"Hydroxy or amino protecting group" refers to those organic groups
30 intended to protect oxygen and nitrogen atomé against undesirable reactions during

' synthetié procedures . Suitable oxygen and nitrogen protecting groups are well

kng_.wp in the art e.g., trimethylsilyl, dimethyl-tert-butylsilyl, benzyl, benzyloxy-



WO 02/1U168 5 PCT/ EP01108293 (vi) The conmpound of (iv), wherein R6 is (RS),
(R) or (S) 2, 3-di hydroxypropyl am no, 2-hydroxyethyl am no,

3- hydr oxwppaexdgl no, (RS), (R) or (9) PCT/EP01/08293
2, 2di net hyl - 1, 3- di oxol an- 4-yl net hyl am no,

2- hydr oxy- 1- hydroxyrret hyl et hyl am no, 3- mydroxybut yl am no, or
t et rahydropyran-4-ylamno. , (vii) The conpound of (i), wherein R and R2
are hydrogen;: R4 and RS are at the 2 and the 6 positions of the phenyl ring

and are indep it f ogen; and Rs is at the
3-position of Q{H%gﬁ (r?qu teft?%?bx?&%?ﬁy?@%@ﬂ?gﬁgfoa 1of (vii), wherein R3 is

hydrogen or & mahmlylﬂhar@tﬁmmé‘ﬁé ranékshej likeh Eiteare edndel fopnd in the book
-heterocycl yI ykIy. l\iﬁ Gre'élrlﬂé? End( (\ﬁ\’rﬁr Wuts, %otectmg Groups in Organic Synthesis, Second

Edition, Wiley, New York, 1991, and references cited therein..

Compounds that have the same molecular formula but differ in the nature or
sequence of bonding of their atoms or the arrangement of their atoms in space are
termed "isomers". Isomers that differ in the arrangement of their atoms in space
are termed. "stereoisomers"”. Stereoisomers that are not mirror images of one

10 " another are termed "diastereomers" and those that are non-superimposable mirror
images of each other are termed "enantiomers”. When a compound has an |
asymmetric center, for example, it is bonded to four different groups, a pair of
enantiomers is possible. An enantiomer can be characterized by the absolute
configuration of its asymmetric center and is described by the R- and S-sequencing

15 _ rules of Cahn and Prelog, or by the manner in which the molecule rotates the plane

- of polarized light and designated as dextrorotatory or levorotatory (i.e., as (+) or
(-)-isomers respectively). A chiral compound can exist as either individual
enantiomer or as a mixture thereof. A mixture containing equal proportions of the
enantiomers is called a "racemic mixture".

20 - |

. The compounds of this invention may possess one or more asymmetric
centers; such compounds can therefore be produced as individual (R)- or (S)-
stereoisomers or as mixtures thereof. For example, if the R® substituent in a
comp'oﬁnd of fonﬂula (1) is 2-hydroxyethyl, then the carbon to which the hydroxy

25  group is attached is an asymmetric center and therefore the compound of Formula
(D) can exist as an (R)- or (S)-stereoisomer. Unless indicated otherwise, the
description or naming of a particular compound in the specification and claims is
intended to include both individual enantiomers and mixtures, racemic or
otherwise, tﬁereof. The methéds for the determination of stereochemistry and the

30 separation of stereoisomers are well-known in the art (see discussion in Chapter 4
of ;'Advanced Organic Chemistry", 4th edition J. March, John Wiley and Sons,

 New York, 1992).



10 ~ ' heteroal kyl, heterocyclyl, or heterocyclylal kyl), or

- X- (al kyl ene) - Y-het eroal kyl (wherein X is a covalent bond, -O or
Yis -O Woobherss (i X) The conpound of (viii),

and RS axe independently of each other hydrogen, chloro, or fluoro.
compound of (ix), wherein R4 and RS arejqniydrogen. 15 (xi) , The conmpound of
(x), wherein R6 is (RS), (R ox (S) 2,3-dihydroxy propyl oxy,
3- hydr oxypropyl oxy, 2-anunoethyl oxy, 3-am nopropyloxy, 2

mor phol i n-4-yl et'hyl, %ﬁ'rtna?eutﬁ:ﬁ%) accgg&blg exdiptent nieafll AEL Y biede il Q¥ an- 4

10

15

20 -

25

30

in preparmg a pharmaceutical composition that is generally safe, non-toxic and
neither biologically nor otherwise undesirable, and includes an excipient that is

acceptable for vetennary use as well as human pharmaceutical use. A

. "pharmaceutically acceptable excipient" as used in the specification and clalms

includes both one and more than one such excipient..

A "pharmaceutically acceptable salt" of a compound means a salt that is

pharmaceutically acceptable and that possesses the desired pharmacological

" activity of the parent compound. Such salts include:

' (1) acid addition salts, formed with inorganic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or

formed with organic acids such as acetic acid, propionic acid, hexanoic acid,

_ cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid,

succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid,

benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid,

methanesulfonic acid, ethanesulfonic acid, 1,2-ethane-disulfonic acid,

2—hydfox$fethaﬁesulfonic acid, benzenesulfonic acid, 4-chlorobenzenesulfonic acid,

2-napthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid,

. 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl

sulfuric acid, gluconic acid, glutamic acid, hydroxynapthoic acid, salicylic acid,

stearic acid, muconic acid, and the like; or

(2) salts formed when an acidic proton present in the parent compound
either is replaced by a metal ion, e.g., an alkali metal jon, an alkaline earth ion, or
an aluminum ion; or coordinates with an organic base such as ethanolamine,

diethanolamine, triethanolamine, tromethamine, N-methylglucamine, and the like.

A coﬁ1pound of Formula (I) may act as a pro-drug. Prodrug means any

compound which releases an active parent drug according to Formula (1) in vivo

when such prodrug is administered to a mammalian subject. Prodrugs of 2

compound of Formula (I) are prepared by modifying functional groups present in

-NH and
wherei n R3 pgridbhogand R4

(x) The



yl met hyl oxy. (xii) The conpound of (x), wherein R6 is (RS), (R or (S

(2, 3;di ?y;:lroxy 20 propyl am no, 2-hydroxyethylam no, 3-hydroxypropyl am no,

RS Rwar g2, 2 dinethyl -1, 3-di oxol an-4-yl met hyl am n

2- hydr oxy- ? ﬁy roxyrret hyl et hyl am no, 3-hydroxybutyl am no, QCrT/EPO]/O8293

t etrahydropyran-4-ylamno. (xiii) .The cggpound of (i), wherein R is at the
5-position of the indole ring and is halogen; R2 is hydrogen; R4 and RS are
at the 2 and the 6 p03|t|ons of the phenyl 25 ri ng and are independently of

each other h t f h I
ring. (xiv) el ‘%‘Eﬂ?ﬁ ﬂﬂﬁ?ﬁ‘%ﬁﬂl r5suc g’ra&ﬂ?’f‘ttﬁf ﬂ%@p@y’gﬁ?@?cg Y?% p engi s
- OR8 (whereiny, Bﬁok&re'ltﬁ%@ﬂh@@bjé&it cdiﬁpdhﬂaem@mrglsﬂo&idexcbirmpouﬂdlﬂf%mﬁ ein RL is

.heteroal kyl, heterocycl or heterocyclylalkyl), or
- X- (al kyl ene)(l)wy}m;ql@,a@ 54@91}/, amino, or sulfhydry! group in compound (I) is bonded to

any group that may be cleaved in vivo to regenerate the free hydroxyl, amino, or

5. sulfhydryl groﬁp, respectively. Examples of prodrugs include, but are not linﬁtéd
to esters (e.g., acetate, formate; and benzoate derivatives), carbamates (e.g.,
N,N-dimethylamino-carbonyl) of hydioxy.functional groups in compounds of
Formula (I), and the like.

10 "Treating" or "treatment” of a disease includes:
(1)  preventing the disease, i.e. causing the clinical symptoms of the disease not
to develop in a mammal that may be exposed to or predisposed to the disease but
does not yet experience or, display symptoms of the disease,
(2)  inhibiting the disease, i.e., arrestiné or reducing the development of the
15 disease or its clinical symptoms, or
~(3) relieving the disease, i.e., causing regression of the disease or its clinical

symptoms.

A "thefapeutically effective amount" means the amount of a compound that,
20 - when admihistered to a mammal for treating a disease, is sufficient to effect such
. treatment for the disease. The "therapeutically effective amount” will vary
depending on the compound, the disease and its severity and the age, weight, etc.,

of the mammal to be treated.

25 The naming and numbering of the compounds of this invention is illustrated

below.



30 (wherein X is a covalent bond, -O or -NH and Yis -O or -NH. (xv)
Thg %grrpounq afﬂ (xijv),|Wne][ei n R is chloro or fluoro; R3 is nethyl; and R4
an argo bygAarendent |y of each other hydrogen, chloro, HP0$29: WO
02/10158 6 PCT/E P01 /08293 (xvi) The corrpou%d of (xv), vvﬁgyglbn R6 3| s (RS),
(R or (S) 2,3-dihydroxypropyloxy, 3-hygroxypropyloxy, 2-am noethyl oxy,
3-am nopropyl oxy, 2norpholin-4-ylethyloxy, or (RS), (R) or (9S)

2, 2-di met hyl - 1, 3- di oxol an- 4yl net hyl oxy. . '

The nomenclature used in this application is generally based on the TUPAC
recommendations. Since strict adherence to these recommendations would result
in the names changing substantially when only a single substituent is changes

5 - compounds have been named in a form that maintains consistency of nomenclature
for the basic structure of the molecule. For example,

a compound of Formula (I) where R! s Rz, R*and R’ are hydrogen, R3is
methyl, RS is 2-hydroxyethylamino and is meta to the carbon attaching the phenyl
ring to the pyrrole-2,5-dione ring is named 3-(1-methylindolyl)-4-[3-(2-

10 hydroxyethylaminophenyl)-1H-pyrrole-2,5-dione.

a compound of Formula (I) where R, R% R*and R® are hydrogen, R is'
methyl, Ris é—hydroxyemylanﬁno and is para to the carbon attaching the phenyl
ring to the pyrrole-2,5-dione ring is named 3-(1;methylindolyl)-4—[4-(2-
hydroxyethylaminophenyl)-1H—pyrrole-2,5;dione.

15
Representative compounds of this invention are as follows
L Compounds of Formula (I) where R!, R?, R* and R® = hydrogen, R® =
methyl, and R%is as defined below are:

20

R® M. pt°C | Mass Spec. | Example
Cpd. # ‘ |
I-1 2,3-dihydroxypropyloxy 245-247.1 392M°
I-2 2,2-dimethyl-1,3- 220.8-221.2 432 M* 2
| dioxolan-4-ylmethyloxy




(xvii) The conmpound of (xv)) wherein R6 is (RS), (R ~or (S

2, 3-di hydr oxypropyl am no, 2-hydroxyet hyl am no, 3-hydroxypropylam no, (RS),
(R or ($odyrdsget hyl -1, 3-di oxol an-4-yl net hyl anuno, PCT/EP01/08293

2- hydr oxy- 1 - hydr oxynet hyl et hyl am'no, 3-hydroxybutyl am no, or
tetrahydropyran-4-ylamno. (xviii) The ¢enpound of (A) or (i) wherein R6 is
at the 2, 3 or 4-position of the to ~ phenyl ring. (xix) The conpound of
any one of (A) (i) and (xviii) wherein R6 is at the 3 position of the
phenyl ring XX) R, 3 QP =and (xi X
wherein R6 |§fhet g}g@oﬁﬂ het ep%c g%[@e?ggkw lﬁ"AQndI( \)/Thhggiggbﬁ% S ( )
het er oal kyl or 15d1mh;drmﬂykq1ybaﬂdfyieglbelowl-ﬂ (Wnerel n R is heteroal kyl,
-het erosubstituted cycl oal kyl, heterocyclyl, or heterocyclylal kyl), or

- X- (al kyl ene) - Y-"het er oal kyl

Cpd. # R® M. pt °C Mass Spec. |Example
I-1 " 2-aminoethyloxy™ | 182.4-187 362 M* 6
-2 3-aminopropyloxy™® . ' 375M° 5
-3 . | - 2(R),3-dihydroxypropyloxy | 177.7-178 392M" 2
II-4 .|  2-morpholin-4-ylethyloxy 197.7-199 431 M"* 3
II-5 2(S ),3-dihydroxy-propyloxy |176.9-178.1 392 M* 2
1I-6 (R)-2,2-dimethyl-1,3- 432 M+ 1
| dioxol.an-4-y1methylox‘y

-7 (8)-2,2-dimethyl-1,3- 186.8-187.4 432 M+ 1
* dioxolan-4-ylmethyloxy

-8 (RS)-2,2-dimethyl-1,3- 431 M+ 7

dioxolan-4-yl-methylamino
-9 2,3-dihydroxy-propylamino | 160-163.5 92 (M+H)" 7

1I-10 2,2-dimethyl-1,3-dioxan-5- 201-203 431 M* 5
ylamino ,
II-11 (RS)-2-hydroxy-1- 97.5-101 391 M+ 10
' ‘hydroxymethylethylamino |
II-12 (RS)-3-hydroxybutylamino 389 M+ 14
I-13 (RS)-2-hydroxy-1- 389 M+ 15
methylpropylamino
| I-13A -} tetrahydropyran-4-ylamino | 401 M* 8

II-14 imidazol-2-ylmethylamino 397 M+ 11




(wherein X is a covalent bond, -O or -NH and Yis -O or -NIT). (xxi) The
conpound of any one of (A), (i) and (xviii) to (xx) wherein R4 and RS are
at the 2+p9d4digs 6 positions of the phenyl ring and are ipgeppngRpssd y of
each 20 ot her hydrogen or hal ogen. (xxii) The conpound of any one of (A),
(i) and (xviii) to (xxi) wherein R andigR2 are hydrogen. (xxiii) The

compound of any one of (A), (i) and (xviii) to (xxi) wherein R is at the
5-position of. the indole ri ng and is hal ogen and R2 is hydrogen 25 (xxi V)
e o T o O (a1 AR BL 1, RSP, THSRRRRE
het erocycl ylafikisl )|, NHRinofphbe#-@iyl+R | s|J0st3epimé kyI ,388@yrer ogubss i t ut ed
.cycl oal kyl , lheterdeyclyl —or het nrnr‘\lr‘l el alkyl ) or
-X- (al kyl ene) Iibndt -Gambpyl-cipashdsiilx | s 3-6dval efd0 G6HE) 12
. ~ oxy)propylamino o
I-17 | 2-(tert-butyl-diphenylsilyl- 600 (M-+H)* 12
oxy)ethylamirno
II-18 3-hydroxypropylamino(*)‘ - 180-192  B76 (M+H)" 13
1-19 2-hydroxyethylamino®™  [170.3-170.6 62 M+H)* 13
11-20 ‘3-hydroxypropyloxy 150.2-152.6  B77 M+H)" 13
II-21 3-(tert-butyl-dimethylsilyl- |151.2-151.7 491 (M+H)" 6
' oxy)propyloxy
ﬁ-22 (RS)-1-hydroxymethylethyl- |203.1-205.8 B76 M+H)* 15
amino
II-23 - 3-hydroxy-1- 389 M* 14.
| * methylpropylamino
24 | (RS)bis(23-dihydroxy- 166 MAH) | 7
| propyl)amino
I-25 pyrrolidin-1-yl 32 M* 4
11-26 ($)-2,3- 392 (M+H)"
' ‘ dihydroxypropylamino ‘
' H-27 2(R),3-dihydroxy- 392 (M+H)" 7
propylamino®
-28 .| 4-hydroxycyclohexylamino 415 M* 8
I1-29 4-hydroxypiperidin-1-yl 136.0-141.0 402 (M+H)" 23
11-30 (R)-2,2-dimethyl-1,3- 448 M* 18 '
. dioxolan-4-yl-methylsulfanyl
II-31 R)-2,3- 408 M* 21
dihydroxypropylsulfanyl
1I-32 (R)-2,2-dimethyl-1,3- 165 (M+H)" 19
dioxolan-4-yl-methylsulfinyl




O or -NH and Yis -O or -NH).

(i) and (xviii) to (xxiv) wherein R3 is hydrogen or alkyl,

(wher ei n yiR5 ob/5018€t er oal kyl
het er ocycl yl ,

PCT/ EPOL/ 08293 7 (al kyl ene)-Y-heteroal k3¢ (wheiein X is a coval ent bond,
(xxvi) The conmpound of any one of (A),

het er oal kyl ,

-O or -NH and Y is -Oor -NH).

or
or

het er ocycl yl al kyl ),
het-er ocycl yl al kyl ),

and (xviii) to (xxv) wherein R3 is

R6 is -COR8
NHRI  (Whetgpan/dehos S
or -X WD 02/101a8

Cpd. # R® - M.pt°C  {Mass Spec. |Example
33 R)-2,3- 425 (M4H)' | 21
dihydroxypropylsulfinyl
1I-34 (R)-2,2-dimethyl-1,3- 181 (M+H)" . 204
| dioxolan-4-yl-methylsulfonyl |
II-35 (R)-2,3- - o 411 (M+H)* 21
dihydroxypropylsulfonyl‘

) means hydrochloride

| 1IN Compounds of Formula (I) where Rz, R*andR’ = hydrogen, RI, R and RS
are as defined below are:
s .
Cpd. # R! ' R’ R® M. pt°C Mass |Example
. ' ' Spec.
-1 : chloro methyl (RS)-2,3- 224.5-225.7 426 16
dihydroxypropylamino (M+H)*
111-2 fluoro | methyl 3-aminopropyloxy™ 223.2-225.0 410 17
‘ ' ’ (M+H)*
111-3 H H 2-morpholin-4-yl-ethyloxy 417 3
' (M+H)*
11-4 chloro methyl (R)-2,3-dihydroxypropyloxy 427 24
(M+HY
-5 fluoro methyl (R)-2,3-dihydroxypropyloxy 411 24
' M+E)*
-6 fluoro 3-hydroxy- (RS)-2,3-dihydroxy- 454 22
propyl propylamino (M+H)*
-7 methoxy | methyl 2,3-dihydroxy-propylamino 421 25
I8 | methyl |methyl . | 2,3-dibydroxy-propylamino 405 25

30 (xxv) The conpound of any one of (A),

(i)



alkyl. , . (xxvii) The conpound of any one of (A), (i) and (xviii) to

(xxvi} wherein R3 is nethyl. (xxviii)The conpound of any one of (A, (i)
and {xvi '\’vbo%ffm%xv' i) wherein R4 and RS are |ndependentI¥C97 ?%29?t her

hydr ogen, chl'ord, or fluoro. (xxi-x) The conpound of any one o an
(xviii) to (xxviii) wherein R4 and 10 ~,7 R$ are hydrogen. (xxx) The
conpound of any one of (A), (i) and (XVIIi) to (xxix) wherein R6 is (RS,
(R or (9 2,3-di hydroxypropyl I oxy, hydroxypropyl oxy, 2- am noet hyl oxy,

3-arni no N OXYS 2 }rj\_hGT_LI L ‘I',,yl et y[vAy1wr Inc~\° \ }L . (OL
2, 2-di WEW?F&Y%_,(S IR {3 3 R WCpt°C Mass \ “JExample

Spec.

119 | isopropoxy |methyl 2,3—dihydroxy-propyiamino 449 26

® means hydrochloride

V. Compounds of Formula () where R!, R?, R* and R’ = hydrogen, R =

methyl, and R®is as defined below are:

5
Cpd.# | . , _R"s | | m; pt °C Mass Example
L o _ Spec.
Iv-1 " (R)-2,2-dimethyl-1,3- 432 M* 1
dioxolan-4-yl-methyloxy
Iv-2 (RS)-2,3-dihydroxy- 212-213.5 7
’ " propylamino
v-3 - (RS)-2,2-dimethyl-1,3- 85-87.8 | 7
: dioxolan-4~yl—rﬁethyla1rﬂno
V-4 3-hydroxybutylamino 58-61.5 389 M* i3
V-5 (RS)-1-methyl-2- 375 15
hydroxyethylamino
IvV-6 2(R),3-dihydroxypropyloxy | 220.3-222.7 392 M* 1 :
V. Additional compounds of Formula (I) where only one of R*-R® is hydrogen
10 are:

3-(1-methyl-indol-3-y1)-4-{3-((R)-2,3-dihydrox y-propoxyl)-2-methylphenyl } - 1H-
.. pyrrole-2,5-dione (Example 27);



di oxol an-4-yl met hyl oxy. 15 (xxxi) , The conpound of any one of (A), (i) and
(xviii) to (xxix) wherein R6 is (RS), (R or (S) 2,3-dihydroxypropylam no,

2- hydr ox Y } no, 3hydroxypropylam no, (RS), (R) or (S
2, 2-di rre%‘ﬁ?l /Tﬁgé di oxol an- 4-yl net hyl ani no, , bCT/EPO1I08293

2- hydr oxy- 1- hydr oxynet hyl et hyl am no, 3-fydroxybutyl am no, or
tetrahydropyrand-yl am no. 20 The conmpounds of the present invention exhibit
surprisingly effective activity against GSK-3~3. It is contenplated that

t he i nproved,acti vi | s due tQ ' h | ' N d

i ncreased net .Zg.gie:(}'bﬁé?%nggrﬁﬁi}-_{9z@{qe-%,@é‘ﬁg)éc@%?}gﬁlrgE%)@@)}f?-h{tﬁ)?gér%}ﬁxéﬁ?i onis

di rect eg t]? ?ymdizgfa??i)a& (E)%m;ﬂd ?)n@d& thgr,alpfaut ically g]l‘fect I ve amount of a
.conpound o ornmul a | and a ar Ut I_pi .

par L1 cul ar,  BHETeHBHBHED - o BrORBH R NV PPOEREl { Hoat ment  of
GSK- 3(3 medi g{ede9i saareealpRei®gd from Al zheiner' s di sease, obesity,

.di abetes, atherosclerotic cardi ovascul ar di sease,
5. '

While the broadest definition of this invention is set forth in the Summary

of the Invention, certain compounds of Formula () are preferred.

(A) . A preferred group of compounds is that wherein R?® is alkyl, preferably
10 methyl or ethyl, more preferably methyl.

Within this group a more preferred group of compounds is that wherein R®
is at the 3- or 5-position of the phenyl ring, preferably R® is at the 3- position of the
phenyl ring. o
15 ‘
Within this group a more preferred group of compounds is that wherein R®

is heteroalkyl.

" Another more preferred group of compounds is that wherein RCis

20 - heterocyclylalkyl.

- Yet another,moré preferred group of compounds is that wherein R¢ is -OR®
(wherein R%is heteroalkyl or heterocyclylalkyl), preferably (RS), (R) or (S)-2,3-
‘ dihydroxypropyloky, 3-hydroxypropyloxy, 2-aminoethyloxy, 3-aminopropyloxy,
25  2-morpholin-4-ylethyloxy, or (R) or (S)-2,2-dimethyl-1,3-dioxolan-4-ylmethyloxy,
more preferably (RS), (R) or (S)-2,3-dihydroxypropyloxy.

Yet another more preferred group of compounds is that wherein RSis -
NHR' (whefein R is‘heteroa.llkyl, heterocyclyl, or heterocyclylalkyl), preferably
30 (RS), (R) or (S)-2,3-dihydroxypropylamino, 2-hydroxyethylamino, 3-
. hydroxypropylamino, (RS), (R) or (S)-2,2-dimethyl-1,3-dioxolan-4-ylmethylamino,
2,2-dimethyl-1,3-dioxan-5-ylamino, 2-hydroxy-1-hydroxymethylethylamino, 3-



30 polycystic ovary syndrone, syndrone X, ischema, traumatic brain injury,
bi pol ar di sorder, inmunodeficiency, cancer, allergy, and asthma in a

mamal , 39g os5pagi al |y useful for the treatment of asthmaper/ppfl/ésddd 1111s8
PCT/ EPOL/ 08293 8 In a third aspect, this inf~ention provides processes for
prepari ng conpounds of Fornula I. - 23

fhydroxybutylarrﬁnd, imidazoi—b—ylmethylamino, or tetrahydropyran-4-ylamino,
more pfeferably (RS), (Rj or (8)-2,3-dihydroxypropylamino, (RS), (R) or (5)-2,2-
dimethyl-1,3-dioxolén—4—y]methylamino, 3-hydroxybutylamino, or 2-hydroxy-1-
hydroxquthyl-ethylanﬁno.

5 .

Yet another more preferred group of compounds is that wherein R®is
heterocyclyl or -X-(alkylene)-Y -heteroalkyl (wherein X is a covalent bond, -O- or
~NH- and Y is ~O- or -NH-), preferably heterocyclyl, more preferably morpholin-
4-yl or pyrrolidin-1-yl. ’ '

10

Yet another more preferred group of compounds is that wherein RCis - |
S('())nR8 (wherein n is an integer from O to 2; and R? is heteroalkyl, heteroaralkyl,
heterocyclyl, or heterocyclylalkyl), preferably R is -S(0),R® (wherein n is an
integer-from 0 to 2; and R® is heteroalkyl of heterocyclylalkyl), more preferably R®
15 _is (RS); (R) or (5)-2,2-dimethyl-1,3-dioxolan-4-ylmethyl sulfanyl, (RS), (R) or (S)-
' 2,3-dihydroxypropylsulfanyl, (RS), (R) or (5)-2,2-dimethyl-1,3-dioxolan-4-
ylmethyl sulfinyl, (RS), (R) or (S)—2,3—dihydroxypropylsu1finyl, (RS), (R) or (S)-
2,2-diméthyl-1,3-dioxolan~4~y1methy1 sulfonyl, or (RS), (R) or (5)-2,3-
dihydfoxyproﬁylsulfonyl.
20 L ‘
. Yet another more preferred group of compounds is that wherein R%is

heterosubstituted cyclohexylamino.

