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WO 2007/010085 PCT/F12006/000257 1 NEW PHARMACEUTICAL
COMPOUNDS FIELD OF THE INVENTION 5 The present invention
relates to pharmacologically active benzofused five-membered
heterocycles, or pharmaceutically acceptable salts and esters thereof, as
WelrHs 8 '3armaceutical compositions containing them and t8&RdTF(§a000257
as inhibitors of catechol-0- methyltransferase (COMT) enzyme. 10
BACKGROUND OF THE INVENTION It is generally known and accepted
NEW Rt CONITdibEa3Ere Ubdld| in the treatment of Parkinson's
disease. COMT inhibitors have been shown to be effective in 15 clinical
use for the treatment of Parkinson's disease as an adjunct to levodopa
therapy. In order to achieve a steady plasma concentration of levodopa, it

FI?L%%@@?I@MI@QW inhibitor has a good bioavailability and a long

uration of action. However, the commercially available COMT inhibitors
are associated with a rather short duration of action and their oral

THRigAvRablitkisfimiteds 20 OMIcinbiRiorshave waadresn indicaladiged

bé useful in the treatment of, for example, hypertensjon, hteart failure and
heEpelsio A BRE T CHRY ST AFRFALS G BSHFBROPSH - Fribdsition
phefiabgtic Vasepeitysiwoatidnm fahdd S 20 7,E86)s COMRibihifsitdt satechol -O-

have also bee;é%ifﬁgsed asebeing useful for treating or controlling pain
m?@?’@@%@fﬁs’f BXwel as for treating restless legs syndrome (RLS),

which is also known as Elcbom's syndrome (cf. WO 2006/051154). RLS

B [g#ggﬁlgﬁ%q)gyﬁrwd%@wﬂe to move the legs accompanied by

runpleasant sensations deep within the legs. Some compounds with
COMT inhibiting activity are known in the art. For example, 30 catechol

It deféyg IVePRS GOMT JRbipiors.nAY e PRENElinoIPSRL iGrinMd I R385 6R3;
0875448 192; US 6,150,412; US 6,512,136; WO 01/98250; WO . |
reptresR 61 Pwidnepnaiasse § @b ibilowbryobeyt £ 79 hBegsctive in

1290p/028828: seflanenc.derivatives f8 CLME an adjunct to levodopa therapy. In
order to achieve a steady plasma concentration of levodopa, it is desirable that the COMT
inhibitor has a good bioavailability and a long duration of action. However, the
commercially available COMT inhibitors are associated with a rather short duration of

action and their oral bioavailability is limited.

COMT inhibitors have also been indicated to be useful in the treatment of, for example,
hypertension, heart failure and depression (cf. e.g. US 5,446,194) as well ag inhibitors for
the prevention of diabetic vascular dysfunctions (cf. US 6,207,706). COMT inhibitors have
also been disclosed as being useful for treating or controlling pain (cf. US 6,723,754) as
well as for treating restless legs syndrome (RLS), which is also known as Ekbom’s
syndrome (cf. WO 2006/051154). RLS is characterized by an irresistible urge to move the

legs accompanied by other unpleasant sensations deep within the legs.

Some compounds with COMT inhibiting activity are known in the art. For example,
catechol derivatives as COMT inhibitors have been disclosed e.g. in US 5,389,653; US
5,446,194; US 6,150,412; US 6,512,136, WO 01/98250; WO 01/98251; WO 02/02548; US
6,503,114, WO 2004/112729 and WO 2005/058228. Isoflavone derivatives as COMT
inhibitors have been disclosed in US 3,573,608,
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inhibitors have been disclosed in US 3,973,608. WO 2007/010085
PCT/FI2006/000257 2 As to known benzof tsed five-membered

2-benzyl-7-bromo-6-nitro- benzofuran-4,5-diol h
(rjlk%g%%s&e% {|§1 3yubchanskaya et al. Khinaiko-Farnzatsevtichesk(?‘lI§ %oao ,/000257

23 (1989) 843. 5 SUMMARY OF THE IRVENTION An object of the
present invention is to provide further inhibitors of catechol-O-
methyltransferase enzyme that can be used for the treatment of diseases

AQERRGHIPBsEAMAe eI nkiRiie:oftLAME s Indicated 10,R%1638 .-
Accordingly, an object of the present invention is to provide further

begnpitnds wWiokhesberadiednser MG asbaYe i thd hrilimbataprseviicheskii

Zmammaks(ingyding humans and animals. Furthermore, pharmaceutical
compositions containing the present compounds are provided. 15 Due to
slow elimination via glucuronidation, the COMT inhibitors of the present

SIVEVLIOR YhaYeTaHE mpsavNd tddavailability and/or a prolonged duration of
action. Additionally, the compounds of the present invention possess
enhanced primary pharmacological properties, i.e. COMT inhibiting

Aactiviegt SHlttherasoneithentiomis dopds/ids fiothedobibitooxidatieshol-O-

BQQ@Q?&@Q% éﬂﬂﬁt%&ﬁ%%ﬁ%@d%ﬁﬁ%%ﬁﬁf&ﬁ & gﬁleeasgé) or conditions
DETAILED DESCRIPTION OF THE INVENTION The present invention

weseresipbihbirs dOMh HbGrsha i thecGdnbeapromaliiach dRiFd o the present
i BaRLs LPpisi RIS RRReRIlARITRedq i5il iy

ortho to E&Z orRlisina .ogii%[l%n orth%!%(()%R:B am%r%ﬂgggﬁo%ﬁg the
RPNt Rf YRSy lﬁf%g

mg humans and animals. Furthermore, pharmaceutical
compositions containing the present compounds are provided.

Due to slow elimination via glucuronidation, the COMT inhibitors of the present invention
have an improved bioavailability and/or a prolonged duration of action. Additionally, the
compounds of the present invention possess enhanced primary pharmacological properties,
i.e. COMT inhibiting activity. Furthermore, the compounds do not uncouple oxidative
phosphorylation and thus possess a desirable safety profile.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to novel COMT inhibitors having the general formula 1,

wherein
R; is in a position ortho to Rs and R is in a position ortho to R,
or Ry is in a position ortho to Rs and Ry is in a position ortho to Ry;

R is cyano or nitro;
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WO 2007/010085 PCT/FI2006/000257 3 R2 is hydroxy; R3 is hydroxy;
R4 is H, (Ci-C6)alkyl, halo(Ci-C6)alkyl, cyan, fomiyl, (C1-C6)alkyl-(C=0)-,

W%gﬂ%oggtro; 5 the dotted line represents a single or a doublebavshe 000257
two of X, Y or Z are independently CR5(R6)m, N(R7),,, 0 or S and one o

X,Y or Zis N(R7)~, 0 or S; m is, indepehdently at each occurrence, 0 or
1;. nis, independently at each occurrence, 0, 1 or 2; 10 R3 is,

éfﬁﬂ’@ﬁtly at each occurrence, H, (C1-C6)alkyl, (C2-C6)allcenyl,
Rdlogemetydroxy, (C1-C6)alkoxy, halo (C1-C6)alkyl,

i I BB LG S BSs Rl ERR Llrbly o o
nf@3-C7)cyeloalkyl, heterocyclyl, aryl, heteroaryl, heterocyclyl-(C=0)-,
-=6)allcyl 2N- 2N-(C1-C6)alk-YI, (R8)2N-(C=0)-,
ﬂzﬁ&gﬁ%‘@?%%%%%Rﬁfsfs)ﬁ%’%lgggé? (gl-(g&)alIlzl:o(xy(C)l-C6)aIkyI,
HQPL6)d leotys(CindriGides)akRAR G- TeRalkyd (€S0ra-one of X, Y or Z is

I\gg{lﬁc@@;[kgi-(c=0)-o-(c1-c:6)a|ky|, hydroxy(C1-C6)alkoxy(C1-C6)alkyl,
(C1-B6)alkyl-S-(C1-C6)allcyl, (C1-C6)allcyl-S-(C=0)-,
e

izt cacleenarinearyiey; aryi.oxy(C1-C6)alkyl,

A HELSAIRIETY a(GkaBlalcey (i 3:CB)alkyl or heterocyclyl-(C=S)-,
wherein said (C3-C7)eycloallcyl, heterocyclyl, aryl or heteroaryl as such
R0 HSHTRABHA G @F&&}B%Cﬁngu@mGé@@aasﬁ%s@&ﬂH@%M%@s Bydroxy,

(SuTteXYShstach iOgRRSNdRaNK PN (SIS kb Jaleaga-tydroxy,
A T e e IS A - B C-NRa)
b GBlakox)ol R ginteRfobpilyiatiat eddohe, sampeahomaigy gtom
AL WAL s AN B Y 0
Rof@r-fosdth €€ with thiwsa(Gof iy aein Ga)alkisty ey@réauaohiy], (C-Coalkyl-
510 O e A SRy
(Ci-Co)alkyl-S-(Cy-Cg)alkyl, (C-Cg)alkyl-S-(C=0)-, (C3-Cy)eycloalkyl(C1-Co)alkyl,
aryloxy, aryloxy(Cy-Ce)alkyl, aryl(C;-Ce)alkoxy, aryl(C,-Cg)alkoxy(C;-Ce)alkyl or
heterocyclyl-(C=S)-, wherein said (C3-Cy)cycloalkyl, heterocyclyl, aryl or heteroaryl as such
or as part of another group is unsubstituted or substituted with 1, 2 or 3 substituent(s) each
independently being (C;-Ce)alkyl, halogen, hydroxy, carboxy, (C;-Cg)alkoxy or (Rg),N-;

R¢ is, independently at each occurrence, H, (C1-Cg)alkyl, halogen, hydroxy,
hydroxy(C;-Ce)alkyl or (C1-Cs)alkoxy;

or Rs and Rg both attached to the same carbon ring atom form, together with the carbon ring
atom to which they are attached, a -(C=0)- group;

or Rs and R¢ both attached to the same carbon ring atom form, together with the carbon ring
atom to which they are attached, C=C(Rg),;

or Rs and R¢ both attached to the same carbon ring atom form, together with the carbon ring
atom to which they are attached, a 5, 6 or 7 membered saturated or unsaturated carbocyclic
ring, wherein said ring is unsubstituted or substituted with 1 or 2 substituent(s) each
independently being (C;-Cg)alkyl, halogen, hydroxy, (C;-Ce)alkoxy or carboxy;

Ry is, independently at each occurrence, H, (C;-Cg)alkyl, (C5-Cr)cycloalkyl, (C1-Ce)alkoxy,
aryl or O, wherein said (C3-Cy)cycloalky! or aryl is unsubstituted or substituted with 1, 2 or
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atom to which they are attached, a 5, 6 or 7 membered saturated or
unsaturated carbocyclic 30 ring, wherein said ring is unsubstituted or

wgsg&}?gﬁ ith 1 or 2 substituent(s) each independently being
(C1-Co)al cﬁ, halogen, hydroxy, (C1-C6)allcoxy or carboxy; R7Pi(s::I‘/]'LTIZOOG/OOO257

independently at each occurrence, H, (G1-C6)allcyl, (C3-C7)cycloalkyl,

(C1-C6)allcoxy, aryl or 0-, wherein said (C3-C7)cycloalkyl or aryl is
3 Hesbutrrisacar st bithene(or Worbob Hgeepsihydroxy, (Ci-Calkoxy or
ch6dxk12006/000257 4 3 substituent(s) each independently being

1-C6)alkyl, halpgen, hydroxy, (CI-C6)allcoxy or carboxy; or R5 and. R5,
ORRSE By 57 125 BB ray H0 il 15 5 e BHIPRT S8 A T Bt with

theitin gheoring @tanish iheyhichnthey e attached 3 ®baeRsedie: & Qhtlrated or
membered saturated or 5 unsatyrated carbocyclic ring Qr a condensed 5,
B S S SRy Ay e graced
heiepohpttrongregslassiacted # dirtddh Doan@)Selattedeinmaiy @artdoS,ovherein said
1 Tol (Talo M psti St with . 2 substitu.en
o B L & SRR coct
indapadralokenR s Cinakkyb hatoatp.adrstioryo CCufrente s, ¢abos)atkyto;
RiGkGRI ¥ 8P b P RBIKEEEERIRY]. mharein J@:@]Mcgggugh gras

part of another group is unsubstituted or substituted with 1 . .
agylfstitueAtika) sHhasHasibHaE ATIUSEIAT AL ARy Theitarjanis Hyabsajiuted or
sEBEhaxydoR i It G IalkBtBR (5, dndeRRRIGNIN A Ba6R ﬁ%l@@)%ﬁ@ﬁ; hajogen,
h%tE-C6)aI Iél?%)@l i‘sy roxy or (Ct-C5)allcoxy; or a pharmaceutically

bt St Br aPHERSSF: 15 with the proviso that the compound is

Ryat 2rhiepayichiiyamacd-oitarRanz of0r a0 hikydioR ; J1Na, POssiie SUGroWRkoxy;

of the compo of for zis position ortho to R3 and RI is in

t n la | in
A% h@%ﬁcor ﬁ%aﬁ e Fgﬁiﬁ 3%1091%6?%62%?5?8 ubgroup of the compounds
voftfshmpitavisRitist ithacpogitionddrthoitd-RAzahd Réris it-ai pogitiorotithe-405-diol.
RI. In another possible subgroup of the compounds of formula |, R4 is H,
halogen or nitro, for example, H. 25 In another possible subgroup of the
h@élﬂ@‘iﬂh’l@@&ﬁf@ﬁﬁ glethe Rotigpeyads of formula I, Ry is in a position ortho to R3 and Ry

is in a position ortho to Ry.

In another possible subgroup of the compounds of formula I, R; is in a position ortho to R,

and Ry 1s in a position ortho to R.

In another possible subgroup of the compounds of formula I, R4 is H, halogen or nitro, for

example, H.
In another possible subgroup of the compounds of formula I, R; is cyano.
In another possible subgroup of the compounds of formula I, R; is nitro.

In yet another possible subgroup of the compounds of formula I, one of the dotted lines

represents a double bond.



10

15

20

25

30

In another possible subgroup of the compounds of formula I, Rt is nitro. 30
In yet another possible subgroup of the compounds of formula I, one of
the ines represents a double bond. WO 2007/010085
PCT/F12006/000257 5 In a further possible subgroup of the com
of formula I, two of X, Y or Z are CR5(R®);,, and one of X, Y or Zis N. In
a further pOSSIb|e subgroup of the compounds of formula I, one of X, Y or
adusRes(Resiih e shieEodp XL o ontRoNRyy S fermpnbnk Groo KN IZSten
GRiURhar-passibler subgeupiokthe compounds of formula I, two of X, Y or
Z are CR5(R6)m and one of X, Y or Zis 0. 10 In a further possible
subgroup of the compounds of formula I, two of X, Y or Z are CR5(R.6)m

Ianduwtergiolsi¥lenbiscSp b 4rotbenhpessiie BugIe Uak BEXGOMPTHIASR s(Re)m,

off 7 ependentl ch_ocgurrence, H, (Cr-C6)allcyl or
ary ereln%allg,g{lﬁ“i’s u‘r%su%s t%;e%a Br4%ibtituted with 1, 1520r3

substltuent(s) each independently belng halogen In yet another possible

ff |nd nden
e B A e PR D S B e
QB#(R@M@@Q}D@ryf Helersdris, Beterocyclyl-(C=0)- or (R8)2N--(C=0)-,
wherein said heterocyclyl, 20 aryl or heteroaryl as such or as part of
another group is unsubstituted or substituted with 1, 2 or 3 substituent(s)
T adHrAECRR A BYDBEHE PEhoTanaHnEY ol franylaRae ridepBeadrary

GRERG)), aseWHEDES;, i, & R% gnd R6 both attached to the same carbon
ring atom form, together with the carbon ring atom to which they are

attached, a -(C=0)- group, and Rs is, independently at each occurrence,

IGhahyalkydsiviasyb gyb\gseiﬂtﬁatcm@dﬂﬁdmﬁtﬂmwﬂ R} RDisHESHEAEY at cach

with 1 or st el ) ea ependently bein rbox

CEFEDY: afkoky, 1fo mplé’n& d%ﬁ%ﬁc%ﬁ% ﬁ%%}g) %@i??e%@étﬂﬁted with 1,
2R Issubsidperite r&dylahéemnc’(anﬁyﬂuemgdua]dgﬁalogen

(Ci-Cs)alkoxy-(C=0)-, carboxy, heterocyclyl-(C=0)- or (R8)2N-(C=0)-,

wherein said heterocyclyl as part of another group is unsubstituted or
Inypbtingther witsiblosub B aubsiitue pofspeasts mtdpantiehis beimgependently at

el CRIRlRL O AR AL IBS:IS: HQB%@ 2RARMIN S A BESHIRASS).