'Within thes:e preferred and more preferred groups of compounds, an even
25 more preferred group of compounds is that wherein:
R! and R are hydrogen; or R" is halogen, preferably chloro and is located at
the 5-position of the indole ring and R? is hydrogen; and
R* and R® are at the 2- and the 6- positions of the phenyl ring respectively
and are hydr;)gen, alkyl, halogen, alkoxy, cyano or nitro, preferably hydrogen,
30 chloro or fluoro, more preferably R* and R’ are both hydrogen or one of R* and R®

s fluoro and the other is hydrogen, or both of R* and R’ are fluoro.



In a fourth aspect,

this invention is directed to the use of a conpound of

formula I for the manufacture of nedi canents conprising one or nore
conpoundswgfoz)}%sgul a | for the treatment of GSK-3(3 nedi apeq/hpERsES

sel ected from Al zhei

mer's di sease, obesity, diabetes, atherosclerotic

cardi ovascul ar di sease, polycystic- ovaryqsyndrone, syndrone X, ischen a,

traumatic brain inju
all ergy, and asthma

aspect, this jpventi
for the treatdrirj;nt 28?

ry, bipolar disorder, inmmnodeficiency, cancer,
in a mammal, especially, to ~ ~ asthma. In a fifth

t?xgr éf?gegrggég C.e'gc%fgzgfrfgggn&ézse %1?/1{ wﬁé}eiin'ﬁﬁisbz{t ttl?er%%gﬁ-es K 3(3

iz an excess o + Th2

cyt oki nes, syokitiasofahé phenyl eihgeprefgrably R is at @i G- poxitiort dfsthe plspgliingl |y

.asthma. 15 In a sixt
i nhi bitor of GSK

h aspeet, this invention is directed to the use of an

Within this group a more preferred group of compounds is that wherein RS

5 is heteroalkyl.
Another more preferred group of compounds is that wherein R®is
heterocyclylalkyl.
10 Yet another more preferred group of compounds is that wherein RS is -OR®

(wherein R® is heteroalkyl or heterocyclylalkyl), preferably (RS), (R) or (S)-2,3-'
dihydrbxypropyloxy, 3-hydroxypropyloxy, 2-aminoethyloxy, 3-aminopropyloxy,

2-morpholin-4-ylethyloxy,.or (R) or (S)72,2—dirriethy]—l,3-dioxolan-4-ylmethy]oxy,

more prefer
15
Yet

ably (RS), (R) or (8)-2,3-dihydroxypropyloxy.

another more preferred group of compounds is that wherein R%is -

NHR (wherein R!° is heteroalkyl, heterocyclyl, or heterocyclylalkyl), preferably

(RS), (R) or

(S)-2,3-dihydroxypropylamino, 2-hydroxyethylamino, 3-

hydrokypropylé.mino, (RS), (R) or (S)-2,2-dimethyl-1,3-dioxolan-4-ylmethylamino,

20 - 2,2-dirnethyl-1,3-dioxan-5-ylamino, 2-hydroxy-1-hydroxymethylethylamino, 3-

-hydroxybutylamino, imidazol-2-ylmethylamino, or tetrahydropyran-4-ylamino,

more preferably (RS), (R) or (85)-2,3-dihydroxypropylamino, (RS), (R) or (5)-2,2-

dimethyl-1,3-dioxolan-4-ylmethylamino, 3-hydroxybutylamino, or 2-hydroxy-1-

hydroxymethylethylamino.

25
Yet

another more preferred group of compounds is that wherein R%is

heterocyclyl or -X-(alkylene)-Y-heteroalkyl (wherein X is a covalent bond, -O- or

-NH- and Y is ~O- or —-NH), preferably heterocyclyl, more preferably morpholin-

4-yl or pyrrolidin-1-yl.

30
Yet

another more preferred group of compounds is that wherein R® is -

S(O),R? (wherein n is an integer from 0 to 2; and R® is heteroalkyl, heteroaralkyl,



3(3 for the treatnment of a disease characterized by an excess |gE

production such as asthma, allergy or allergic rhinitis,
20 Figur gyd osfnvs the correlation between GSK i nhi bi tion

especi al |l y ast hma.

PYTAEBIDRINdsS of

t hei nvention and ~3-catenin levels in Jurkat T-cells. Figure 2A shows
expression of TCF7 transcripts in nRNA psomthe B10.D2 cells relative to
that in Balh/C T-cells. Fi gure 2B shows the induction of TCF-7 by

i nterferon-gamm. 25

'heterocyclyl or heterocyclylalkyl) preferably R® is -S(0).R® (wherein n is an

integer from O to 2; and R® is heteroalkyl or heterocyclylalkyl), more preferably R®
is (RS), (R) or (S5)-2,2-dimethyl-1,3-dioxolan-4-ylmethy! sulfanyl, (RS), (R) or (S)-
2,3-dihydroxypropylsulfanyl, (RS), (R) or (5)-2,2-dimethyl-1,3-dioxolan-4-

5 © ylmethyl sulfinyl, (RS), (R) or (S)-2,3- dlhydroxypropylsulfmyl (RS), (R)or (S)-
2,2-dimethyl-1,3-dioxolan-4-ylmethyl sulfonyl, or (RS), (R) or (S5)-2,3-

dihydroxypropylsulfonyl. -

. Yet another more preferred group of compounds is that wherein Réis

10 heterosubstituted cyclohexylamino.

Withiﬁ these preferred and more preferred groups of compounds, an even

more preferred group of compounds is that wherein R? is alkyl, preferably ethyl or

methyl; more preferably methyl.
15 '

Within these preferred, more preferred, and even more preferred groups of

compounds, a particularly preferred group of compounds is that wherein:

R! and R? are hydrogen; or R! is halogen, preferably chioro and is located at

the S-i)osition of the indole ring and R? is hydrogen; and

20 ° " R*and R’ are at the 2- and the 6- positions of the pheny! ring respectively

- and are hydrogen,alkyl, halogen, alkoxy, cyano or nitro, preferably hydrogen,

chioro or fluoro, more preferably R* and R® are both hydrogen, or one of R*and R’

_ is fluoro and the other is hydrogen, or both of R* and R® are fluoro.

25 | (C)  Yet another preferred group of compounds is that wherein R! and R? are at

the 5- and 7-positions of the indole ring respectively; R* and R are at the 2- and the

6-pdsitions'of the phenyl ring respectively and R® is at the 3- or 5-position of the

phenyl ring, preferably RCis at the 3- position of the phenyl ring.

30 Within this group a more preferred group of compounds is that wherein R®

is heteroalkyl.



Unl ess otherwi se stated, the following terms used in the specification and
cl ai ns have the neani ngs given below. "Alkyl" means a |inear saturated

monoval enyolyd§@gar bon radi cal of one to 30 six carbon at egg/Eehiés2p¥ anched
sat urat ed nonoval ent hydrocarbon radical of three to six carbon atons,

e.g., nmethyl, ethyl, propyl, 2-propyl, gsbutyl, iso-butyl, ter2 butyl,
pentyl, and the like. ‘ : .
Another more preferrccf group of compounds is that wherein RCis

heterocyclylalkyl.

~ Yet another more preferred group of compounds is that wherein RS is -O.R8
5 - (wherein R® is heteroalkyl or heterocyclylalkyl), preferably (RS), (R) or (S)-2,3-
' dihydroxypropyloxy, 3-hydroxypropyloxy, 2-aminoethyloxy, 3-aminopropyloxy,
2-morpholin-4~ylethyloxy,- or (R) or (S)-Z,Z-dimethyl-1,3-dioxolan—4-ylmethyloxy,
more preferably (RS), (R) or (S5)-2,3-dihydroxypropyloxy.

10 Yet another more preferred group of compounds is that wherein R%is - ‘
NHR' (wherein R" ig heteroalkyl, heterocyclyl, or heterocyclylalkyl), preferably
(RS), (R) or (S)-Z,3-dihydroxypropylamino, 2-hydroxyethylamino, 3-
hydroxypropylamino, (RS), (R) or (S)—Z,Z-dimefhyl-l ,3-dioxolan-4-ylmethylamino,
2,2-dimethyl-1,3-dioxan-5-ylamino, 2—hydroky-l-hydroxymethylethylarnino, 3-

15 : hydroxybuty]amino, imidazol-2-ylmethylamino, or tetrahydropyran-4-ylamino,
more preferably (RS), (R) or (5)-2,3-dihydroxypropylamino, (RS), (R) or (S)-2,2-
dimethyl-1,3-dioxolan-4-ylmethylamino, 3-hydroxybutylamino, or 2-hydroxy-1-
hydroxymethyl-ethylamino. ‘

20 " Yet another more preferred group of compounds is that wherein Ris
‘ heterdcyclyl or-X-(alkylene)-Y-heteroalky!l (wherein X is a covalent bond, -O- or
~NH- and Y is —O- or -NH), preferably heterocyclyl, more preferably morpholin-
_ 4-yl or pyrrolidin-1-yl.

25 | Yet another more preferred group of compounds is that wherein R®is -
S(0).R® (wherein n is an integer from 0 to 2; and R%is heteroalkyl, heteroaralkyl,
hetefocyclyl, or heterocyc]ylalkyl), preferably RS is -S(O).R® (wherein n is an
integer from 0 to 2; and Ris heteroalkyl or heterocyclylalkyl), more preferably R®
is (RS), (R) or (S)-2,2-dimethyl-1,3-dioxolan-4-ylmethyl sulfanyl, (RS), (R) or (S)-

30 2,3-dihydroxypropylsulfanyl, (RS), (R) or (§)-2,2-dimethyl-1,3-dioxolan-4-

_ ylmethyl sulfinyl, (RS), (R) or (5)-2,3-dihydroxypropylsulfinyl, (RS), (R) or (S)-



WO U2/tU SB 9 PCT/EPU 1 /U8293 "Al kyl ene” neans a |inear saturated dival ent
hydr ocarbon radi cal of one to six carbon atons or a branched saturated

di val ent Wgdsesagbon radical of three to six carbon at onspceEpii/es293

nmet hyl ene, ethyl ene, 2,2-dinethyl ethyl ene, propyl ene, 2-nethyl propyl ene,
butyl ene, pentylene, and the |like.” "Alkgry " neans a radical -OR where Ris
an. al kyl as defined above e.g., ' :

2,2—dimethyl—l,3-dioxolan-4-y1methyl sulfonyl, or (RS), (R) or (5)-2,3-
dihydroxypropylsulfonyl.

Yet another more preferred group of compounds is that wherein R® is

5 heterosubstituted cyclohexylamino.

Within these preferred and more preferred groups of compounds, an even
more preferred group of compounds is that wherein R? is alkyl, preferably ethyl or
methyl, more preferably methyl. —

10 P
- Within these preferred, more preferred, and even more preferred groups of
cdmpounds, é particularly preferred group of compounds is that wherein:

R! and R? are hydrogen; or R'is halogeﬁ, preferably chloro and R%is
hydrogen; and o . _

15 3 “R* and R? are hydrogen, alkyl, halogen, alkoxy, cyano or nitro, preferably
hydrogen, chloro or fluoro, more preferably R* and R? are both hydrogen or one of
R* and R5 is fluoro and the other is hydrogen, or both of R* and R’ are fluoro.

' Compdunds of this invention can be made by the rﬁethods depicted in the

20 reaction schemes shown below.

The starting materials and reagents used in preparing these compounds are
either available from commercial suppliers such as Aldrich Chemical Co.,
(Milwaukee, Wisc;ansin, USA), Bachem (Torrance, California, USA),

25 Emka-Chemie, or Sigma (St. Louis, Missouri, USA) or are prepared by methods
known to those skilled in the art following procedures set forth in references such
as Fieser and Fieser’s Reagents for Organic Synthesis, Volumes 1-15 (John Wiley
and Sons, 1991); Rodd’s Chemistry of Carbon Compounds, Volumes -5 and
Supplementéls (Elsevier Scieﬁce Publishers, 1989), Organic Reactions, Volumes

30 1-40 (John Wiley and Sons, 1991), March’s Advanced Organic Chemistry, (John

~ Wiley and Sons, 4th Edition), and Larock’s Comprehensive Organic
Trqnsfprmations (VCH Publishers Inc., 1989). These schemes are merely

iltastrative of some methods by which the compounds of this invention can be



met hoxy, ethoxy, propoxy, butoxy and the like. "A kylthio " nmeans a radical
-SR where Ris an al kyl as defined above e.g., 10 ~ ~ nethylthio,

et hyl t hi gyoRseR¥sthio, butylthio, and the like. "Acyl" neppgppof/@dical
OR where Ris hydrogen, alkyl, cycloal kyl, cycloal kyl al kyl, phenyl or

phenylalkyl wherein al kyl, cycloal kyl, gygcloal kyl al kyl, and phenyl al kyl are
as defined herein. Representative exanpl es include, but are 15 not limted
to fornyl, acetyl, cylcohexylcarbonyl, cyclohexyl nethyl earbonyl, benzoyl,

benzyl car bony théas%fl 432 Vabib modifithiftt BPthedE 3RS daft e Glde whESWEH B R wher e
R is hydroge alkyl, ~

suggested to one skilled in the art having referred to this disclosure.

The starting materials and the intermediates of the reaction may be isolated

5 ©  and purified if desired using conventional techniques, including but not limited to
filtration, distillation, crystallization, chromatography, and the like. Such materials

may be characterized using conventional means, including physical constants and

spectral data.

10 Schemes 1-4 describe alternative methods to prepare the compounds of

Formula (I).

Compounds of Formula (I) where R3 is fnethyl, R® is -NHR'®, and other
groups are as defined in the Summary of the Invention can be prepared as shown in

15 Scheme 1 below.-

Scheme 1

-y e
. /:o [/;N\ 3




and R is hydrogen, alkyl, cycloal kyl, cycl oal kyl al kyl, phenyl or
phenyl al kyl 20 wherein al kyl, cycl oal kyl, cycl oal kyl al kyl, and phenyl al kyl

are as defpnedofgrei n. Representative exanples include, bygirafpgmabs!imted
to fornzylam no, acetylam no, cyl cohexyl carbonyl am no,

cycl ohexyl net hyl - car bonyl am no, benzoyl agvno, benzyl carbonyl am no, and the
like. 25 "Cycloal kyl" refers to a saturated nonoval ent .cyclic hydrocarbon
radi cal of three to seven ring carbons e.g., cyclopropyl, cyclobutyl,

cycl ohexyl , 4 et %lyfa}/l&lx 8Pﬁz%éthym16t &%ﬁﬁdﬁ& with oxalyl chloride in an

ethereal solvent such as diethyl ether provides a indole-3-glyoxylyl chloride of
formula 2. The reaction is typically carried out between 0° C and room
temperature, preferably at 0°C. Compounds of formula 1 are commercially

5 available or they can be prepared by methods well known in the art. For example,
1-methylindole, 4-fnethoxy-1-methylindole, and 5-bromo-1-methylindole are

' commefcially available. 5-chloro-1-methylindole can be prepared by alkylation of

commercially available 5-chloroindole by methods well known in the art such as
treating 5-chloroindole with alkylhalide in the presence of a base such as sodium

10 hydride in solvents such as dimethylformamide. Similarly, various other
substit_uted indoles suc;h as S5-fluoroindole and 4~,‘5—, 6-, or 7-dimethylindole that
are also comxﬁercially available and can be conyerted to the N-alkylindoles by

alkylation as described above. -

15 - .. -Condensation of -2 with a nitrophenylacetic acid of formula 3 provides 3-
indo]ino—4-(nitrophenyl)-2,5—furandione of formula 4. The reaction is carried out in
an inert organic solvent such as methylene chloride, chloroform, and the like and in
the presence of a non-nucleophilic organic base such as triethylamine,
diisopfopylamine, and the like. Nitrophenylacetic acids of formula 3 are

20 commercially available. For example 2-, 3-, and 4-nitrophenylacetic acids are

'comrﬁercially available from Aldrich. Other nitrophenyl acetic acids may be
prepared from the corresponding cyano-halobenzenes by homologation of the

~ cyano group to an acetic acid side chain by methods well known in the art. For
example, 2,6-difluoro-3-nitrocyanobenzene can be converted to 2,6-difluoro-3-

25 nitrophenylacetic acid as follows. Hydrolysis of the cyano group in 2,6-difluoro-
3-nitrocyanobenzene under acidic hydrolysis reaction conditions provides 2,6-
diﬂdoro-?:-ﬁitrobenzoic acid which is then treated with a chlorinating agent such as
oxalyl chloride to provide 2,61diﬂuoro—3-nitrobenzoyl chloride. Treatment of 2,6-
difluoro-3-nitrobenzoyl chloride with diazomethane provides the corresponding

30 diazoketone derivative which upon treatment with silver salt of benzoic acid (see

. Fieser Vol. I, pg. 1004) in the presence of triethylamine in methanol provides

methyl 2,6-difluoro-3-nitrophenylacetate. Hydrolysis of methyl 2,6-difluoro-3-



"Cyel oal kyl al kyl" means a radical -RaRb where Ra is an al kyl ene group as
defined herein and Rbo is a cycloal kyl group as defined herein, e.g.,

cycl ohexywgebhylss and the |ike. WO 02/101a8 PCT/EPO t / @34R3016k203

10

15

20

25

30

30

nitrophenylacetate under basicﬂhydrolysis reaction conditions (e.g., lithium
hydroxide in aqueous methanol) provides the desired 2,6-difluoro-3-

nitrophenylacetic acid.

Treatment of 4 with aqueous ammonium hydroxide in a high boiling
organic solvent such as N,N ~dimethylformamide provides 3-indolino-4-
(nitrophenyl)— 1H-pyrrole-2,5-dione of formula 5. The reaction is typically carried
out between 130- 140° C.

Reduction of the nitro group in 5 with a suvitable reducing agent such as
titanium trichloride in acetone provides a compound of formula 6 which is then
cohverted to a compound of Formula (I) whereip Rbisa group of formula -NHR!?
wherein R'® is as defined in the Summary of the Invention by methods well known

in the art. For example, a compound of Formula (I) where R'® is a heteroaralkyl,

' heferoc'yclic, or heterocyclylalkyl group such as 2-imidazolylmethyl, 2,2-dimethyl-

1,3-dioxan-5-yl, or 2,2-dimethyldioxolan-4-ylmethyl can be prepared by reacting a
compound of formula 6 with 2-imidazole-carboxyaldehyde, 2,2-dimethyl-1,3-
dioxan-5-one, and 2,2—dimethyldioxolan-4-cafboxyaldehyde respectively, under
reducﬁve amination reaction conditions i.e., carrying out the reaction in the

presence of a suitable reducing agent (e.g., sodium cyanoborohydride, sodium

' triacefoxyborohydn’de, and the like) and an organic acid (e.g., glacial acetic acid,

trifluoroacetic acid, and the like) at ambient temperature. Suitable solvents for the

. reaction are halogenated hydrocarbons (e.g., 1,2-dichloroethane, chloroform, and

the like). 2,2-Aldehydes and ketones such as 2-imidazolecarboxyaldehyde, 2,2-
dimethyl-1,3-dioxan-5-one, and 2,2-dimethyldioxolan-4-carboxyaldehyde are ,
commercially available. 2',2-Dimethyldioxolane-4-carboxyaldehyde can be

prepéred'by the procedure described in Dumont, von R., et al., Helv. Chim. Acta,

66, 814, (1983).

As will be apparent to a person skilled in the art, a compound of Formula (I)

. can be converted to other compounds of Formula (I). For example, acidic

30



"Di al kyl am no" .nmeans a radical -NRR where R and R independently
represent an al kyl, cycloal kyl, or cycl oal kyl al kyl group as defi ned herein.

Repr esentygpig¥go@xanpl es include, but are not linmited to dipgRigpyla3d$0,

met hyl et hyl am no, di (1-nethyl ethyl)am no, (cycl ohexyl) (nethyl)am no,

(cycl ohexyl) (et hyl )am no, (cycl ohexyl) (propyl)am no,

(cycl ohexyl net hyl ) (net hyl ) am no, (cycl ohexyl net hyl) (ethyl)am no, and the

| i ke. "Hal ogen" neans fluoro, chloro, brono, or iodo, preferably fluoro or

chloro. 10 " Kyl , . i b

Gi'fferent  ha CoHeitSt soBatE & WGl e N s bR AN AO SRR URIRIE SOTF DO
li ke. "Het er padvidek 4 composndef Bdriopla (Dawhareih RASisdet3-didgdiesyoropyhBmoupi n one,
-two or

Compounds of Formula (I} where R? is methy), RCis heteroalkyl, »
5 ° " heterocyclyl or ~OR® wherein R® is hetefoalkyl, heteroaralkyl, heterocyclyl, or
heterocyclylalkyl, and other groups are as defined in the Summary of the Invention

can-be pfepared as shown in Scheme 2 below.

Scheme 2
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. o i HO\W/\E\:%J/ RS
\ AN N\ 0 . '\;5

i 7

/PN

5 EtsN
L 2 .. CH,Ch

Reaction of a compound of formula 2 with a compound of formula 7 (where
10 . RYis heteroalkyl, heterocyclyl, or -OR® wherein R® is heteroalkyl, heteroaralkyl,
heterocyclyl, or heterocyclylalkyl) under the reaction conditions described in

Scheme 1 above provides a 3-indolino-4-phenyl-2,5-furandione of formula 8. '

Compounds of formula 7 where R® is heteroalkyl, heterocyclyl, or -OR®
15 (wherein R® is heteroalkyl, heteroaralkyl, heterocyclyl, or heterocyclylalkyl) can be
prepared by methods well known in the art. For example, 3-heterocyclyl-
phenylacetic acid can be prepared under catalytic amination reaction conditions by
. reacting methyl 3—bromophenylacetate with a suitable heterocycle (such as

morpholine, piperidine; pyrrolidine, and the like) in the presence of a substituted



15 three hydrogen atons have been replaced wth a substituent independently
sel ected fromthe group consisting of -CRa, -NRoR, and -S(OnRa (where nis

an i ntegayofbees® to 2), with the understandi ng that the peiraipoRés293
attachnent of the heteroal kyl radical is through a carbon atom wherein Ra

i s hydrogen, acyl, alkyl, cycloal kyl, ag2cycloal kylaikyl; Rb and R are
I ndependently of each other hydrogen, acyl, alkyl, 20 cycl oal kyl, or
cycl oal kyl al kyl ; and when n-is O, Rd is hydrogen, alkyl, cycloalkyl, or

cycl oal kyl al ospfﬁ%ﬁs‘ﬂéﬁﬁh &Hch%s %,ﬁ%lﬁﬁggﬁ'%@aﬂilﬁ&ll lcylg;h@ﬁwx INAP)

cycl oal kyl al am no, am no, I'am no.
Repr esent at i \mxdemﬁpdlma cnata@stmi@h abtrts(chbmzyﬂmcnbaqﬂqne)ﬂlpaﬂ,admlrh@df(dhqbét hyl ,

£ 38 AtV AP s L
2, 3- di hydr ox yiaideybasicarydpstysigaction conditions.
. s | _ |
3-(2—Amindethyl)pheny]acetic'acid can be prepared by coupling methyl 3-
bromophenylacétate with nitroethylene under Heck reaction conditions to give
methyl 3-(2-nitrovinyl)phenyl acetate, followed by reduction of the alkene bond
and the nitro group by methods well known in the art, e.g. catalytic hydrogenation
10 followed by hydride reduction. Hydrolysis of methyl 3-(2-aminoethyl)- '
phenylacetate under basic conditions then provides 3-(2-aminoethyl)phenylacetic
acid. It will be recoghized by a person skilled in the art that the amino group in 3-
(2-aminoethyl)phenylacetic acid would.be protécted with a suitable protecting
group prior to reacting it with compound 2. ‘
15 |
Combounds of formula 7 where R%is -OR® (wherein R3is heteroaralkyl or
heterocyclylalkyl) can be prepared by reacting hydroxyphenylacetic acid with an
alkylating agent of formula R®X wherein R® is as defined above and X is a leaving
groub under alkylation reaction conditions such as halogen (Cl, Br, I), tosylate,
20 mesylate, triflate, and the like. The reaction is typically carried out in the presence
* of a base such as cesium carbonate, potassium carbonate and the like, and in an
aprotic polar organic solvent such as acetonitrile, N-methylpyrrolidine, and the
like. Alkylating agents such as 2-chloromethylpyridine, 2,2-dimethyl-1,3-
dioxolan-4-ylmethyl p-toluenesulfonate, 1-(3-chloropropyl)piperidine, and 4-(2-

25 chloroethyl)morpholine, and the like are commercially available.

Compound 8 which is then converted to 2 compound of Formula (I) as
described in Scheme I above. Again, as discussed above, a compound of Formula
(D) can be converted to other compounds of Formula (I). For example, acidic
30 hydrolysis of compound (I) wherein R® is 2,2-dimethyldioxolan-4-ylmethyl
. provides a compound of Formula (I) wherein Rlisa 2,3-dihydroxy-propyl group
(ie., R%is heteroalkyl group).



met hyl propyl, 2-am noethyl, 3-am nopropyl, 2-nethylsul fonylethyl, amno
sul fonyl net hyl , am nosul f onyl et hyl , am nosul f onyl propyl, nethyl am no

sul f onyl nedloyhoersgret hyl am nosul fonyl et hyl , met hyl am nosul f pay|ppbRéRgds and
the like. 30 "Hydroxyal kyl" neans an al kyl radical as defined herein,
substituted wth one or nore, preferabl§3 one, two or three hydroxy groups,
provi ded that the sane -

Alternatively, compounds of Formula (I) where R? is methyl and other
groups are as defined in the Summary of the Invention can be prepared as shown in

Scheme 3 below.