(CI-C6)allcyl or aryl, Whereln said ary
carboxy, aryl, heteroaryl heterocyclyl-(C= O) or (Rg)N-(C=0)-, wherein said heterocyclyl,
aryl or heteroaryl as such or as part of another group is unsubstituted or substituted with 1, 2
or 3 substituent(s) each independently being (C;-Cg)alkyl or hydroxy, Rg is, independently

at each occurrence, H, or Rs and R both attached to the same carbon ring atom form,

CT/F12086/000257

together with the carbon ring atom to which they are attached, a -(C=0)- group, and Ry is,
independently at each occurrence, (C1-Cg)alkyl or aryl, wherein said aryl is unsubstituted or
substituted with 1 or 2 substituent(s) each independently being carboxy or (C;-Cg)alkoxy,
for example, m is, independently at each occurrence, 0, Rs is, independently at each
occurrence, H, halogen, (C;-Cg)alkoxy-(C=0)-, carboxy, heterocyclyl-(C=0)- or
(Rg)2N-(C=0)-, wherein said heterocyclyl as part of another group is unsubstituted or
substituted with 1, 2 or 3 substituent(s) each independently being (C;-Cg)alkyl or hydroxy,
and Rg is, independently at each occurrence, (C;-Ce)alkyl or aryl, wherein said aryl is
unsubstituted or substituted with 1 substituent being carboxy or (Ci-Ce)alkoxy.
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unsubstituted or substituted with 1 substituent being carboxy or

(Cl-C6)alkoxy. WO 2007/010085 PCT/Ft2006/000257 6 In a further

possible subgroup of the compounds of formula f, the compound
iS8Q4%HIBLEEpheny!)-5,6-dihydroxy-4-nitro-2,3-dihydro-isoindol CIER&06/000257
5,6-dihydroxy-7-nitro-31-I- isobenzofuras-l-one,
7-nitro-2-pyridin-4-yl-benzothiazole-5,6-diol, methane sulfonate, 3-

et drelSepdibibdv ouperonirof Bencafipithiopheifos2iearhokyliompitind is2-(4-chloro-
oSN B ORI 59&%1%% hene 2 cabonlic arid gy

ester, 3-chloro-5,6-dihydroxy-4-nitro- benzolb]thi.ophéne-2-carboxylic

i%ﬁ%{%@@ﬂh@%@%ﬁ%@r@@tm@mmdﬁh methane sulfonate, 3-
@&B@!&zﬁh@zﬁﬁ%ﬁ%ﬂ%@@ﬁ%@% Qi)—p:%?ﬁﬁ)li Qﬁ@c%? pclﬂf_ér"éy%_glghlydroxy

Cl
hanone, 3- chloro-5,6-dihydroxy- enzo ene:2Z-carboxyiic
Tagit aargabident8whbrarboxylic acid ethyl ester, 3-chloro-5,6-dihydroxy-4-nitro-

-dihydroxy-7-pitro-benzao[blthigphen-2-yl)-piperidin-1-yl-methanaone, .
o T PSRt LT e AL iophene,
(@@ﬁgﬂam@éi@d(&iymmﬂf&_ﬁenm[b]thiophen-2~y1)—mqrpholin~4-yl_—metl_1anone, 3~
cgi%fé?ﬁg@é}gm%?&@%%gg%tgﬁgg [ ?{'}Eégﬁggg?ﬁ% ?}gfllincoelé?de Qize%gflgggde, (3-chloro-
sqﬁsh&ﬂmyxzmmiif@f@@eﬁmmynmnﬁﬁezibﬁﬁgeﬂal}rﬁ@iﬂ%%ﬂ&ﬂé?ﬁgiﬁoro-s,ﬁ-

3-chloro-5,6- dihydrog-?-,nitro-benzo thiophene-2-carboxylic aci
RG4S PR opbeRe rprTbewrictsiY BhsRetei® 53 diGkchloro-5,6-

cﬁﬁﬁ@ﬂl@f%ﬁlﬂﬂ%{ﬁﬁﬁgﬂmﬁg@ggﬁf&gyﬂ%ﬁm] -benzoic acid, 4-[(3-chloro-5,6-
gbgzghollnA-yl-methanone,

fydfastyorhenrelbEhimlbitsdptrshenglcanbor}icaaiit; acid, 3-chloro-5,6-

AN R Y I AgiEh. g ide, 2-

= -d%oxy-Z%%?ﬁgﬁﬁ{#g?Qg&%mé PrGed Ej4 methoxy-phenyl)amide, 2
pehybiomdstienssiizasate & Gdmydoxdisdretyl-tintrostenzitiithiopten)-
HOrpANRRLR -H&tﬂéﬁbﬂéeﬁ‘é‘-@ﬁb%r -7-nifro- i 2 ic aci
n%,g—%ihydrog)(f;/-?.-rutro-b’en’zo[b] hi@é‘ﬁeﬁgtﬁ%%‘? o%ﬂéhéot%e%?ﬁyfae%%xry fic acid,
>SelyRDRy-aFRs e BERRGeraho T Ellisib, S506dtigrox)-thetlisd-Bhitro-
@Qﬂ§8ﬂ@6ﬁﬁﬁﬂmibﬁéﬁﬁ,6—dihydroxy—3—methy1—7—nitro—benzo[b]thio hen-2-
5,6-dihydroxy-4,7-dinitro-311-isobenzofuran-I-one, 7-n|tro-2-phepnﬁ-
y@%&g@l@f_@%@%’m@, 5,6-dihydroxy-7-nitro-benzo[ b]thiophene-2-carboxylic acid
eyt diwid syyaise;benreliilinnheneag-carmnlicacidnatiy)- £5ie sH-
.1-(5,6-dimethox -7-rgtro-b§rnzo[g]th|Qp,hen-2-yl)-nonan-l-one, .

1?%_ SRS )_?%?6?-0 e, 5,6-dihydroxy-4,7-dinitro-3H-1sobenzofuran-1-one, 7-nitro-2-phenyl-
hdimpdhd?mléﬂ,ﬁiﬂ“iiﬂpémdlﬁ@khhhjoMo%&ﬂidﬂb@fﬂb@ﬂ@néﬂlcm@&%%@id methyl

4- -5.6- . .
e d R S SR AR} e 5.6
d@sdnhxp‘ﬁ?@d_ﬁﬁtro-benzo[b]th_iophen-z-yl)—morpholix_l-ll-yl-methanone, (3,4-chloro-5,6-
gingro o enzolgitiophen 2y mopholp.d yietianene
@Wyﬂﬁﬁyygﬁﬁﬁrbcbﬁo{b@t{lﬁ}ibmﬁw—@iﬁrﬂ&lﬁﬁe@hﬂﬂmﬁﬂm&ﬂéﬁ@ﬁp@zﬁ%@:ﬁ@
anone, (3- . . :

AR s s R et omhghrokypetamens. G-
ollpro-5,6-dihydroxy-7-nitro-benzo[ ]thiophen-2-y1)-(4-hydroxy-piperidin-1 -yl)-
methanone, (3-bromomethyl-5 .6~dihydroxy-7-nitro-benzo[b]thiophen-2-yl)-morpholin-4-yl-
methanone, 5,6-dihydroxy-3-methyl-2-(morpholine-4-carbonyl)-benzo[ b]thiophene-4-
carbonitrile or (3-chloro-5,6-dihydroxy-7-cyano-benzo [6]thiophen-2-yl)-morpholin-4-yl-

methanone.
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methanone,
(3-bromomethyl-5,6-dihydroxy-7-nitro-benzo[b]thiophen-2-yl)-morpholin-4-

y{iég‘et&?r}%‘s%’ . - POTIRI006/400257
5, -02|?1y0%xy-3-methyI-Z-(morphoI|ne-4-carbonyI)-benzo[b]thloﬁﬂgﬁéz-%’%
carbonitrile or 7
3-chloro-5,6-dihydroxy-7-cyan-benzo[b]thiophen-2-yl)-morpholin-4-yl-
Thiefrvigisn & wrorseodiled 05 2P CTRE00B/H0002EFutdS fovidentiatdeast one of

tReIBehIs Kgiﬁ@s%‘@&?@* 5 H@&dﬁlﬁ%‘?ﬁ@ Q%&H%W%&r‘fr@t rlg aestte%nf?y%g, YorZ

.two bonds represented by a dotted line and having a common a om
$&TEgEn Pt b heldhy diematiehar s piioA e thizt tranhesedaticz havtaited.
of the six-membered ring is retained. 5 Likewise, it is evident to a person
ﬁkbfilled in.the art that, in the compounds of formula I, when the substituent

T4 i SHOGEACARTE SiHieA entbestibintidhihs seneRuedsofformula 1,
vositivepbiigadRiUaNABnhitegeRaion Thrternssemnaloyed Narsifed. is o

h -\(g/éiép ollowing meanings: 10 The term "cyan”, as employed herein,
preékers ocfgl a@ﬁf{ oaum%maf%e e enrﬁ'i?B’", as employed herein, refers to a

-NO2 group. 15 The term "(Ct-C6)alkyl", as employed herein as such or
183 RAFOLApRIner pLaup, fef straight ar branched chain saturated
$ii % Y (ﬁ%% @%Wén grt%e(a:gﬁ%%sh atom(s).

hydrocarbon group having 1,
Representative examples of (CI-C6)alkyl include, but are not limited to,

TRl <8 0RIGRYo R RERRY DL, ISerpHiY], sec b, tort-butyl,
alo

n-pentyl, iso-pentyl, and n-hexyl. 20 The term' or "halogen", as
employed herein as such or as part of another group, refers to fluorine,

Telel esine ritermine g RAKEL e, lRierd a'gcwgé)@lgy_l", as employed
herein, refers to at least one halogen, as defined 25 herein, appended to
the parent molecular moiety through an (CI-C6)alkyl group, as defined

Thereim Represpiitally esexasipiesieibal o sutiboally hinchidg o iy %]fgu'ﬂ?}efers toa
S%gig tdO;[_Q[j J}lh r r&%'{lr}yéht(l:gI?rgg%hy%uoromethyl, trifluorontethyl,

“chloroethyl 3-bromopropyr. and SRSt ehraByI2See hettéht FsFngrtbon
atpsnésh plepeg dntatire, exfensdod (CGHQ)alodpnclude, but are not limited to, methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl, and
n-hexyl.

The term “halo” or “halogen”, as employed herein as such or as part of another group, refers

to fluorine, chlorine, bromine or iodine.

The term “halo(C;-Ce)alkyl”, as employed herein, refers to at least one halogen, as defined
herein, appended to the parent molecular moiety through an (C;-Ce)alkyl group, as defined
herein. Representative examples of halo(C;-Ce)alkyl include, but are not limited to,
fluoromethyl, chloromethyl, difluoromethyl, trifluoromethyl, 2-chloroethyl, 3-bromopropyl,
and 2-chloropropyl.

The term “formyl1”, as employed herein, refers to a -CHO group.

The term “hydroxy”, as employed herein as such or as part of another group, refers to a ~-OH
group.
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The term "hydroxy’, as employed herein as such or as part of another
group, refers to a -OH group. WO 2007/010085 PCT/F12006/000257 8

98 1R 1§skC6)alkoxy”, as employed herein as such or as pa .
another group, refers to an (CI-C6)alkyl group, as defined hereiljtrﬁf,)lf F12006/000257

appended to the parent molecular moiey through an oxygen atom.
Representative examples of (CI-C6)alkoxy include, but are not limited to 5
methoxy, ethoxy, n-propoxy, n-butoxy, iso-butoxy, sec-butoxy, and

Tter tut 649, -Chrllesny (G- Ga)alkexioras ﬁmlé}i/%{da!g%fﬁjtrb?mgpéroup, refers to
a gtb@r %E(oalp,ggferssgj gft{%%h.t or branched chain saturated .
’”ﬁ@ Focon %ro&ap %av'?%‘ regn anpegded o dhenpishtamolegjar moiety through
asappmmwm.tﬁemamntlathmlgqugmguﬁz 1tm9'dgﬁlﬂf‘aiﬁé§g@@[‘bﬁt%lnot lil(lj’lited to
ive e es - icoxy include, but are not limite
D oo B b dggrion
tert-butoxy, and n-oetoxy. The term "hydroxy(CI-C6)alkoxy", as employed

Thesih 3sdar pliangmes gﬁ%’iBgég fRrR0 e%tgg%? shoneh d%%%)[?é’r % gﬁ g%g straight

defined herein, appended to thé parent molecular moiety
oy braedediedripgriusiushadmsat pe ssnwiiepiegdnativel exainplessafarbon atom(s)

apHMASCIhERIAkO01BGIUGen REE AR SN 'L{Hikﬁé}é&a Q%’&ﬁ‘?ﬁé’e%}%gé%%‘é&ve examples
2-Rydroxypropoxy,an

g{%y%x methoxy, 2-hydr9xyetho>§%/,

Oy R ARGt 81 e teRm led s T sheYo alRgiy. asTansiayerbutoxy, iso-

bhietsiysesisuchyoraas Raskof amoihetarpup, refers 20 to a saturated cyclic
hydrocarbon group containing 3, 4, 5, 6 or 7 carbon atoms.

Representative examples of (C3-C7)cycloalkyl include, but are not limited

Ttw, teyl Shydpyly(Cyalopeintyl aad ayslofexybrdiied R AGnloBlaemyd, «8frs to at
1SEPRI9 dr%g{rein 1Eefersdte a at aiI%ht or br@.%ed chain 25 hydrocarbon
group having"2>: DU B S RS R ARRS SRR E sy rmotety

theavsban derdondimieond:RiefiresentativeRexanplesiof @akiakenyl
hg')ag(!,l,{g » bebare.Rotliniied Lio. | and. 2-propenyl. The term."aryl", as

em IofyCeld k%)e%rei% gs sucgﬁ ’o?{gsa? églﬁ?cﬁngirg%(%ﬁgfk oul g%?&r‘s’f%rglhé(f}%ywhoxya
23y Breptbosse ArivdemeRyeic grédhdmainihgetoylébearbon atoms.

The term "aryl(CI-C6)allcyl", as employed herein, refers to an aryl group,

as defined herein, appended to theé)arent molecular moiety through an

thé ’tggé)‘g@%%pswp efffetmirgiA herein as such or as part of another group, refers

to a saturated cyclic hydrocarbon group containing 3, 4, 5, 6 or 7 carbon atoms.
Representative examples of (C;-Cy)cycloalkyl include, but are not limited to, cyclopropyl,

cyclopentyl, and cyclohexyl.

The term “(Cz-Ce)alkenyl”, as employed herein, refers to a straight or branched chain
hydrocarbon group having .’%, 3,4, 5 or 6 carbon atoms and containing at least one carbon-

carbon double bond. Representative examples of (Cy-Ce)alkenyl mclude, but are not limited
to, ethenyl and 2-propenyl.

The term “aryl”, as employed herein as such or as part of another group, refers to a mono- or

bicyclic aromatic carbocyclic group containing 6 or 10 carbon atoms.

The term “aryl(C,-Cq)alkyl”, as employed herein, refers to an aryl group, as defined herein,
appended to the parent molecular moiety through an (C;-Ce)alkyl group, as defined herein.
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WO 2007/010085 PCT/F12006/000237 9 Representative examples of
aryl(C1-Ce6)alkyl include, but are not limited to, phenylmethyl and

na hzt(p-I; hOnethyI. The term "hydroxy(Cr-C6)allcyl”, as employed herein,
et I M3t one hydroxy group, 5 as defined herein, appeREEER #0257

parent molecular moiety through an (C19C6)alkyl. group, as defined

herein.. Representative examples ofhydroxy(C1-C6)alkyl include, but are
Reptrerenirsty eoayiloxyirh(l Chypdirpkirethyls, D2 diiydt diagitiaylo, phenylmethyl
aﬁdhyﬂﬂgﬁypj}q%h -hydroxypropyl, 1-hydroxy-l-methylethyl, and

I-hydroxy-I-methylpropyl. 10 The tens. "heterocyclyl", as employed herein

as such or as part of another group, refersto a 5, 6 or 7 membered

ToattHaket | aini i entl
L B oy

iR enRsPiftiodhe PRybReAMATSRIRAtR sl anify)-Colalkyl group,

asninfhinalibyc@nE pzepanylyd oxhhp 1oy BT IS8, 25 AR YL Wl are not
1i5161f erd@tto : _ggoolll\l‘?‘%éﬁ?u,ﬁ The terg1 "hgte_rgﬁ?/l", as empIoYed herein,

foters 1 BB GP F  e hB e TR B e G TR YRR N b0 By,
SHetdoatoms), édchiingdependinibiseleeied-framohy-0.ma88%ropyl.

Representative examples of heteroaryl include, but are not limited to,

pyrrolyl, furanyl, 20 thiophenyl, imidazolyl, oxazolyl, thiazolyl, triazolyl,
Teargroiyhassieezolyl, pyaridiplhypyHenidirag spylxainyhapyoifiazitydr pyoanyeters to a

agg, | A 0 1- lkyl", as employed herein
5¢ 17 SRR L SRR 8}101%%”% &%fﬁ%nﬁfg )lalOl‘yi hea%ere()?gf_r@%%%zigﬁ

_as such or as part of another g , refers to qt east on Ooxy
1%?&?8%@?@@% S Nafhanded Feprespntine 2Gmmtsafiheteromstylyl include,
bihrae el am{tl-Go)ahlignaMPy B8 ine ¢ Rersin R EsR AV
examples of (CI-CG)aIkoxy(Cﬁ%%)alky : fr%:?ude, bsdif{ are%%%ﬁgg (%&Zep anyl.
methoxymethyl, propoxymethyl, 2-ethoxyethyl, 2,2-dimethoxvethyl,

Thevethylearpsepoxyeivlaed itraethasybutyl -G8 Fhet6H

"aryl(C1-C6)aikoxy", as employed herein as such or as part of another
group, refers to an aryl group, as defined herein, appended to the parent

Throleruféretanietyl'thiougipl@rd GhEit)atlieasyGioyp, @Y definsshesitatic goup

Kepresentafive e les, of aryl(C -.Cagalk Xy..incl deﬁj t are_not limite
o B B S0 AR B S T PN D, and &
Reprr10083 RO PIF Q0860006 clude, but are not limited to, pyrrolyl, furanyl,
thiophenyl, imidazolyl, oxazolyl, thiazolyl, triazolyl, tetrazolyl, pyrazolyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyridazinyl, pyranyl, and azepinyl.

The term “(C1-Cs)alkoxy(C;-Ce)alkyl”, as employed herein as such or as part of another
group, refers to at least one (C,-Ce)alkoxy group, as defined herein, appended to the parent
molecular moiety through an (Ci-Ce)alkyl group, as defined herein. Representative
examples of (C;-Cg)alkoxy(C;-Cyg)alkyl include, but are not limited to, methoxymethyl,
propoxymethyl, 2-ethoxyethyl, 2,2-dimethoxyethyl, 1-methyl-2-propoxyethyl and
4-methoxybutyl.

The term “aryl(C;-Ce)alkoxy”, as employed herein as such or as part of another group,
refers to an aryl group, as defined herein, appended to the parent molecular moiety through
an (Cy-Cy)alkoxy group, as defined herein. Representative examples of aryl(C;-Cs)alkoxy
include, but are not limited to, phenylmethoxy, 2-phenylethoxy, and 2-naphth-2-ylethoxy.
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10 The term "oxo0", as employed herein, refers to a =0 group.
Pharmaceutically acceptable salts, e.g. metal salts and acid addition salts,

nic 5 and. inorganic acids, are well known in the field of
pharmaceuticals. Representative examples of pharmaceuticall§CT/ F12006/000257
acceptable metal salts include, but are Aét limited to, lithium, sodium,
potassium, calcium, magnesium, aluminum and. zinc salts.
Representative examples of pharmaceutically acceptable acid addition
Taltsinctode: etargiopidineiiad tersbigrides, Sbyppides, sulfates, nitrates,
phosphates, sulfonates, methane sulonates, formates, tartrates, 10
maleates, citrates, benzoates, salicylates, and ascorbates.

FRhanmactuilbalycaseonable, asierseminanaprlicallgd Man e sPa LY reanic
aﬁg%\{\&[ megh%(ljg usmzﬁ 8E)lgl%rmac.eu |callgﬁ£cc§$§1l}a}lﬁ%aclds that are .
convertionatin tha fi BRA A eliticaed PiEesis: theprosentative
cphapiracipgicak | mowtiﬁmffeﬂ?&ﬁée_ﬁetarmﬂym&@%jmﬁi%@%@%@%@% lithium,
hess .include esters of aliphatic or.aromatic alcohols, e.g. methyl,

Sethyl, ’%%%%%ﬁl’s%%%}g%ﬁnﬁ% Gyt @%ﬁﬁﬂ%ﬁ’f&e‘*&%ﬁl&ﬁ St %f:gmmtatwe examples
of shavanareioaligatorpintladed withimitsaltope lalldhmpassibldigaamelfiglorides,

| , [ IS s isgmers), of the compounds
D S Ao AR s
r’?ﬁ%ﬁ%ﬂ%ﬁ?@%%%%ﬁﬁp&ﬁ%@@umﬁ%rb@m invention includes in its

scope both the individual isomers and any mixtures thereof, e.g. racemic

ixtures. The individual isomers maybe obtained using the corresponding

PIBRATR SRS aetematletiRt ke ranticals; maybe epareddy kfewthscthods

upiepeiiationefibsiendceampouncs aacardingiQamveMianakseRaration
ethods,.For the separation of optical isomers, e.g. 25 enantiomers, from

: 0
PR Th &P PR b B GBI 6 fcRp . Noo-
liprifstglbiz atiphesmasHoec st ﬁmael RHaY relmamﬁfmm %gbﬁﬁﬁi@@lwﬁ&?gﬁé.

rasvaniety o thetic routes gously ta or according to methods
i N R e R I R R

derivatives can be prepared, for example, according to reaction scheme 1.:
ﬁ&ﬂw&&%ﬁ%@ﬁ@é&@ﬁ&%‘i’ﬁ? sjggi)-g/ﬁf'%%ol?o/gm e5g7eor]i1]étric isomers, e.g. Z and E

isomers (cis and #rans isomers), of the compounds as well as all the possible optical

isomers, e.g. diastereomers and enantiomers, of the compounds. Furthermore, the invention
includes in its scope both the individual isomers and any mixtures thereof, e.g. racemic
mixtures. The individual isomers may be obtained using the corresponding isomeric forms
of the starting material or they may be separated after the preparation of the end compound
according to conventional separation methods. For the separation of optical isomers, e.g.
enantiomers, from the mixture thereof conventional resolution methods, e.g. fractional

crystallization, may be used.

The compounds of formula I can be prepared by a variety of synthetic routes analogously to

or according to methods known in the literature using suitable starting materials.

Benzofuran derivatives can be prepared, for example, according to reaction scheme 1:

Scheme |
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Ra Ra CORS O CORS CICHzCO 2Et OC OH COZEt -On 1n R, Rj
NaOEt 00 CO2Et -N In scheme 1 the methoxy substituents are in a

it] o to each other, R4 is as defined above and in a pQsiti
éﬁ%ggt@@ﬁt‘eg the acyl substituent or the hydroxy substituent ing?gorrrz1(l)1(1?a/000257

IL and R5 is as defined above. An acylgHenol compound is alkylated with
a functionalized haloderivative at room temperature in the presence of a
suitable b&se in a suitable solvent, e.g. potassium q%rbonate in

Wi -.:.,.\ fofRamide or spdium hydridei/.no etr obipan. The
actlv ethylene grolpHs@OEiensed with t bonyl %y using a
suitabj&baseye.g. sodium-ethanolate. In additio 8mgg@xy group,
the—nQetherne 10 group can be activated witt-@ny methylene &ctivating
group lik& nitro, cyan, acyt, aryl, aryloxy, alkylthio, offarylthio. The
carbethoxy group can then be converted to other functional groups, if
desired. The preparatioar)f%enzofuran derivatives is further exemplified in
Example 18. 152 :
for & ple, accord

COZMe HNR, NR7

Actio,Btheme 2: Scheme2RaO ,OR a
BrRtR6 -O RE

In scheme 1 the methoxy substituents are in a position ortho to each other, R, is as defined
above and in a position ortho to either the acyl substituent or the hydroxy substituent in
formula II, and Rs is as defined above. An acylphenol compound is alkylated with a
functionalized haloderivative at room temperature in the presence of a suitable base in a
suitable solvent, e.g. potassium carbonate in N,N-dimethylformamide or sodium hydride in
tetrahydrofuran. The activated methylene group is condensed with the carbonyl by using a
suitable base, e.g. sodium ethanolate. In addition to the carbethoxy group, the methylene
group can be activated with any methylene activating group like nitro, cyano, acyl, aryl,

aryloxy, alkylthio, or arylthio. The carbethoxy group can then be converted to other
functional groups, if desired.

The preparation of benzofuran derivatives is further exemplified in Example 18.

2,3-Dihydro-isoindol-1-one derivatives can be prepared, for example, according to reaction

scheme 2:
Scheme 2
R4 O R4 O
-
o CBIRR, —O0 R
v R

VI
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O v R5 vi 20 WO 2007/010085 PCTIFT2006/000257 12 In scheme 2 the
methoxy substituents are in a position ortho to each other, R.4 is as

and in a position ortho to either the methoxycar
gggstlﬁje%%yrsethe CBrR5R6- substituent in formula V, and R5, %?@%23%/900257
are as defined above. The ring is formetby 5 refluxing a compound of
formula V with an amine in a suitable solvent, e.g. toluene. The
preparation of 2,3-dihydro-isoindol-I-one derivatives is further exemplified

TinsExeampRlenclmbthBenaat {
AE;ampIﬁ: accg;dln%%g sc:hbﬂeﬁr{fzfeﬂg?,S Q%é}g%%%%ﬁﬁ%obﬁzmg%%ﬁ%ﬁ% % g a\/(Ffined

Yo EiR ARATEOR (i darratkpislie srsthors arkory bspbsitesnbaHb a6 BrR sR -
sebafueiftan, Bﬂmﬁlasf%ﬁ@a@ quma RN 3 dsrRfed RR9EORHR{Q med by

II, and R5 |s for.e or heterqaryl. The ring is formed by
f{ uxfﬁg SARSRL ¢ \Eafﬁmrghu%ia(? fé@%ﬁ’@%ﬁé‘nﬁfﬁ%ﬁﬁiﬂvﬁpﬁl %lfﬁ‘@l‘@le
solvent e.g. dimethyl acetamide. 20 The preparation ofbenzothiazole

lified les 3, 15
NS s AN BN v s sumi g ramot

lreaction scheme 4: 25 Scheme 4 WO 2007/010085
PCT/1?12006/000257 13

Benzothiazole derivatives can be prepared, for example, according to scheme 3:

Scheme 3
R, R,
_0O NH, R.CHO 0 N
\>‘_R5
Sg S
-—0 —Q0
Vi VIII

In scheme 3 the methoxy substituents are in a position ortho to each other, Ry is as defined
above and in a 4- or 7-position in formula VIIL, and Ry is, for example, aryl or heteroaryl,
The ring is formed by refluxing an aniline with an aldehyde and elementary sulfur in a

suitable solvent, e.g. dimethyl acetamide.

The preparation of benzothiazole derivatives is further exemplified in Examples 3, 15 and
25,

Benzo[b]thiophene derivatives can be prepared, for example, according to reaction scheme
4:

Scheme 4
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R4 HOOCCH200O0OH R4 ~O~CHO base 1~0COOH -0 0 J~~rh x

SOC12 R4 Clbase 0- S R5'H II'1JT\ COR51 -0 xl In scheme 4 the

I}g&(}; ﬁg(g%tituents are in a position ortho to each other, R4 iscas 20 5
efined above and in a 4- or 7-position in formula Xi, and R5’ ig, fEoF 12006/00025
example, (CI-Cs)allcoxy, 5 N-containind heterocyclyl or (Rs)2N-, wherein

Rs is as defined above. A benzaldehyde is condensed with malonic acid

in a suitabje solventygyg@yridingpesulting in an,acrylic acid derivative.

The ring is & by reacgig@ the acid wijth thionyf chloride in.a suitable
solve . chloro 1 l@ r eﬂ%%feparing
benz phene derivatives is illustrated iRygcheme 5. Scheme 5 R4 O

R4-Og1P 1~0 +-0 S IX xn xr1r R4 R4 "0.g0OO0OH ~10 base ~ i2 COON
S -0-0 xav xv WO 2007/010085 PCT/F12006/00@257 14 In scheme 5
the methoxy substituents are in a position ortho to each other, A
bépehidehyde R, 1

base O

R/H M—COR,!
S

In scheme 4 the methoxy substituents are in a position ortho to each other, R4 is as defined
above and in a 4- or 7-position in formula XI, and Rs’ is, for example, (C;-Cg)alkoxy,
N-containing heterocyclyl or (Rg);N-, wherein Rg is as defined above. A benzaldehyde is
condensed with malonic acid in a suitable solvent, e.g. pyridine, resulting in an acrylic acid
derivative. The ring is formed by reacting the acid with thionyl chloride in a suitable

solvent, e.g. chlorobenzene or toluene.

Another route for preparing benzo[b]thiophene derivatives is illustrated in scheme 5:

Scheme 5
R, o R, O
0 CHO ([4 0
- + NH d N NH
S\\< _— s%
Q0 S —Q0 S
X XXX XIx

R,

R,
_O - COOH _0 \
base L COOH
e SH . q
0] —0
XV
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is condensed with rhodanine XII in a suitable solvent; e.g. a carboxylic

acid such as acetic acid, resulting in intermediate Xf. With the aid of a

suitable base, e.g. sodium hydroxide, the intermediate is converted into a
WA Rerylic acid derivative. The ring is formed 5 by treathigh (Rg006/000257
mercapto compound with, for example, iedine in a suitable solvent, e.g.
tetrahydrofuran. The carboxy group can then be converted to other

Husadteoreal droupshifxyeshwiiuheaprépanatitionf denzalslithopghend benzaldehyde
derivatives is. 14, -17. 20-21. and .
T o o v B T T e
a6, irpsaking ipfiieraeiiataddht Ritbdhnpid aho viitaitohesdeseribed imthplroxide,
BRepificCamRAVBESXARPIRS. 4D Md xst%%fgra%ﬂ%ﬁ%ﬁké!%wggi%med

that any starting material or intermediate in the reactions described above
eioBEs Bt et A LR Tt niRerfierleH iadenern trtabieraleant, o.c.
fiethyiryipiatatiedfuasianatitycaamstbsasuentydos eRIARRIEshN Foups, if
[hanner known in the art. 20 The synthetic routes described above are
meant to illustrate the preparation of the compounds of formula | and the -
preparation is by no means limited thereto, i.e. there are also other

ossible synthetic me s which are within.the general knowledge, of a
B S G SRR Ry R B iftes 414,
HohvVeted] itdégitedf.into their pharmaceutically acceptable salt or ester
form using methods well known in the art. The present invention will be
explained in more detail by the following examples. The examples are
Hheslseloraios eitthe Tseviasedidhpraiiamedieiphistivelses e ofstréion of the
dnventian 809 B Be 8 Maeftt EHRelpecific compound examples.
2-(4-Chloro-phenyl)-5,6-dihydroxy-4-nitro-2,3-dihydro-isoindol-l-one VV%
2007/010085 PCT/F12006/000257 15

RikBhbororanersion, Skdisneth oy Sndi By rodsaindatdron & Meehlian. in the
of 2:bror§1ﬁ%rcglitfyazll-4,5-dimethoxy-ben of}c acid methyl ester (2.9 g), 4-

RS 80GY AR HTPIETHe RATHHWAL FeRAXRT Malbimery the
chixrhioal Siekhe\ re aetisotedifiuce onalitg e suib amioe pbehiditeredeant a manner
washed %gg& M hydrochloric acid

- known in

The synthetic routes described above are meant to illustrate the preparation of the
compounds of formula I and the preparation is by no means limited thereto, i.e. there are
also other possible synthetic methods which are within the general knowledge of a person
skilled in the art.

The compounds of formula I may be converted, if desired, into their pharmaceutically

acceptable salt or ester form using methods well known in the art.

The present invention will be explained in more detail by the following examples. The
examples are meant for illustrating purposes only and do not limit the scope of the invention
defined in the claims.

EXAMPLE 1: 2-(4-Chloro-phenyl)-5,6-dihydroxy-4-nitro-2,3-dihydro-isoindol-1-one
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5 and water. Yield: 0.74 g 1H NMR (DMSO-d6): 6 = 3.85 (s, 3H, CH30),
3.88 (s, 3H, CH30), 4.89 (s, 2H, CH2), 7.23 (s, 1H, ArH), 7.24 (s, 1H,

7. H, J=8.9 Hz), 7.91 (d, 2H, 7 = 8.9 Hz). 10
W@HT/ rlc()gggﬁzenyl) 5,0-dihydroxy-2,3-dihydro-isoindol-1 -one PCT/RI2006/000257

2-(4-Chloro-phenyl)-5,6-dimethoxy-2,3-bfhydro-isoindol-1-one (0.74 g)
was demethylated with 4 eq of boron tribromide as described in Example

28 Avidupro-ph epyka riifaeidionses g Buyeh onitpin ekl $ip) 1H NMR

A&@Mﬁ@nd@f)z @mxﬁo%%@l&lsldlﬁl@t%b DbrSoitHeidHBiR1821(S, (é'd A,
48 (d, 15 2H 91IIz 7.91 (d, 2H, J = 9.1 Hz). Acetic acid

0@%@@% PHion BhRRVIaeR 6L B0 A ER K dihidass; fesstisy hours. The
ré’a&ﬁo@hiﬁw\ewﬁrﬁe@ Hihydewath Sndikdraniseingdel kane1(84198a-edhloric acid

materlal) and acetic anhydride (10 ml) was stirred in 80 C with one
aB ‘6 Psulfuric acid as a catalyst for 20 one hour. The mixture was poured
Yistlicewager, filtered and. recrystallized from acetic acid. Yield: 0.5 g 1H

Nl I RS PTG R T vore 72

(ArHY, 28D,(d.2213, I 8:80)25.4%0d, 21, J = 8.9 Hz), 7.91 (d, 2H, ] = 8.9 Hz).
-1)-6-hydroxy-3-o0xo-2,3-dihydro-1H-isoindol-5-yl ester Acetic acid
2-(4-chloro-phenyl) A solution of acetic acid

26l iehicie-g oy a-dd-dilevdiryisgngnidoitol-5-y| ester
A 45@118‘}61:?3 Nyipetipdiappienidekia:-gliomas eaied wih BorphelRemylated

13 ml) 5 C and stirred then for an hour at room temperature.

W%%@&@M%%Wﬁ&?&@l%& Exerimed. Yield: 0.34 g WO
PRO7/0 70085 RGTAcARORSOR0ART ihGrEHMNMRAPMSO-d.6): 8 = 2.29 (s,

3H, CH3%?§§5)F§§ L4 g%éﬁ for:0 g}ff M AL e MRS 45 @,

ZH J=9.1Hz),7.91 (d, 25, T = 9.1 Hz).

Acetic acid 6-acetoxy-2-(4-chloro-phenyl)-3-0x0-2,3-dihydro-1H-isoindol-5-yl ester
2-(4-Chloro-phenyl)-5,6-dihydroxy-2,3-dihydro-isoindol-1-one (0.79 g of raw material) and
acetic anhydride (10 ml) was stirred in 80 °C with one drop of sulfuric acid as a catalyst for
one hour. The mixture was poured into ice water, filtered and recrystallized from acetic
acid.

Yield: 0.5 g

'H NMR (DMSO-dg): 6 =2.29 (s, 3H, CH3C00), 2.34 (s, 3H, CH;C00), 5.04 (s, 2H,
CH,), 7.51 (d, 2H, T = 8.8 Hz), 7.62 (s, 1H, ArH), 7.70 (s, 1H, ArH), 7.92 (d, 2H, J = 8.8
Hz).

Acetic acid 2-(4-chloro-phenyl)-6-hydroxy-3-o0xo-2,3-dihydro-1H-isoindol-5-yl ester

A solution of acetic acid 6-acetoxy-2-(4-chloro-phenyl)-3-ox0-2,3-dihydro-1H-isoindol-5-yi
ester (0.5 g) in dry N,N-dimethylformamide (15 ml) was treated with morpholine (0.13 ml)
at 0-5 °C and stirred then for an hour at room temperature. The reaction was poured into ice
water and filtered.

Yield: 0.34 g
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Acetic acid
2-(4-chloro-phenyl)-6-hydroxy-7-nitro-3-oxo-2,3-dihydro-1J1-isoindol-5-y1

5‘,‘?&%})%;& ension of acetic acid

[oro-phenyl)-6-hydroxy-3-oxo-2.3-dihydro-IH-isoindol- 5-9?@@%?06/ 000257
(0.34 g) in acetic acid (7 ml) was treated@with 2 M nitric acid in
,dichloromethane (0.6 ml). After an hour the reaction mixture was filtered.

bR (PIS Galw el (5edlaS A M HE b e SFLD HIMRAREL, ArH),

ABPMS P Qi) =724 B 2d(3H LCEBEN Ol G@5AS, 7H.8812).7.50 (d, 2H, J
= 8.8 Hz), 7.89 (s, 1H, ArH), 7.93 (d, 2H, §& 8.8 Hz).