Scheme 3 ’

Reaction of a compound of formula 7 with a chlorinating agent such as
oxalyl' chloﬁde in the presence of a catalytic amount of dimethylformamide and in
‘an ineﬁ solvent such as dichloromethane, chloroform, and the like, provides the
10 acid chloride. Treatment of the acid chloride with aqueous ammonia at 0 °C
. provides phenylacetamide of formula 9. Coupling of 9 with methyl
indoleglyoxalate 10 provides a compound of Formula (I). The coupling reaction is
carried out in the presence of a strong organic base such as fert-butoxide and in an '
ethe;eal organic solvent such as tetrahydrofuran and the like. Compounds of
15 formula 10 where R! and R* vary can be prepared from 1-methylindole by the
procedures described in Faul, M., et. al., J. Org. Chem., 63, 6053-6058, (1998).

A compound of Formula (I) can be converted to other compounds of
. Formula (1) as described above. This synthetic route is particularly suitable for

20 preparing compounds of Formula (I) wherein R® is heterocyclyl.



WO 02/ 101sR PCT/ EPOL/ 08293 11 carbon atom does not carry nore than one
hydr oxy group. Representative exanples include, but are not limted to,

2- hydr oxweblayhe1sg- hydr oxypropyl, 3-hydroxypropyl, PCT/EP01/08293

1- (hydr oxynet hyl ) - 2- et hyl propyl ) 2-hydroxybutyl, 3-hydroxybutyl,

4- hydr oxybutyl, 2,3-di hydroxypropyl, 2-B4droxy-21lhydroxynethyl ethyl,

2, 3-di hydroxybutyl, 3, 4-di hydroxybutyl and

2- (hydr oxynmet hyl ) - 3- hydr oxypropyl, preferably 2-hydroxyethyl,

2, 3-di hydroxypropyl and 1-(hydroxynethyl)-2-hydroxyethyl. ‘Accordingly, as
used herein, the term "hydroxyal kyl" is used to deflne a subset of

het er oal kyl gr oupAltermatively, Cdﬂ@toandrsof@rmtllat(lédﬂwyﬂoalmqmyl ap@ atier a

Al oms-i 1 ho Y g By oreira ShapRoRat PR BP pRba ol "

i ndependent | \sch@h€gbeldwl.r om.t he group consisting of -hydroxy, alkoxy, am no,
.acyl am no, nonoal kyl am no, dial kyl am no, or -S(OnR (where n is an integer
fromO to 2) such that when n is O, i.s hydrogen, al kyl, 15 cycl oal kyl, or
cycloal kyl al kyl, and when n is 1 or 25chemed 5 ky| cycl oal kyl ,

cycl oal kyl al kyl , am no, acyl am no, nDnoaIkyIanino 0( di al kyl am no.
Representative -exangtes incyfyde, Rut are not |limtedyto, 2-, 3-, or

4hydr oxycycl ohexy|_, \2&'/36 0 g»Bam nocycl ohexy| 9=« O or

4- sul f onam docycl o ;o an l/bke, prefenhbly 4 dr oxycycl ohexyl ,

2- ami nocycl ohexyl , 42gJsul | ohExyl . \N&& r oalBky| subsitut ed

cycl oal kyl " neans a cygl oal kyHClg(edehfical as deﬂl rein wherein one, two
or three hydrogen atons in the cycloal kyl ra ave been replaced with a
het eroal kyl group as ¥defined herein with thggunderbtaHN|ng 25 that the

het eroal kyl radical is attached to the cycloal kyl radical via a

carbon-carbon bond. . Representative exanples include, but are not limted
to, 1-hydroxynethy|cyclop%ptyl 2- hydroxynethylcyclohéxyl and the liKke.
"Heteroaryl"™ means a Ht nonocycli.c or bic @ical of 5to 12

5
Treatment of an iodobenzene of formula 11 with bis(pinacolato)diborane in
the presence of a palladium catalyst such as PdClx(dppf), followed by coupling of ‘
the resulting borate with a 4-bromo-3-(1-methylindol-3-ylmethyl)-1-methyl-
pyrrole-2,5-dione 12 under Suzuki reaction conditions provides a 4-phenyl-3-(1-
10 methylindol-'3~ylmethyl)-l-méthylpyrrole-Z,S-dione 13. Compounds of formula

12 can be prepared by methods well known in the art. For example, 4-bromo-3-(1-
mefhylindol—B—yl)-1-methylpyrrole-2,5-dione can be prepared by method described
in Brenner, M. et al., Tet. Lett., 44, 2887, (1988).



30 ring atons having at |east one aromatic ring containing one, two, or
three ring heteroatons selected fromN, O or S the remaining ring atons
bei ng C, Wblhnbfg understandi ng that the attachnment point pefdphfoddes er oaryl
radical wll be on an WD 02/10158 PCT/ EPOL/ 08293 12 aronatic ring. The
het exoaryl hng is optionally substitutegh i ndependently with one or nore
substituents, preferably one or two substituents, selected from al kyl)

hal oal kyl, heteroal kyl, hydroxy, al koxy, halogen, nitro, cyano, Mre

specifically the 4arm - e : s i k- pyridyl,
furanyl, thienyl T %%e?ngt%gt%%%gﬁ?Ch% itsgg%{ny , dl)éln%ig d?%?sti}ﬁ?
i soxazol yl ; jpydroxitle;lapd pherld@ah yh aquEopyalcehddic sylventisectr af ethanoy provides a

.t et rahydrobenzofuranyl, |sobepzofur l.,..benzothiazol y| ,. . .

benzoi sot | ai %‘?gﬁ‘v’vﬁg'(ﬁé‘ﬁ%‘h?{l_if}ds{z%wgh‘?t %&oﬁﬁyrmfcsgﬁmeé Whigh i§8%z ol yi

qui nol yl, t etdr3Bus QAHRPolRY bt FdrARINAl dékeritR@RBOVE dazol yl , benzi soxazol yl
-or benzothienyl, and the derivatives thereof. io "Heteroaral kyl" neans a
radi cal5 --RaRb where Ra is an al kyl ene group as defined . herein arid Rb is a
het er oaryl group . ] erel hdi yciey

i mi dazol yl met hyl ﬁﬁ#g@ﬁ%&@@id@ “53??‘&‘.’%@ é‘{h%?[k@’( Yhd other

3- (benzof ur agrodyd rpaoisfineddmthetSugnrhark ©f the Invention can be prepared as shown in

Scheme 5 below.

Scheme 5
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The acylatioﬁ of N-methylindole of formula 1 with oxalyl chloride as

10

" described above, followed by quenching with aqueous ammonium at 0 °C provides
a compound of formula 14. Coupling bf 14 with a methyl phenylacetate of formula
15 provides a compound of Formula (I). The coupling reaction is carried out in the
15 presence of a strong organic base such as zer¢-butoxide and in an ethereal organic

solvent such as tetrahydrofuran and the like.

The 3-indolyl-4-phenyl-1H-pyrrole-2,5-dione derivatives of Formula (T)
inhibit GSK-3f. The compounds and compositions containing them are therefore
20 "useful in the treatment of diseases mediated by GSK-3p diseases such as

. Alzheimer’s disease, obesity, dia_betes, atherosclerotic cardiovascular disease,



5 "Heterocyclyl" nmeans a saturated cyclic radical of 5to 8 ring atons in
whi ch one or two ring atons are heteroatons selected fromNR (where Ris

independe\gblog/dgn%ggrogen, al kyl) or heteroal kyl), O or S(%ETME6§9§ is an

i nteger from 0 2), the remaining ring atons being C ere one or two C
atons may 20 optionally be replaced by g carbonyl group. The heterocyclyl
ring may be optionally substituted i ndependently with one, two, or three
substituents selected from al kyl, hal oal kyl, heteroal kyl, hal ogen, nitro,
cyano, hydroxy, al kox am no, menoal kyl.am no, . di al kyl am.no. - where R
k) Wb B R R S r Bl ey A Rl B ot
limted to, URbfdRhYSLARYaHIENcy gndeatceret hyl 25 1, 3-di oxol ane,

.2, 2-di net hyl - 1, 3-di oxane-5-yl, piperidino, N nethyl piperidin-3-yl,

pi perazi no, N-nethylpyrrolidin-3-yl, 3-pyrrolidino, norpholin-4-yl,

T Eror il ho M AR Al AR DR Gpn of SIS o oo
t her eofs 30 rddaterthaldoyl FOBH Ttietbdiatcelo@he) whichpesduse aytbkines achak vl
radi cal as defined herein wherein gne, two or_ three hydrogen . ato in the
het er ocycl yl Drdetledd nkds andpromotclgFRradncipy ﬁ“daeq?@PB]i’lbéﬁg{Pﬁ%tﬁP%‘h péﬁn“t h the
under st andi ng-_ {\@tart Bifferentiate into functionally distinct subsets with different profiles of
cytokine production. Type 1 T Helper cells (Th1) produce IFN-g and IL-2 and
promote cell mediated immunity. Type 2 T Helper cells (Th2) pi'oduce I1.-4 and
10 B IL-5 and promote IgE production and eosinophil differentiation. An imbalance in
the type of T-cell response appears to underlie the susceptibility to asthma and
allérgic diseases. Through genetic studies Applicants have discovered that GSK-
3P controls the activity of TCF7 (also known as TCF1 in the literature) thereby
controlling whether or not naive T-cells differentiate into Th1 or Th2 cells.
15 FuﬁheMOre,'Applicants have discovered that inhibitors of GSK-3p inhibit Th2 cell
development.: This is an important discovery because it has been established that
Th2 specific cytokines play a key role in the pathogenesis of diseases such as
allergies and asthma. Specifically, IL-13is ixﬁplicated in airway hyper-
responsiveness and mucus hypersecretion, as shown in murine studies of IL-13
20 delivefy to fhe lungs of mice (Wills-Karp, M. et al., Science 282, 2258-2261
'(1998):; Grunig, G. et al., Science 282, 2261-2263 (1998)). Also, increased
expression of IL-13 has been observed in airways of asthma patients which
. supports a role for IL-13 in the disease (Kroegel, C., et-al., European Respiratory
Journal, 9, 899-904, (1996). Furthermore, the total serum IgE levels and tissue
25 cosinophilia, characteristic conditions of allergy and asthma, correlate with disease '
seve;ity in atopic asthma iaatients (Yssel, H. et al., Clinical and Experimental
Allergy, 28, Suppl 5: 104-109 (1998)). Prior to Applicants’ discovery that GSK-3f3
controls TCF7 and thereby modulates Th2 cell differetiation, it was not known that
inhibition of GSK-3f} would provide a general method of treating dieseases such as
30 asthma (particularly atopic asthma), allergies; allergic rhinitisis, all of which are
- caused by an excess of Th2 cells and there associated cytokines. As shown in the

Examples below, Appliéants have confirmed the ability of GSK-38 inhibitors to



WO 02/10158 PCTI EPA 1 08293 13 heteroal kyl radical is attached io the

het erocyclyl radical via a carbon-carbon bond. Representative exanpl es

i nclude, RytrRhRgN0t limted to, 4-hydroxynethyl piperidinplydogiosos

4- hydr oxymet hyl pi perazi n-1-yl, 4-hydroxyethyl pi peridin-1-yl, X

hydr oxyet hyl pi perazin-1-yl, and the |ikegs "Heterocyclylalkyl" neans a
radi cal -RaRb where Ra is an al kyl ene group as defined herein and Rb is a
het erocycl yl group as defined herein, e.g., tetrahydropyran-2-ylnethyl,

4- net hyI. Pi pe@ziths ‘Qstﬁﬁlla‘?itcr}&pﬁné'iﬁimggj &%[E%Eméd in vivo models. Therefore,

Applicants’ invention encompasses the use of.inhibitors of GSK-38 to treat wide

range of allergies, asthma, and other diseases characterized by excess Th2

cytokines.

A murine genetic approach was used to identify a genetic locus that

differentially regulated CD4 T cell subset differentiation and responsiveness to IL-
12. The genetic background of the murine strain influences CD4 T cell
developmernt. The development of Th2 cells is favored in one strain (Balb/C) of

10 mice, while T cells from another strain (B10.D2) have a greater capacity to
maintain IL-12 responsiveness and Th1 development in vivo and in vitro. Analysis
of éxpen'mentél intercrosses between Balb/C and B10.D2 mice expressing
transgenic T cell antigen receptors led to idgntiffcation of a locus located within a
0.5 cM region of murinie chromosome 11 which controls maintenance of IL-12 |

15 'resﬁonsiveness (Guler M. L. et al., J. Immunol. 162, 1339-1347, 1999). This
region was syhtenic to'the locus on human chromosome 5q31, which has been
associated with elevated serum IgE levels and susceptibility to asthma (Review:
Cookson, W., Nature 402, Suppl. B5-B11, 1999). Positional cloning of this genetic
locus was performed by analysis of the chromosomal sequence within this

20~ chromosomal region, and by analysis of gene expression. -

We have demonstrated that TCF7 regulates T helper cell differentiation.
. TCF7, which is expressed only in T cells, was shown to be expressed in resting
murine Th1, but not Th2 cells. This factor was also induced by IFN-gamma
25 (Figure 2B); and recognition elements for TCF-7 were found in the promoter ,
regions of genes expressed in Thi cells; IFN-gamma, IFN-alpha, IL.-18 and the
beta-2 subunit of the IL12 receptor. We have also shown that inhibition of GSK-
3P will increase the level of B-catenin in T cells. B-catenin does then accumulate in
the nucleus and act as cofactor for TCF7 to activate gene transcription (Example II,
30 Figure 1). Therefore, GSK-3f inhibitors will inhibit Th2 cell development. We
-have confirmed this by demonstrating that Th2 cytokine levels are reduced in cells
treated with GSK-3( inhibitors (Examples III and IV).



2, 2-di et hyl -1, 3-di oxoxol an-d-yl net hyl , benzyl, cyclohexyl nethyl,
2-nmor pholin 10 4-ylethyl, and the |ike. "Mnoal kyl am no" neans a radi cal

- NHR whergoR2iigisgn al kyl, cycloal kyl, or cycloal kyl al kyl gi-Q4ip,fes.8sf | ned
above, e.g., nethylam no, (1-methylethyl)am no, cyclohexylam no,

cycl ohexyl nmet hyl am no, 15 cycl ohexyl et g am no, 2-norpholin-4-ylethyl and
the like. "Optional"™ or "optionally" nmeans that the subsequently described
event or circunstance may but need not occur, and that the description

i ncl ude§ i nstanc e?_referably, the GSK-3p inhibitors used for treatment of diseases
characterized by excess Thz cytokines will be selective for GSK-3f relative to
other kinases, particularly PKC, p38 kinase, Ick and cdk2, by a ratio of at least
10:1, more preferably 100:1 (based on their respective IC50’s). Determination of

5 the relative IC50’s of a putative inhibitor may be accomplished by standard kinase
activity assays well known to one of skill in the art. Such selective modulation
permits the selecﬁve treatment of diseases characterized by excess Th2 cell

production without affecting biological processes mediated by other kinases

10 Furthermore, since GSK-3a and GSK-3f isoforms have 95% identical
catalytic domains, it is contemplated that the compounds of the present invention

would be useful in treating diseases mediated by GSK-3a.

The ability of the compounds of Formﬁla (@) to inhibit GSK-3f was

15 ‘measuréd by in vitro assays such as ligand binding assay and inhibition of f3-
catenin degradation assay as described in detail in Biological Example I and II
below. The ability of the compounds. of this invention to inhibit secretion of IL-4
and IL-13 from human T-cells was measured By in vitro assay described in detail in
Biological Example III below. The ability of the compounds of this invention to

20 inhibit; secrétion of IL-4, IL-5 and IL-13 from murine T-cells was measured by i
vitro assay described in detail in Biological Example IV below. The ability of the
compounds of this invention to inhibit leukocyte infiltration into the lungs was
measured by in vivo assay described in detail in Biological Example V below. The
ability of the compounds of this invention to reduce the IgE levels was measured

25 by in vivo assay described in detail in Biological Example VI below. '

In general, the compounds of this invention will be administered in a
therapeutically effective amount by any of the accepted modes of administration
for agents that serve similar utilities. The actual amount of the compound of this

30 invention, i.e., the active ingredient, will depend upon numerous factors such as the
- severity of the disease to be treated, the age and relative health of the subject, the

potency of the compound used, the route and form of administration, and other



where the event or circunstance occurs and instances in which it does not.
For 20 exanple, "heterocyclo group optionally nono- or di- substituted with

an al kyl woadRoisgeans that the al kyl may hut need not be pegaggins95id the
description includes situations where the heterocyclo group I's nobno- or

di substituted with an al kyl group and sgd uati ons where the heterocyclo
group is not substituted with the al kyl group. 25 "Phenyl al kyl" neans a
radi cal -RaRb where Ra is an al kyl ene group and Rbo is a phenyl group as

defined her eigf,e. e’ﬂ@wgej-ﬁ%nﬁﬁﬁdlé%gthéﬁ%gé gﬁXy,%ef@ﬁB ngé G ecti ng

group" refers to those organic groups I ntended to “protect oxygen and
ni trogen atonwicagaiapst undesirabl e reactions during

Therapeutically effective amounts of compounds of Formula (I) may range
5 - from approximately 1 mg to 5 mg per kilogram body weight of the recipient per
day; preferably about 3 mg/kg/day. Thus, for administration to a 70 kg person, the
dosage fange would be about 70 to 356 mg/day, most preferably be about 200 mg
per day.

10 P In general, compounds of this invention will be administered as
pharmaceutical compositions by any one of the following routes: oral, systemic
(e.g., transdeﬁnal, intranasal or by suppository), or parenteral (e.g., intramuscular,
intravenous or subcutaneous) administration. Tﬁe preferred manner of
administration is oral using a convenient daily dosage regimen which can be

15 : adjﬁsted according to the degree of affliction. Compositions can take the form of
tablets, pills, bapsulcs; semisolids, powders, sustained release formulations,
solutions, suspensions, elixirs, aerosols, or any other appropriate compositions.
Another preferred manner for administering compounds of this invention is
inhalation. This is an effective method for deliverin g a therapeutic agent directly to

20 the respiratory tract for the treatment of diseases such as asthma and similar or

‘related respiratory tract disorders (see U. S. Patent 5,607,915).

The choice of formulation depends on various factors such as the mode of
drug administration and bioavailability of the drug substance. For delivery via
25 inhalation the compound can be formulated as liquid solution, suspensions, aerosol ,
propellants or dry powder and loaded into a suitable dispenser for administration.
There are several types of pharmacentical inhalation devices-nebulizer inhalers,
metered dose inhalers (MDI) and dry powder inhalers (DPI). Nebulizer devices
produce a stream of high velocity air that causes the therapeutic agents (which are
30 formulated in a liquid form) to spray as a mist which is carried into the patient’s
_ respiratory tract. MDI’s typically are formulation packaged with a compressed gas.

Upon actuation, the device discharges a measured amount of therapeutic agent by



synthetic procedures . Suitable oxygen and nitrogen protecting groups are
well known in the art e.g., trinethylsilyl, dinmethyl-tent-butylsilyl,
benzyl, WO 02/ 101S8 14 PCT/EPI1 1/08293 carbo

tert-but g\g%)g)rl%gyl (Boc), trifluoroacetyl, 2-trinethylsi %:T/ei“gphanegﬁl f onyl
(SES), and the like. Qhers can be founghin the book by T. W Geene and G
M Wits, Protecting Goups in Organic Sy~ztlaesis, Second Edition, WIey,
New York, 1991, and references cited therein.. 5

'compres'sed gas, thus affording a reliable method of administering a set amount of
agent. DPI dispenses thcfapeutic agents in the form of a free flowing powder that
can be dispersed in the patient’s inspiratory air-stream during breathing by the
device. In order to achieve a free flowing powder, the therapeutic agentis

5 - formulated with an excipient such as lactose. A measuted amount of the

therapeutic agent is stored in a ¢apsule form and is dispensed with each actuation.

Recently, pharmaceutical formulations have been developed especially for
drugs that show poor bioavailability based upon the principle that bioavailability
10  can be increased by increasing the surface area i.e., decreasing particle size. For
example, U.S. Pat. No. 4,107,288 describes a pharmaceutical formulation having
paﬁiclés in thé size raﬁ ge from 10 to 1,000 nm in which the active material is
supported on a crosslinked matrix of macrqmolécules. U.S. Pat. No. 5,145,684
describes the production of a pharmaceutical formulation in which the drug
15 substance is pulverized to nanoparticles (average particle size of 400 nm) in the
| presence of a-surface modifier and then dispersed in a liquid medium to give a

pharmaceutical formulation that exhibits remarkably high bioavailability.

" The corhpositions are comprised of in general, a compound of Formula (I)
20 in combination with at least, one pharmaceutically acceptable excipient.
‘ Acceptable excipients are non-toxic, aid administration, and do not adversely affect
the therapeutic benefit of the compound of Formula (I). Such excipient may be any
~ solid, liquid, semi-solid o, in the case of an aerosol composition, gaseous excipient

that is generally available to one of skill in the art.

25 ,
Solid pharmaceutical excipients include starch, cellulose, talc, glucose,
lactose, sucfose, gelatin, malt, rice, flour, chalk, silica gel, magnesium stearate,
sodium stearate, glycerol monpsiearate, sodium chloride, dried skim milk and the
like. Liquid and semisolid excipients may be selected from glycerol, propylene
30 glycol, water, ethanol and various oils, including those of petroleum, animal,

_ vegetable or synthetic origin, e.g., peanut oil, soybean oil, mineral oil, sesame oil,



Compounds that have the same nolecular fornula but differ in the nature or
sequence of bonding of their atons or the arrangenent of their atons in

space ar ewbaheds i soners”. Isoners that differ in the arpergagpndepf their
atons in space are termed "stereoi soners”. Stereoisoners that are not

mrror images of one to ~ ' another arejternmed "di astereoners"” and those
t hat are non-superinposable mrror. i nages of each other are terned
"enantioners™. When a conpound has an asymretric center, for exanple, it is

bonded to fouyr i . 3. DAl i . ' is i.ble. An
enant i omer céa‘:ﬁ‘ gteff%ﬁe;dﬁgc@?%éra%%% gbaglct‘aﬁ’gs’g éngenga g}éc%%{ogiirl aﬁlﬁ(ge?\mcf its

asymmetri c cedlineragaeshsidexwescandippgbolsy t he R- and S-sequencing 15 rules f
.Cahn and Prel og, or by the manner in which the nol ecule rotates the paane
of polarized |light and designated as dextrorotatory or |evorotatory (i.e.,

as (+) or (-)-iSouBmpresRAYRSs ¥ bélusedtodidpedle aCRRYRUAEOCHAITR if¥enEbn 86 €I t her
.individual enantionmer or as a m xture thereof. A m xture contalning equal
propor t3 ons  adrosoh&oran dmeri gasesrsyitahe faathie purpose are itragem oathgnelioxide, etc.
' Other suitable pharmaceutical excipients and their formulations are described in
Remington’s Pharmaceutical Sciences, edited by E. W. Martin (Mack Publishing

Company, 18th ed., 1990).

10 The amount of the compound in a formulation can vary within the full ‘
range employed by those skilled in the art. Typically, the formulation will contain,
ona wéight pércent (wWt%) basis, from about 0.01-99;99 wt% of a compound of
Formula (I) based on the total formulation, with (the balance being one or more
suitable pharmaceutical excipients. Preferably, the compound is present at a level

15 of about 1-80-wt%. Representative pharmaceutical formulations containing a

compound of Formula'(I) are described below.

. EXAMPLES
| Abbreviations used in the examples are defined as follows: "HCI" for
20 hydrochloric acid, "DMF" for dimethylformamide, "NaOH" for sodium hydroxide,
"KOH" for potassium hydroxide, "DMSQ" for dimethylsulfoxide, “NaHCO3” for
sodium bicarbonate, “NaCl” for sodium chloride, “K,COs” for potassium
carbonate, “Na,;CO5” for sodium carbonate, “LiOH” for lithium hydroxide, “Et;N”
for triethylamine, “NHj; (aq)” for ammonium hydroxide, “CH,Cl;” for methylene
25 chloride, “MeOHR” for methanol, “EtOH” for ethanol, “PhsP” for
triphenylphosphine, “CsCOj3” for cesium carbonate, “BINAP” for 2,2-bis-
(diphenylphbsphino)—l,l’-bihaphthyl, “Pdy(dba)s” for tris(dibenzylideneacetone)-
dipalladium, “NaCNBH;" for sodium cyanoborohydride, “THEF” for
tetrahydrofuran, "Na,;SO4" for sodium sulfate, "RT" for room temperature, "PTLC"
30 for preparatory thin layer chromatography, "SiO;" for silica gel, "EtOAc" for ethyl
acetate, "APMA" for aminophenyl-mercuric acetate, "IL-1" for interleukin-1, and
"RPMI" for Roswell Park Memorial Institute.



20 The conpounds of this invention nmay possess one or nore asynmetric
centers; such conpounds can therefore be produced as individual (R)- or
(S) st ereqy or as mxtures thereof. For exanple, if tituent
in a congggggﬁgﬁsfornula (I') is 2-hydroxyethyl, then the %gsggﬁuﬁggahich

t he hydroxy 25 group is attached is an gsymmetric center and therefore the
conpound of Fornula (>7 can exist as an (R)- or (S)-stereoi soner. Unless

i ndi cat ed ot herwi se, the description or nam ng of a particular conmpound in
the specification and clainms is intended to include both individual
enantiomers and m xtures, racem c or otherw se, thereof. The nmethods for
the determ nation of stereochem stryEamplelle 30 separation of stereoisoners

.are well-known jn the art (see discyssion i apter 4 qof "Advanced Organic
Cheni stry", 4t RS ahestsa 3:1(.1-mhy}mdofrgwfv—%ﬁ-&@%g%&gﬁ%}-lg-dwxﬂan- -
ylmethyloxy)phenyl]-1H-pyrrole-2,5-dione

N O\_g/%

Thiony! chloride (17 ml, 0.64 mol) was added dropwise to methanol at 0 °C.