2-(4-Chloro-phenyl)-5,6-dihydroxy-4-nitro-2,3-dihydro-isoindol-l-one

Avetiiciéaid-(4-chloro-phenyl)-6-hydroxy-7-nitro-3-0xo-2,3- ~dihydro-1H-isoindol-5-yl
eé%éé chloro-phenyl)-6-hydroxy-7-nitro-3-oxo-2,3- d|hydro 1H-isoindol-5-ylI

r 15 (0.24 g raw material) was refluxed in methanol (15 ml) with three
Admp;&nﬁicmnﬁecﬁt'&tedd@d&eﬂﬂt@d@ﬁmigﬂfcﬂ dehmym cT}hBZ ‘8aditiotiro-1H-isoindol-

N U A e R DY B RS 25t Ao etnene
(0.&8ly H@r mmmlt&(mamm;zmws@lmm 2
BRI A3 Hsisphenzaftirans 96 e =y

a solution of

.5,6-Dihydroxy-7-nitro-3H-isobenzofuran-i-one

B ARy MS O34 )i B2 dfir R OHeCO) ) 35 S ificGidinb A5B01C2H5T = 8.8
rvas7amdgd 5r My pitsicr aiddnosulfurig a¢idy (0.55 ml). The reaction mixture

was let to warm up to room temperature and then poured into ice water.
The product was filtered and recrystallized from acetic acid. Yield: 0.2 g

ZWM&RH@M{%@%E? gadoﬂ}%&@rf\?%@t@ ~diAdte-EbinAsR1H26 (b, iH,
AR B8 D G P AT B et Rer T higgindol-S-31 ester

(HQ@EO&@&&EGBQYM%QGMGQMGMOI (15 ml) with three drops of concentrated

%}% meth%x % rgg) enzo%hlazodeml,éé %x(/)alsjltconlaé ﬁltorle
oxyanl su ur Were refluxed in 4-picolin’ (15

Yad)d: 80 mg

"H NMR (DMSO-dg): & = 5.13 (s, 2H, CH,), 7.34 (s, 1H, ArH), 7.48 (d, 2H, J = 8.7 Hz),

7.91 (d, 2H, J = 8.7 Hz), 10.4-11.5 (b, 2H, OH).
EXAMPLE 2: 5,6-Dihydroxy-7-nitro-3H-isobenzofuran-1-one

5,6-Dihydroxy-7-nitro-3H-isobenzofuran-1-one

To a solution of 5,6-dihydroxy-3H-isobenzofuran-1-one (0.4 g) in sulfuric acid at -30 °C
was added 5 M nitric acid in sulfuric acid (0.55 ml). The reaction mixture was let to warm
up to room temperature and then poured into ice water. The product was filtered and
recrystallized from acetic acid.

Yield: 0.2 g

"H NMR (DMSO-de): 6 = 5.26 (s, 2H, CH2), 7.14 (s, 1H, ArH), 10.6 (b, 1H, OH), 11.75 (b,
1H, OH).

EXAMPLE 3: 7-Nitro-2-pyridin-4-yl-benzothiazole-5,6-diol, methane sulfonate
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for five hours. The cool reaction mixture was poured into methanol, kept

over ice bath for 30 minutes and filtered. The product was washed with

r&gég}ag_%ggd carbon disulfide. 5 Yield: 6.14 g '"H NMR (DM LSO-dGF): S=

39818 4H"EH30), 3.89 (s, 3H, CH20), 7.67 (s, 1H, ArM, 7.76 (&/F{§{06/000257

ArH), 7.94 (d, 21-1, J = 6.4 Hz), 8.75 (d\2H, J = 6.4 Hz).

5,6-Dimethoxy-4-nitro-2-pyridin-4-yl-benzothiazole 10 To a solution of
S§-Blupdweig-pysidiant-2iyhametoisialole (1.1 g) in sulfuric acid (10 ml)

Anasiadded Nalassim AR (@9 i LGIAP B WER IR FRRE in 4-picolin (15 ml)

temperature the mixture was poured into ice water and filtered.

Ton &et5 Besiz it AP S HERIEE tRE BEd e ronaden Yidiapi0ogey ipp bath for

30IMRMBORUG) B Tith BRy (e BilaGHZRN 401 {13l o CH3RR O diédifide.
YZHWJ :13 Hz), 15 8.25 (s, 1H, ArH), 8.81 (d, 2H, J = 6 Hz).
7 itrﬁo- -%yridin-4-y|-benzothiazo|e-5,6-dio|, methane sulfonate A solution

1161‘?%%63@%%)4%&%@!Bﬁin@{ytab,emettﬁfmjec@%i@)gy.\gaﬁslc(e[fmxgﬂ{), 7.76
in, 48%_.HB r ugs. I al iltered, taken in
(Smle%’iéénre Uﬁ‘t%%g%)’ Rgﬁgfﬁ@bésﬁa{ﬁ%}xztnﬁ%ﬁlﬁé with methanol.

After stirring in ice bath the salt was filtered. Yield: 0.44 g Melting point:

>350C i NMR (DMSO-d6): 3 £ 2. H. CH3S03-), 7.83 (s, 1H, ArH),
N e S e 4
To-wnbrées e diRydirasroryitrovbididiv]thiophénezole frdagyticsatiaric acid (10 ml)

wax 3atrdipaetbonyrphenyRoactylia acics M%sﬁﬂ%xﬂ%&g!&%ﬂ%%%ﬁé@mm was
malonic acid (4,79), plgerldme (0.5m1£_ and pyridine 30 (15ml) were

Prafies TSRS R R sb RSt N B BosriePhTirldeddbripweeroduct.
Ya#id: agdified with 6M hydrochloric acid. The resultant solid was filtered,

d with.water and dried under vacuum. WO 2007/010085
R Sy 17 (Rt FeMRTOAE) 5 26 BB G} ) = 6 E12,
8T )s7 120 LorHKR. 13, @RELLHY, 67HEYd, 1H),

7-Nitro-2-pyridin-4-yl-benzothiazole-5,6-diol, methane sulfonate

A solution of 5,6-dimethoxy-4-nitro-2-pyridin-4-yl-benzothiazole (0.4 g) was refluxed in
48% HBr (14.5 ml) for two hours. The crystals were filtered, taken in methanesulfonic acid
(2 ml) by warming and diluted with methanol. After stirring in ice bath the salt was filtered.
Yield: 0.44 g

Melting point: >350°C

'H NMR (DMSO-dg): 6= 2.37 (s, 3H, CH3S03-), 7.83 (s, 1H, ArH), 8.42 (d, 2H, T = 6.3
Hz), 8.94 (d, 2H, J = 6.3 Hz).

EXAMPLE 4: 3-Chloro-5,6-dihydroxy-7-nitro-benzo[b]thiophene-2-carboxylic acid

3-(3,4-Dimethoxy-phenyl) acrylic acid

3,4-Dimethoxybenzaldehyde (5g), malonic acid (4.7g), piperidine (0.5ml) and pyridine
(15ml) were refluxed for six hours. The reaction mixture was poured into ice-cold water and
acidified with 6M hydrochloric acid. The resultant solid was filtered, washed with water and

dried under vacuum.
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12 (br, 1H). 3-Chioro-5,6-dimethoxy-beuzo[b]thiophene-2-carboxylic acid
methyl ester 5 3-(3,4-Dimethoxy-phenyl) acrylic acid (1.0g) was slurricd in
lor, (25ml) and then thionyl chloride (1.5ml) was added. The )
g‘%égp@ﬁg/i%@%v%gs stirred at room temperature and after 30 min Tifio06/000257
(0.Iml) was added. The reaction mixturd #as refluxed for 24 hours. The
Jesultant solid was filtered and dissolved in chlorobenzene (20m1) and
FhdtEn IP By Pre3r88 Cdor thikrt e dya e 2oe, faFpriesticdr Y 7.4 (d, 1),
1then, gepled. The solid was 10 filtered, washed with methanol and dried
under vacuum. 'H NMR (DMSO-d6): S = 3.88 (s, 3H), 3.89 (s, 3H), 3.90
(s, 3H), 7.29 (s, 1H), 71.29 (s, 1H), 7.68 (s, 1H).
333G esss B GHitayHQ mibipRAeNE 2:; ic.aCi
3"3639{1 ro-%ﬁ-dimgthé?fggﬁzgg[b thi?%%%%{?gm%%%%%%étﬁﬁgster
(0257 WS PaN B A dicHSrorheares clowe] thelipriskrogers Gsordtand then
ttpngDEiand b armbjibrmmided (OHtneddpaas ardad sTheI e SBIAM MBS e and
Ire t.-20 r 30 min then in cool overnight. The mixture
aifv%? g%[ﬁrge m%lﬁff:(\g-’cé@)vvg ear,(%:x r&%?elé?aﬁiiwne’i‘?fﬁt‘g@é’i’&ﬁe‘” effitred for 24 hours.
Taoapurtanusdidiyne§8eEdenpt divoiwasnsad e RarstBRMI Mol

APYHIGRUOA 2 hirctur , i
( 3-Cg:i)oro-5,6-d1ict)1yd rg(xy-%m%frgﬁ%%}hezdofgwgsr%lé)r%- %E%%Wﬂf%g&e solid was
fiferadiorgshest ariharsitymdned [iitdopldensaRwanboxylic acid was
'Hissatvedinseity)ageiates andp selkdion efpitie acid; dichlorometh |
]%le%M, 0.38m1) Wa% graduall?/gadl?;)éd’at gdgml‘ gégg)%dt%?r? ’vl\llfagsbogﬁ‘rrr{;%’ %@% (s, 1ED),
TSt Fbrn temperature and then it was poured into ice-cold 25 water
and extracted with ethyl acetate. The organic extracts were combined,

3 dried and evaporated to %%gesg. The residue was recrystallized from
Foerogig-dinidrow thenrathlti ghiaresdgabosylic itk (DMSO-d5): S

3CH149-(561diheltBod 4 (e dfiH hhi3RHeXAMEEE D Tic acid methy] est
3-Chioro-5,6-dihydroxy-7-nitro-benzo[bIthioph§e}r/1(lac-%?éaﬁ:l)%xgli}igsa‘af:riéo't%,ﬁ%ylV as

SUSDRUAGT En sheRietrrarihenp G oml) vode otomsn, cooled to -20°C and boron tribromide

(0.4ml) was added. The resultant mixture was stirred at -20°C for 30 min and then in cool
overnight. The mixture was poured into ice-cold water, extracted into ethyl acetate and

evaporated to dryness. The product was used for the next step without any purification.

3-Chloro—5,6-dihydroxy—7—nitro—benzo[b]thiophene-z-carboxylic acid
3—Ch10r0—5,6-dihydroxy-benzo[b]thiophene-?.-carboxylic acid was dissolved in ethyl acetate
and a solution of nitric acid in dichloromethane (2M, 0.38ml) was gradually added at 20°C.
The solution was stirred 10 min at room temperature and then it was poured into ice-cold
water and extracted with ethyl acetate. The organic extracts were combined, dried and

evaporated to dryness. The residue was recrystallized from acetic acid.
Yield: 94 mg

Melting point: 298-300°C
"H NMR (DMSO-dg): § = 7.49 (s, 1H), 13-14 (br, 1H).

EXAMPLE 5: 3-Chlor0-5,6-dihydroxy-7-nitro—benzo[b]thiophene—z-carboxylic acid
ethyl ester
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19 3-Chloro-5,6-dihydroxy-7-nitro-benzo[b]thiophene-2-carboxylic acid

ethyl ester 3-Chloro-5,6-dihydroxy-7-nitro-benzo[b]tbiophene-2-carboxyhe

Qﬂgz%gmggom Example 4, ethanol (2ml) and thionyl chlorid 69/&162%!)/000257
ixe B

were re for 4 hours. Ethanol was 5 evaporated. The residue was
heated with absolute ethanol and the hb® mixture was filtered. The
product was dried under vacuum. Yield: 34 mg Melting point: 215C 'H
NMR (DMSO-d6): 6 = 136 (t, 31]), 4.36 (g, 2H) 7.50 (s, 1H). 10

3FMNEES Binydroxy-7-nitro-benzo[b]thi -2-carboxvlic aci
3-Chloro-596- ihydr%xy-4-nitro-ben[zg)[b’]%lcl)%%enecle{c%l}%%g()?llcéda%tl Lester

3$-rrere- GbbykpIoKy-BiiitettorgbihirofistidphehexZlicartioXyimapitlom Example
4 regthybigsian gﬁ&?ﬁ]ﬁﬁﬁé oSy 'Z@;IGG%@’WQS Qgﬁu%%@/kgr %rclll((j) W€ thano! was

converted to 3-chloro-5-benzyloxy-

CYARRKRIRS- BoR sed At phBFRcd-Balb akstie s Ethamet apliabtohdiynispeating filtered.

Tthe-reetiod afdfedmple dagxegpt that 3-(3-benzyloxy-4-methoxy-phenyl)

Y:?e%%-mcztadd was used instead of 3-(3,4-dimethoxy-phenyl) acrylic acid.
'ﬁro’ﬁ‘ﬁct was a mixture of two compounds and it was used for the

Megtkh Stepntitheet any purification. 20

- ro-5-hydraxy-6-methoxy-benzo[b]thiophene-2-carboxylic acid
1}% @g@g?&-d@:% e oleligPhene 2 N

3-Chloro-5-benzyloxy-6-methoxy-benzo[b]thiophene-2-carboxylic acid
E%%Iiatgr #\%ﬁ&@ agetic acid (17.5m1) and concentrated hydrochloride

&y WAt Petradsd ordipatra troderanldiidinplensoloepehexylic acid
evaporated to dryness. The resultant mixture was extracted first into
iethyl ether and then into a salution of 1M sodium hydroxide. The water

e e M P PR SR FRE NSO A Mg et
3153.%1@0(1 md-hmﬂ]nsmﬂh héﬂtgééedryﬁaacﬁdl iwl_em/a@nwméted)f Wiﬂhwﬂi%rd ,m%ygoxy.é_

Hed u m. The product was.a mixture of two compounds and it
e el r2 e e BY et e biod o

Examnlerh-Sebrpd b6ty yehzofiithipphemd) 2astbaxyieasickdinstead of
34 gh%@&%ggg BEioxybenzolbliiophene;2-carboxylic acid :
?ﬁethyl ester .5§)m\§va$ disséollv(%%ﬂl% ﬁ?é%ﬂlgﬁ?ﬁm% %arﬁ Os%%ﬁllfr%Mds and it
RS HPE%iERs theone) deriadthoutraey sonifiertivafluxed for two hours. Methanol
was evaporated and the resultant solution was acidified WO 2007/010085

PC F/FI2006/000257
3-Chloro-5-hydroxy-6-methoxy-benzo[b]thiophene-2-carboxylic acid methyl ester

3-Chloro-5-benzyloxy-6-methoxy-benzo[b]thiophene-2-carboxylic acid methyl ester (0.7g),
acetic acid (17.5ml) and concentrated hydrochloride acid (2.1ml) was refluxed for six hours.
The mixture was cooled and evaporated to dryness. The resultant mixture was extracted first
into diethyl ether and then into a solution of 1M sodium hydroxide. The water phase was
acidified with 6M hydrochloric acid. The solution was stirred in cool for two hours and
filtered. The solid was washed with water and dried under vacuum. The product was a

mixture of two compounds and it was used for the next step without any purification.

3-Chloro-5-hydroxy-6-methoxy-benzo[b]thiophene-2-carboxylic acid
3-Chloro-5-hydroxy-6-methoxy-benzo[ b]thiophene-2-carboxylic acid methyl ester (0.5g)
was dissolved in methanol (10ml) and 5M sodium hydroxide (10ml) added to. The solution

refluxed for two hours. Methanol was evaporated and the resultant solution was acidified
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20 with 2M hydrochloric acid. The resultant solid was dried under
vacurmm. The product was used for the next step without any
i :
gygh%oro@&%gfdroxy-6-methoxy-4-nitro-benzo[b]thiophene_2-ca¥k§g{<§ﬁ?gﬁ/000237
acid 5 3-Chloro-5-hydroxy-6-methoxy-Bénhzo[b]thiophene-2-carboxylic acid
(0.289g) was dissolved in ethyl acetate and a solution of nitric acid in
Wi RS e laec owr Tl Ratselidduetigrisd dedear20@uintEha hevduct was
usd YRS sHie & Aksaemyiemaeatere for 10 min and then it was
poured into ice-cold water and extracted with ethyl. acetate and
evaporated to dryness. 1H NMR (DMSO-d6): S = 3.98 (s, 3H), 7.90 (s, IH)
3X0aSotlor sy atSud-dd diixg-inidB-benzo[b]thiophene-2-carboxylic acid
3-Chloro-5,6-dihydroxv-4-nitro-benzo[b]thiophene-2-carboxylic acid To the
3L Mg gtydroxy-6-methoxy-benzo[bthiophene-2-carboxylic acid (0.28 g) was dissolved

inSs@0sORBYROXYRIRBOX s Bittphananlalihi C |
1 aci{dy%.ZQ . pyriding (6.3m1) in ethyl acetate (Sl;rln;qlé;tﬁ)l v%gi]%%aﬁally d{gzsdgr adually

adgedthdth CiaI s b Bory Y asr it et spomikeurRvrie e it X8 dnint 80T en it was

pduedaisScd BRI AR FaaACHANKED & saliinn Wﬂ%@&{%‘?&éﬁ% XIS,
11& concéentrated hydrochloric acid and ice (1:1). The product was

B el Pacadtdsoiigd A48 GvABBried (ornibdiddelfrddbr, 1H).

treated with diethyl ether and the resultant solid was filtered. Yield: 32 mg
Meltin goint; 215-219C 20 'H NMR SDI\/ISO-dG): S =754 (s, 1H), 10-12
3-@%1%_%, fg‘ghfﬁl‘(ﬁ’fyﬁ:ﬁltE‘khWF‘L[é thiophene-2-carboxylic acid

TG katAHBydex s e xbesaahlhi Qt}ﬁﬁ%-benzo[b]thiophene~2-carb0xylic
3-Ch|oro-6-benzylozéy-S-methoxy-benzo[b tihlophene-z-carboxg/llc aci

oA R S5 3 b By A AR P B B o

tripnyvene o 3yciler %&T@&Dﬁﬁ!&ﬁyé Svas refluxed at 90°C for two hours. To the warm
methoxgéi)enzc()él;]thlophene-z-carboxyllc acid methyl ester by repeating

regriioRdfbd-d potutinn pras addsd dhr mistzg afiseneyiisaied-ydthdXpmphaengnd ice

BOYIGAGIasHIISIGRA R o BifBadsfll yvphenyh acrylieacid, 1H
( N?/IR. %%\E/I_SO-%): S= 3.88%@&)%%%? g%t?—%é 5.20 (. 2%%%%‘?%‘{%6&“ was
tr?ﬁq?%p{)ﬁlngeih@él’et@@r fm the resultant solid was filtered.
Ye&@hhorarg-hydroxy-5-methoxy-benzo[b]thiophene WO 2007/010085

PCT/F12006/000257
Melting point: 215-219°C

"H NMR (DMSO-dg): 6 = 7.54 (s, 1H), 10-12 (br, 2H), 13.5-14 (br, 1H)
EXAMPLE 7: 3-Chloro-5,6-dihydroxy-7-nitro-benzo[b]thiophene

3-Chloro-6-benzyloxy-5-methoxy-benzo[b]thiophene-2-carboxylic acid methyl ester
3-(4-Benzyloxy-3-methoxy-phenyl) acrylic acid was converted to 3-chloro-6-benzyloxy-5-
methoxy-benzo[b]thiophene-2-carboxylic acid methyl ester by repeating the method of
Example 4, except that 3~(4-benzyloxy-3-methoxy-phenyl) acrylic acid was used instead of
3-(3,4-dimethoxy-phenyl) acrylic acid. |

"H NMR (DMSO-dg): 6 = 3.88 (s, 3H), 3.90 (s, 3H), 5.20 (s, 2H) 7.32-7.50 (m, 5H), 7.81 (s,
1H).

3-Chloro-6-hydroxy-5-methoxy-benzo[bjthiophene
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21 3-Chloro-6-benzyloxy-5anethoxy-benzol[b]thiophene-2-carboxylic acid
methyl ester (1.33g), methanol (27 ml) and 5M sodium hydroxide (27 ml)

ere for 2.5 hours. Methanol was evaporated and the resultant )
V&figdz é\?g}'gﬁﬁgsred. The solid was dissolved in water and acidified witht 0 ¢/000257
concentrated hydrochloric acid. The mi&iure was stirred in an ice 5 water

- bath, filtered and dried in vacuum. The resultant solid, copper (0.17g) and

3@%%@3@@}6@%mh@émb@m@m}fmm@moxymm&mw ester
(HEX@;;M%@QW%MW{ esdlad Wcﬁl&{&?g}‘) ﬁﬁ?ﬁéﬁé%}ﬁ%ﬁ é%%'s hours.

acetate. The so was washed with 10% sodium’carbonate an

MyraraehigiesmRamaing tshiensy i polidraas i teyerk Siemedidresiidiesolved in

m@ﬁftwaatddﬁa%hmmr%mﬁ@ﬁma{%m@ﬂ@%'Qégggg&d%gn@wr‘éﬁ f&irre% in an ice-
re € urs. € Solution was evaporatead to aryness. e resiaue
s it dbe LR i SPORE (hEFEXTAEIT S IS GRHF) and cuinoline

(hydraiderd he:watarnbasswasasdifies with 6hbiyskaghlers agid: 36,

extracted. intq ethyl acetate. The solution was dried, evaporated to '
h&%%%%%%ﬁ&‘&@r‘%ﬁlﬁﬁéei‘we&i&ﬁ%@tﬁ%ﬁt%ﬁdﬁh@@&ﬁmwwshed with 10%
suﬁﬂiMﬁS@iﬁ&:)ga% allm%{(sygwméﬂ A&d Lhﬁ,t;zeﬁﬁt(ﬁga&'ék)a ﬁﬁ@,ﬁk%egﬁhe
. - -0z oxy-5-methoxy-/-nitro-ben thiophene
e O R et ch Wl redabeesd 5
hinvestRficersdusion @6 mipTatheisdiytion. Was greduaksaddes wsohudiomydtther
i id in.dj 9ml).at room temperature, . The .
R e B W g oM
hydarbipTinadicband eastaddnty siltrhetetiwmifFhethylusioatatss dndd, evaporated to

dRNRROIRIAEIO SRR Sw IR Was Piified by column
chromatography using toluene-éthyl acetate- acetic acid 8:1:1 as the
AR WG

DN SG-88Ys83EN 027(&. IH), 7.88 (s, 1ER)7. 5686, (BHL9)52 (s, 1H).

25 3-Chloro-5,6-dihydroxy-7-nitro-benzo[b]thiophene To the solution of
3'3- loro-6-hydroxy-5-methox -7;nitro-benzo}&blthiophene (0.13g) and

pyP e vt sng sk araliibinrheRforide (0.09g). The
3rEAktions v s@-wa?éaﬁaagﬁdaak&@@hi@p%@eh@mﬁ@ e m%\gv%%t@fﬂﬂ acetate

0 ixture added t ixture. of ice and concentrated .

R e SR S e R when atecas Wioipromethan
(3Mdfduhlpricracid @nthevaterafitkdrikdandes yaaedat. room temperature for 10 min
and then it was poured into ice-cold water and extracted with ethyl acetate and evaporated to
dryness. The product was purified by column chromatography using toluene-ethyl acetate-
acetic acid 8:1:1 as the eluent.

H NMR (DMSO-de): 6 = 4.02 (s, 3H), 7.58 (s, 1H), 7.87 (s, 1H).

3-Chloro-5,6-dihydroxy-7-nitro-benzo[h]thiophene

To the solution of 3-chloro-6-hydroxy-5-methoxy-7-nitro-benzo[ b]thiophene (0.13g) and
pyridine (3.3ml) was gradually added aluminum trichloride (0.09g). The reaction mixture
was heated at 90°C for 2 hours. To the warm reaction (60°C) mixture was added the
mixture of ice and concentrated hydrochloric acid (1:1). The product was filtered, washed
with 1M hydrochloric acid and water and dried under vacuum.

Yield: 110 mg

Melting point: 182-184°C
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Yield: 110 mg Melting point: 182-184C WO 2007/010085
PCT/F12006/000257 22 H NMR (DMSO-d6): S = 7.49 (s, 111), 7.83 (s,

- 11). EXAMPLE 8:

gyé]#%’%)‘{éﬁ ihydroxy-?-nitro-benzo[b]thiophen-2-vi)-morphoﬁ)g-xl(-F 12006/000257

yl-methanone 5 (3-Chloro-5,6-dimethoxd2benzo [b]thioph

en-2-yl)-morpholin-4-yl-methanone 3-(3,4-Dimethoxy-phenyl) acrylic acid
%Mm\g@mﬁaﬁoﬁaéla)n?esadxym) 10-12 (br, 2H).

benzo[b]thiophen-2-yl)-morpholin-4-yl-methanone by repeating the

method of Example 4, except that morpholine was used instead of

5 G- KM sdugb ps-2-3isethenrofJ{Goph ¢m 2 4H)n808pholin-4-

ylsmaihnd B8 (s, 311), 7.21 (s, 11-1), 7.67 (s, 11-1).

(3-Chloro-5,6-dihydroxy-b

enzo[b]thiophen-2-y1)-morpholin-4-yl-methanone

A Tehiess B immhexy ekl Ree SRS RRA N4 Vs hanon
328(8.§§g%w s 15 suspended.in dichloromethane (50m1) under nitrogen,

43ofe e%%%?&’??ﬂ“é‘@éfé&h&%m%g soRr ariadderchollprerhiidicno®ontyin
behebferomgihang-yhhe seHitan - SUsReRs ' - min

and ['[;I%%] in cool oyvmig?% The r?]ixture W%%é’@ﬁ%%{ﬁ% ?égi%%%ﬁfﬁrixample 4

KR BRI IE bR i tisathes atateamphe product was filtered and
'RUBBHRADBIS Wvagers 26 53NMRHRVSOEEN 3340 (BErfH RSO 2. 721 (s,
I %%71&% (és%}ﬂ), 7.32 (s, 111), 9.5-10.0 (br, 2H). |
%13 hloro*5,6-dihydroxy-7-nitro-benzo[b]thiophen-2-yl)-morpholin-4-yl-met
hanone

s(=hlorqe-5,6-dihydroxy-ben thiophen-2-yl)-marpholin-4-yl-methanone
Sea iR N i AT S e e
(3aCialoroehobionometigne {207h]d.preh)} Wi -aagusiiv-added Al 200 8% g) was

The golu,tion W?S stirred 30 min at room temperature and then it was

SUSBEREECim Rl om st QAR HIAss MlEReSbIRe Rlets AIteARE anddrdnied iopwise
withcMrBorbhesadhidewasres vstatlizsdHamacetic @letﬁ?gqsﬁegs%n was stirred

at -20°C for 30 min and then in cool overnight. The mixture was poured into ice-cold water

and stirred for 30 min at room temperature. The product was filtered and washed with

water.

"H NMR (DMSO-dg): 6 =3.40 (br, 4H), 3.62 (br, 4H), 7.11 (s, 1H), 7.32 (s, 1H), 9.5-10.0
(br, 2H).

(3—Chloro-5,6-dihydr0xy-7-nitr0~benzo[b]thiophen-Z-yI}-morpholin-4—yl-methan0ne
(3-Chloro-5 ,6~dihydroxy-benzo[b]thiophen-2-yl)-morpholin-4-yl-methanone (7.7g) was
dissolved in ethyl acetate (500ml) and a solution of nitric acid in dichloromethane (2M,
13.6ml) was gradually added at 20°C into. The solution was stirred 30 min at room
temperature and then it was poured into ice-cold water and the resultant solid was filtered

and dried in vacuum. The product was recrystallized from acetic acid.
Yield: 4.8 g

Melting point: 259°C
"H NMR (DMSO-de): 6 = 3.53 (br, 4H), 3.62 (br, 4H), 7.51 (s, 1H), 10-11 (br, 2H).
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30 Melting point: 259C 1H NMR (.DMSO-d6): 6 = 3.53 (br, 4H), 3.62 (br,
4H), 7.51 (s, 1H), 10-11 (br, 2H). WO 2007/010085 PCTfF12006/000257

3- CS? #c}){rH(j}%F% (ﬁhydroxy 7-nitro-benzol[b]thiophene-2-carbox3, Ilc%%lr 12006/000257
23

diethylarnide
5,6-Diacetoxy-3-ebloro-7-nitro-benzo[b]thiophene-2-carboxylic acid 5

EX AMSTEE: %26 3do605.p= -Afrpderv-diblthioplanelZlddopteylicacighoxylic acid
d{esBemhiiam Example 4, acetanhydride (1.6n1) and concentrated

sulphuric acid (2 drops) were warmed at 50-60C for one hour. The

reaction mixture was poured into ice-cold water and stirred in cold. The

Sprapidetives Sltgneds was Vacu m H NMR
(DMSOﬂggﬁ-S 241 s%%dti\é)mzh giﬂi%gikgcsqpﬁlg’éﬁbc a’_f

35%@%3@?0%3@8?5bb?omﬁfﬁrh@l@dh}@iﬂbnhﬁmfﬂ%nglzmﬂnbcaxyll comg) from BExample
4digtmamide. 96(118 SRHLIOR Qlivated [sbu]l ac1d }(W%r%gxarmed at 50-60°C

5 6-diacetoxy-3-c oro -7-nitro-benzo |op ene- -ca
fQpoIS foH o RATeED N Wasasiieer ehibrglichiordevidct dml)stnedd in cold, The

pRMNimethviennaipide: (ﬁﬂ%{@%@&%ﬁ%ﬁ%%%% mfjd at 80C for
unaer

Wﬂg then it was evaporated to 15 dryness and drie

}g Qelstifeidd disSbhveti® (Hié%réﬁﬁéthﬁﬁeﬂ(e 9rh1) and the

solution of diethylamine (0.12ml) and NN-diisopropylamine (0.5rnl) in
?Joromet ane (3.9m1) was added. The reaction solution was stirred at

CetRRErafiver fof-itse- hetrel hithiap ksnaydrentlomey Heyaridliatylamide
Tmﬁa@mﬂ%%ﬁ%ﬁ@ﬁﬁ@%%ﬁ@r&%ﬁ?@%&%@%l Iophhers. @ﬂg&g,{, t%cld

(Otg@ fm(%gl% . @ roduct w %lacted with 20 oromethane an
thatit was w%‘% Wi WW O SBHoEds 6 Sha ﬁﬁ%ﬁbﬁ@fhylfomwmde
(cHhehspiufite mm%amﬁyamr@@eg-fEhsr@rM%mﬁeﬂ%?%e W EXH 10

ste Wlt(pgrémg urification

%Sloro ]I%f{) W%ﬂ@%éﬁ‘?ﬁ@fﬁ]‘ﬁﬁ%ﬂﬁéﬁ]@aﬁ Enfiehlgheraetarne (3.9ml) and
thdl&@hyllanwdehﬂﬁylamme (0. 12m1) and N,N-diisopropylamine (0.5m]) in
- ro- 7 nzol[b]t ne-2-carboxylic acid

dlgPS?r% arn ggjﬁ) VWS.S sso ved S G’[F\ ]Pr? ﬁé]ﬁﬂo&@’?ﬁ §tFR & LdORMSARETerature
%é‘@mhgmaib@rﬁawz@omg) in dvptess(Bndnfetins ddsed)tentheciRastiond
heiign.dt il temperature for.one hour, Methanol was
}Zgaporategwgsé thesqr%es?;%jége%v?a:t ﬁeﬁﬁ fr?sé((i)?(l) ajé*;]%: fiftd %iﬁt VHCEGRG ayith
dichloromethane and afier that it was washed with water and the solution of sodium
bicarbonate. The solution was dried and evaporated. The product was used for the next step

without any purification.

3—Chloro-5,6-dihydroxy~7—nitro~benzo[b]thiophene—z-carboxylic acid diethylamide
5,6—Diacetoxy—3—chloro-7~nitro—benzo[b]thiophene—Z-carboxylic acid diethylamide (0.32g)
was dissolved in methanol (16 ml) and a solution of potassiumcarbonate (0.61g) in water (3
ml) was added to the reaction solution. It was stirred at room temperature for one hour.
Methanol was evaporated and the residue was kept in cool and filtered. The solid was
washed with water and recrystallized from methanol.

Yield: 138 mg

Melting point: 202-205°C

"H NMR (DMSO-dg): 6 =1.14 (b, 6H), 3.41(b, 4H), 7.49 (s, 1H), 10-12 (br, 2H).
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washed with water and recrystallized from methanol. 30 Yield: 138 mg
Melting point: 202-205C iH NMR (DMSO-d6): 6 =1.14 (b, 6H), 3.41(b, 4H),

: 0-12 (br, 2H). WO 2007/010085 PCP/1112006/000257 24
A % : PCT/FI2006/000257

(3-Chloro-5,6-dihydroxy-7-nitro-benzo[t¥¢hiophen-2-yl)-piperidin-I-
yl-methanonc 5
(3-Chloro-5,6-dihydroxy-7-nitro-benzo[b]thiophen-2-yl)-piperidin-l-yl-metha

EROOGIPINE iBle(ﬁ‘?fﬂﬂ%fﬂé’-"&tﬁ?&?ﬁ’ﬁﬁf‘ﬂﬂ%-ﬁ'lﬁﬂg%f%?kgﬁ%%{}’s@g)ﬁ%8¥din~1-

repeating the method of Examiple 9,"except that pi

Yinsethansmgiethylamine. Yield: 192 mg Melting point: 254-256C 10 'H
NNMNR (DMSO-d(,): 8 = 1.55-1,62 (m, 10H), 7.48 (s, 1H), 10-11 (br,
21..1). EXAMPLE 11:

(B v Seddmdassxy mirrobsaaeFihinoppereyd-sipssidinclaklgnethanone

TRBSMYBNIE LR was prepared from the product of Example 4 by repeating the method of
3-Chloro-5,6-dihydroxy-7-nitro-bcnzo[b]thiophene-2-carboxylic acid

Espemfamiaiecrt fetine ediisotat ured iprisd iodisbmaminsroduct of
Yiiampeddy repeating the method of Example 9, except that aniline was
used instead of dietpa/ylamine. Yield: 100 mg Melting point: 288C 20 'H
BEPAREB243° 8 € 7.15 (1, 111), 7.38 (t, 2H), 7.52 (s, 1H), 7.70 (d, 1H),

'HOBTRSDMID-EXAMPLES 1262 (m, 10H), 7.48 (s, 1H), 10-11 (br, 2H).
3-[(3-Chloro-5,6-dihydroxy-7-nitro-benzo[b]thiophene-2-carbonyl)-
amino]-benzoic acid 25 3

EX3Nhiortb: 8-aihystesys/dniyareenzoitianhesprRise a2 anybelig acid
zoic acid The title compound was prepared from the product of Example
pﬁw ing the method of Example 9, except that 3-amino-benzoic
acid was used instead of diethylamine.

3-Chloro-5,6-dihydroxy-7-nitro-benzo[b]thiophene-2-carboxylic acid phenylamide

The fitle compound was prepared from the product of Example 4 by repeating the method of
Example 9, except that aniline was used instead of diethylamine.