After the completion of the addition, the reaction mixture was stirred at 0 °C for 10

10 ' mm and then 3-hydroxyphenylacetic acid (25 g, 0.16 mol) was added. The
resulting reacﬁon mixture was stirred at room temperature for 2 hours. Volatiles
were removed and the residue was partitioned between water and ethyl acetate.
The organic layer was separated, washed with‘Hzo, NaHCOs, and NaCl (sat.) and
dried éver Na;S0O;. The crude product was purified on a silica gel column with

15 = 20% EtOAc in hexane to give methyl 3-hydroxyphenylacetate as a colorless oil (25
‘g, 94% yield).

. Step2 . .
Methyl 3-hydroxyphenylacetate (20 g, 0.12 mol), (R)-2,2-dimethyl-1,3-
20 dioxolan-4-ylmethyl p-tosylate (51.7 g, 1.5 eq.) and K>COs (50 g, 3eq.) in N- )
methylpyrrolidinone was heated at 96 °C overni ght. The reaction mixture was
cooléd to room temperature, quenched with H>0, and partitioned between H,O and
EtOAc. The organic layer was separated, washed with H,O and NaCl (sat.), and
then dried over Nap,SOy4. The crude product was purified on a silica gel column
25 with 20% EtOAc in hexane to give methyl 3-((R)-2,2-dimethyl-1,3-dioxolan-4-
. ylmethyloxy)phenylacetate as an oil (23 g, 68% yield).
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WO U2/ 1U1~8 15 PCT/ EP111/U8293 A "pharmaceutically
accept abl e exci pient” nmeans an excipient that is useful in preparing a

phar maceuwyip@ahognposition that is generally safe, non-toxcg/@agedrest her

bi ol ogi cal |y nor otherw se undesirabl e,

acceptable for veterinary use as well ag human pharmaceutical use.
"pharmaceutical |y acceptabl e excipient" as used in the specification and
clainms includes both one and nore than one such exci pient.
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Step3

To a solution of methyl 3-((R)-2,2-dimethyl-1,3-dioxolan-4-
ylmethyloxy)phenyl-acetate (23 g, 0.08 mol) in methanol (80 ml) and water (5 ml)
was added LiOH-H,O (13.8 g, 4 eq.). After stirring the reaction mixture at room

" temperature for 4 h, the volatiles were removed under vacuo and the residue was

partitioned between EtOAc and H>O. The aqueous layer was separated, cooled
with an ice bath, and then acidified with 10% aq. HCl. The acidic aqueous layer
was extracted with EtOAc. The EtOAc layer was washed with NaCl (sat.), dried

over Na,SO;, and concentrated to give 3-((R)-2,2-dimethyl-1,3-dioxolan-4-

ylmethyloxy)phenylacetic acid as a white solid (22 g, >99% yield).

Step 4
Oxaly] chloride (1.05 eq., 4.15 ml) was added dropwise to a solution of N-
methylindole (5.8 ml, 50 mmol) in diethyl ether (395 ml) at 0 °C. Yellow

precipitates were formed. After the completion of the addition, the reaction

mixture was stirred at 0 °C for 30 min., and then the volatiles were removed under
vacuo. The residue was re-dissolved in dichloromethane (375 ml) and added to a
solution of 3—((R)~2,2—diﬁaethyl-1,3-dioxolan-4—y1methyloxy)phenylacetic acid
(13.3 g, 50 mmbl) and Et3N (12.5 ml, 2.2eq.) in dichloromethane (375 ml) at 0 °C.

The resulting mixture was stirred at 0 °C and then allowed to warm up slowly to

‘room temperature. After stirring overnight, the volatiles were removed and the

residue was purified on a silica gel column with dichloromethane to give 3-(1-

_ methylindol-S-yI)—4—{3-((R)—2,2—dimethyl-1,3—dibxolan—4—ylmethyloxy)—

phenyllfuran-2,5-dione (5.4 g, 27% yield).

Step 5
' 3-(1-Methylindol-3-y1)-4-[3-((R)-2,2-dimethyl-1,3-dioxolan-4-
ylmethyloxy)-phenyl]furan—z,S-dione (5.4 g, 13.7 mmol) was dissolved in DMF

A (50 ml) and was diluted with NH; (aq.) (100 ml). The reaction mixture was then

heated at 140 °C for 5 hours, cooled to room temperature and then diluted with

. water. The product was extracted with EtOAc and the organic layer was washed

with NaCl (sat.) and dried over sodium sulfate to give the crude product which was

and includes an excipi ent that

A

S



A "pharmaceutically acceptable salt" of a conmpound neans a salt that is
phar maceutical |y acceptabl e and that possesses the desired pharmnmacol ogi cal

10 ~ ~ acfyo\hhivisgf the parent conpound. Such salts incl udgcrek)/aebs
addition salts, formed with inorganic acids such as hydrochloric acid,

hydr obrom ¢ aC|d sulfuric acid, nitric4acid, phosphoric acid, and t he
i ke; or forned mﬁth organi c acids such as acetic acid,. propionic aci d,
hexanoi ¢ aC|d 15 cyclopentaneproplonlc acid, glycolic acid, pyruvic aC|d

lactic acid, Iepﬁ.\c}-ﬁl %?ﬁ%ﬂt%n%hgdlcmﬁl‘ tlga%%‘%%ﬂﬁlra‘ﬁé Ecﬁol%'_%d fumaric

aci d, tartarlc ac i C acl enzol c acl oxybeénzoyl ) benzoi c
aci d, ci nnaz ﬁl—meﬂxyhxﬂdol{ﬁayi&}éL[Be((&)cZ a—dlmahhlahéshdxbbmr‘bylamtlwm)a{)pmwul fonic
.acid, 1,2-et Eﬁne-d"sygdpm c..aci d, 2-hydroxyethanesul fonic acid,

benzenesul f ont'@YEO% benzenesul foni ¢ acid,

5 -~ 'HNMR (DMSO-d6): 6 11.08 (s, NH), 8.04 (s, 1H), 7.49 (d, 1H, J=8.2),

o 7.22(t, 1H, 1=8.0), 7.12 (t, 1H, 1=7.0), 6.97 (m, 3H), 6.76 (t, 1H, J=7.5), 6.33 (d,
CIH, J=8.0), 4.23 (m, 1H), 3.96 (dd, 1H, J=6.5, 8.4), 3.91 (s, 3H), 3.77 (d, 1H,
J=5.1), 3.60 (dd, 1H, J=6.1, 8.2), 1.30 (s, 3H), 1.27 (s, 3H); MS (EI): M" 432.

10 | Following the procedure described above, but substituting 3- .
hydroxypheny}acetic acid with 2-hydroxyphenylacetic acid gave 3-(1-methylindol-
3-yi)-4—[2-((RS)-2,2-dimethyl—1,3-dioxolan-4-ylmethyloxy)phenyl]«lH-pyrrole-
2,5-dione. 'H NMR (DMSO-d6): § 10.99 (s, NH), 8.03 (s, 1H), 7.46 (d, 1H,
J=7.2), 7.38 (t, 1H, J=5.4), 7.27 (d, 1H, J=7.55, 7.11 (t, 1H, J=7.1), 7.03 (m, 2H),

15 6.64 (t,1H, J=7.1), 6.32 (d, 1H, J=7.1), 4.3 (br.s. 2H), 3.88 (s, 3H), 3.68 (br.s. 2H),
3.2 (br.s. lH),: 1.19 (s, 6H); M. pt. 220.8-221.2 °C; MS (EI): M" 432;

Following the procedure described abo've, but substituting 3-

hydrox.yphenylacetic acid with 4-hydroxyphenylacetic acid gave 3-(1-methylindol-

20 3-yl)-4;[4—((R)—2,2-dimethy1~1,3-dioxolan-4-y1methyloxy)phenyl]—1H-pyrrole-2,5-
dione. "IH NMR (DMSO0-d6): 8 11.00 (s, NH), 7.97 (s, 1H), 7.48 (d, 1H, J=6.3),
7.36 (d, 2H, J=8.9), 7.13 (t, 1H, J=7.2), 6.90 (d, 2H, J=8.9), 6.78 (t, 1H, J=7.2),

. 642 (d, 1H, 3=8 .0),.4.39 (m, 1H), 4.06 (m, 3H), 3.90 (s, 3H), 3.73 (m, 1H), 1. 35 (s,

3H), 1.30 (s, 3H); MS (EI): M" 432,

25 ' , ,

_ Following the proc;edure described above, but substituting (R)-2,2-

dimethyl-1,3-dioxolan-4-yimethyl p-tosylate With (8)-2,2-dimethyl-1,3-dioxolan-4-
ylmethyl p-tosylate gave 3-(1—.methylindol-S-yl)-4—[3-((S)-2,2-dimethy1—1,3-
dioxolan-4-ylmethyloxy)phenyl]-1H-pyrrole-2,5-dione.

30



20 2-napt hal enesul fonic acid, 4-toluenesul fonic acid, canphorsulfonic acid,
3-phenyl propionic acid, trinethylacetic acid, tertiary butylacetic acid,
- lauryl sulbyphfsgci d, gluconic acid, glutamc acid, hydroppp ?&hg aci d,
salicylic aC|&,‘stearic acid, muconic acid, and the liKke; orﬁ§% sd?ts
formed when an acidic proton present ingghe parent conpound 25 either is
replaced by a netal ion, e.g., an alkali netal ion, an alkaline earth ion,
or an alum numion; or coordinates with an organi c base such as
et hanol am ne, di et hanol am ne, triethﬁﬂgmiméux t ronet ham ne,
N- net hyl.gl ucam ne,. and the |ike.

Synthesis of 3-(1-methylindol-3-yl)-4-{3-[((R)-2,3-dihydroxypropyloxy]phenyl}-

1H-pyrrole-2,5-dione

5 Ora_po
| K
5
Step1 |
" Toluenesulfonic acid (100 mg) was added to a solution of 3-(1-methylindol-
3-yl)-4-[3-((R)—2,2-dimeth,ylf1,3-dioxolgn—4-ylmethyloxy)phenyl]-IH-pyrrole-Z,S-
10 . dione (4.3 g) in methanol (100 ml) and water (10 ml) and the reaction mixture was

heated at 50 °C overnight. The volatiles were removed and the residue was
* partitioned between water and EtOAc. The organic layer was washed with NaCl
(sat.) and dried over sodium sulfate. The crude product was purified on a silica gel
column with 5% MeOH in CH,Cl, and further purified by recrystallization from
| 15 CH,Cly/hexane to give 3-(1-methylindol-3-y1)-4-{3-[((R)-2,3-dihydroxy-
propyloxylphenyl }-1H-pyrrole-2,5-dione (2.46 g). TH NMR (DMSO-d6): § 11.05
.(s, NH), 8.03 (s, 1H), 7.48 fd, 1H, J=8.2), 7.15 (m, 1H), 7.02 (s, 1H), 6.92 (m, 1H),
6.92 (m, 1H), 6.76 (t, 1H, J=7.3), 6.37 (t, 1H, J=8.0), 4.89 (d, OH, J=4.7), 4.61 (,
OH, J=5.8), 3.90 (s, 3H), 3.85 (m, 1H), 3.72 (m, 2H), 3.37 (m, 2H); MS (EI): M*
20 392; M.pt. 177.7-178.0 °C; Anal (C2;HzN205-0.15H,0): C, H, N.

Following the procedure described above but substituting 3-(1-methylindol-
3-yD)-4-[3-((R)-2,2-dimethyl-1,3-dioxolan-4-ylmethyloxy)phenyl]-1H-pyrrole-2,5-
dione with 3-(1-methylindol-3-yl)-4-[2-((R)-2,2-dimethyl-1,3-dioxolan-4-

25 ylmethyloxy)phenyl]—lH-pyrrble-2,5-dione gave 3-(1-methylindol-3-yl)-4-{2-
[(2,3—dihydroxypropy16xy]-phenyl}-lH-pyrrole—Z,S-dione. "H NMR (DMSO-d6):
$10.96 (s, NH), 7.98 (s, 1H), 7.47 (4, 1H, J=8.1), 7.36 (t, 1H, J=8.8), 7.23 (d, 1H,

| J=7.2),7.11 (¢, 1H, J=7.1), 6.95 (m, 2H), 6.66 (t, 1H, J=7.3), 6.33 (d, 1H, J=8.0),



A conpound of Fornula (1) may act as a pro-drug. Prodrug neans any 30
conmpound whi ch rel eases an active parent drug according to Fornula (I)

in

vi vo whenypwshoggodrug i s administered to a manmal i an subjpegippeffb39s Ugs of

a conpound of Formula (1) are prepared by nodifying functional groups
WO U2/ 101S8 PCT/ EPQOL/ U8293446 t he corrpound of Formula (1)

pr esent

in

such a way that the nodifications nmay be cl eaved

10

15

20

3.87 (s, 3H), 3.6 (br.s. TH), 3.2 (br.s. 2H), 3.1 (br.s. 2H); M. pt. 245.0-247.1 °C;

MS (EI): M" 392; Anal .(C22H2005N2-1.20H20): C,N,H

Following the procedure described above but substituting 3-(1-methylindol—
3-y1)-4-[3-((R)-2,2-dimethyl-1,3-dioxolan-4-ylmethyloxy)phenyl]-1H-pyrrole-2,5-
dione with 3-(1-méthylindol-3-’yl)-4-[4-((R)-2,2—dimethyl-1,3-dioxolan-4—
ylmethYloxy)phenyl]'—1H—pyrrole-2,5-dione gave 3-(1-methylindol-3-yl)-4-{4-
[((R)-2,3-dihydroxypropyloxy]-phenyl }-1H-pyrrole-2,5-dione. "H NMR (DMSO-

dg): 6:11.00 (s, NH), 7.97 (s, 1H), 7.48 (t, 1H, J=8.2), 7.34 (d, 2H, J=8.9), 7.13 (t,

1H, J=7.2), 6.87 (d, 2H, J=8.9), 6.86 (t, 1H, J=7.2), 6.43 (d, 1H, J=8.1), 4.00 (m,
1H), 3.90 (s, 3H), 3.8 (m, 2H), 3.43 (m, 2H); M. pt. 220.3-222.7 °C; MS (EI): M*
392.

Following the procedure described abbve, but substituting 3-(1-
méthyl‘indol-B-yl)-4—[3—((R)—2,2-dimethyl—1,3-dioxolan—4-ylmethyloxy)phenyl]-1H—
pynole-2,5—dﬁone with 3-(1-methylindol-3-yl)-4-{3-((S)-2,2-dimethyl-1,3-
dioxolan-4-ylmethyloxy)phenyl]-1H-pyrrole-2,5-dione gave 3-(1-methylindol-3-
yl)-4- {3 [((5)-2,3- d1hydroxypropy]oxy]—phenyl} IH—pyrrole-Z 5-dione. MS (EI):
M+392 M. pt 176.9-178.1 °C.

Example 3
Synthesis of 3-(1-methylindol-3-y1)-4-[3-(2-morpholin-4-ylethyloxy)phenyl}-

1H-pyrrole-2,5-dione

i'n



il vivo to release the parent conpound. Prodrugs include conpounds of
Formula (1) wherein a hydroxy, am no, or sulfhydryl group in conpound (1)

i s bondedyb@2asi¥s group that may be cleaved in vivo to regppeiphfoshde free
hydroxyl, am no, or 5 sulfhydryl group, respectively. Exanples of prodrugs
i nclude, but are not limted to esters 4e.g., acetate, formate; and
benzoate derivatives), carbamates (e.g., N, N-dinethyl am no-carbonyl) of
hydroxy functional groups in conpounds of Fornula (I), and the like. to ~
"Treating" ofgeniyreatment” of a disease includes: (1) preventing the

di sease, . —g;a‘um ng the clinical synptons of the disease not to devel op
in a mammal that ffaylshlaeéxphsedoﬁblodnp}pndc(ﬂ@g)sl@dnmd),thiké?.di sease but does

oL e P G R Bl BT W0 8 S5 B L2, e

its clini caI °@W§Btaﬁd§i dr8pwise a solution of diisopropylazodicarboxylate (2 eq. 3.96 g) in

\ 5 - THF (20 ml). The resuiting solution was stirred at room temperature overnight and
was then quenched with NaHCO;. The product was extracted with EtOAc and the
EtOAc 1ayer was washed with NaCl (sat.), dried over sodium sulfate. The crude
mixture was then purified on a silica gel column with 25% acetone in hexane to
give 3-(2-morpholin-4-ylethyloxy)iodobenzene (2.8 g, 84% yield).

10

| A ﬂask charged with 3-(2-morpholin-4-ylethyloxy)iodobenzene (0.33 g, 1
mmol), bis(pinacolato)diberon (0.279 g, 1.1 rmﬁol), potassium acetate (0.294 g, 3
mmol) and PdCly(dppf) (48 mg, 0.06 mmol) was flushed with nitrogen. N,N-

15 : Diﬁlethylformamide (6 ml) was added and the reaction mixture was stirred at 80 °C ~
for 3 hours and then cooled to room temperature. 3-Bromo-4-(1-methylindol-3-yl)-
1-methylpyrrole-2,5-dione (0.255 g, 0.8 mmol) (synthesized according to the
procedures described in Brenuer, M. et al., Tet. Letr. 44, 2887, (1988)) was added
to the reaction mixture, followed by the addition of PdCl,(dppf) (48 mg, 0.06

20 mmof)) and 2 M aq. Na;COs (2.5 ml). The resulting mixture was stirred at 80 °C

“for 2.5 hours, then cooled to room temperature, and quenched with H;O. The
product was extracted with EtOAc. The EtOAc layer was washed with H20, NaCl
(sat.), dried over Na,SOy, and concentraie&. Purification of the crude product on a
silica gel column with 2/3/5 of acetone/CH,Cly/hexane gave 3-(1-methylindol-3-

25 yh-4-[3-(2-morpholin-4-ylethyloxy)-phenyl]-1-methylpyrrole-2,5-dione as an
orange-red oil. (0.25 g, 70% yield).

Step3 |
3-(1-Methylindol~3-ylj-4—[3-(2-morpholin-4-ylethy]oxy)phenyl]-1-
30 methylpyrrole-2,5-dione (0.22 g, 0.5 mmol) was dissolved in EtOH (10 ml) and a
. solutiori of KOH (1.5 g) in H,O (2.5 ml) was added. After the reaction mixture

was refluxed for 3 h, it was cooled to room temperature, followed by evaporation



(3) relieving the disease, i.e., causing regression of the disease or

clinical

is sufficient to effect such . treatnment for the di sease. The

“"therapeutically effective anount” will4&ary dependi ng on the conpound,

its

synptons. A "therapeutically effective anount” neans the anount of

a conpoungotopabisgs20 when admi ni stered to a manmmal for treqxt;lmg.oﬁog}wease

t he

di sease and its severity and the age, weight, etc., of the manmal to be
treated. 25 The nam ng and nunbering of the conpounds of this invention is

i11ustrated F BRI®WIhe residue was acidified with aq. HCI to pH=4.5. The product was

10

i5

20 .

25

extracted with EtOAc and the EtOAc layer was dried over sodium sulfate and
concentrated to give 3-(1-methylindol-3-yl)-4-[3-(2-morpholin-4-
ylethyloxy)phcnyl]furan 2,5-dione which was in the next step without further

purification.

' Step 4 '

3-(1-Methylindol-3-yl)-4-[3-(2-morpholin-4-ylethyloxy)phenyl]furan-2,5-
dione was theri dissolved in DMF (5 ml) and ammonium hydroxide (10 ml) was

" added. The resulting mixture was heated at 140 °C for 4 hours, then cooled to

room temperature, and diluted with water. The product was extracted into EtOAc.
The EfOAc layer was washed with NaCl (sat.) and dried over sodium sulfate.
Purification on a silica gel column with 5 %‘(10% NH;OH in MeOH) in CH,Cl,
gave 3-(1-methylindol-3-y1)-4-[3-(2-morpholin-4-ylethyloxy)phenyl]-

‘1H-pyrrole-2,5-dione (0.21 g, >99% vield).

"H NMR (CDCl): § 7.95 (s, 1H), 7.41 (br.s. NH), 7.32 (d, 1H, J=7.2), 7.17
(m, 3H), 7.02 (s, 1H), 6.91 (d, 1H, J=6.5), 6.83 (t, 1H, J=7.1), 6.40 (d, 1H, J=8.1),
3.92 (br.s. 2H), 3.90 (s, 3H), 3.78 (br.s. 4H), 2.65 (br.s. 2H), 2.51 (br.s. 4H); MS
(EI): M" 431; M. pt. 197.7-199 °C; Anal (C25Has04N3-0.3H0): C, H, N.

Following the procedure described above, but substituting 3-bromo-4-(1-

methylindol-3-yl)-1-methylpyrrole-2,5-dione with 3-bromo-4-(1H-indol-3-y1)-1-

- methylpyrrole-2,5-dione, provided 3-(1H-indol-3-yl)-4-[3-(2-morpholin-4-

ylethoxy)phenyl]-1H-pyrrole-2,5-dione. MS (EI): M" 417.



WO 02/ 101S8 17 PCT/ EPO1 /08293 The nomencl ature used in this application is
general ly based on the | (JPAC recommendations. Since strict adherence to
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Example 4
Synthesis of 3-‘(1-methy]indol-3~y])—4-(3-morpholin-4—y1phenyl)-

1H-pyrrole-2,5-dione

“ Step 1

A round bottom flasked flushed with argon was charged with methyl 3—
bromophenyl-acetate (2 29 g, 10 mmol) (prepared from 3-bromophenylacetic acid
as described in example 2, step 1), morphol}ne (1.05 ml, 1.2 eq.), CsCO5 (4.55 g,
1.4 eq.), Pda(dba); (92'mg, 0.01 eq) and BINAP (93 mg, 0.15eq.) in toluene (20,
ml). The resulting mixture was heated at 100 °C overnight and then diluted with

| diethyl ether (120 ml). The precipitates were filtered through a Celite pad and the

filtrate was concentrated and purified on a silica-gel column with 20% EtOAc in

hexane to give methyl 3-(morpholin-4-yl)phenylacetate (0.55 g, 23%).

Step 2
- To a solution of methyl 3-(morpholin-4-yl)phenylacetate (0.50 g, 2.1 mmol)
in methanol (5 ml) and H,O (1 ml) was added lithium hydroxide monohydrate

_ (0.18 g, 2 eq.). After the reaction mixture was stirred at room temperature

overnight, it was concentrated to dryness. Acetic acid was then added to the
residue and the resulting mixture was partitioned between EtOAc and H;O. The
organic layer was washed with NaCl (sat.), dried over N2a,SO,, and evaporation

under vacuo to give 3-(morpholin-4-yl)phenylacetic acid (0.42 g).

Step 3
3-(Morpholin-4-yl)phenylacetic acid (0.42 g, 1.9 mmol) was dissolved in

- CH,Cl; (5 ml) and oxalyl chloride (0.22 ml, 1.2 eq.) was added. The reaction

mixture was stirred at room temperature for 2 h and then cooled to 0 °C.



5 conpounds have been naned in a formthat maintains consistency of
nonmencl ature for the basic structure of the nolecule. For exanple, a

conpound WboE,@@lﬁw a (l) where R, R', Ra and RS are hydr pgekpofis2b$
methyl, R6 is 2-hydroxyethylam no and is nmeta to the carbon attaching the
phenyl ring to the pyrrole-2,5-dione rimg is narred

3- (1- et hyl i ndol yl') - 4[3(2to~ :

hydr oxyet hyI am nophenyl ) -1 H-pyrrol e 2,5-dione. a conpound of Formula (1)

where R,
2- hydr oxyet h %o%%ﬁ@r&{ﬁc garﬁgﬁ lg%égra on a%g [ nOfaﬁLes Weﬁenyl ring to
t he pyrrole- Zy;eﬁmodeobmd thé c:gd¢ mixtare. wamdhﬁo(vﬁd ltremlat;hhnaidsjir;eki) antl fiiltbré 2

<hydroxyet hyl a'ﬁl folrt)rat%Was concenP Z ! cri(t)cl §w§ 35(morp%oﬁn 4-yl)benzylamide (0.5 g) which

was in the next step without any further purification).

Step 4
To a suspension of 3-(morpholin-4-yl)benzylamide (0.5 g) and methyl
indoleglyoxalate (0.55 g, 2.5 mmol) in THF at 0 °C was added potassium terz-
butoxide (1.0 M, 3.45 ml, 3.45 mmol) dropwise. The reaction mixture which
10 turned orange in color was stirred at 0 °C for 1 hour and then allowed to warm to
room temperature. After stirring overnight, the reaction mixture was quenched
with HzO and extracted with EtOAc. The organic layer was washed with NaCl
(sat.), and dried over Na;SQO4. Preparative TLC purificaiton with 5% MeOH in
CH,Cl; gave 3-(1—methylindol-3-yl)—4—(3—mdrpholin—4-ylpheny1)-1H-pyrrole-2,,5—
15 dione (150 mg) as an-oil which was converted to the hydrochloride salt and
rccrystallized from EtOAc to give 3-(1-methylindol-3-y1)-4-(3-morpholin-4-
ylphenyl)-1H-pyrrole-2,5-dione hydrochloride (72 mg) as a solid.

" 'H NMR (DMSO-d6): § 11.02 (s, NH), 8.02 (s, 1H), 7.48 (d, 1H, J=8.1),
" 20 7.15 (m, 2H), 6.90 (m, 2H), 6.74 (t, 1H, J=7.4), 6.34 (d, 1H, J=8.1), 3.90 (s, 3H),
3,62 (m, 4H), 2.8 (m, 4H); MS (LSIMS): (M+H)* 388; M. pt. 205.3-212.6 °C.

Following the procedure described above, but substituting morpholine with
pyrrolidine in Step 1, 3-(1-methylindol-3-yl)-4-(3-pyrrolidin-1-ylphenyl)-1H-
25 pyrrole-2,5-dione was prepared. MS (EI): M* 372.



15 Representative conpounds of this invention are as folloms | . Conpounds
of Formula (1) where R, R2, R~ and RS = hydrogen, R3 = nethyl, and R6 is
as definegohehpwgare: Rs CH3 20 RM pt CMass Spec Exanpleﬁp@myoumum;

#1-12, 3- dlhydroxypropyloxy245 247.1392

M1l - 22 2-di met hyl - 1, 3-220. 8- 221. 2432 Ms2di oxol an- 4-yl met hyl oxy

. Example 5
Synthesis of 3-(1-methylindol-3-yl)-4-[3-(3-aminopropyloxy)phenyl]-
1H-pyrrole-2,5-dione

Iy © R

Step 1 A
" To asolution of methyl 3-hydroxyphenyl acetate (2.49 g, 15 mmol) and 1-
bromo-3-chloropropane (2.96 ml, 2eq.) in acetonitrile (50 ml) was added cesium
carbonate (5.4 g, 1.1 eq:). The reaction mixture was refluxed for 24 h, then cooled
10 _ to room temperature and filtered through a Celite pad. The filtrate was
~ concentrated and the residue was purified on a silica gel column with 5/55/40 of
MeOH/CHZClz/hexane to give methyl 3-(3- chloro—propyloxy)pheny] acetate (4.2 g)

as an 011

15 - Step 2 )
. To a solution of methyl 3-(3-chloropropyloxy)phenyl acetate (2.87 g, 10

mmol) in methanol (15 ml) was added LiOH-H,O (0.84 g, 2 eq.). The reaction
Imxture was stirred at room temperature for 2 h. Volatiles were removed and the
| remdue was partltloned between EtOAc and water. The aqueous layer was
20 acidified and extracted with EtOAc. The combined EtOAc layers were washed
with NaCl (sat.), dried over Na,SO,4 and concentrated to give 3-(3-
chloropropyloxy)phenylacetic acid (2.8 g).

Step 3
25 To a solution of N-methylindole (1.16 ml, 9.1 mmol) in diethyl ether (70

nﬂj at 0.°C was added dropwise oxalyl chloride (0.83 ml, 1.1 eq.). After the
additon, the reaction mixture was stirred at 0 °C for 15 min., and the volatiles were

. - removed under vacuo. The residue was re-dissolved in dichloromethane (70 ml)



WO 02/ 10158 is PCT/EPO1 /08293 I1. Conpounds of Formula {I) where R, RZ,
R4 and RS = hydrogen, R3 = nethyl, and R6 is as defined bel ow are: Cpd.
#RM  pt  GBgsnHRge- Exanpl el | - 12-ami noet hyl oxy™ *' 182. 4- 187364/EP01/08293
M+61 | - 23- am nopr opyl oxy *' , 375
Mt511-32(R), 3-di hydroxypropyl oxyl 77. 7- 188392 MFZI -4

. 2-nor phol i n-4-yl et hyl oxy197. 7- 199431
M3 | -52(S), 3-di hydroxy- propyl oxyl176. 9-178. 1392

M ' ~211-6(R t byl ‘
M1l 1 - 7( 'S§ . é%‘f‘ﬁ?%ﬂ "\é (2§ n}l' 29d PWL Fied: hORLBYSPEN AR was cooled to 0
°C and a solution of 3-(3-chloro-propyloxy)phenylacetic acid (2.73 g, 10 mmol) in

=

dichloromethane (70 ml) was added dropwise. The resulting mixture was stirred at
0 °C, and then allowed to warm up to room temperature overnight. Volatiles were

5 - - removed under vacuo and the residue was purified on a'silica gel column with
dichloromethane to give 3-(1-methylindol-3-y1)-4-[3+(3-chloropropyloxy)-
phenyl}furan-2,5-dione (1.1 g). |

Step 4
10 ' To a solution of 3-(1-methylindol-3-yl1)-4- [3 (3-

chloropropyloxy)phenyl]furan—Z 5-dione (1.0g, 2.2 mmol) in DMF (15 ml) was
added sodium azide (0.43 g, 3 eq.) and the resulting mixture was heated at 75 °C
for 24 hours. The reaction mixture was cooled tb room temperature and quenched
with water. The product was then extracted into EtOAc. The EtOAc layer was.

15 washed with H,0; NaCl (sat.), dried over Na,SO,, and concentrated in vacuo to
give 3-(1-methylindol-'3-yl)-4~[3-(3—azidopropyloxy)phenyl]furan—2,S-dione (109

which was used directly in the next step without any further purification.

Step 5.
20 'To a solution of 3-(1-methylindol-3-y1)-4-[3-(3-azidopropyloxy)-
‘phenyi]furan-2,5-dione (1.0 g) in DMF (7 ml) was added and ammonium
hydroxide (50 ml). The reaction mixture was heated at 140 °C for 3.5 hours, then
_ cooled to room temperature and diluted with water. The precipitates were filtered
and dried to give 3-(1-methylindol-3-yl)-4-[3-(3-azidopropyloxy)phenyi}-1H-
25 pyrrole-2,5-dione (0.58 g). MS (EI): M"401.

Step 6
To a solution of 3-(1-methylindol-3-yl)-4-[3-(3-azidopropyloxy)phenyl]-
1H-pyrrole-2,5-dione (0.4 g, 1 mmol) in THF (20 ml) was added PhsP (0.25 g, 1.1
30 eq.), followed by the H,0 (0.017 ml). The resulting mixture was stirred at room
_temperature for 48 h and then concentrated in vacuo. The residue was purified on a
silica gel column with 8% (10% NH,OH in methanol) in CHxCl, to give 3-(1-



di oxol an- 4-yl net hyl oxy186. 8- 187. 4432 M1l -8(RS)-2, 2-di net hyl -1, 3-

di oxol an- 4-yl - net hyl am no431 M+711-92, 3-di hydr oxy- propyl am nol60- 163. 592
(MEL~+711 <di net hyl - 1, 3- di oxan-5- yl arni no201- 203431

MOl | - 11(%%?’-%‘21;3ﬁgdr oxy- 1- hydroxynet hyl et hyl anuno97. 5- 101:5:8{/“01/08293
M+101 | - 12( RS) - 3- hydr oxybut yl am no389 Mt3411-13(RS) - 2- hydr oxy- 1-

met hyl propyl am no389 M-15I1 - 13At et r ahydr opyr an- 4- yl anuno401

M+8I | - 14i m dazol - 2-yl met hyl am no397 M1l

methylindol-3-yl)-4-[3-(3-aminopropyloxy)-phenyl]-1H-pyrrole-2,5-dione (0.35 g)
which was converted to HCI salt and recrystalized to give 3-(1-methylindol-3-yl)-
4-[3-(3-aminopropyloxy)-phenyl]-1H-pyrrole-2,5-dione (0.21 g) as the HCI salt.

5 . 1H NMR (DMSO-dé6): & 11.1 (s, NH), 8.06 (s, 1H), 7.50.(d, 1H, J=8.2),
7.20 (m, 2H), 6.91 (m, 2H), 6.73 (t, 1H, J=7.2), 6.33d, 1H, J=8.0), 3.93 (m, 2H),
3.91 (s, BH), 3.67 (br.s. 2H), 1.85 (m, 2H); MS (EI): M* 375,

Example 6
10 Synthesis of 3-(1-methylindol-3-yl)-4-[3-(2-aminoethyloxy)phenyl]-
1H-pyrrole-2,5-dione

N Ox_\

\ NH,

15 Step 1
To a stirred solution of methyl 3-hydroxyphenylacetate (1.66 g, 10 mmol),

2-chloroethanoi (1.34 ml, 2 eq.) and triphenylphosphine (5.24 g, 2 eq.) in THF (100
ml) at 0 °C was added dropwise diisopropylazodicarboxylate (3.96 ml, 2 eq.) and
the resulting mixture was stirred at room temperature overnight. The reaction
20 mixture was then quenched with NaHCO; and the product was extracted with
EtOAc. The EtOAc layers were washed with brine, dried over sodium sulfate, and ’
concentrated. Puriﬁcatioﬁ on a silica gel column with 10% EtOAc in hexane gave
methyl 3-(2-chloroethyloxy)phenylacetate (1.6 g, 70% yield) which was converted
to 3-(1-methylindol-3-yl)-4-{3-(2-aminoethyloxy)phenyl]- 1H-pyrrole-2,5-dione by

25 following the procedure described in Example 5, Steps 2-6 above.

'H NMR (DMSO-d6): & 11.11 (s, NH), 8.22 (br.s. NH2), 8.05 (s, 1H), 7.49
(d, 1H, J=8.2), 7.20 (m; 1H), 7.12 (s, 1H), 6.99 (dd, 1H, J=2.6, 8.3), 6.90 (d, 1H,
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Spec. Exanpl el I - 15nmor phol i n- 4- yh*~20S. 3-212. 6388

M4l | - 163y 6t8hbrsput vl - di met hyl silyl - oxy) propyl am no58- 659
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( M+H) * 151 | - 23351hnck. QFY- XIS (LSIMS) (M+H) 362 M. pt. 182.4-187 °C; Anal
(C21H20N303C1-0.85H20)2 C, H, N

5 Example 7
Synthesis of 3-(1-methylindol-3-yl)-4-{3-[(2(RS),3- dlhydroxy ~2-
hydroxypropylannno]phenyl }-1H-pyrrole-2,5-dione

10 . . .
Stepl
Oxélyl chioride (4.9 ml, 56 mmol) was added dropwise to a stirred solution
of 1-methylindole (6.5 ml, 51 mmol) in ether (350 ml) at 0 °C. After the
completion of the addition, the reaction mixture was stirred at 0 °C for 30 min., and
15 . then the volatiles were removed under reduced pressure to afford 1-methylindole-

.3-glyoxylyl chloride.

© Step2 |
' A solution of 1-methylindole-3-glyoxylyl chloride in dichloromethane (350
20 ml) was added to a solution of 3-nitrophenylacetic acid (8.5 g, 0.093 ml) and
triethylamine (13 ml, 93 mmol) in dichloromethane (350 ml) at 0 °C. The reaction
mixture was then stirred at room temperature overnight and then concentrate under
reduced pressure. The crude product was purified on a silica gel column with 6:1
hexane/ethyl'acetate to afford 3-(1-methylindol-3-yl)-4-(3-nitrophenyl)furan-2,5-
25 dione (9 g, 55%).



met hyl propyl am no389 M 1411 -24(RS)-bi s(2, 3-di hydroxy- propyl)am no66
(MtH) * 711 - 25pyrrolidin-1-yl 372 M4l | -26(S) -2, 3- di hydroxypropyl am no92
(MrH) * 71 Iyw@d 42/biss 3- di hydr oxy- propyl am no~*~92 PCT/EP01/08
(MrH) * 711 -284- hydr oxycycl ohexyl am no415 CTIER01/08293
M 8TI - 294- hydr oxypi peri di n-1-yl 136. 0- 1435002
(MtH) * 2311 -30(R) -2, 2-di net hyl -1, 3- di oxol an- 4-yl - net hyl sul f anyl 448
Mr181 1 -31(R) -2, 3- di hydroxypropyl sul fanyl 408 M-21I1-32(R)-2, 2-di net hyl -1, 3-
di oxol arl-4-yl‘s-ten%t hyl sul finyl 65 (MtH) *19
A solution of 3-(1-methylindol-3-y1)-4-(3-nitrophenyl)furan-2,5-dione (9 g,
26 mmol) in DMF (20 ml) was heated to about 140 °C. Aqueous ammonia (20 ml)
was added in portions and the heating was continued for 6 h. Water (20 ml) was
5 * added and the reaction mixture was allowed to stand af room temperature

overnight. The orange colored solid was filtered off; washed with water and dried

under vacuum to afford 3-(1-methylindol-3-yl)-4-(3-nitrophenyl)-1H-pyrrole-2,5-

dione (6.7 g, 75%).

10 Step 4

Toa solutlon of 3-(1-methylindol-3-yl)-4-(3-nitrophenyl)-1H-pyrrole- 2 5-
dlone (6 S5g, 19 mmol) in acetone (500 ml), was added TiCl; (45 ml) in 5 portions
at 30 minute intervals. The reaction mixture was stirred at room temperature
overnight and then neuteralized with 10N NaOH. The product was extracted with

15 : EtOAc; dried, and concentrated. The crude product was purified on a silica gel.

column with 3%MeOH in CH,Cl; to afford 3-(1-methylindol-3-yl)-4-(3-
aminophenyl)-1H-pyrrole-2,5-dione (4.9 g, 82.5%).

Step 5
20 " A mixture of 3-(1-methylindol-3-yl)-4-(3-aminophenyl)-1H-pyrrole-2,5-
" dione- (100 mg; 0.32 mmol) and 2,2-dimethyldioxolane-4-carboxaldehyde (0.38
mmol) (prepared as described in Kumont, von R., et al. Helv. Chim. Acta., 66, 814,
(1983)) in dichloromethane (12 ml) was stirred at room temperature for 10 min.,
and then Na(OAc);:BH (120 mg, 0.57 mmol) was added. The reaction mixture was
25 stirred overnight and then partitioned between EtOAc and H,O. The organic layer ,
was separated, washed with water and concentrated. The crude product was
purified by preparatory TLC with 3/1 hexanes/EtOAc to give 3-(1-methylindol-3-
yl)-4—[3—(2,2_-dimcthyldioxolan-4-ylmethylamino)phenyl]—1H—pyrrolc-2,5-dione
(32.6 mg, 24%).
30
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Step6
3—(1-Methylindol-é-yl)-4-[3~(2,2—dimethyldioxolan—4-
ylmethylamino)phenyl]-1H-pyrrole-2,5-dione (30 mg) was dissolved in MeOH (5
ml) and H>O (1 ml). Catalytic amount of p-toluenesulfonic acid was added and the
5 reaction mixture was stirred at 50 °C overnight. The reaction mixture was
concentrated and the residue was purified by preparatory TLC to give 3-(1-
methylihdol-3-yl)-4-{3—[(2(RS),3-dihydroxypropylamino]phenyl}-1H—pyrrole—2,5—
dione (18 mg, 66%). MS(EIL): M* 391; M. pt. 160-163.5 °C.

10 Example 8 _
Synthesis of 3-(1-methylindol-3-yl)-4-(3-tetrahydropyran-4-ylaminophenyl)-1H-

pyrrole-2,5-dione

15
A mixture of 3-(1-methylindol-3-yl)-4-(3-aminophenyl)-1H-pyrrole-2,5-
dione (100 mg, 0.32 mmol) and tetrahydro-4H-pyran-4-one (65 mg, 0.65 mmol) in
MeOH (8 ml) was stirred at room temperature for 40 min., and then NaCNBHj (63
mg, 1.0 mmol) was added. After stirring the reaction mixture overnight the
20 volatiles were removed under vacuo and the residue was purified by preparatory

TLC (3%MeOH/CH,Cl,) to give 3-(1-methylindol-3-y1)-4-(3-tetrahydropyran-4-
ylaminophenyl)-1H-pyrrole-2,5-dione (88.2 mg, 70%).
LC/MS: M" 401(98.6%).
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Synthesis of 3-(1-methylindol-3-yl)-4-[3-(2,2-dimethyl-1,3-dioxan-5-
ylamino)phenyl]- 1H-pyrrole-2,5-dione

A mixture of 3-(1-methylindol-3-yl)-4-(3-aminophenyl)-1H-pyrrole-2,5-
dione (200 mg, 0.63 mmol) and 2,2-dimethyl-1,3-dioxane-5-one (98 mg, 0.76

" mmol) in MeOH (10 ml) was stirred at room temperature for 15 min., and then .

'NaCNBHj3 (79 mg, 1.26 mmol) was added. After stirring the reaction mixture -

overnight the volatiles were removed under vacuo and the residue was purified by
preparatory TLC (1% MeOH/CH,Cl,) to give 3-(1-methylindol-3-y1)-4-3-(2,2-
dimethyl-1,3-di9xan~5-ylamino)phenyl]—1H~pjlrrole—2,5-dione

(185 ﬁg, 68%). MS(EI): M* 431; M. pt. 201-203 °C.

Example 10
Synthesis of 3-(1-methylindol-3-yl)-4-[3-(1-(RS)-hydroxy-2-
hydroxymethylethylamino)phenyl}-1H-pyrrole-2,5-dione
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hydr ochl agp@e/1diés Conmpounds of Formula (1) where RL, R2, BéradifRSes
hydrogen, R3 = nethyl, and R6 is as defined bel ow are: Op?. #Rm  pt

CvassExanpl eSpec. | V-1{R) - 2, 2-di net hyl - 1,5 432
M+1di oxol an- 4-yl - met hyl oxyl V- 2( RS) - 2, 3-di hydr oxy-212-213. 57pr opyl am noN- 3( R
S) -2, 2-di net hyl -1, 3- 85-87. 87di oxol an- 4-yl - met hyl am noN- 43- hydr oxybut yl anuno
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Mr13I V- S(RS) - f‘-srcr’\leutt!ﬁi} of 3-(&.}%%1%3(11&%1 Plc')?(';}lllgﬁig?lngh%-%l&e&yé—é (3I:\§)h,o§a}nd|5'l¥%7dr oxypr opyl oxy
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(Exanpl e 27); ovemight. The volatiles were removed under vacuo and the residue was purified by
“ 5 preparatory TLC (3% MeOH/CH,Cl,) to afford 3-(1-methylindol-3-y1)-4-[3-(1-
(RS)-hydroxy-2-hydroxymethylethylamino)phenyl]-1 H-pyrrole-2,5-dione (130 mg,
83%). MS(LSIMS):-(M-+H)"* 392, M. 'pt. 97.5-101 °C.

, o Example 11 '
10 Synthesis of 3-(1-methylindol-3-yl)-4-[3-(imidazol-2-ylmethylamino)phenyl]-

1H-pyrrole-2,5-dione

- A mixture of 3-(1-methylindol-3-yl)-4-(3-aminophenyl)-1H-pyrrole-2,5-
15 dione, (100.mg, 0.32 mmol) and imidazole-2-carboxaldehyde (40 mg, 0.42 mmol)
in Mf;OH (8 ml) was stirred for 15 min., and then NaCNBH3 (40.2 mg, 0.64 mmol)
was added. After stirring the reaction mixture overnight the volatiles were
removed under vacuo and the residue was purified by preparatory TLC (3%
MeOH/CH,C1,) to afford 3-(1-methylindol-3-yl)-4-[3-(imidazol-2-
20 ylmethylamino)phenyl]-1H-pyrrole-2,5-dione (24.8 mg, 20 %). LC/MS: M*
397(94.2%). _ | '
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_ Example 12
Synthesis of 3-(1-methylindol-3-yl)-4-[3-(3-tert-butyldimethylsilyloxypropyl-
amino)phenyl]- 1H-pyrrole-2,5-dione

Tetrapropylammonium perrutherjate (0.148 g, 5.3 mmol) was added to a
mixture of methylene chloride (20 ml) and écétonitrile (2 ml) containing 3-(zert-
butyldimethylsilyloxy)-propanol (2 g, 0.01 mmol), N-methylmorpholine N-oxide
(1.76 g) and 4 A molecular sieves. The reaction mixture was stirred at RT
ovemigh; and then filtered through a pad of silica gel. The filtrate was
concentrated under vacuo to afford 3-(tert-butyldimethylsilyloxy)-propionaldehyde
(13 g,66%).

Step 2.

A mixture of 3-(1-methylindol-3-yl)-4-(3-aminophenyl)-1H-pyrrole-2,5-

~ dione (0.2 g, 6 mmol) and 3-(tert-butyldimethylsilyloxy)propionaldehyde (0.25

g,13 mmol) in CHzCl; (10 ml) and MeOH (5 ml) was stirred at room temperature
for 15 min and then NaCNBH; (57 mg, 1.5 eq) was added. The reaction mixture
was stirred at RT overnight and then concentrated under vacuo. The residue was
purified by preparatory TLC to give 98 mg 3-(1-methylindol-3-yl)-4-[3-(3-tert-
butyldimethy_lsilyloxypropylarrﬁno)phenyl]-1H—pyrrole-2,5-dione (32%) MS
(LSIMS): (M+H)* 490; M. pt. 58-65 °C.

Proceeding as described in example 12 above, but substituting 3-(zer?-

butyldimethyl—silyloxy)propanol with 2-(zerz-butyldiphenylsilyloxy)ethanol



of the Invention, certain conmpounds of Formula (I) are preferred. (A A
preferred group of conpounds is that wherein R3 is al kyl, preferably to

met hyl orwetoiMbissnore preferably nmethyl. Wthin this grour}@/m{/@npjeferred
group of compounds is that wherein R6 is at the 3- or 5-position of the
phenyl ring, preferably R6 is at the 3-gposition of the phenyl ring. 15
Wthin this group a nore preferred group of conpounds is that wherein R6 is
het er oal kyl .

provided 3-(1-methylindol-3-y1)-4-[3-(3-zerz-butyldiphenylsilyloxy-
ethylamino)phenyl]-1H-pyrrole-2,5-dione.

Example 13
5 - Synthes:s of 3-(1-methylindol-3-y1)-4-[3- (3-hydroxypropylannno)phenyl]-
' 1H-pyrrole-2,5-dione:

H
N

o) o

(5 O

I o

10 ‘ To a solution of 3-(1-methylindol-3-yl)-4-[3-(3-ters-
‘ butylsﬂyloxypropylannno)-phcnyl] 1H-pyrrole-2,5-dione (85 mg,0.17 mmol) n

THF (3 ml) was added a solution of 1 M tetrabutylammonium fluoride in THF (5
ml) via a syringe. The reaction mixture was stirred at room temperature for 1 h
and then concéntrated in vacuo. The residue was purified by preparatory TLC

15 . (4%MeOH/CHCl,) to give 3-(1-methylindol-3-yl)-4-[3-hydroxy-

, propylamino)phenyl]-1H—pynole-2,5-dione which was converted to HCl salt ( 29

mg, 41%) by dissol_ving it in MeOH and adding 1M HCI in ether (3 ml).
MS(LSIMS): (M+H)" 376, M. pt. 180-192 °C.

20 Proceeding as described in example 13 above, but substituting 3-(1-
methylindol-3-yl)-4-[3-(3-tert-butylsilyloxypropylamino)-phenyl]-1H-pyrrole-2,5-
dione with 3-(1-methylindol-3-yl1)-4-[3-(3-tert-butyldiphenylsilyloxyethylamino)-
phenyl]-1H-pyrrole-2,5-dione provided 3-(1-methylindol-3-y1)-4-[3-(2-
hydroxyethylamino)phenyl]-1H-pyrrole-2,5-dione. MS(LSIMS): (M-+H)* 362, M.

25 pt. 170.3-170.6 °C.



Anot her nore preferred group of conpounds is that wherein R6 is 20

het erocycl yl al kyl . Yet another nore preferred group of conpounds is that
wherein [ (wherein R8 is heteroal kyl or heterocy

pref er abﬁ?o('%%g , (R or (S)-2,3 dihydroxypropyl oxy, 3- hyd%g%l/%rog%df%%xy,
2- am noet hyl oxy, 3-am nopropyl oxy,- 25 2gpor phol i n-4-yl et hyl oxy, or (R) or
(S)-2,2-dinethyl -1, 3-di oxol an-4-yl net hyl oxy, nore preferably (RS), (R) or
(S)-2,3-di hydroxypropyl oxy. Yet another nore preferred group of conpounds
is that wherein R6 is hl HRL (wherei nE)fgndlglélpeter oal kyl, heterocyclyl, or
het erocycl yl al kyl), preferably

Synthesis of 3-(1-methylindol-3-y1)-4-[3-(3-hydroxy-1-methylpropyl-
amino)phenyl]- 1H-pyrrole-2,5-dione

To a mixture of 3~( 1—methylindol-3-y1)-4-(3-aminophenyl)—1H—pyrrole-é,S-
dione (0.2 g, 0.6 mmol) and 4-hydroxy-2-butanone (80 mg, 1,5 eq) in
dichloromethane (15 m!) was added NaCNBH; (56 mg, 1.5¢q) and the reaction
mixture was stirred at RT for three days. Tﬁe product 3-(1-methylindol-3-y1)-4-[3-

10 : (3—hydroxy—1.-met.hylpropylamino)phenyl]- 1H-pyrrole-2,5-dione was separated by
preparatory TLC (8.9 mg, 3.6%). LC/MS: M* 389,

. Example 15
Synthésis of 3-(1-methylindol-3-yl)-4-[3-(2-hydroxy-1-methylethylamino)phenyl]-
15 o . 1H-pyrrole-2,5-dione

To a mixture of 3-(1-methylindol-3-y1)-4-(3-aminophenyl)-1H-pyrrole-2,5-
20 dione (100 mg, 0.32 mmol) and hydroxyacetone (0.03 ml, 1.5 eq) in CH,Cl, (12
ml) and THF (5 ml) was added NaCNBH; (28 mg, 1.5 eq) and the reaction mixture ~

- was stirred overnight,



30 (RS),

(R or (S)-2,3-di hydroxypropyl am no, 2-hydroxyethyl am no, 3

hydr oxypr opyl am no, (RS), (R) or

(» S~ 2, 2~gpwehéuk - 1, 3- di oxol an- 4-yl net hyl am no,

T/EP01/08293 .

2, 2-di met hyl -1, 3- di oxan-5-yl am no, 2-hydroxy-1.-hydr oxymstpﬁyl et hyl am no,
WO 02/ 10158 PCT/ EPO01/ 08293 23 hydroxybugy! am no, i m dazol =2-yl met hyl am no
or tetrahydropyran-4-ylamno, nore preferably (RS), (R) or

(S) -2, 3-di hydroxypropyl anuno, (RS), (R or (9-2,2

10

J15

20

25

Step 1.