Yield: 100 mg

Melting point: 288°C

"H NMR (DMSO-dg): & = 7.15 (t, 1H), 7.38 (t, 2H), 7.52 (s, 1H), 7.70 (d, 1H), 10.37 (s,
1H).

EXAMPLE 12: 3-[(3-Chloro-5,6-dihydroxy-7-nitro-benzo[b]thiophene-2-carbonyl)-

amino}-benzoic acid

3-[(3-Chloro-5,6-dihydroxy-7-nitro-benzo[b]thiophene-2-carbonyl)-amino]-benzoic
acid

The title compound was prepared from the product of Example 4 by repeating the method of
Example 9, exéept that 3-amino-benzoic acid was used instead of diethylamine.

Yield: 53 mg
Melting point: 293-294°C
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30 Yield: 53 rng Melting point: 293-294C WO 2007/010085

PCT/FI2006/000257 25 H NMR (DMSO-d6): S = 7.50 (d, 111), 7.53 (d.,

1H2), 7.72%(?1 11-1), 7.95(d, 111), 8.36(s, 1H), 10.58 (s, 1H). EXAMPLE

%! 42([(@ q%?ro-S,6-dihydroxy-?-nitro-benzo[b]thiophene-2-eat5%ﬁ3‘7f)2-0%6/000257
a'niuo]-benzoie acid 4-[(3-Chloro-5,6-diydroxy-7-nitro-b enzo
,Jb]thlophene-2-carb onyl)-amino]-benzoic acid The title compound was

relpEREPIEI tthe:proulie) GLENRBHES 4dbyHapeafrd, tknesises 0f)10.36(s, 1H),

15)5@%53'&{9; except that 4-amino-benzoic acid was used instead of .
diethylamine. Yield: 110 mg Melting point: 298-300C 'HNMR (DIv1SO-d6):

6 = 7.55(s, 1H), 7.84 (d, 213), 7.96 (d, 21-1), 10.70 (s, 11-1). 15

EERAMBR 1 344- [ (3-Chloro-5,6-dinydroxy-T-nitro- j ,
3-Ch|oro-5,6-dih[)§droxy-7?nit’ro-t§e zf)%ftﬁiélﬁ "gng‘?g?gg?ﬂ,%*;g, |§ g&eiaz-carbon) D-

apaipabirnapippeithyl) amide
3-Chloro-5,6-dihydroxy-7-uitro-benzo[b]thiophene-2-carboxylic acid
(4-methoxy- phenyl)amide 20 The title compound was prepared from the
i fddfcietonp Bendibieds axyrématrkp e [hchiheheh Examblend hexcens thahzoic
afinethoxy-aniline was used instead of diethylamine. Yield: 94 mg Melting
oint: >350C 1H NMR (DMSO-d6): 8 = 3.74(s, 3H), 6.88 (s, 1H), 6.92 (d,
Tgﬂtjl,ﬂ?.@i{%?‘ﬁ}dr)‘,’v@%f(ﬁﬂe@ G fhomgodist, af ixExAMPLE¢Bating the method of

E2aMpiay]-dxpisorRenzathiad Mgl UM was used instead of diet}%ylamine.
Yg_le-ﬁ;rglrri:o-4,5-d||nethoxy-2-n|tro-benzene 30 To the solution 0

BW%F atrole (20g) in acetic acid (50mi) was added 2M nitric acid

Méigipdiwam stxped@t room temperature for 30 min and then the
feaction. solution was poured into water. The resultant solid was filtered,
AR R S

e Wbalefthid, 2H), 7.96 (d, 2H), 10.70 (s, 1H).

EXAMPLE 14: 3-Chloro~5,6-—dihydr0xy—7—nitro-benzo[b]thiophene-2~carb0xylic acid
(4-methoxy-pheny)amide

3-Chloro—5,6-dihydroxy—7—nitr0~benzo[b]thiophene-z-carboxylic acid (4-methoxy-
phenylhamide

The title compound was prepared from the product of Example 4 by repeating the method of
Example 9, except that 4-methoxy-aniline was used instead of diethylamine.

Yield: 94 mg

Melting point: >350°C

'H NMR (DMSO-de): 6 = 3.74(s, 3H), 6.88 (s, 1H), 6.92 (d, 2H), 7.62 (d, 2H), 8.46 (br,
2H), 9.82 (br, 1H).

EXAMPLE 15: 2-Methyl-7-nitro-benzothiazole-5,6-diol

1-Bromo-4,5-dimethoxy-2-nitro-benzene
To the solution of 4-bromoveratrole (20g) in acetic acid (50ml) was added 2M nitric acid
(48ml). It was stirred at room temperature for 30 min and then the reaction solution was

poured into water. The resultant solid was filtered, washed with water and dried in vacuum.
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WO 2007/010085 PCC/1112006/000257 26 H NIMMR (DMSO-d6): 8 =
3.85 (s, 311), 3.90 (s, 31-0, 7.38(s, 111), 7.67 (s, 1H). S, 6-Dime

th%{ 00_; 0]%5g¥l -benzothiazole I-.Bromo-4,5-dimethoxy-2-nitro-benzene /000257
was susSpended into ethanol (50m1). To the 5 reaction mixtiraNeE

added the suspension of sodium sulfid€¢5g) and sulfur (0.65g) in ethanol
,.(12m1). The reaction mixture was refluxed 1.5 hour and then the resultant
"R ABMiftErde) ahtl HAS ed Witt B6t(vaIB), AreBethidpl Bhdsintgolid
was slurried with acetic acid (60m1) and acetanhydridi (35ml). To the
suspension was gradually added zinc (16.6g) and the suspension was
S &iftaneshessrirtaeHbdrhameotbiazslmin before filtering off The residue 10

1 BAGRYAPNIRRAHOIYRRES - HehepEod ueh Was RUFLIRE PyeoLimD 1 ol (30ml). To the

chromato%raphy using. toluene- ethyl acetate-acetic acid 8:1:1 a
TR iy e Wﬁawﬂﬂ%@%ﬁu@ﬂn%w@@@m Sililed 52hpnd ss@f@s (BBg) in

cthatd(1 2d}.) TREG A chhhixZaMethy -iranzothiazle- 2l diah 1 resultant solid was
gungtl thay-2- 1% gg benzoth Ie (3 9g) was refluxed with 47%
m

ﬁﬁéﬁro romic acl 1‘5%5’? i‘l‘?g ThE dbitPlihY rhahudsth dagptic acid
(Wan@awmh&drﬁ&/@%ﬁl%d 575“6)*ﬂﬁ)@gﬁ?%&@%ﬁaﬁl@@%ﬁgﬂ&(@éﬂﬁ)mﬁe?@@6g} and
nitro ole- ol 20 ,
th]e]s"gse]% %genzo%far%%? Ialoﬁn\}?as sso(fv W&%gﬁ?@%ﬁfg The residue
CE) I‘E}{Wﬁf@ffﬁltﬂ dﬂ@l@mnm hoordreictta peu(Zivt By%ﬂluﬁ)x%m@@g&lbhy using
1RO AL 2 0%eiRL0, LhE é:(ﬁ!}‘é'qnl"%@ﬁle%fgggt 10 min at room temperature

,.and then'it was poured into ice water an extracted into ethyl acetate and

T DHUB SRS Pribs ko da det Wias Fkifiet 165 SBIUAS LImGHIBGgtaBhy HSITGS6 (s, 17D).
toluene-ethyl acetate-acetic acid 8:1:1 as the eluent. 25 Yield: 75 mg
Melting point: 219C 'H NMR (DMSO-d5): 6 = 2.73 (s, 3H), 7.63 (s, 1H),

2 bbp bl R AVILE 16,

5 6&%&%@@&[%@@&@&%@%%@@& Depnerehinr4-%; Brobromic acid

(@ﬁb&) i eﬁrz}WM 30 %?Hwaﬁ I%Wf/?}iﬁ@ﬁ?ﬁ YhdenecoWtioxo
"HREMB! AMEORR) WG 208540 IH98E R G T 1IFD 2P06(00025 5. 23(s, 2H)

2-Methyl-7-nitro-benzothiazole-5,6-diol

2-Methyl-benzothiazole-5,6-diol was dissolved in ethyl acetate and a solution of nitric acid
in dichloromethane (2M, 0.38m1) was gradually added at 20°C into. The solution was
stirred 10 min at room temperature and then it was poured into ice water and extracted into
ethyl acetate and evaporated. The product was purified by colunm chromato graphy using
toluene-cthyl acetate-acetic acid 8:1:1 as the eluent.

Yield: 75 mg

Melting point: 219°C

"H NMR (DMSO-dg): 6 =2.73 (s, 3H), 7.63 (s, 1H), 10.1-10.9 (br, 2H).

EXAMPLE 16: (5,6-Dihydroxy-7-nitro-benzo [b]thiophen-2~yl)-m0rpholin-4-yl—

methanone

5-[1-(4-Benzyloxy-3-methoxy—phenyl)—meth-(Z)-yIidene}-2—thioxo thiazolidin-4-one
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27 4-Benzyloxy-3-methoxy-benzaldehyde (29g) was dissolved in acetic
acid (16g) Laid then rhodanine (16g) and sodium acetate (369) added
i%?)'z (?% ?g&gion was refluxed for one hour. The reaction solution was )
poured into water. The solid was filtered, washed with water andt ghgyo6/000257
under vacuum. 5 1H NMR (DMSO-d5):26 = 3.83 (s, 3H), 5.17 (s, 211),

7.15-7.22 (q, 3H), 7.33-7.46 (m, 51:1), 7.60 (s, 11-1), 13.0-14.0 (br, 111).

4 Bsnzyien) BhantalsitlidhdR9P)- 2-meisapiediarylietacidid (16g) and then
dfrdinifeBeszyinsdimet Namsih-(Z)-Hidenel:2-thioxo

thiazolic% né-;%(/)ne 38{3%1%?8{5%? %&a@%&gn%égﬂgﬁa%]%%ﬂ %gor&ﬂf%egr%r one
heiul g SsRGHePsHIIGR WaSROBHAND 10¢aAhpeuliddvsiofiiyrintonihed with
whiG sl dtied (208MmBedlie reaction mixture was stirred at room
1 ratyre. for.ane haqur, The solid was filtered, washed with water and
%ﬁ@%ﬁﬁéﬁ@i@%ﬁ%fﬁm RiDMEOEFE-73L807 &2 GHPIBAU3E7244)(m, SH),
7BAG; S (3, 0-14)0 Th26EA¥6 (i, 61-1), 157.70 (s, 1H).

6-Hydroxy-5-methoxy-benzo[b]thiophene-2-carboxylic acid

(2)-3-(4-Benzyloxy-3-methoxy-phenyl)-2-mercapto-acrylic acid (21 g) and
(4odirté-BrngylaxytStaabiidrofushen(@POmidregasticedinbRC for 15 hours.

TFhen i ured | ater (1.20 2 odiym bisulfate was
e T R o idraeee 050
alﬁt%%ﬁ%immewww&émmxmummﬁmd dojutionceniraisidd to 10°C
aky A AR QlIRAGH frred | erature far one.hour. The soli

e Tt e R e et U et room
tEEGFaBHEY gne hogs dhemglidvag filtered washsd(withyatpraadsirid- thder
v&aan(br, 25 1H), 12.8-13.3 (br, 1H).
1-6:=1-lydroxy-5-methoxy-7-nitro-benzo|[b]thiophene-2-carboxylic acid
@%8@%&%@%&%@9%[6&%3 ei-’-é?ba%ﬂéxzfné £6idHB. FR0nads (m, 6H),
7.4i60lVEY in ethyl acetate (200ml) and a solution of nitric acid in

dichloromethane (2M, 7.7ml) was gradually 30 added at OC into. The
solution was stirred 30 min at room temperature and then it was poured

6-HlisereSlanatitexsah ettt iopihemolicowiam washadavith ethyl acetate
(Zﬁ—@-(gﬂ?&z&%@&tﬂ%&ﬂ(’)‘g{y—phenyl)-2—mercapto~acrylic acid (21g) and iodine (21g) in
tetrahydrofuran (300ml) was stirred in 60°C for 15 hours. Then it was poured into water (1
1) and 120g sodium bisulfite was added. The product was extracted into ethylacetate and
then it extracted into sodium bicarbonate. The water phase was acified by concentrated
hydrochloric acid and stirred in room temperature for one hour. The solid was filtered,
washed with water and dried under vacuum.

'H NMR (DMSO-dg): 6 = 3.83 (s, 3H), 7.29 (s, 1H), 7.45 (s, 1H), 7.89 (s, 1H), 9.70 (b,
1H), 12.8-13.3 (br, 1H).

6-Hydr0xy-5-meth0xy—7—nitro~benzo[b]thiophene—Z-carboxylic acid
6-Hydroxy-5-methoxy-benzo[b]thiophene-2-carboxylic acid (3.2g) was dissolved in ethyl
acetate (200ml) and a solution of nitric acid in dichloromethane (2M, 7.7Tml) was gradually
added at 0°C into. The solution was stirred 30 min at room temperature and then it was

poured into ice-cold water and filtered. The solid was washed with ethyl acetate and dried

under vacuum.
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WO 2007/010085 PCT/N12006/000257 28 'H NMR (DMSO-d6): 5 = 3.96
(s, 31-1), 7.95 (s, 111), 8.05 (s, 111), 11.5-12.0 (hr, 111), 12.8- 13.6 (br,

-5-meth oxy-7-nitro-b enzo [b]
trwgp%é}r% -ngglmorpholln 4-yl-meth anon one 5 PCT/FI2006/000257

6-Hydroxy-5-methoxy-7-nitro-benzo[b J##ophen-2-carboxylic acid (2.7g)
was dissolved in toluene (45m13 Thionyl chloride (1.2m1) and

NV EMi oot d- 02 thciid) Vilre(sadbed Théssbilkidn a2 . Stied ), 12.8-

1@%@@1@@ hours and after that it was evaporated. The residue was
dissolved into dichloromethane (45m1) and morpholine (1.4m1) and
triethylamine (1.2m1) added. The reaction solution was stirred at room

(&Hmﬁr@tw@ﬂq@tﬁyﬁymgmrﬁf&mmml%m&@tﬁwn%%ﬁt%wa 189880 Rne
e d Wasb 1?Zat(%ﬂ(‘-if%‘)D|th water and dried under vacuum.
%ﬁ%f%ﬂ -BIogg PR s Ca 3 lisepdd Byfey ey dissolved in
tdlhﬁw (Shinéis)zl‘hi)mﬁlhﬂdridh | B(Glmﬂllﬁ;n)d RENGifriifyesaxynfdutto-depZovere
en- morpholi thano .
o e i o A b sy The
residrewds dgs)sozm dissdivleldmsn&ﬂmyha((emiﬂe) ulthand pyidinen(i 4al)
|nto trichloride 0 A79) was dual added into
th{g ZOTsH L%e?%%@ %L;l%i G?Jcel%la?s? VEREES R F%% EPRReTargye
otfranightn Thastiuti (60{)asol alld) @Méﬁﬁd@ﬁhﬂd@dﬁ@dﬂxﬁ%fﬂﬁﬂmmﬁmdﬁd was

veRAceHatedaydie Q&I nd then it was stirred at room

femperature for one e solid'was filtered, washed with water and

HoMR @M%%ﬂalllfi—:-ﬁ%ﬁ%ldﬂi,l%GﬂgﬁbMéﬁufg%dMﬁHﬁGUilﬂs N 7.87 (s, 1H),
1(@;\/&&}(@51,@ 19y 3.65 (b, 4H), 3.68 (b, 4H), 7.64 (s, IH), 7.72 (s, 1H), 10-11

(br, 25 211). EXAISIIPLE 17:
5,6-Dihydroxy-7-nitro-benzo[b]thiophene-2-carboxylic acid

(3EPIHMRsYy37athes s e8| %ﬂ)ﬁ@%xﬁ@- VO- 16 PRS- methanone

21% I%lﬁ -4-hydroxy benzaldehydli\# in N N- dlmethyl ormamide
AR e B S e A0 Ay B By e e (10¢)
vosnizyathddridet{dOnd)anas adled e piamparaityedrderd O edinBuminum
tnc%turgevxg ﬁ?g?\rx?a% g;a uari?y added into the solution. The reaction mixture was refluxed
for 2 hours at 110°C. To the warm reaction (60 °C) solution was added the mixture ofice
and concentrated hydrochloric acid (1:1) and then it was stirred at room temperature for one
hour. The solid was filtered, washed with water and treated with diethyl ether.
Yield: 114 mg
Melting point: 266°C
'H NMR (DMSO-de): & = 3.65 (b, 4F), 3.68 (b, 4H), 7.64 (s, 1H), 7.72 (s, 1H), 10-11 (br,
2H).