The volatiles were removed u_n"der vacuo and the residue was purified by
preparatory TLC to givé 3-(1-methylindol-3-y1)-4-[3-(2-hydroxy-1-
methylethylamino)phenyl]-1H-pytrole-2,5-dione (8 mg). LC/MS: M" 375(85.6%).

Exaxhple 16 .
Synthesis of 3-(1-methyl-5-chloroindol-3-y1)-4-{3-[((RS)-2,3-
dihydroxypropylamino]phenyl }-1H-pyrrole-2,5-dione

To a room temperature solution of 5-chloroindole (4.97 g) in dry DMF (40
ml) was added potassium hydroxide pellets (2.76 g) and stirred 1 h until most of the
solid diséolved. The resﬁlting mixturé was cooled to 0 °C in an ice bath and
iodométﬁane (2.45 ml) was added dropwise and later stirred overnight at room

temperature under argon. The reaction mixture was poured into water and extracted

‘twice with ETOAc. The ETOAc portions were combined, washed with water, dried '

over magnesium sulfate, concentrated, and flash chromatographed with

 10%ETOAc/Hexane to give 1-methyl-5-chloroindole as a pink liquid (5.43 g).

Step 2 .
1-Methyl-5-chloroindole-3-glyoxylyl chloride was prepared by proceeding
as described in Examplé 12, Step 1, but substituting 1-methyl-5-chloroindole for
1-methylindole.

Ste;p 3
3-(1—Methyl-S-chloroindol—3-yl);4-(3~nitropheny1)furan-2,5-dione was
prepafed by proceeding as described in Example 12 , Step 2, but substituting 1-

3



di met hyl - 1, 3- di oxol an- 4-yl net hyl am no, 3-hydroxybutyl am no, or 2-hydroxy-1
hydr oxynmet hyl - et hyl am no. Yet another nore preferred group of conpounds is

t hat whergpn,Reisks heterocyclyl or -X-(al kyl ene)-Y-het er oglcl gsein X
is a covalent bond, -O or -NH and Yis -O or -NH), pre1‘be¥ﬂall)lgI{/?/h

het erocycl yl, nore preferably norpholingg-yl or pyrrolidin-1-yl. to Yet
anot her nore preferred group of conpounds is that wherein R6 is S(O nR8
(wherein nis an integer fromO to 2; and R8 is heteroal kyl, heteroaral kyl,

s an i ntegerRUnT BIpREHI B R AR SR R R L )

nmor e pr ef er akdhjorfde.

5+ - . 3(1-Methyl-5-chloroindol-3-yl)-4-(3-nitrophenyl)-1H-pyrrole-2,5-dione
' was prepared by proceeding as described in Example 12 , Step 3, but substituting 3-
(1-methyl-5-chloroindol-3-yl)-4-(3-nitrophenyl)furan-2,5-dione for 3-(1-
methylindol-3-y1)-4-(3-nitrophenyl)furan-2,5-dione. '

0 Step 5
A mixture of 3-(1-methyl-5-chloroindol-3-yl)-4-(3-nitrophenyl)-1H-
pyfrolé—Z,S-dionc (865 mg), 10% palladium on carbon (90 mg), and glacial HOAc
(35 ml) was stirred and hydrogenated at atmosﬁheric pressure using a balloon (2 h)
. The reaction mixture was filtered through a t)ad of celite, cooled to 0 °C and KOH
15 peilets'-‘were added until pH 8. The solution was extracted with ETOAc, dried .

“ (magnesium éulfate), and stripped. The crude was flash chromatographed with 10%
through 20% ETOAc-Hexane to provide 3-(1-methyl-5-chloroindol-3-yl)-4-(3-
aminophenyl)-1H-pyrrole-2,5-dione (495 mg).

20 Step6

’ - To arobm temperature solution of 3-(1-methyl-5-chloroindol-3-y1)-4-(3-
aminophenyl)-1H-pyrrole-2,5-dione (492 mg) in methanol (250 ml) was added DL
glyceraldehyde dimer dissolved in water (15 ml) followed by sodium
cyanoborohydride (110 mg) and the reaction mixture was stirred overnight under

25 | argon. The reaction appeared to be only 30% complete by TLC. Additional dimer
(150 mg) and cyanoborohydride (100 mg) were added. After another 6 h, the

14

reaction appeared to be 50% complete. The solvent was removed and the crude
residue was flash chromatographed with 5% to 7% to 10% MeOH/dichloro-
methane. 3-(1-Methyl-5-chloroindol-3-y1)-4-{3-[{((RS)-2,3-dihydroxypropyl-
30 amino]phenyl }-1H-pyrrole-2,5-dione was obtained as a dark red solid (220 mg).
~ MS(EI): (M+H)* 426; M. pt. 224.8-226.1 °C.



15 is (RS), (R or (S)-2,2-dinethyl-1, 3-di oxol an-4-yl net hyl sul fanyl, (RS),
(R or (S) 2, 3-di hydroxypropyl sul fanyl, (RS), (R) or

(S) -2, 2- dygwbhyisg 1, 3- di oxol an-4yl net hyl sulfinyl, (RS), (BRt:r8Po1/08293

(S)-2, 3-di hydroxypropyl sulfinyl, (RS), (R or '

(S) 2, 2-di net hyl - 1, 3-di oxol an-4-yl met hyl ggul fonyl, or (RS), (R or

(S) -2, 3di hydr oxypr opyl sul fonyl. 20 Yet another nore preferred group of
conmpounds is that wherein R6 is heterosubstituted cycl ohexylam no. Wthin
these preferred and nore preferred groups of conpounds, an even 25 nore
preferred group of conpounds is that wherein: R and R2 are hydrogen; or Rl
i s hal ogen, preferably chloro and i sEkouogledd at

Synthesis of 3-(’1 -methyl-5-fluoroindol-3-yl)-4-{3~[((RS)-2,3-dihydroxy-
propylamino}phenyl }-1H-pyrrole-2,5-dione

Step 1
1-Methyl-5-fluoroindole was prepared by proceeding as described in

Example 16, Step 1, but substituting 5-fluoroindole for 5-chloroindole.

10 '

1-Methyl-5-fluoroindole-3-glyoxylyl chloride was prepared by proceeding

as described in Example 16 , Step 2, but substituting 1-methyl-5-fluoroindole for 1-
methyl-chloroindole. -

15 -
Step 3- _

: 3-(1~Methyl-5-ﬂuor6indol-3-yl)-4—(3—nitrophenyl)furan-Z,S-dione was

prepared by proceeding as described in Example 16 , Step 3, but substituting 1-
methyl-5-fluoroindole-3-glyoxylyl chloride for 1-methyl-5-chloroindole-3-

20 | glyoxyiyl chloride.

Step 4
3-(1-Methyl-5-fluoroindol-3-yl)-4-(3-nitrophenyl)-1H-pyrrole-2,5-dione
was prepared by proceeding as described in Example 16 , Step 3, but substituting 3-
25 (1~rnethy1~5-f1uoroindol—3-y1)4-(3-nitrophenyl)furan—Z,S-dione for 3-(1-methyl-5-
chloroindol-3-y1)-4-(3~hitropheny1)furan-2,5—dione.



the 5-position of the indole ring and R2 is hydrogen; and R4 and RS are at
the 2- and the 6- positions of the phenyl ring respectively and are

hydr ogen, Al hal ogen, al koxy, cyano or nitro, prefera n, 30
chloro orwgloé%glr"g? nore preferably R4 and RS are both hydrgggﬁﬂéﬂﬁég% of R4

and RS is fluoro and the other is hydrogen, or both of R4 and RS are
fluoro. WO 02] 10158 24 '

Steps
3-(1—Methyl-S-fiubroindol-S-yl)~4-(3-aminopheny1)— 1H-pyrrole-2,5-dione
was prepared by proceeding as described in Example 16 , Step 5, but substituting 3-
(1-3-(1-methyl-5-fluorcindol-3-y1)-4-(3-nitrophenyl)-1H-pyrrole-2,5-dione for 1-
5 - methyl-5-chloroindol-3-yl)-4-(3-nitrophenyl)-1H-pyrrole-2,3-dione.

Step6
3-(1-methyl-5-fluoroindol-3-yl)-4-{ 3-[((RS)-2,3-
dihydroxypropylamino]phenyl }-1H-pyrrole-2,5-dione was prepared by proceeding
10 asdescribedin Example 16 , Step 5, but substituting 3-(1-methyl-5-fluoroindol-3-
yl)-4~(3—anﬁﬁopheny1)—1H-pyrrole-2,5-dione for 3-(1-methyl-5-chloroindol-3-yl)-
4-(3-Mnophényl)~1H—pyrrole—2,5—dione. MS(ED (M+H)* 410; M. pt. 223.2-
225°C,

15 L : ‘ Example 18 :
Synthesié of 3-(1-methylindol-3-yl)-4-[3-((R)-2,2-dimethyl-1,3-dioxolan-4-
ylmethylsulfanyl)phenyl]-1H-pyrrole-2,5-dione

20 Step 1 :
To a cold methanol (20 ml) at 0 °C was added thionyl chloride (7 ml)

dropwise. After the completion of the addition, the reaction mixture was stirred at
0 °C for 10 min, and was then added 3-mercaptophenylacetic acid (4.0 g, 23.8
mmol). The ‘resulting mixturé was stirred at room temperature overnight. Volatiles
25 were removed and the residue was partitioned between water and ethyl acetate.
~ The organic layer was separated, washed with H,O, NaHCOj3, and NaCl (sat.) and

dried over Na,SO4. The crude product was purified on a silica gel column with



PCT/ EPO1/ 08293 (B) Another preferred group of compounds is that wherein

R6is at the 3- or 5position of the phenyl ring, preferably R6 is at the 3-

posi tion Wb ¢bhgisphenyl

ring. Wthin this group a nore prefpeqfdi /93 p of

conpounds is that wherein R6 is heteroal kyl. Another nore preferred group

of conpounds is that wherein R6 is hetewggcyclylal kyl .
preferred group of conpounds is that wherein R6 is -OR$ (wherein R$ is

het er oal kyl

or heterocyclylalkyl), preferably (RS),. (R or (§-2,3

1o ~ Yet anot her

nor e

di hydr oxypr onyjepiioA S Hesh R bR ARk @thoxge A BAdYRRL BY Iy ds@fig P oY1 oxy,
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4.1 g).

To a solution of bis(3-methoxycarbonylmethylphenyl)disulfide (4.1 g, 11
mmol) in THF (20 ml) and methanol (5 ml) was added NaBH, (1.76 g, 4 eq.) and
the resulting mixture was stirred at RT overnight. It was then quenched with
NH,CI (sat.) and extracted with EtOAc. The EtOAc layer was washed with water,
NaCl (sat.)-and dried over Na,SO,. Column purificaton with 15% EtOAc in hexane

) gave 3.47 g of methyl (3-mercaptophenyl)acetate (84%).

Step 3 ,
To a solution of methyl.(3-mercaptophenyl)acetate (3.47 g, 19 mmol) in N-
methylpyrrolidinone (100 ml) were added (R)-2,2-dimethyl-1,3-dioxolan-4-

: yknethyl p-tosylate) (6.54 g, 1.2 eq.) and KoCOs3 (7.9 g, 4 eq.). The reaction

mixture was heated at 65 °C overnight. It was cooled to room temperature,
quenched with water and extracted with EtOAc. The organic layer was separated,
washed With water and NaCl (sat.), and dried over Na,SOy, The crude product was
purified 6n a silica gel column with 10% EtOAc in hexane to give 5.2 g of methyl
3-(R)-2,2-dimethyl-1,3-dioxolan-4-ylmethylsulfanyl)phenylacetate (92%).

Step 4 _
Oxalyl chloride (1.05 eq., 3.64 ml) was added dropwise to a solution of N-

methylindole (5.1 ml, 50 mmol) in diethyl ether (395 ml) at 0 °C. Yellow

precipitates were formed. After the completion of the addition, the reaction
mixture was stirred at 0 °C for 30 min. The suspension was then dropwise added to
a solution of 100 ml of ammonium hydroxide at 0 °C. White precipitate was
formed and the reaction mixtu‘re'waS stirred at 0 °C for 10 min., after the
completion of addition. Dichloromethane was added to extract and the organic

layer was separated, washed with NaCl (sat.), dried over sodium sulfate and

_concentrated. The residue was recrystallized from dichloromethane and hexane to

give 5.6 g of N-methylindolyl-3-glyoxylamide.



2- nor phol i n-4-yl et hyl oxy, ,or (R) or
(S)-2,2-di nethyl -1, 3-di oxol an- 4-yl net hyl oxy, nore preferably (RS), (R or

(S) -2, 3- divbydnepsypropyl oxy. 15 Yet another nore preferredpghrgiphifos
conmpounds is that wherein R6 is NHR (wherein R is heteroal kyl,

heterocyclyl, or heterocyclylalkyl), préferably (RS), (R) or

(S) -2, 3-di hydroxypropyl am no, 2-hydroxyet hyl am no, 3 hydroxypropyl am no,
(RS), (R or (S)-2,2-dinethyl-1,3-dioxol an-4-yl net hyl am no, 20
2,2-dirizet hy'gtep'_LSB di oxan-5-yl am no, 2-hydroxy-1-hydroxynethyl et hyl am no,
hydroxybutyl am no, - i mdazol - 2-yl net hyl ami no, or tetrahydropyran-4-ylam no,

more preferably (F%)asqlmjonnf N- SyﬁtlwlleQiVWﬁWQXXleUWDéﬁﬂﬁﬁﬂ'eﬂg)m (R or
e ooy bl Tl D oL RS Auded Bl L AT Burokidb(E i Y8 Wl RO O

2- hydr oxy- 1h
dropwise. Precipitate was formed and the reaction mixture was stirred at 0 °C for 5

5 - min. Methyl 3-(R)-2,2-dimethyl-1,3-dioxolan-4-ylmethylsulfanyl)phenylacetate
(0.65 g, 1.1 eq.) was then added, stirred for 5 min., and was followed by the
addition of potassium fert-butoxide (4 ml, 1.0 M). The resulting mixture was
stirred at O °C for 2 hours and was allowed to warm to room temperature. After 3
hours, methyl 3-(R)-2,2-dimethyl-1,3-dioxolan-4-ylmethylsulfanyl)phenylacetate

0 (0.65 g) was added and the reaction mixture was stirred at room temperature
overnight. It was then quenched with ammonium chloride (sat.) and extracted With
EtOAc. The 6rganic layer was washed with NaCl (sat.), dried and concentrated.
Column purification with 7/43/50 of EtOAc/CHZCIZIhexanes gave 0.52 g of 3-(1-
methylindol-3-yl)-4-[3-(R )-2,2-dimethy1~1;3-dioxolan-4—y1rnethylsulfanyl)—

15 . pheny}l-1H-pyrrole-2,5-dione. MS(EI): M" 448.

Example 19
Synthems of 3-(1-methylindol-3-y1)-4-[3-((R)-2,2-dimethyl-1,3-dioxolan-4-
ylmethylsuifinyl)phenyl]-1H-pyrrole-2,5-dione

i
S

20 ' ’
To a solution of 3-(1-methylindol-3-yl)-4-[3-(R)-2,2-dimethyl-1,3-dioxolan-
4—ylmethylsulfanyl)phenyl]-1H—pyrrole-2,5-dione (100 mg, 0.22 mmol) in
methanol (5'ml) and water (2.5 ml) at —10 °C was added oxone (16 mg, 1.15 eq.)
and stirred for 2 hours at ~10 °C. The reaction mixture was then poured into ice
25 water and extracted with dichloromethane. The organic layer was washed with
' Na8203‘ (15% aq.), NaCl (sat.) and dried over sodium sulfate. Preparative TLC with
2/?5/4 of acetone/dichldfomethane/hexane gave 45 mg of 3-(1-methylindol-3-yl)-4-

3



25 Yet another nore preferred group of conpounds is that wherein R6 is
het erocyclyl or -X-(al kyl ene)-Y-heteroal kyl (wherein X is a coval ent bond,

-0 or -NWoodighsy is -O or-NH), preferably heterocyclyl, pgRopiRber ably
nor pholin 4-yl or pyrrolidin-1-yl. 30 Yet another nore preferred group of

conpounds is that wherein R6 is S(O)nR86gwhere|n nis an integer fromoO to
2; and R$ is heteroal kyl, heteroaral kyl,

t3-((R)-2,2—dimethy1—1 ,3-dioxolan-4-ylmethyisulfinyl)phenyl]-1H-pyrrole-2,5-
dione. MS (ESI): (M+1)" 465.

Example 20
5 - - Synthesm of 3~(1-methylindol-3-y1)-4-[3-((R)-2,2-dimethyl-1,3- d10xolan-4-
' ylmethylsulfonyl)phenyl]-1H-pyrrole-2,5-dione

‘ To a solution of 3-(1-methylindol-B-yi)-4-[3—((R)—2,2-dimethyl-1,3-

10 ‘ dibxola’h-4—ylmethylsulfanyl)phenyl]-1H-pyrrole~2,5-di0ne (100 mg, 0.22 mmol) in
methanol (20 ml) and water (5 ml) was added oxone in 5 ml of water at 0 °C. The
resulting suspension was stirred at 0 °C for 30 min., and was allowed to warm to
room temperature and stirred for 5 hours. Thé reaction mixture was then poured
into ice water and extracted with dichloromethane. The organic layer was washed

15 with Na8203 (15% aq.), NaC€l (sat.) and dried over sodium sulfate. Preparative TLC
‘with 2/4/4 of acetone/dichloromethane/hexane gave 40 mg of 3-(1-methylindol-3-
yD-4-[3-((R)-2,2-dimethyl-1,3-dioxolan-4-ylmethylsulfonyl)phenyl]-1H-pyrrole-

. 2,5-dione. MS (ESI): (M+1)* 481. |



WO (12/101i 8 PCT/ EP111/ 08293 25 heterocyclyl, or heterocyclylal kyl),
preferably R6 is -S(OnR8 (wherein nis an integer fromO to 2; and Rg is
het er oal kyb ¢@nof3et erocycl yl al kyl ), nore preferably R~ is eR®)spof/fR2e9r
(S)-2, 2-di met hyl -1, 3-di oxol an- 4-yl net hyl sul fanyl, (RS), (R or

(S) 2, 3-di hydr 4xypropyl sul fanyl, (RS), (69 or

(S) -2, 2-di net hyl =1, 3-di oxol an-4- , ylmethyl sulfinyl, (RS), (R or

(S) -2, 3-di hydroxypropyl sul finyl, (RS), (R or

(S) 2, 2-di net hyl -1, 3- di oxol an- 4-yl n'et]lg%npwbi onyl, or (RS), (R or

(S)-2, 3di hydroxypropyl sul fonyl. Yet another nore preferred group of
Wrrﬁoundﬁ i s tha]'E wher eiSyntResis gf&ﬂ-m&&ﬁm@ltﬁsﬂb”ﬂdgéﬂz)c%&ﬂ ohexyl anmi no. .
.Wthin these preferred and noy. refe conpounds, an even nore
preferred group of conpounds CFlgycﬁmro\rﬂg{gsgleflgWg?@“al k)r/TP, preferably ethyl
or nethyl, nore preferably nethyl1H-pyrrole-2,5-dione

" Toluenesulfonic acid (10 mg) was added to a solution of 3-(1-methylindol-
3-y1)—4-{3~((R)-2,2—dimethy1-1,3-dioxolan—4—y1fnethylsulfanyl)phenyl]-1H—pyrrole—
2,5-dione (60 mg) in methanol (10 mi) and water (1 ml) and the reaction mixture

10 “was heated at 50 °C for 2 hours. The volatiles were removed and the residue wés
partitioned bétween water and EtOAc. The organic layer was washed with NaCl
(sat.) and dried over sodium sulfate. The crude product was purified on a silica gel
column with 10/45/45 of MeOH/CHéCIZ/hexane and further purified by
recrystallizatioh from CH,Clo/hexane to give 3-(1-methylindol-3-yl)-4-[3-((R)-2,3-

15 - dihydroxypropylsulfanyl)pt}enyl]-1H~py1role—2,5-dione (47 mg). MS (EI): M* 408.

Following the procedure described above but substituting 3-(1-methylindol-
3-y1)-4-{3-((R)-2,2-dimethyl-1,3-dioxolan-4-ylmethylsulfanyl)phenyl]-1H-pyrrole-
| 2,5-didne with 3—(i-methylindol—3-yl)-4—{3-((R)-2,2-dimethyl-1,3—dioxolan-4—
20 ylmethylsulfinyl)phenyl]-1H-pyrrole-2,5-dione gave 3-(1-methylindol-3-yl)-4-[3-
((R)-2,3-dihydroxypropylsulfinyl)-phenyl]—IH-pyrrole-Z,S-dione. MS (ESI):
(M+1)" 425. -

Folldwing the procedlire described above but substituting 3-(1-methylindol-
25 3-y1)-4-{3-((R)-2,2-dimethyl-1,3-dioxolan-4-ylmethylsulfanyl)phenyl]-1H-pyrrole-
2,5;dione with 3-(1-methylindol-3-yl)-4-{3-((R)-2,2-dimethyl-1,3-dioxolan-4-
| ylmethylsulfonyl)phenyl]-1H-pyrrole-2,5-dione gave 3~(1-methylindol-3-y1)-4-[3-



15 Wthin these preferred, nore preferred, and even nore preferred groups
of conpounds, a particularly preferred group of conpounds is that wherein:
R and RAwar@abisdrogen; or R is hal ogen, preferably ehl operaidivgo oCcat ed
at the 5-position of the indole ring and R is hydrogen; and 20 ~ R4 and RS
are at the 2- and the 6- positions of thge phenyl ring respectively and are
hydr ogen, al kyl , hal ogen) al koxy, cyano or nitro,  preferably hydrogen,
chloro or fluoro, nore preferably R4 and R5 are both hydrogen, or one of R4

fluoro. 25 (0T oD ey DA e e B M BRI e ei n

and R2 are at(M+1)"441.

. . Example 22 o
5 Synthesis of 3-{3-[(2,3-dihydroxypfopyl)amino]phenyl}-4-A[5-ﬂuoro-1—(3-
‘ hydroxypropyl)-1H-indol-3-yl]-1H-pyrrole-2,5-dione

.- OH

Step 1 - ‘
_Chlorotriphenylmethane (14.64 g, 52.5 mmol) was added at once to a

10 " solution of 3-bromo-1-propanol (6.95 g, 62.5 mmol) in pyridine (30 ml) under
' argon. The solution was stirred under argon for 12 hours and a precipitate formed.
It was filtered and washed with pyridine. The filtrate was stripped and combined
with the previous precipitate. This substance was.purified via column
chromatography (SiO», 5% CH,Cl, / Hexane then 10% CH,Cl, / Hexane). The
15 .colorless oil (5.2 g) was allbwed to solidify and was recrystallized from hexane to

provide the protected alcohol (5.2 g).

4 Step 2 '
To a solution of sodium hydride (60%, 0.44 g, 10.9 mmol) in

20 dimethylformamide (8 ml) under argon at room temperature was added 5- ’
fluoroindole (0.98 g, 7.25 mmol) in dimethylformamide (10 ml). The resultant
solution was stirred for 1 hour and then cooled to 0 °C. The bromide (Step 1-
above, 4.15 g, 10.9 mmol) in dimethylformamide (15 ml) was added and the
reaction was allowed to come to room temperature and stir for 12 hours, The
25 mixture was poured in water (200 ml) and extracted with ethyl acetate (2X). The
* organic solution was washed with water (ZX) and dried (brine, MgSQy).

Evaporation under reduced pressure provided a colorless oil (4.9 g) which was



the 5- and 7-positions of the indole ring respectively; R4 and RS are at
the 2- and the 6-positions of the phenyl ring respectively and R6 is at the

3- or 5-pRaickhPrsof the phenyl ring, preferably R6 is at iphg/ppo1/2siti on of
the phenyl ring. 30 Wthin this group a nore preferred group of conpounds

is that Wierein R6 is heteroal kyl . WO7Q@2/ 10158 26 PCT/ EPO 1 /08293

-imrifiéd through chrom'atogra};"hy (8103, 5% ETOAc-Hexane) yielding the indole as
a white solid (2.98 g).

. Step3 ' .
5 ~ The alkylated fluoroindole (Step 2 — above) was converted to the nitroaryl

indole through procedures previously described in Example 7, sfeps 1-3.

Step4 |
A suspension of nitroaryl indole (Step 3 - above, 0.7 g, 10.7 mmol),

10 tﬁirondodeéaéarbonyl (0.65 g, 1.3 mmol), and absolute ethanol (30 ml) was
refluxed overnight under argon. The hot mixture was filtered through a Buchner
funnel] packed tightly with celite and washed several times with hot methanol and
hot 50% MeOH / EtOAc until most of the orange color was removed. Evaporation
of the volatiles under reduced pressure and purification via chromatography (SiOa,

15 ‘ CHZCIZ, then 1% MeOH / CH,Cl;, then 2% MeOH / CH;Cl; ) yielded the aniline

" asan orange solid (0. 43 2).

StepS - : :
DL-glyceraldehyde(0.25 g, 1.38 mmol) in water (30 ml) was added to a

26 solution of the aniline (Step 4 — above, 0.43 g, 0.69 mmol) in MeOH (completely
dissolved) under argon. The reaction was stirred for 30 minutes, sodium
- cyanoborohydride (89 mg, 1.38 mmol) was added and the mixture was stirred for
12 hours. Evaporation under reduced pressure and purification through
chromatography (SiO2, 5% MéOH/ CH,Cl,/ 0.5% NH,OH) provided the diol as

25 an orange foam (295 mg).

Step 6
: To a room temperature solution of the diol (Step 5 — above, 0.245 g,

0.35 mmol) in methylene chloride (10 ml) under argon was added trifluoroacetic

30 acid (0.16 ml, 2.22 mmol) followed by trifluoroacetic anhydride (0.3 mi, 2.11
mmol). The reaction was stirred for 10 minutes, cooled to 0 °C and triethylamine
(0.6 ml) was added. The solution was stirred for 15 minutes, water (0.5 ml) was
added and the reactiog was poured into MeOH (10 ml). Evaporation of the

volatiles under reduced pressure yielded a crude reaction residue. This was



Anot her nore preferred group of conpounds is that wherein R6 is

het erocycl yl al kyl . Yet another nore preferred group of conpounds is that
wher ei n Rgoin3/10/688 (wWherein R$ is heteroal kyl or heterocyelysphiydds
preferably (RS), (R or (9S)-2,3dihydroxypropyloxy, 3-hydroxypropyl oxy,

2- am noet hyl oxy, 3-am nopropyl oxy, 2-noipholin-4-ylethyloxy, or (R or
(S)-2,2-di nethyl -1, 3-di oxol an- 4-yl net hyl oxy, nore preferably (RS), (R or
{S) -2, 3-di hydroxypropyl oxy. 1o Yet another nore preferred group of

conpounds i s dfsksvedih %ﬁh%ﬁrhl&d&%sh@&’ﬁﬂh@nﬂe ® %) and@tapoaddky bacuo.
het erocycl yl, or heterocyclylal kyl), p

f b
Eg)s 2, 3Rd| hy dhe seppltans ratpiakias @SM‘{fldd&re s ﬁ%lr%lde)?ﬁ‘fi%%@%)&ﬁ‘}l ani no,
2, 2) di Ere% holr u‘%ﬁ%d ﬁftﬁﬁﬁt@% aﬁn fm%)%ﬁﬁkgd}c}f& 1‘1@%%@61)%?”&} ﬁsflllreet hyl am no, 3

15 hydr ox~yb ng(ﬁeambn @ja dhromisagraply (}SI](DEIGHQCMﬁme%MeOH/ CH,Clp) prov1ded
tetr ahydr opy Eh%r}ree base rR(Pd?tlon of hydrochloric acid in ether (1M, 2 eq.) followed by
removal of the volatiles yielded 3-{3-[(2,3-dihydroxypropyl)amino]phenyl }-4-[5-
" fluoro-1-(3-hydroxypropyl)-1H-indol-3-yl}-1H-pyrrole-2,5-dione (94 mg). M. pt.

118-125 °C: MS(EI): (M+H)" 454.

0 Example 23
Synthesis of 3-(5-fluoro-1-methyl-1H-indol-3-yl)-4-[3-(4-hydroxypiperidin-1-

yl)phenyl}-1H-pyrrole-2,5-dione

. Step 1 ‘
15° To a room temperature solution of 3-bromophenethyl alcohol (1.22 g, 6.05

mmoles) in methylene chloride (20 ml) and dihydrofuran (2.54 g, 30.3 mmoles)
_was added p-toluenesulfonié acid monohydrate (11.5 mg, 0.06 mmoles). The
reaction was stirred for 30 minutes followed by the addition of ether (50 ml). The
organic solution was washed with saturated aqueous sodium bicarbonate solution
20 " (50 ml), dried (MgSOQy,), and evaporated under reduced pressure to an oil (3.5 g).
This was purified via flash chromatography (SiO,, 4% EtOAc /Hexane) providing
2-[2-(3-bromophenyl)ethoxyltetrahydro-2H-pyran, as a colorless liquid (1.4 g).

Step 2 :
25 The tetrahydropyran (Step 1- above, 0.40 g, 1.97 mmoles), BINAP (90 mg,

0.295 mmoles), Pdx(dba); (90 mg, 0.0486 mmoles), anhydrous sodium z-butoxide
(0.28 g) were suspended in toluene (20 ml) under argon. 4-{[tert-
- butyl(diphenyl)silylloxy} piperidine (0.67 g, 1.97 mmoles ) was then added and the

reagtion was stirred at 100 °C for 12 hours. After cooling to room temperature,



nore preferably (RS), (R or (S)-2,3-dihydroxypropylamno, (RS), (R) or
(S)-2,2 dinethyl -1, 3-di oxol an- 4-yl net hyl am no, 3-hydroxybutyl am no, or

2- hydr oxywd obxeisexynet hyl - et hyl am no. 20 ~ Yet anot her noperRipe/g6£d group
of conpounds is that wherein R6 is heterocyclyl or

- X- (al kyl ene) - Y-het eroal kyl (wherein X 7% a covalent bond, -O or --NH and
Yis -O or -NH), preferably heterocyclyl, nore preferably norpholin 4-yl
or pyrrolidin-1-yl. 25 Yet another nore preferred group of conpounds is

that wherein 'ﬁért 5 g§§ gl)agaﬁsde(i"‘ﬂg'%@é'cﬂoﬁvﬁﬁu@@vah mte&artmfoﬁm&ué g2 and R$ is

het er oal kyl, heterocyc or heterocyclylalkyl), preferably
R6 is -S(O nms}(evuvetkmddltmnahethu (Bﬁméyﬁwamrzimn@md@ rgdquzd@rq&surc enchet er oal kyl

-or heterocycl an%:awn )cHromr S gtggragﬁy &153 5% to 7% EtOAc / Hexane) yielded 4-
{ [terft-butyl(_d1phenyl)sﬂyl]oxy}-1-{ 3-[2-(tetrahydro-2 H-pyran-2-
5 -yloxy)ethyllphenyl} piperidine as a tan oil (0.674 g, 1.24 mmoles).

~ Step3 S :
A solution of the piperidine (Step 2 — above, 0.64 g, 1.18 mmoles) in acetic

acid/tetrahydrofuran/water (4:2:1) was stirred under argon at 50 °C for 24 hours.

10 " After removal of the volatiles via evaporation, toluene was added and the reaction
was evaporated a second time. Purification via flash chromatography (SiO;, 10%
EtOAc /Hexare) yielded the primary alpohol (0.42 g, 0.914 mmoles).

. Stepd . . :
15 . To a0 °C solution of the alcohol (Step 3 — above, 0.42 g, 0.914 mmoles) in

'ac'etone’:(6 ml) was added Jones Reagent (1.9 M, 1.05 ml) dropwise. The solution
was stirred at 0°C for 1 hour, warmed to room temperature and allowed to stir for
an additional 2 hours. Isopropanol (10 ml) was added dropwise, the reaction was
filtered through celite and washed with acetone (40 ml). The filtrate was

20  evaporated under reduced pressure, water was added and the mixture was extracted
'with ethyl acetate (2X). The organic solution was dried (bﬁne, MgSOy), and
evapofated in vacuo to provide the carboxylic acid as a solid (100 mg, 0.21

mmoles).

25 - Steps
To a room temperature solution of the acid (Step 4 — above, 100 mg, 0.21 )

mmoles) in methylene chloride (5 ml) under argon was added oxalyl chloride (22
ul) &opWise. The reaction was stirred for 2 hours, cooled to 0 °C and ammonia
hydroxide (0.5 ml) was added dropwise. The mixture was stirred at room

30 temperature for 1 hour and evaporated under reduced pressure. The crude mixture
was dissolved in methylene chloride, filtered and evaporated in vacuo to yield the

- amide (94.5 mg, 0.2 mmoles).



iIs (RS), (R or (S)-2,2-dinethyl-1, 3-dioxol an-4-yl met hyl sulfanyl, (RS),

(R or (5 30 2,3-dihydroxypropylsul fanyl, (RS), (R) or

(S)-2, 2- dypmbhyiss 1, 3- di oxol an-4 yl nethyl sulfinyl, (RS), @eERr/1/08293

(S)-2, 3-di hydroxypropyl sulfinyl, (RS), (R or (S) .A
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crude mixture was stirred then filtered. The resultant solid was washed with water ,
ether and then air dried. Purification of the crude product via flash chromatography
10 (SiOs, 20% to 40% ethyl acetate/Hexane — gradient) provided methyl (1-methyl-
1H-indol-3-yl)(oxo)acetate as a solid (9 g, 41.4 mmoles). '

Step 7 o '
Toa0 °C of methy! (1-methyl-1H-indol-3-yl)(oxo)acetate (Step 6 —above,

15 51.3 mg, 0.237 mmoles) and 2-[3-(4-{ [tert-butyl(diphenyl)silylJoxy }piperidin-1-
'yDphenyljacetamide (Step 5 - above, 93.3 mg, 0.197 mmoles) in tetrahydrofuran
(10 ml) was a&ded dropwise a solution of potassium z-butoxide (0.59 ml, 0.591
mmoles, 1 M in THF). The reaction was stirred at room temperature for 12 hours.
Water was added to the suspension and the mixture was extracted with ether (2X),

20  dried (brine, MgSO,). Evaporation of the volatiles under reduced pressure and
.purification via‘ flash chrorriatography (Si0,, 1% MeOH / CH2C12) provided the
indole (54 mg, 0.084 mmoles).

- Step 8
25 To a room temperature solution of the indole (Step 7 — above, 52 mg,

0.0812 mmoles) in dry tetrahydrofuran (3 ml) under argon was added '
tetrabutlyammonium ﬂuoﬁde (0.122 m], 0.122 mmoles, 1 M in THF). The reaction
was étirréd for 12 hours and then water (25 rrﬂ) was added. The mixture was
extracted with ethyl acetate (2X), dried (brine, MgSO4), and evaporated in vacro.
30 Purification of the resultant product via flash chromatography (SiO2, 4% MeOH /
CH,Cl,) provided 3-[3-(4-hydroxypiperidin-1-yl)phenyl]-4-(1-methyl-1H-indol-3-
. y1)-1H-pyrrole-2,5-dione as a powder (29.9 mg, 0.0745 mmoles); M. pt. 136-141
°C: MS(ED): (M+H)* 402.
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| estz{p<J | methyhndole with N—methyl 5—chloroindole and N-methyl-5-fluoroindole in step 4
" of example 1 gave 3-(1-methyl-5-chloroindol-3-y1)-4-{3-[((R)-2-hydroxy-2-
hydroxymethyl)ethyloxylphenyl }-1H-pyrrole-2,5-dione (MS (EI): (M-+H)* 427);
and 3;(1—methyl—S-ﬂuoroindol-3-yl)-4—{3-[((R)-2-hydroxy—2—
hydroxymethyl)ethy]oxy]phenyl}-1H-pyrrple-2,5-dione (MS (ED: M+H)* 411),

10  respectively.
Example 25

Synthesis of 3-(5-methoxy-1-methylindol-3-yl)-4-{3-[(2,3-dihydroxy-
15 ' propyl)amino]phenyl}-1H-pyrrole-2,5-dione

io Step 1 , '
A mixture of 5-methoxylindole-2-carboxylic Acid (6 g, 31.4 mmol) and
basic copper(Il) carbonate(0.6 g) was heated to 230 °C-240 °C under N; for five to
. six hours. After cooling, the resulting black gum was treated with benzene and

filtered. The filtrate was concentrated and purified by flash column with 9/1
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‘Hex/EtOAc then with 6/1 Hexane/EtOAc. The desired product, 5-methoxyindole
(3.1 g) was obtained (61.6%). MS (EI): (M*+1) 148.

5 - - Toasolution of 5-methoxyindole (1 g, 6.8 mmol) in 8 ml of DMF were
added potassium hydroxide (0.92 g, 2.4 eq.) and methyl iodide (1 ml, 16 mmol).
The resulting mixture was stirred at room temperature overnight. After removing
volatile, the residue was diluted with EtOAc and washed with water (4x). The
organic layer was dried and concentrated to afford 0.9 g (82%) 5-methoxy-1-.

10 methylindole. MS (EI): (M*+1) 162.

Step3
3—(5-methoxy-1-methylindol—3-y.l)-4-(3-ﬁitrophenyl)furan—2,5—dione was
prepared by proceeding as described in Example 7, step 1 and 2, but substituting 5-
15 : meihoxy—l-methylindole for 1-methylindole.

Stepd |
3-(5-methoxy-1-methylindol-3-yl)-4-(3-nitrophenyl)- 1H-pyrrole-2,5-dione was
preparéd Ey prdceeding as described in Example 7, step 3, but substituting 3-(5-

20 methoxy-1-methylindol-3-yl)-4-(3-nitrophenyl)furan-2,5-dione for 3-(1-
‘methylindol-3-y1)-4-(3-nitrophenyl)furan-2,5-dione.

3-(5-methoxy-1-methylindol-3-yl)-4-(3-aminophenyl)-1H-pyrrole-2,5-
25 dione was prepared by proceeding as described in Example 7, step 4, but
substituting 3-(5-methoxy-1-methylindol-3-yl)-4-(3-nitrophenyl)-1H-pyrrole-2,5-

dione for 3-(1-methylindol-3-y1)-4-(3-nitrophenyl)-1H-pyrrole-2,5-dione.

Step 6 .
30 3-(5-methoxy-1-methyl-1H-indol-3-yl)-4-{3-{(2,3-dihydroxy-
_propyl)amino]phenyl }-1H-pyrrole-2,5-dione was prepared as described in Example
7, s@ép 5, but substituting 3-(5-methoxy-1-methylindol-3-yl)-4-(3-aminophenyl)-
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- A mixture of 3-met};yl-4-nitrophenol (4.59 g, 0.03 mol) and 2-
bromopropane (4.06 g, 0.033 mol) was refluxed with potassium carbonate (10 g) in
" acetone (200 ml) for 5 hours. After cooling, the reaction mixture was filtered
A througﬁ celite and the residue was purified by flash column (9/1 of Hexane/EtOAc)
20  toafford 3.42 g of 4-isopropoxy-2-methyl-1-nitrobenzene (58.5%).

Step2
A mixture of 4-isopropoxy-2-methyl-1-nitrobenzene (3.55 g,0.018 mol)
and tert—butoicybis(dimcthylarhino)methane (9 ml) was refluxed for 4 hours and the
25 volatile was removed. The dark brown residue was dissolved in THF (150 ml) and
hydrogenated with catalytic amount of 10% Pd on Carbon with H; in a balloon.

After stirring at room temperature overnight, the catalyst was filtered off and the
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filtrate was concentrated to aft;ord 3.07 g 5-isopropoxyindole (96%). MS(EI):
M'+1) 176.

Step 3 '
5 ‘ The procedure described in Exarhple 24, step 2 through step 6 was

followed, but substituting 5-isopropoxyindole for 5-methoxyindole to provide 3-(5-
isopropoxy-1-methyl-indol-3-yl)-4-{3-[(2,3-dihydroxy-propyl)amino]phenyl } - 1H-
pyrrole-2,5-dione. MS (EI): M" 449,

10
Example 27
| Synthesié of 3-(1-methyl-indol-3-yl)-4-{3-((R)-2,3-dihydroxy-propoxyl)-2-
methylphenyl }—1H—pyrr61e-2,5-dione

i Step 1
To a methanol solution (25 ml) at 0 °C was dropwise added thionyl chloride (9.6

- ml, 0.13 mol). After 15 minutes, 3-hydroxy-2-methylbenzoic acid (4 g, 0.033 mol)
was added and the resulting mixture was stirred at room temperature for 24 hours.
Volatile was removed under vacuo and the residue was partitioned between water
20 and ethyl acetate. The organic layer was separated, washed with water and
saturated sodium chloride solution, and was dried over sodium sulfate. After
concentration, the crude product was recrystallized from dichloromethane and

hexane to give 3.48 g of methyl 3-hydroxy-2-methylbenzoate.

25 Step 2
To a solution of methyl 3-hydroxy-2-methylbenzoate (3.0 g, 18 mmol) in
~ N-methylpyrrolidinone (30 ml) was added (R)-2,2-dimethyl-1,3-dioxolan-4-
ylméthyl p-tosylate (6.2 g, 1.2 eq.), and followed by K,COs (7.5 g, 3eq.). After the
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mixture was heated at 96 “C overnight, it was cooled to room temperature,
quenched with H,0O, and‘phartitioned between H;O and EtOAc. The organic layer
was separated, washed with H>0O and NaCl (sat.), and then dried over Na;SO4. The
crude product was purified on a silica gel column with 20% EtOAc in hexane to
5 - ‘'give methyl 3-((R)-2 2—d1methyl 1,3- d10xolan-4—ylmcthyloxy) 2-methy1benzoate as
- anoil 4.5 g).

Step 3
‘Methyl 3-((R)-2,2-dimethyl-1,3-dioxolan-4-ylmethyloxy)-2-methylbenzoate
10 ’ (4.2 g, 15 mmol) was dissolved in 20 ml of methanol and 1 ml of water. To the
above solution was added lithium hydroxide (2.4 g, 5 €q.). After stirring the
reaétioﬁ mixture at rodm temperature for 4 hours, the volatile was removed under
vacuo and the residue was partitioned between EtOAc and H,O. The aqueous layer
wag separated, cooled with an ice bath, and then acidified with 10% aq. HCl. The
15 acidic aqueous layer was-extracted with EtOAc. The EtOAc layer was washed .
with NaCl (sai.), dried over Na;SQy, and concentrated to give 3-((R)-2,2-dimethyl-
1,3-diox0_lan—4—ylmethquxy)benzoic acid as a white solid (4 g).

Step 4 .
20 . ‘To a solution of 3- ((R) 2,2-dimethyl-1,3-dioxolan-4-ylmethyloxy)-2-

methylbenzoic acid (2.4 g, 9 mmol) in 20 ml of dichloromethane was added oxalyl
chloride (0.86 ml, 1.1 eq.). The resulting mixture was stirred at room temperature
in the presence of a catalytic amount of DMF. Bubbles formed and stirring
' continued until no more bubbles were generated. Volatile was removed under

25 vacuo and the residue was suspended in ether (20 ml) and was added dropwise to
an ether solution (60 ml) at 0 °C containing diazomethane generated from N-
nitroso-N-methylurea (6.95 g, 7.5 eg.) and 19 g of potassium hydroxide according
to the procedure described by Berkowitz, D. B. inJ. Org. Chem. 65, 847, (2000).
The resulting mixture was stirred at 0 °C for 1Thour and was allowed to warm to

30 room temperature, whefe it was stirred for another hour. Excess amount of
diazomethane was quenched with acetic acid and the volatile was removed under

'vacuo. The residue was purified on a silica gel column with 10% ethyl acetate in
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Step 5 . ' .
5 . To a solution of 2-diazo-1-[3-(2,2-dimethyl-[1,3]-dioxolan-4-ylmethoxy)-2-

methyl-phenylJethanone (0.5 g, 1.73 mmol) in 20 ml of methanol at room
- temperature was added dropwise a solution of silver benzoate (52 mg, 13%) in 2.6
ml of triethylamine. The solution turned greenish and then brown, black precipitate
formed. After stirring for 1.5 hour, it was filtered through celite and the filtrate was
10 " concentrated. The residue was then purified on a silica gel column with 20% ethyl
acetate in hexane to afford 0.43 g of [3-((R)-2,2-dimethyl-[1,3]}dioxolan-4-
ylmethoxy)-2-methylphenyl] acetic acid méthyl ester. The above ester was then
hydrolyzed by stirring with lithium hyd{oxide (0.25 g) in 5 ml of methanol at room
temperature to give 0.4 g of [3-(R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-2-
15 ‘methylphenyl] acetic acid. |

Step 6
3-(1-methylindol-3-yl)-4-[3-(R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-

2-methylphenyl]furan-2,5-dione was prepared according to the procedure described
20 in Example 1, step 4, but substituting [3-((R)-2,2—dimethyl-[1,3]dioxolan—4-
| ylmethoxy)-2-methylphenyl] acetic acid for 3-((R)-2,2-dimethyl-[1,3]dioxolan-4-
'ylmethoxy)pheﬁylacetic acid.

- Step 7 - .
25 3-(1-methylindol-3-yl)-4-[3-(R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-

2-methylphenyl]-1H-pyrrole-2,5-dione was prepared according to the procedure
described in Example 1, step 5, but substituting 3-(1-methylindol-3-y1)-4-[3-((R)-
2,2—dimethyl-[1,3]dioxolan-4-ylmethoxy))-2~methy1phenyl]furan—2,5—dione for 3-
(1—methylind91—3-yl)-4-[3-((R)_—2,2-dimethyl—[1,3]diox01an-4-

30 ylmethoxy)phenyl]furan-2,5-dione.

Step 8 -
" 3-(1-methylindol-3-yl)-4-[3-((R)-2,3-dihydrox ypropoxy)-2-methylphenyl}-

IIL-'Pyx'role-Z,S-dione was prepared according to the procedure described in
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[1,3]dioxolan-4-ylmethoxy)-2-methylphenyl]-1H-pyrrole-2,5-dione for 3-(1-
methylindol-3-yl)-4-[3-((R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)phenyl]-1H-

pyrrole-2,5-dione. MS (EI): (M'+1) 407.

Example 28
.Synthesis of 3-(1-methyl-indol-3-y1)-4-{3-((R)-2,3-dihydroxy-propoxyl)-2-
nitrophenyl }-1H-pyrrole-2,5-dione

10 Step 1 - :
‘To a methanol solution (15 ml) at 0 °C was dropwise added thionyl chloride (6.4

ml, 0.088 mol). After 15 minutes, 3-hydroxy-2-nitrobenzoic acid (4 g, 0.022 mol)
was added and the resulting mixture was stirred at room temperature for 72 hours.
Volatile was removed under vacuo and the residue was partitioned between water
15. and ethyl écetafe. The organic layer was separated, washed with water and
saturated sodium chloride, and was dried over sodium sulfate. After concentration,
‘the crude product was recrystallized from dichloromethane and hexane to give 4.5¢g

of methyl 3-hydroxy-2-nitrobenzoate.

20 | Step 2

To a solution of methyl 3-hydroxy-2-nitrobenzoate (1.97 g, 10 mmol) in N-
methylpyrrolidinone (15 ml) was added (R)-Z,Z;dimethyl—l,3-dioxolan—4-ylmethyl
p-tosylate (3.43 g, 1.2 eq.), and followed by K,CO3 (4.2 g, 3¢q.). After the mixture

was heated at 96 °C overnight,.it was cooled to room temperature, quenched with

25 H0, and partitioned between H,O and EtOAc. The organic layer was separated,
washed with H,O and NaCl (sat.), and then dried over Na;SO,4. The crude product

~was purified on a silica gel column with 20% EtOAc in hexane to give methyl 3-

((R)-2,2-dimethyl-1,3-dioxolan-4-ylmethyloxy)-2-nitrobenzoate as an oil (3.1 g).



3"s10% & ()-,s10% & ()- 10% & ()- 10 10- -r---i..dEHC 10! ns 10% & ()-
L10% & ()-10% & ()-10% & ()- 10% & ()- "10% & ()- ./H //0ZOdBHC

1001 n&l 1 10% e& $g10% & ()-!:10% & ()-!: 10% B&xfeobr
10% & ()%ﬁh%? 32€f‘&2[ 3\ 3]e 32% <€ 10 0 0 PéTieb0 (8293
| "

Step 3
Methy! 3-((R)-2,2-dimethyl-1,3- dloxolan-4-ylmethyloxy) -2-nitrobenzoate (2.8g, 9

mmol) was dissolved in 25 ml of methanol and 2 ml of water. To the above |

5 - solution was added lithium hydroxide (1.13 g, 3 eq.). After stirring the reaction
mixture at room temperature for 5 hours, the volatile was removed under vacuo and
the residue was partitioned between EtOAc-and H,O. The aqueous layer was
separated, cooled with an ice bath, and then acidified with 10% aq. HCl. The
acidic aqueous layer was extracted with EtOAc. The EtOAc layer was washed

10 with NaCl (sat.), dried over Na,SQy, and concentrated to give 3-((R)-2,2-dimethyl-

' 1,3-dioxolan-4-ylmethyloxy)-2-nitrobenzoic acid as a white solid (1.9 g). |

Step 4 C ,
To a solution of 3-((R)-2,2-dimethyl-1,3-dioxolan-4-ylmethyloxy)-2-

15 ni;robegzoic acid (1.9 g,_6.4 mmol) in 20 ml of dichloromethane was added oxaiyl
chloride (0.55 ml, 1.1 eq.). The resulting suspension was stirred at room |
temperature in the presence of catalytic amount of DMF. Bubbles formed, and
stirring continued until no more bubbles were generated while the suspension
turned-into a solution. Volatile was removed under vacuo and the residue was

20 .  suspended in ether (15 ml) and was added dropwise to an ether solution (40ml) at 0
°C containing d,iazomcthane" generated from N-nitroso-N-methylurea (4.95 g, 7.5
eg.) and 13.5 g of potassium hydroxide according to the procedure described by
Berkowitz, D. B. in ‘J . Org. Chem. 65, 847, (2000). The resulting mixture was -

" stirred at 0 °C for 1hour and was allowed to warm to room temperature, where it

25 was stirred overnight. Excess of diazomethane was quenched with acetic acid and
the volatile was removed under vacuo. The residue was purified on a silica gel
column with 2/4/4 of acetone/dichloromethane/hexane to give 0.95 g of 2-diazo-1-
[3-((R)-2,2-dimethyl-[1,3]-dioxolan-4-ylmethoxy)-2-nitrophenyl]ethanone.