EXAMPLE 17: 5,6-Dihydroxy-7-nitro-benzo[b]thiophene-2-carboxylic acid

4-Benzyloxy-3-ethoxy-benzaldehyde
To the solution of 3-ethoxy-4-hydroxy-benzaldehyde (83g) in N,N-dimethylformamide
(400ml) was gradually added 10 M sodium hydroxide (55 ml) and then benzyl chloride

(60ml) was added at a temperature under 40°C. The mixture was stirred at room
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WO 2007/010085 PCT/FI2006/000257 29 temperature for a half an hour

and for 2 hours at 60C. The solution was poured into ice- cold water (2 1)

and extracted with diethyl ether. The organic phase was washed wit

water and 8t sodium hydroxide and then it was dried and evaBSFé‘Egﬁ%/ 000257

The product was recrystallized from tok$ene-heptane. 5 rH NMR

(DMSO-d5): S =1.34 (t, 3H), 4.12 (q, 2H), 5.24 (s, 2H), 7,26 (d, 1H),
tep4rB8 f(>ma [74k) 20 1831 9nd Tot P, HoBrs at 60°C. The solution was poured into ice-

c&ﬁz\%ﬁ"%&y &ag{ggr@grﬁggpg %%g \PV% gréamo l};}/h%%e was washed with water

4- Benzyl xy 3 ethoxy- ISSO

b rodisth deroxddmany den & VB dokdiomdofniimtedidline product was
rédishionernehanadrivh20Qm was gradually added at a temperature

,under 30C. The solution was stirred at room temperature for 10 min and
PR (P $Rueddts A4 Cediwhie: (FHalbrgadiéspREReiad vaBRed 34-7.53

awitheViesodiymydroxide and water and then it was dried and
evaporated. rH N.MR (DMSO-d6): S =1.37 (t, 3H), 4.25 (q, 2H), 5.34 (s,
2H), 7.36-7.49 (m, 511), 7.82 15 (s, 1H), 10.19 (s, 111)
4aaaihm=y454ydf@xy-2ﬂitmmm%wae

n etho t deh e (239g) wa solved in acetic
B S R S T el CUmb nd o
S@@mnmnf\nasweﬂukeddiohlﬁﬁbtnmﬂmezaméﬁ&M)smutg'mﬂmﬂ@ evapbsated

9 dr ess a d s dissolved in dlet |. ether. Th
RS Ifra?:lflegc?lnto E‘LM Wgﬁyav Sxice" acr%&te{& iFRARER W&ﬁoﬁﬂ%ﬁ@ then
itorchd p’ﬁhzeaiestdtmatcsﬂ)&deaxs Tite regdaaidptidedwizdessiaduith. TRHNMRm

USRS P IR s 177 0100 201

B EMBRMA ok 2 3%@&5%2@@@%)3 5.34 (s, 2H), 7.36-7.49 (m, 5H), 7.82
(55-@;?1 OpY/14- q y-2-nitro-benzaldehyde (1.6g) was dissolved in
dichloromethane (30ml) and a solution of nitric acid in dichloromethane
(2M, 13m1) was gradually added at a temperature under 30C. The

58@{%%3.&\!3!9&5@@ ﬂ{t;gqggnt@ﬂm@gre for 10 min and then 30 it was

poure nto_ice-cold water. The organic phase was washed with water and
4 gHZﬁ( -5 ethoxy-2-nitro-benzaldehyde (23g) was dissolved in acetic acid (93ml) and

concentrated hydrochloric acid (10ml). The reaction solution was refluxed for 24 hours.
Then the solution was evaporated to dryness and the residue was dissolved in diethyl ether.
The product was extracted into IM sodium hydroxide and acidified with 6M hydrochloric
acid. The resultant solid was filtered and dried under vacuum.

'H NMR (DMSO-dg): 6 = 1.37 (t, 3H), 4.20 (g, 2H), 7.33 (s, 1H), 7.57 (s, 1H), 10.15 (s,
1H), 10.6-11.2 (br, 1H).

5-Ethoxy-4-hydroxy-2,3-dinitro-benzaldehyde
5-Ethoxy-4-hydroxy-2-nitro-benzaldehyde (1.6g) was dissolved in dichloromethane (30ml)
and a solution of nitric acid in dichloromethane (2M, 13ml) was gradually added at a
temperature under 30°C. The solution was stirred at room temperature for 10 min and then

it was poured into ice-cold water. The organic phase was washed with water and then it was

dried and evaporated.
'H NMR (DMSO-dg): 6 = 1.41 (t, 3H), 4.32 (q, 2E), 7.56 (s, 1H), 9.93 (s, 1H).
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dried and evaporated. 'H NMR (DMSO-d6): 5 =1..41 (t, 3H), 4.32 (q, 2H),
7.56 (s, 111), 9.93 (s, 1H). WO 2007/010085 PCT/F12006/000257 30
4o Rty 3-dinitro-beuzaldehyde
5-Ethoxy-4-hydroxy-2,3-dinitro-benzaldehyde (3.779),
N,N-dimethylformamide (35m1), Ic2CcH3 (3.8779g) and ethyl bromide
(50m1) were refluxed 24 hours. To the reaction solution 5 was added
diethyl ether (100m1) and then it was washed with water and 1M sodium
4,8yoiteticley-23edsoitiiomenaddiigdand evaporated. 1H NMR (DMSO-d6):

> 2%1(5 é%gxd’gr-of%]ﬁ’o enzo[é?[fﬁZ4 %ﬁ&%@ﬁéﬁ’?}%ﬁé ; hy 05 %Eﬂ@lp(f%o 1),

Kmm&m&&@nﬂtﬁmmm@aﬂmydm(& ﬁﬂg)gwh%&sacdv@d théareaction solution

| h hio |
L A P R S e
hﬁé@l@ﬂéﬁ %WW@VWP@@ @v@m‘@m The solid was filtered and
ﬂthb\' %f“eihz’é;f %3](5 3t NMR é@ %?‘?’89%17 §§ T}%) (65 s,

3H) 1. 4(t 311), 424(t 8(q 3H),’8.08
1Ig 6-Dihydroxy-7-nitro- benzo[b]thlophene -2-carboxylic acid
5, 6 Diethoxy -7-nitro-benzo[b]thiophene-2-carboxylic acid methyl ester
), 20 hydrohromic acid (Snt) and acetic amdé ml) was refluxed for

5 'Pd?ﬁlé"&ﬁg Aifrachsrro il erarabesiligReig maeaybeniss filtered
4 arliviashed, dewmmueﬁw@(mﬁgﬁm%mﬁe@ RIS ACidifdotly) 1 8Rthamide

er. T e pro r from tril ield: 1H N-
R e S T RS S0 S By ot 99 W e
1@%&&8}5@@ mtljmhto)@aé’ mitroseermadfiurad fﬁf@atgh)b.()'m&aoiﬁﬁ was filtered
nza de 2,4,5-Trirnethoxybenzaldehyde
axé #;'was gcgn%g%ﬁlmom ane (20 ml) and 30 aluminum
%Mﬁ&él?w@gi)sw&s:éc&%@m}é)nhﬂﬂp@rﬁéﬁs412I4€(fsé5§11|]nﬁ@81(q<,tafé)v&s@ (s, 1HD),
8 SUEY 1),

PCT/¥12006/000257

5,6-Dihydroxy-7-nitro-benzo[b]thiophene-2-carboxylic acid
5,6-Diethoxy-7-nitro-benzo{b]thiophene-2-carboxylic acid methyl ester (160mg),
hydrobromic acid (8ml) and acetic acid (8ml) was refluxed for 6 hours and stirred at room
temperature overnight. The solid was filtered and washed with a solution of acetic acid and
hydrobromic acid (1:1) and water. The product was recrystallized from acetonitrile.

Yield: 90 mg

"H NMR (DMSO-dg): & =7.71 (s, 1H), 8.05 (s, 1H), 10-11 (br, 2H), 13-13.5 (br, 1H).

EXAMPLE 18: 5,6-Dihydroxy-7-nitro-benzofuran-2-carboxylic acid

2,4-Dihydroxy-5-methoxybenzaldehyde

2,4,5-Trimethoxybenzaldehyde (20 g) was dissolved in dichloromethane (20 ml) and
aluminum chloride (34.1 g) was added in small portions. The resulting mixture was stirred
at room temperature for 5 hours and then poured in acidic ice water. The dichloromethane

layer was separated and the water phase extracted with ethyl acetate. The combined organic
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at room temperature for 5 hours and then poured in acidic ice water. The
dichloromethane layer was separated and the water phase extracted with

The combined organic WO 2007/010085
%@1@%@7 000257 31 layers were extracted with 1. N NaOJT—FTILEIZOWOOO257
water phase was acidified with HCl andthe precipitate was filtered. The
product was recrystallized from toluene. 'H NN-RR (400 MHz, DMSO-d6):
lagersyvppe @tm«i with! (N N Hy Hhe watpephosgevas acidifednoith {1 2R, the

preBipalbhvAd11t8r4t Brap vl 20y X et sexy ez fldeb yde
}i -Dih drox -5- methoxybenzaldehyd é@éé benz | bromide (9.7 g

AL fey oS 2dohmadec! 44en } i Nn -dlirkrefhyl }né?a?ﬁ.&e 1),
1@30(mt)1\M¢,rems@(e@L &H)100 C under nitrogen for 5 hours After cooling to
room temperature, 1 N NaOH was added 10 and the mixture washed with
ethyl acetate. The water phase was acidified with I-ICI and the precipitate

4Wagzytexgez wmmmmmmmes 3.74 (s, 311), 5.16 (s,

2 %HI_%I 5 (b- er?z{y %O#-’B%?r%ﬁg -4- Sﬁha ézip% noxy alcoe? Zﬁlogg%ﬁ' dll%?tser( >
digzBligysheld 420 hyrdtesxy-ener8th axyb dhMaiieleyiad §218an)idet(30 ml) were heated at
165002881816 {2ert 8 3NEuteSadiaZanian g{ 43820494 ngggnel QLD | was added

N,N- dlmethylformamlde (30 nil) were heated at 100 I hitrogen.
gl e PRI RFE S BR V0 @MW&%@E@@%&W@W%@Q@M%@MG and the
predguesexdEasteebwith ethyl acetate. Ethyl acetate was washed with 1 N
NaOH and 20 1 N HC|., dried with Na2SO4 and evaporated to dryness. 'H
TUNERAB8NE: BMEE-40)0 5 * Tdp A - hora 713), B6PgsI B 1) 14, (55 11D,
766-247 4T, BERZ)0 A08 (SH2110.68.&1 (8) 211), 6.97 (s, 1H), 7.19 (s, 1H),
7.36-7.47 (m, 51-1), 10.29 (s, 1H).
6-Benzyloxy-5-methoxybenzofuran-2-carboxylic acid ethyl ester 25

(38 Beylyio@-iforyiv-hetiathniyphaiziaggac elitdainlylatkil-ester (1.5 g),

5.4.0ju 3 acid 0.026 g).in
S S A PA O e e Phtsgan ot & o
1ﬁdilﬂ@ablﬁwl@ﬁfaﬁ@@d%&mm@@@mﬁ,wlmD&MMda (80 inljceere heated
aﬂ@@@ﬂﬁé@ﬁiﬂ&%@@ Hate H%%?sf'g?{&dcooling to room temperature, water was added

and the mixture extracted with ethyl acetate. Ethyl acetate was washed with 1 N NaOH and
1 N HCI, dried with Na;SOy4 and evaporated to dryness.

'H NMR (400 MHz, DMSO-dg): 6 = 1.20 (1, 3H, T 7.2 Hz), 3.76 (s, 3H), 4.15 (q, 2H, T 7.2

Hz), 4.98 (s, 2H), 5.21 (s, 2H), 6.97 (s, 1H), 7.19 (s, 1H), 7.36-7.47 (m, 5H), 10.29 (s, 1H).

6-Benzyloxy-5-methoxybenzofuran-2-carboxylic acid ethyl ester
(5-Benzyloxy-2-formyl-4-methoxyphenoxyjacetic acid ethyl ester (1.5 g), 1,8~
diazabicyclo[5.4.0Jundec-7-ene (0.33 g) and acetic acid (0.026 g) in N,N-
dimethylformamide (8 ml) were stirred at 100 °C under nitrogen for 5 hours. After cooling
to room temperature the mixture was poured in ice water and the precipitate was filtered.
"H NMR (400 MHz, DMSO-dg): § = 1.32 (t, 3H, 7 7.1 Hz), 3.82 (s, 3H), 4.37 (q, 2H, T 7.1
Hz), 5.18 (s, 2H), 7.25 (s, 1H), 7.33-7.50 (m, 6H), 7.62 (d, 1H, J 0.8 Hz).

6-Hydroxy-5-methoxy-benzofuran-2-carboxylic acid ethyl ester
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Il NMR (400 MHz, DMSO-d6): S = 1.32 (t, 3H, J 7.1 Hz), 3.82 (s, 3H),
4.37 (g, 211, J 7.1 30 Hz), 5.18 (s, 2H), 7.25 (s, 1H), 7.33-7.50 (M, 6H),

W:z%{ fllll-ém%so.S Hz). 6-Hydroxy-5-methoxy-benzofuran-z-carlt))(c:)%( lIi%006/0002‘7
acid ethyl ester WO 2007/010085 PCT/F12006/000257 32 :

6-Benzyloxy-5-methoxybenzofiuan-2-cdoxylic acid ethyl ester (7.3 g),
acetic acid (45 ml) and cone. HCI (24 ml) were stirred at 50 C for 0.5
O gBYe Watiabaraad - depibsd inagiditthN a0 (THenickiie avids(45 ml)

afxHaciedavith etyhacetate-Fthypeetale was drigd yuith, N ggf%egr?éladqé’%_?dj usted

evapqrated to dryness. The product was recrystallized from to
f%mﬂaf&ﬂbf@m%ﬁa Bipsgetrpotor (v idhpthyk acetaty. B (acctate yyasattied with

NegS2htnd Jvlpdiigi)@cy t0 zhﬁdme?@dﬂ %‘ﬂ&gﬂ)ﬂ‘@? xza%(}éévy;%ngld%ﬁ% ch%E%rfé.O A 9
i -5-methaxy-7-nitro-benzofuran-2-carboxylic acid ethyl ester
R e B B A a5 Chr ) e G oA BoH 9l 7.1
Hajs Sded, torll, D aliglHaiomeehans1(30. sslY andithecspiagnn cooled to -20 C.
1 M HNO3 in diehloromethane (6.4 ml) was added and after 10 minutes

the mixture poured in ice water. The dichloromethane layer was
¢ddpdraracSandtinswiteitphhsemofitactadavithoaiiid addtaikyildeer
6GPRRIREA | icRbasss were dd i 4 and orated to

,drynessﬁ. 1%5%%8%400 MH%?%%%%%Q& Cil%l%% ?%%eiglgl?\ga 1By }%%ﬁed to
didilerompethays (30794 apdrthe gadutipn cpaipd o 130 5C7 TM(ENQL iR omethane

(614 301 SvasAimdraxy -rvitie-henaeluna @ﬁ%ﬁﬁﬁ@ﬁ&}ﬁl@% aeide _Watag.y 'Fhe

3ydroxy-5-methoxy-7-nitro-benzofuran-2-carboxylic acid e ester

6_
digoBog)sivaRe (ryeb et P HriAtbIBf B mERE R roBIaclsd 5/ gtivilbotne. The
coriiviasidezaniuioass R dialioromeNanvibrradpasedded.snddne
1 Mmixt e%éﬁh%@cg?g %éf %O_I_JI‘S. The_ mixture was poured in ice water
MR VB2 S Tl B sl fhcat: THe Jidie? SHidse s Bactad 7.
Biwjitf7.6Thy| aEBIa164 Thel Bombiaebkorganic phases were dried with Na2S04

and evaporated to dryness. The product was purified by reverse phase

column chromatography using methanol (1%) in dichloromethane as an
S SHEhY Q26 xpH MR- HOC M anR20B)xGlie Zc3d (S, 1H), 7.53 (s, 1H).

Ol chod D A el BRSO Y e
dissolved to dichloromethane and cooled to -5 °C. 1 M boron tribromide solution in
dichloromethane (4.5 ml) was added and the mixture stirred at 0 °C for 24 hours. The
mixture was poured in ice water and the dichloromethane layer separated. The water phase
was extracted with ethyl acetate. The combined organic phases were dried with Na,SOy and
evaporated to dryness. The product was purified by reverse phase column chromato graphy
using methanol (1%) in dichloromethane as an eluent.

'H NMR (400 MHz, CD30D): 6 =7.37 (s, 1H), 7.53 (s, 1H).
EXAMPLE 19: 5,6-Dihydroxy-2-methyl-7-nitro-benzo[d]isothiazol-3-one

2-Mercapto-4,5-dimethoxybenzoic acid

To a solution of 2-amino-4,5-dimethoxybenzoic acid (10.2 g) in HCL (9 m! cons. HCI and
30 ml water) was added a solution of NaNO; (3.6 g in 20 ml of water) at 5 °C and stirred for
2 hours. The diazonium solution was filtered and the filtrate was added to a cold solution of

Na,S; prepared from sodium sulphide nonahydrate (11.6 g in 20 ml of water) and sulphur
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30 To a solution of 2-amino-4,5-dim ethoxybenzoic acid (10.2 g) in HCI (9
ml cons. HCIl and 30 ml water) was added a solution of NaNO2 (3.6 gin
) at 5 C and stirred for 2 hours. The diazonium j
ﬁﬁg%bﬂwﬁ%e filtrate was added to a cold solution of NaZSZSrl?r&é%}glrgeoﬁ/ 0257
from sodium sulphide nonahydrate (113 g in 20 ml of water) and sulphur
1\%/O 2007/010085 PCT/F12006/000257 33 (%.5 g) in NaOH solution (1.8 ¢
LR 8bt talytiong! fisinredmalodivaterad somixtare penstiredve might,

tefitferac:enovaieific dindtbioanoRndiaROwi e e RFREIPHRIE MASHIUIGIRG e was
Ihe prﬂduct was a mixture of 2-mercapto-4,5-dimethoxy-benzoic acid and
filigred. . The pro I%#ﬁ

imerizaa BrsdiErase BRRE A rerstaps -2 airnashomehs ol and
diwes asseokddnetekt 5 Steptwithtdxgurifications SHOMRARAIYFE was used for next

(PMRQ-06); S . monomer 3.65 (s, 311), 3.72 (s, 3H), 7.29 (s, 111), 7.36
f}? 13?%%“5%%%%%duct 3.59 (s, 611), 3.78 (s, 6H), 7.24 (s, 2H), 7.48 (s,

MNME (@0idvbselieMA GG dinrethaxyben 2@l GHBIINS IR (s, 3H), 7.29 (s, 1), 7.36
2tMer. -4 5-dl i id (12. u (80
e e A G R R R I ane

excess SOCI2 were evaporated. Toluene was added to the residue and

2-ORIGHHIR NS SVARRAIEE BERINPSliYRRRS- The residue was
spended in toluene (50 ml), sulfurgl chloride (14.3 MI) was added, and

2> inte Mo b o 8 ZrHelnmad wakeaddbirarkohioride (100

mYryreshdand thesoesidues houwserhiofnexd stepyithouwntrification,, M ateq.
T NTMLR (éo d%?zt DMS.%—?%: S =384 (s, 311), 3.89 (s, 31-1), 7.32. (s,
Py P99t e ERTNARD e s0mrEirs Ienchpamcaheaiibioadsmess. The

St it o S e
vridi | et ine. hydrochloride (6.0.g) was added. .
e R RO e oot g acotatihe rsidue

usgdhSndeecstndriiemixtafesms.washed with 1 N HCI and water. Ethyl
PRRIL i qﬂd%ﬁ\l Q:« evaporated, to T r
produgﬁgz\%%ﬁe y-ﬁ?gzs% Eﬁjrg%dé ’o\%%rga)p 'y%eﬁ%ti%%f%vnﬁﬁ?%@pﬁﬂi-e y@ LH).

acetate (1:9). 'H NMR (400 MHz, DMSO-d5): S = 3.30 (s, 3H), 3.83 (s,
5, Gl 8RS 3 bl RS0 o thR1Z023 (e H)- 5,6-D ihydroxy-2-methylb
enzo [df isothiazol-3-one
2-Chlorosulfenyl-4,5-dimethoxybenzoyl chloride ( 5.0 g) was dissolved in pyridine (30 ml)
and methylamine hydrochloride (6.0 g) was added. The mixture was stirred at room
temperature for 2 days. Ethyl acetate was added and the mixture was washed with 1 N HCI
and water. Bthyl acetate was dried with NSO, and evaporated to dryness. The crude
product was purified by flash chromatography eluting with heptane-ethyl acetate (1:9).
"H NMR (400 MHz, DMSO0-dg): 6 =3.30 (s, 3H), 3.83 (s, 3H), 3.85 (s, 3 H), 7.26 (s, 1H),
7.53 (s, 1H).