30 Step 5
To a solution of 2-diazo-1-[3-(2,2-dimethyl-[1,3]-dioxolan-4-ylmethoxy)-2-

nitrophehyl]ethanone (0.9 g, 2.8 mmol) in 30 ml of methanol at room temperature

wag added dropwise a solution of silver benzoate (84 mg, 13%) in 4.2 ml of
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triethylamine. The solution turned greenish and then brown, black precipitate 5
formed. After stirring for ‘1.5 hour, it was filtered through celite and the filtrate.was ..
concentrated. The residue was then purified on a silica gel column with 20% ethyl
acetate in hexane to afford 0.75 g of [3-((R)-2,2-dimethyl-[1 ,3]dioxolan-4-

5 * yimethoxy)-2-nitrophenyl] acetic acid methyl ester. The above ester (0.52 g, 1. 6
mmol) was then hydrolyzed by stirring with lithium hydroxide (0.27 g) in 5 ml of
methanol at room temperature to give 0.5 g of [3-((R)-2,2-dimethyl-[1,3]dioxolan-
4-ylmethoxy)-2-nitrophenyl] acetic acid.

10... Step6 S
3-(1-methylindol-3-y1)-4-[3-(R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-

2-nitrophenyl]furan-2,5-dione was prepared according to the procedure described
in Example 1, step 4, but substituting [3-((R)-2,2-dimethyl-[1,3]dioxolan-4-
‘ ylmethoxy)-2-nitrophenyl] acetic acid fé)r 3'-((R)—2,2-dimethyl-[1,3]dioxolan—4-
15 ylmethoxy)phenylacetic acid. |

Step 7
3—(1-mcthylindol~3-yl)—4—[3-(R)-2,2—dimethyl-[1,3]dioxolan—4-ylmethoxy)-

2-nitrophenyl}-1H-pyrmrole-2,5-dione was prepared according to the procedure
20 descrit_)ed in Example 1, step 5, but substituting 3;(1-methylindol-3-yl)-4~[3-((R)-
| 2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy))-2-nitrophenyl]furan-2,5-dione for 3-(1-
' methylindol-3-y1)-4-[3-(R)-2.2-dimethyl-[1,3]dioxclan-4-ylmethoxy)phenylfuran-
2,5-dione. '

25 . Step8
3-(1-methylindol-3-y1)-4-[3-((R)-2,3-dihydroxypropoxy)-2-nitrophenyl]-

1H-pyrrole-2,5-dione was prepared according to the procedure described in
Exarhple 2, step 1, but substituting 3-(1-methylindol-3-y1)-4-[3-((R)-2,2-dimethyl-
[1,3]dioxolar}-4-ylmethoxy)-27nifrophcnyl]—1H—pyrrole—2,5—dione for 3-(1-

30 methylindol-3-yl)-4-[3-((R)-2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)phenyl]-1H-
pyrrole-2,5-dione. MS (EI): (M*+1) 438. |
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The following are representative pharmaceutical formulations containing a
compound of Formula (I).- |
Example A
Tablet formulation
0 The following ingredients are mixed intimately and pressed into single
scored tablets.
Quantity per -
Ingredient - tablet, mg
15 compound of this invention 400
cornstarch 50
croscarmellose sodium ‘ 25
lactose ' 120
ﬁagnesium stearate ' 5
20
Example B
Capsule formulation
The following ingredients are mixed intimately and loaded into a hard-shell
gelatin capsule.
25 ,
Quantity per | Ingredient
capsule, mg
compound of this invention 200
| lactose, spray—:iried 148

30 magnesium stearate 2
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Example C
Suspension formulation

The following ingredients are mixed to form a suspension for oral

administration.
5 .
Ingredient ' Amount
compound of this invention - 10g
fumaric acid ~05¢g
‘sodium chloride S 20¢g
10 methyl paraben i 0l5¢g
propyl paraben 005¢g
| granuléted sugar | 250¢g
sorbitol (70% solution) , ' 13.00 g
Veegum K (Vanderbilt Co) 10g
15 S . flavoring . 0.035 ml
- - colorings ‘ 0.5 mg
distilled water q.s. to 100 ml
Example ’D
20 : ‘ ' _ Injectable formulation
- The following ingredients are mixed to form an injectable formulation.
Ingr§dieht Amount
compound of this invention 0.2 mg-20 mg
25 sodium acetate buffer solution, 0.4 M 2.0ml ,

HCI (IN) or NaOH (1N) qg.s. to suitable

water (distilled, sterile) q.s. to 20 ml
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Example E
Suppository formulation
A suppository of total weight 2.5 g is prepared by mixing the compound of

the invention with Witepsol® H-15 (triglycerides of saturated vegetable fatty acid;

5 - Riches-Nelson, Inc., New York), and has the following composition:
compound of the invention 500 mg
Witepsol® H-15 balance
10 Example 1

Inhibition of Glycogen Synthase Kinase-3f -- in vitro assay

The in vitro GSK-3f inhibitory.activity of compounds of this invention
was determined with 2 truncated form of recombinant rabbit GSK-3p enzyme. .
15

Isolation of GSK—3§ ' . .

The construct was cloned in pGEX-3X vector according to the procedure
described in Wang, Q. M. et al., J. Biol. Chenm. 269, 14566-14574 (1994). Ten
amino acids at the N-terminus were deleted to obtain constitutively active GSK-3f

20 (see Muraj H et al., FEBS Lett. 392,153-60, (1996)). GSK-3 was expressed in
'BL21 DE3 cells. The cells were grown at 37 °C until they reached mid log phase
and then induced with isopropyl-beta-(D)-thiogalactopyranoside (final
. concentration 0.4mM) at 30 °C for 2 h. The cells were homogenized and the cell
extract was loaded on a glutathione sepharose 4B column. GSK-3p was elu.ted
25 with glutathione buffer (50 mM Tris pH 8 and 10 mM reduced glutathione). The '
eluate was collected in 3 minute fractions and assayed for GSK-3f contentona ..
10% SDS PAGE (polyacrylamide gel electrophoresis). Fractions above 20% peak
height were pooled, aliquoted, .and stored at —~80 °C until used.

30 Inhibition of GSK-3
' - The GSK-3p binding assay was performed in 50 pul reactions in a 96 well

polypropylene plate, each reaction containing 20 mM magnesium chloride, 40 uM
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) 0 this.invention in DMSO (various concentratlons) 15 W of GSK-3f (various
5 concentrations) was added and the reaction mixture was incubated at 30 °C for 1
| hour. The reaction was stopped by transferring 25 ui of the reaction mixture to a
phosphocellulose pléte containing 130 pl of 1.85% phosphoric acid. The free
radionucleotides in the membrane were washed off under vacuum with 1.85%
phosphoric acid (5 times). After the last wash, the plate was transferred to an
1V adoptor plate and 50 pl of scintillation cocktail (Microscint-20, Packard, cat. # 20-
133) was added to each well and the amount of radioactivity was counted in a top

counter.

Compounds of this invention were active in this assay.

15
The GSK-3B inhibitory activities (expressed as ICso, the inhibitor
concentration causing 50% inhibition of the activity in the control) of some
compounds ofthe invention disclosed in Table I-IV were less than 2 pm.
Activities of certain specific compounds are shown below.
20 , '
Compound ICsp UM
~I-1 ‘ 0.194
II-1 0.02
-2 0.0264
w4 " 0.0296 '
0I-3 0.23
Iv-1 ' 0.1334
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Inhibitioﬁ of B-catenin degradation -- in vitro assay
- The cell based GSK-3p activity of compounds of this invention was
determined by measuring -catenin levels in Jurkat T-cells after treatment with the

5 ' compounds of this invention using ELISA as follows. |

jurkat cells (5 x 105 cells/ml) were plated in 6-well plates (6 ml/well) and
then treated with various concentrations of the compounds of this invention
) (prefeirably 1 nM-10 uM) for 24 hours. At the end of the incub'z;tion, the cells
10 were collected and washed once with PBS. The cells were then suspended in 0.3
ml Radioimmuno Precipitation Assay lysis (RIPA) buffer (Boehringer Mannheim,
cat.# 1 920 693). After 3 freeze — thaw cycles, the cell extracts were centrifuged at
15,000 rpm for 10 min. The supernatant was collected and analyzed using ELISA
assay as described below.
15 o
96 Microwell plates were coated overnight with capture antibody (mouse -
monoclonal anti-B-catenin, Zymed La., cat.# 1.3'8400’ 100 pl per well, containing
250 ng antibody) diluted in coating buffer (0.1 M NaHCOs;, pH 9.5). The wells.
were aspirated and washed 3 times with 300 pl of wash buffer (PBS containing
20 | 0 05% Tween 20) and blocked with 200 pl of assay diluent (PBS, 10% RBS, pH 7;
PharMmgen) and then incubated at room temperature for at least 72 h. The wells
were washed again as described above. 100 ul of the Jurkat cell supernatant and
" various concentrations of a B-catenin standard (Behrens et al. Nature, Vol. 382,
p638 (1996)) were added to the wells aqd incubated for 2 h at room temperature.
25 After incubation, the wells were washed and 100 pl of anti-B-catenin antibody
(Santa Cruz, f-catenin H-102, sc-7199, rabbit IgG) diluted in assay diluent
(1:1250) was added to each well and the cells were incubated at room temperature
for 2 h. After washing, 100 ul of working detector (Sigma B5283, mouse
monoclonal anti-rabbit igG—Biotin) diluted in assay diluent (1:2000) was added into
30 each well and incubated for 1 h at room temperature. 3,3°,5,5’-
.Tetramethylbenzidine (PharMingen, Cat. # 2642KK) was used for color
devélc)pment. The reaction was stopped by adding 50 pl of stop solution (2N
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within 30 min., of stOpping the reaction.

The level of GSK-3f inhibition was calculated by plotting the compound
5 ° ' concentration versus J-catenin levels. The results are shown in Figure 1,

confirming the effect of compounds of this invention‘on B-catenin levels.

Example 1II
Cytokine Secretion Assays ---human T-cell aséay
10 The effect of compounds of this invention on cytokine secretion levels from -
human CD4+ T-helper cells was determined as in Rogge et. al., J. Exp. Med. 185,
825-831 (1997).

For this assay, human neonatal leukocytes were isolated from freshly
15 ‘ coilectéd, heparinized neonatal blood by Ficoll-Paque (Pharmacia Biotech,
Uppsala, Swéden) density gradient centrifugation. To generate Th1 and Th2 cell
lines, CD8+ T cells were removed by positive selection with anti-CD8 microbeads
and magnetic activated cell sorting according toa protocol supplied by the
manufacturer (Miltenyi Biotec, Bergisch Gladbach, Germany). On day 0, cells
20  were ﬁre-inéubated with various concentrations of test compound for one day. The -
"next day, cells were stimulated with 2 pg/ml phytohemagglutinin (Wellcome,
Beckenham, U.K.) in the presence of 2.5 ng/ml IL-12 (Hoffmann-La Roche,
. Nutley, NJ) and 200 ng/ml neutralizing anti-IL-4 antibody (no. 18500D;
PharMlingen, San Diego, CA) for Th1 cultures or 1 ng/ml IL-4 (PharMingen) and 2
25 pg/ml neutralizing anti-IL-12 antibody 17F7 and 20C2 (kindly provided by M. '
Gately, Hoffmann-LaRoche) for Th2 cultures, respectively. The cells were washed
on déy 3 'and expanded in complgte RPMI 1640 medium (Life Technologies,
Milan, Italy), supplemented with compounds of this invention, 5% FetalClone I
(HyClone, Logan, UT), 2 mM L-glutamine, 1 mM sodium pyruvate, 100 U/mi
30 penicillin-streptomycin, and containing 100 U/m! IL-2 (Hoffmann-La Roche).
. The cells were washed again on day 14 and 10° cells were re-stimulated in 96-well

round-bottom plates for 24 h with plate-bound anti-CD3 and anti-CD28
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monoclonal antibodies'(clone'”fR66; see Lanzavecchia, A., and D. Scheidegger., -
Eur. J. Inmunol. 17:105-111 (1987)) to measure IFN-gamma, IL-4, and IL-13 in
culture supernatants by ELISA assays (Gallati, H., L. et al ., J. Biol. Regul.
Homeostatic Agents. 1:109-118, (1987)). The EDsq values (concentration of

5 - compound that inhibits cytokine secretion to 50% of the maximal value) were

determined by fitting a sigmoidal curve to the plotteddata.

Compounds of this invention were active in this assay and showed
suppression of IL-4, and IL-13 secretion levels, while Interferon-gamma levels

10  remained unchanged.

Example IV
Cytokine Secretion Assays —-murine T-cell assay
CD4+, CD62Lhi cells (naive T-cellls)‘are isolated from the spleens of

15 .Balb/C Do11.10 OA-TCR transgenic mice (Murphy K.M. et al., Science, 250, 1720
(1990)) by Ficoll density gradient and Miltenyi magnetic immunobead separations.
These naive T-cells were grown in co-culture with irradiated Balb/C splenocytes
(T:-APC 6f 1:25) under neutral conditions (without the addition of differentiating
cytokiﬁesj. T—éells are stimulated with 300 nM ovalbumin peptide (NH2-

20 KISQAVHA AHAEINEAG-COOH) in the presence of different inhibitor -
‘concentrations (test compound), including controls with solvent only. At day 3 the
cells were split 1:3, with inhibitors being added back to the medium to maintain the

~ original concentration. On day 6, the cells were counted, washed, re-plated at a
1:25 ratio with irradiated Balb/C splenocytes, and re-stimulated with 300 nM

25 ovalbumin peptide. On day 8, the supernatants were harvested and levels of IFN-
gamma, [L-4, IL-5, and IL.-13 were quantitated .by ELISA (R&D Systems). The
EDsq values (concentration of compound that inhibits cytokine secretion to 50% of
the maximal value) were determined by fitting a sigmoidal curve to the plotted
data. | |

30

Compounds of this invention were active in this assay and led to a reduction

in Th2 cytokine levels.
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11(121f1ux into tI1ic lungs of Ovalbumin sensitized
' _ brown Norway rats— in vivo assay’

5 The ability of the compounds of the invention to inhibit leukocyte
infiltration into the lungs was determined by measuring the inhibition of eosinophil
accumulation into the bronchioalveolﬁr lavage (BAL) fluid of Ovalbumin (OA)
sensitized brown Norway rats after antigen challenge by aerosol. Briefly, male
brown-Norway rats were sensitized i.p. with 100 ug of OA in 0.2 ml alum on Day

10 B 0, Day 7, and Day 14. On Day 21, the rats were challenged with 1% OA for 45
min., and sacrificed 72 h later. Test compounds or only vehicle (control group):
wére administered from the day before the third immunization until the end of the
study. At the time of sacrifice, rats were anestﬁetized (urethane, approx. 2 g/kg, -
i.p.) and the lungs were lavaged with 3 x 3 ml BAL. The BAL fluid was analyzed

15 - for total leukocyte number and differential leukocyte counts. The total leukocyte
number in aﬂ aliquot of the cells (20 ul) was determined by Coulter Counter. For
differential leukocyte counts, 50-200 pl of the samples were centrifuged in a
Cytospin and the slide stained with Diff-Quik. The proportions of monocytes,
eosmophlls, neutrophils and lymphocytes were counted under light microscopy

2 usmg standard morphologlcal criteria and expressed as a percentage.

Compounds of this invention were active in this assay and led to a reduction

in monocytes, eosinophils, neutrophils and lymphocytes infiltration into the lungs.

25 Example VI ,
Reductjon of total Serum IgE and Ovalbumin specific IgE in Ovalbumin
| sensitized A/J mice- in vivo assay
This.protocol was designed to examine the effect of compounds on IgE
levels in the serum of Ovalbumin (OA) sensitized A/J mice. The primary endpoint
30 was IgE production during sensitization. Briefly, male A/J mice (20-25 g) were
: sensitizéd by intraperitoneal injection of OA/Alum (10 pg in 0.2 ml AOH)3; 2%)

on Day 0, and Day 7. On Day 14, the mice were anesthetized with urethane and
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-differentiation of Balb/c T-cells, induces the expression of TCF7. Both these

experiments confirm that TCF7 levels are linked to the T-helper response. High
levels of TCF7 expression appeared to be linked to a Thl response, while low

levels are linked to a Th2 response.

The foregoing invention has been described in some detail by way of
illustration and example, for purposes of clarity and understanding. It will be
obvious to one of skill in the art that changes and modifications may be practiced
within the scope of the appended claims. Therefore, it is to be understood that the
above description is intended to be illustrative and not restrictive. The scope of
the invention should, therefore, be determined not with reference to the above |
déscription, But should instead be determined with reference to the following
appended claims, along with the full scope of équivalents to which such claims are

entitled. -

All pétents, patent applications and publications cited in this application are
hereby incorporated by reference in their entirety for all purposes to the same
extent as if each individual patent, patent application or publication were so

individually denoted.
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1. A compound represented by Formula (I):

‘ H
R2 O N O
N
R1/ = —§
|3 (._./ R5
R R® '
3 o ‘ @

wherein:

R! and R? independently represent hydrogen, alkyl, halogen, haloalkyl,
alkylthio, hydroxy, alkoxy, cyano, nitro, amino, acylamino, monoalkylamino, or
diaikyla’rrﬁno;

10 R? reﬁresents hydrogen, alkyl, cycloalkyl, heteroalkyl, -COR’ (wherein R’
is hydrogen or alkyl), or phenyl optionally substituted with one or two substituents
independently selected from the group consisting of hydrogen, alkyl, haloalkyl,
alkyltﬁio, hydroxy, alkoxy, cyano, nitro, amino, acylamino, monoalkylamino, and
dialkyiaminb; ‘

15 ‘ ‘R*and R® independently represent hydrogen, alkyl, halogen, haloalkyl,
alkylthio, hydroxy, alkoxy, cyano, nitro, amino, acylamino, monoalkylamino, or

. dialkylamino;

RS is heteroalkyl, heterocyclyl, heterocyclylalkyl, heteroalkylsubstituted
heterocyclyl, heteroalkylsubstituted cycloalkyl, heterosubstituted cycloalkyl, -OR®,

20 -S(O’),,R8 (wherein n is an-integer from O to 2; and R® is heteroalkyl, heteroaralkyl,
heterocyclyl, or heterocyclyialkyl), NR°R!? (wherein R’ is hydrogen or alkyl and
R is heterosubstituted cycloalkyl, heteroalkyl, heteroaralkyl, heterocyclyl, or
heterocyclylalkyl), or -X-(alkylene)-Y-Z (wherein X is a covalent bond, -O-, -NH-,
or =S(0),1- where nl is an integer from 0 to 2, Y is —-O-, -NH-, or -S- and Z is

25 " heteroalkyl or SIRMRD(R'?) where R'!, R' and R are independently hydrogen
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heterocyclyl, or heterocyclylalkyl), -NR°R' (wherein R® is hydrogen or alkyl and

15 R s Iieteroalkyl, heteroaralkyl, heterocyclyl, or heterocyclylalkyl), or -X-~
(alkylene)-‘Y%eteroalky] (wherein X is a covalent bond, -O-, -NH-, or —~S(Q),1-
where nl is an integer from 0 to 2, and Y is -O-, -NH-, or -S-), or RS together with
R* forms a methylenedioxy or ethylenedioxy group when they are adjacent to each
other.

20
3.  The corhpound accofding to claim 1 or 2, wherein RS is at the 2,30r4-

position of the phenyl ring.

4. The compound according to any one of claims 1 to 3, wherein Réis at the 3-
25 position of the phenyl ring. '
5. The compound according to any one of claims 1 to 4, wherein R® is

heteroalkyl, heterocyclylalkyl, -OR® (wherein R® is heteroalkyl or
heterocyclylalkyl), -NHR'? (wherein R° is heteroalkyl, heterosubstituted

30 cycloalkyl, heterocyclyl, or heterocyclylalkyl), or -X-(alkylene)-Y-heteroalkyl
(whcrciﬁ X is a covalent bond, -O- or —NH- and Y is —~O- or -NH).
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6. The compound according to any one of claims 1 to 5, wherein R*and R’ are
at the 2 and the 6 positiohs of the phenyl ring and are independently of each other
hydrogen or halogen.

7. . The compound according to any one of claims 1 to 6, wherein R! and R® are

hydrogen.

8. The compound according to any one of claims 1 to 6, wherein R'is at the 5-

position of the'indole ring and is halogen; R? is hydrogen.

9. The compound according to any one of claims 1 to 8, wherein R%is
hydrogen or alkyl, R® is -OR® (wherein R® is heteroalkyl or heterocyclylalkyl), -
NHR!? (wherein R' is heteroalkyl, heterosqbstifuted cycloalkyl, heterocyclyl, or
heterocyclylalkyl), or -X-(alkylene)-Y-heteroalkyl (wherein X is a covalent bond, -

.0- or -NH- and Y is ~O- or -NH).

10.  The compound according to any one of claims 1 to 8, wherein R%is
hydrogen or alkyl, R® is';OR8 (wherein R® is heteroalkyl or heterocyclylalkyl), -
NHR'® (Whereiﬁ R is heteroalkyl, heterocyclyl, or heterocyclylalkyl), or -X-
(alkylene)-Y-heieroalkyl (wherein X is a covalent bond, -O- or -NH- and Y is —O-

or -NH).

- 11. The compound according to any one of claims 1 to 10, wherein R? is alkyl.

12.  The compound according to any one of claims 1 to 11, wherein R®is

methyl.

13.  The cqmpound accordipg'to any one of claims 1 to 12, wherein R* and R®

are independently of each other hydrogen, chloro, or fluoro.

'14.  The compound according to any one of claims 1 to 13, wherein R* and R’

are hydrogen.
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15. Thc compound abéording to any one of claims 1 to 14, wherein Réis (RS),

(R) or (S) 2,3-dihydroxypropyloxy, 3-hydroxypropyloxy, 2-aminoethyloxy, 3-

aminopropyloxy, 2-morpholin-4-ylethyloxy, or (RS), (R) or(S) 2,2-dimethyl-1,3-
5 - - dioxolan-4-ylmethyloxy.

16.. The compound according to any one of claims 1 to 14, wherein R is (RS),

(R) or (8) 2,3-dihydroxypropylamino, 2-hydroxyethylamino, 3-

hydroxypropylamino, (RS), (R) or (S) 2,2-dimethyl-1,3-dioxolan-4-ylmethylamino,
10 2-hydroxy-1-hydroxymethylethylamino, 3-hydroxybutylamino, or tetrahydropyran-

4-ylamino.

17. A method for preparing a compound of Formula (I) which comprises:
@) °©  reacting a 3-indol-3-yl-4-phenylfuran-2,5-dione of formula:

15

where R'-R® are as defined in Claim 1 with ammonia to provide a compound of
Formula (T); or

(ii) reaci;ing a compound of formula:

':\‘2 Q  onR
A b
R N

R3

20 where R'-R? are as defined in Claim 1 and R is alkyl, with a compound of formula:
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R4

NH
Rs_ﬁ_\/ﬁ/\”/ 2
e, ©

R6

" where R*-R® are as defined in Claim 1, iﬁ the presence of a base; and
(ili) optionally convertin g a compound of Formul4 (I) to other compounds of
Formula (1);
(iv)  optionally converting the compound of Formula (I) prepared in Steps (i) or

~ (i) above, to the corresponding acid addition salt by treatment with an acid;
(v)  optionally converting the compound of Formula (I) prepared in Steps (i) or
(ii) above, to the corresponding free base by treatment with a base; and
(vi)  optionally separating a mixture of stereoisomers of a compound of Formula

(I) prepared in Steps (i) - (v) above, to give a single stereoisomer.

18 "A medicament comprising a therapeutically effective amount of a
compound according to any one of claims 1 to 16 and a pharmaceutically

acceptable excipient.

19.  The medicament according to claim 18 for the treatment of GSK-3f

media:ted diseases selected from Alzheimer’s disease, obesity, diabetes,
“atherosclerotic cardiovascular disease, polycystic ovary syndrome, syndrome X,

ischemia, traumatic brain injury, bipolar disorder, immunodeficiency, cancer,

allergy, and asthma in a mammal.

20. The medicament according to claim 18 or 19, wherein the disease is asthma.

21.  Theuseofa compound according to any one of claims 1 to 16 for the
treatment of GSK-3f mediated diseases selected from Alzheimer’s disease,
obesity, diabetes, atherosclerotic cardiovascular disease, polycystic ovary
syndrome, syndrome X, ischemia, traumatic brain injury, bipolar disorder,

. immunodeficiency, cancer, allergy, and asthma in a mammal.
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22.  The use according to claim 21, wherein the disease is asthma.

23. - The use of a compound according to any one of claims 1 to 16 for the
manufacture of medicaments comprising one or more compounds of formula I for
the treatment of GSK-38 mediated diseases selected from Alzheimer’s disease,
obesity, diabetes, atherosclerotic cardiovascular disease, polycystic ovary
syndromé, syndrome X, ischemia, traumatic brain injury, bipolar disorder,

immunodeficiency, cancer, allergy, and asthma in a mammal.
24, The use according to claim 23, wherein the disease is asthma.

25.  The use of an inhibitor of GSK-3§ for the treatment of a disease

characterized by an excess-of CD4+ Th2 cytokines.

'26.  The use according to claim 25, wherein the inhibitor of GSK-3 Bisa

compound according to any one of claims 1 to 16.

27. Theuse according to claim 25 or 26, Wherein the disease is asthma, allergy

or allergic rhinitis.

'28. ' The use according to any one of claims 25 to 27, wherein the disease is

asthma.

29.  The use according to any one of claims 25 to 28, wherein the GSK-38
inhibitor is at least 10 fold more selective for GSK-3f relative to PKC.

30.  The use of an inhibitor of GSK-3p for the treatment of a disease

characterized by an excess IgE production.

31.-  The use according to claim 30, wherein the inhibitor of GSK-3f is a

compound according to any one of claims 1 to 16.
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32.  The use according to claim 30 or 31, wherein the disease is asthma, allergy

or allergic rhinitis.

33. The use according to any one of claims 30 to 32, wherein the diseasel is

- asthma.

34.. Theuse according to any one of claims 30 to 33, wherein the GSK-3f3
inhibitor is at least 10 fold more selective for GSK-3p relative to PKC.

35.  The invention as herein before described, particularly with reference to the

new compound, intermediates, uses and processes.