5,6-Dihydroxy-2-methylbenzo|d]isothiazol-3-one

To a suspension of 5,6-dimethoxy-2-methylbenzo[dJisothiazol-3-one (0.35 g)in
dichloromethane (30 ml) boron tribromide (3.1 ml, 1 M solution in dichloromethane) was
added at -40 °C. The mixture was allowed to warm to -10 °C. Next day methanol (30 ml)
was added and the mixture was evaporated to dryness. To the residue sodium sulfite
solution (9 ml, 5% in water) and brine (9 ml) were added. After stirring at 0 °C the

precipitate was filtered.
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To a suspension of 5,6-ditnethoxy-2-methylbenzo[d)isothiazol-3-one (0.35

g) in dichloromethane (30 ml) boron tribromide (3.1 ml, 1 M solution in
%%@mﬁggne) was 30 added at -40 C. The mixture was a"‘i”‘e,‘?%fﬁo()/ooozs7
warm to -10 C. Next day methanol (30 ml) was added and the mixture was
evaporated to dryness. To the residue 8ddium sulfite solution (9 ml, 5% in

1 er) and brine (9. ml) were added, After stirring at O 'C the precipitate
B NG S0 e o SH0eToboms 12 KNARELAoDS (v, 16D
10AHEGPIMSO-d5): 5 = 3.24 (s, 3H), 7.13 (s, I11), 7.20 (s, 3H), 9.53 (br, 1H),
10.0 (br, 1H). Acetic acid
6-acetoxy-2-methyl-3-o0x0-2,3-dihydro-benzo[d]isothiazol-5-yl ester 5
ABiDilnidifexge@pethyitbykSfdjisalliarbl3rorie: Q73] Botaasusended

s NN dimethylfon ide and triethylamine (0.47 g) and acetic acid . -
e R o v
dfsetrdiorowmntie anstuisiwiapouted igicedwattc and tdpisdip(tatd wasere
adligraro it NMR (400, Miz, DMSQ:da): 5 7231 (83 23360 3138581 104

(s, 3H), 7.76 (s, 11, 10 7.94 (s, 11D, Aceticoac(% Pt it A et 1o e
Wéiﬁﬂlﬂ?éi%@fﬁ%ﬁﬁw&iﬁ?g@éihydro-benzo[djisothiazol-5-yl ester To a
IEQ@HRTI&)‘()EIQE{@, @@\KSO-ds): 6 =231 (s, 3H), 2.34 (s, 3H), 3.35 (Is, 3H), 7.76 &S, 1H),

- ﬁset%ﬁ-z-methyl-&oxo-z,3-d|lrydro-benzo[d]|soth|azol-5-y ester (0.2

Tg¥ifsdltthylformamide morpholine (0.070 g) was added at 0 C. The

mixture 15 was stirred at 0 C for one hour and then poured to ice water.

The pregipitated product was filtered, 'H NMR (400 MHz, DMSO-d6): S =
Af?‘é‘fps’i‘%?‘1%?@*.ﬁgy(gr?ffg?’ff%m’i%?ﬁq‘}}%ﬂ ep1qllipgthingel-gryy ester
TAecetdutioidof acetic acid 6-acetoxy-2-methyl-3-0x0-2,3-dihydro-benzo[d]isothiazol-5-yl
eg%pgeé% g%f%%&a*égﬂ ?g@%%&%&&%&&éﬁ%%%%‘?iﬁ IS Qa0 3 PR iure
wastEfirekyt 2-theltns- bror 2iBtihgu rowed rojddisathiaZbk prytipésted product was
£(8Q15 9) in acetic acid at 10 C nitric acid (100% 0.015 g) was added and
stirring was continued at room temperature for 15 minutes. The mixture
Y (R0 Yk i EMveted @it =e3Erataetiith 26t iyl Hebtawed Bthihdetdte, 1H),
1was driedyand evaporated to dryness. 25 '"H NMR (400 MHz, DMSO-d5): 6

=2.29 (s, 311), 3.29 (s, 311), 7.73 (s, 1H).

1

Acetic acid 6-hydroxy-2-methyl-7-nitro-3-0x0-2,3-dihydro-benzo[dJisothiazol-5-y1 ester
To a solution of acetic acid 6-hydroxy-2-methyl-3-ox0-2,3-dihydro-benzo[ d]isothiazol-5-y1
ester (0.055 g) in acetic acid at 10 °C nitric acid (100% 0.015 g) was added and stirring was
continued at room temperature for 15 minutes. The mixture was poured into ice water and
extracted with ethyl acetate. Ethyl acetate was dried and evaporated to dryness.

"H NMR (400 MHz, DMSO-ds): 6 =2.29 (s, 3H), 3.29 (s, 3H), 7.73 (s, 1H).

5,6-Dihydroxy-2-methyl-7-nitro-benzo|d]isothiazol-3-one

Acetic acid 6-hydroxy-2-methyl-7-nitro-3-oxo-2,3-dihydro-benzo[ d]isothiazol-5-y1 ester
(0.046 g) in methanol-HCI (14:1, 7 ml) was heated at 60 °C for 3 hours. The mixture was
evaporated to dryness. The crude product was purified by flash chromatography using ethyl
acetate as an eluent and followed by crystallization from isopropanol-methanol.

"H NMR (400 MHz, DMSO-d): & =3.30 (s, 3H), 7.49 (s, 1ED).
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5,6-D ihydroxy-2-methyl-7-nitro-b enzo [rl] isothiazol-3-on e Acetic acid
6-hydroxy-2-methyl-7-nitro-3-oxo-2,3-dihydro-benzo[d]isothiazol-5-yl ester

%g%&]%i%ggethanol-HCﬂM:1, 7 nil) was heated at 60 C for 3 h'?/uFrlgb(m/ooozy
e mixture was 30 evaporated to dryness. The crude producg) Whd

purified by flash chromatography using3éthyl acetate as an eluent and
followed by crystallization from isopropanol-methanol. 1H NMR (400 MHz,
¥05 3,8-Bihedopy-F-wetiy1Hyinech 200 06Bken-2-yl) morpholin-4-
yIBGiks16/000257 35 EXAMPLE 20:
(5,6-Dilrydroxy-3-methyl-7-uitro-benzol[bjthioplren-2-y1)morpholin-4-
yl-rnethanone (5,6-Dimethoxy-3-methylb enzo[b)
(SoianhethdyhmemholinedzyNephens 3 morpholin-4-yl-methanone
(%:Q’C Olo[g-g:g-dg%tl:%%t%e%ﬁ%[b]thlophen- -yl)morpholin-4-yl-methanone
30§} Fromh GRS E A EtH PR e AT e3eh ity pgthanone (3.0 g) from
Edis(dipRomiiptiodphind)progaoeldiellpranicicel (1) (1.2 g) in
. 2-di xyethane (100 ml), were. reflu under argon.for 10 hours. To
B e P TRl 2 i s tawiag100 )
weiid tHexatixude wase RtradldowithTettiy adétatenizthyhagcstase Was d8er and HCI
' The crude product was purified by flash
e D TSR RS 5 Rt wes
it VEDORied 16 drnes. (Bhe Fid: B (it 4%k 1)ri8 GlbofladhiyhibBRRraphy

1y BB T128 ded )5y 54 (5, 1H). 15
Iérs 6-Dihydroxy-3-methylbenzo[b]thiophen-2-yl)morpholin-4-yl-methanone
Ig‘lyit%(g f» DMSO-dg): 6 =2.34 (s, 3H), 3.52 (br, 4H), 3.61 (br, 4H), 3.83 (s, 3H),

3.65, G dimpthosys31mgth\dhernzainlthiophen-2-yltmorpholin-4-yl-methanone
(0.80 g) in dichloromethane (8 ml) boron tribromide (5.2 ml, 2 M solution in
dichloromethane) was added at 0 C. The mixture was allowed to warm to

(516:dpihteroppikeh Alien 205l isoph RO IHROYRORE ARk G D)

W, ded lvents 20.were eyapor . To the residue sodium
T S R REe Tl Sbretminich tgnthanone
(OrLe) tinedjpidoipitatthanad Sitte)dabrid MMBARQ MHzL DWBR1E6InS= 2.24
&%ﬁﬁg@%ﬁgﬁx%ﬁ%s“%he% 0008, Tl S uAE Mickd Svmtnitd rosal (&
LD SN Ry BhAvB Al TP ant tethemzofis] thisiven 2 6/hi ovph edded atdnastvents
wh@RORBSorated. To the residue sodium sulfite solution (16 ml, 5% in water) was added and
after stirring for 0.5 hour the precipitate was filtered.
"H NMR (400 MHz, DMSO-de): 6 = 2.24 (s, 3H), 3.51 (br, 4H), 3.59 (br, 4H), 7.07 (s, 1H),
7.21 (s, 1H), 9.20 (s, 1H), 9.42 (s, 1H).

(5,6—Dihydroxy-S-methyl—7-nitro-benzo[b]thiophen—-Z—yl)morpholin—4—yl—methanone
(5,6—_Dihydroxy~3—methylbenzo[b]thiophen—2—yl)morpholin-4—y1-methanone (0.10 g) was
dissolved to ethyl acetate (60 ml). Nitric acid (2 eq, 2 M solution in dichloromethane) was
added in small portions at 55 °C. 15 minutes after last addition the mixture was cooled,
washed with water, dried with Na;SO, and concentrated to small volume. The precipitated
product was filtered.

"H NMR (400 MHz, DMSO-dg): 6 =2.31 (s, 3H), 3.53 (br, 4H), 3.61 (br, 4H), 7.54 (s, 1H),
10.5 (br, 2H).
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(5,6-Dihydroxy-3-methylbenzo[b]thiophen-2-yl)morpholin-4-yl-methanone
(0.10 g) was dissolved to ethyl acetate (60 ml). Nitric acid (2 eq, 2 M

%Hgg&@&iﬁhloromethane) was added in small portions at SSEE;T 006/000257
minutes after last addition the mixture was cooled, washed with water,

dried with Na2S04 and concentrated té@&mall volume. The precipitated

30 product was filtered. 'H NMR (400 MHz, DMSO-d6): 6 = 2.31 (s, 3H),
W%LEL ﬁ} évél%%,y‘im}yﬁakit@:&%o lid thigphone) 2wt H0A0085hy] ester

PCT/P72006/000257 36 EXAMPLE 21:

5,6-Pihydroxy-7-nitro-benzo[h]thiophene-2-carboxylic acid ethyl ester
& ORI ero OB peidathEkylsstor

ol fom & e 11 anc ot choncl (130 1.1 etharo) 3 g ="
mma m 5 Exam . and_thionyt chloride in ethanol (2 m
E\}/{vagflgir%e{iu%](el %olro %Pﬁ%ll?r%,eﬁﬁa@%’rﬁ’é&%&%ﬁﬁe@)&ﬁﬁ?émlf(ﬂéa- &R¥S,
cethemtsid YieldmeSsmgd AR (RN MSOedBnd@ .= 8.13 (1H, s), 7.72 (1H, s),
VAR 42H, ), 1.34 (3H, t). 10 EXAMPLE 22:
,.2,6-Dihydroxy-4-nitro-isobenzofuran-1,3-drone
I S EMY=8pr- s 5% by OF -7 -Shel B mixtudé G, q), 1.34 H, 1).
3,4-dimethoxy-benzoic acid (10 g) in 37% HCI (150 ml) and formaldehyde
25 nil, 37 wt. % solution in water) was heated to 90 C for 4 3/4 hours, and
g%&@&éSMQF@{Wifémvbmymmidﬁﬁ-ﬁMﬁItrate was
guenched with water (200 ml) and extracted three times with ethyl acetate

5?%0 nit). The_combined organic layers were washed with aqueous NaOH
UQ IR EK Hrli hstze e HirPhe organic solvent was dried over

Aanl\ﬂhgdre)ﬁ/lﬁ %ag&@ﬂ; Jﬂgegdzalzachaua;mg@{ﬁg 3%%?%%25£iﬁ§:é§1§§§&13§11yde
-d6):.8 = 7. ,S), 7. . ,S), 3. , S),

G A SRR A A GO PP St ot and ton ssluble
ngierdimethoxysSkilibp fidinatdfur dhe itinec( 44 guanchddoatueabsMNA!) and
I : 04 (4 Huted in water (125 nil). The mixture
Bt i el e,
wightaveerbINHBEHEA. mha. filvitedvesten 6166 ml). The organic solvent was dried over

anhydrous Na, SO, filtered and evaporated to dryness
Yield: 89 g

"HNMR (DMSO-dy): 6 =7.27 (1H, 5), 7.24 (1H, s), 5.28 (2H, 5), 3.88 (3, 5), 3.84 (31, 5).

4,5-Dimethoxy-phthalic acid

To a mixture of 5,6-dimethoxy-3H-isobenzofuran-1-one (4.5 g) and 7% aqueous NaOH (47
ml) was added KMnO, (4.0 g) diluted in water (125 ml). The mixture was stirred at room
temperature for 4 days. Insoluble material was removed by filtration. The filtrate was cooled
with ice-water bath and acidified with concentrated HCI. The acidic solution was extracted
three times with ethyl acetate (300 ml). The combined organic layers were dried over
anhydrous Na,SOy4 and evaporated.

Yield: 4.8 g

"H NMR (DMSO-dg): 6 = 7.19 (28, s), 3.83 (6H, s).

5,6~Dimethoxy-4-nitro-isobenzofuran-1,3-dione
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with ice-water bath and acidified with concentrated HCI. The acidic

solution was extracted three times with ethyl acetate (300 ml). The

R Rined; gsganic lavers were dried over anhydrous Na2S04 y 6/000257

evaporated. Yield: 4.8 g 30 il-l NMR (DMSO-ds): 8 = 7.19 (211. S). 3. 83

(6H, s). 5,6-Dimethoxy-4-nitro-isobenz%?uran-1,3-drone WO 2007/010085

PCTIFd2006/000257 37 4,5-Dimethoxy-phthalic acid (1.0 g) was cooled
41%‘%%‘&%&?@%3’5%%%‘.3}&0&&6% ThBUtiRS ePoksfiricavistestathilarRpwdrmigture of
sulitiidoaeid (g-loﬁﬂl') amd ot ; %ﬂagm'@@ EFWM@%&@W%Q fokelQixture was

minutes eft standing for 10 mjnutes. A mixture of brine and ice was
S LM O LS LR O, ORI FAEF Srine nd 1 v
addedy@talliZEc fraid ethaffiddred ofiehdadhebogithHy N BnOMBEEI6Y6 FdB3al8hanol.

IH,.S),4.11 (311, s), 4.05 (31, s).
vl

1 roxy-6-methoxy-4-nitro-isobenzofuran-1,3-dione

B B NORABINSE)-dshifra-fs 0D €HZosurdi 11( 3 iond.(346Hhg), 48% hydrogen
bromide (1.5 ml), 10 Acetic acid. (15 ml) and benzyl triethylammonium
bromide (37 mg) were heated at 140 C for 3 hours. The acetic acid and

Sebbtdr raorarpasy Hrvieerds obsazadprandel-dignsiltered through silica
5@EbUSEA XS folalesarshyd ﬁ?ﬁ{é@%‘&d@%@%& $eh)@Smide (1.5 ml),

eluent.  Appropri ate fractions were collected and evaporated. Yield: 275

A9 B NN @isezdb sl gmmqipmdromeds (34 mg) were heated at 140 °C

&y, 6y Tonyade i iR is ehe RzeitaR-ledrdlion® vacuo. The remainder was filtered
5-Hydr -6-@1etho>§/-4.- itro-i;o enzof%éan-l,s-dione (115 m%

IR RO B0 L) A E SURH SR SBe G Bpseucat

Aisbiatedtayliacetate @ hehtvdamaddgib2fedropwise. The resulting
eil)étL%x%V\IlgS strirred at room temperature for 0.5 hours, heated to reflux
r

?[fg 3 ours‘(,; and then quenched with water (0.5 ml) and conc. HCI (0.5 ml)
BOOIR (TSP abetate add (IakenwadSré&Howkd in vacuo. The remainder

was mixed with brine (2 ml) and extracted two times with ethyl acetate
(15 ml). The combined organic layers were dried over anhydrous

SNDb T omtr4radtreviaglesraretsmet triutigeel with diethyl ether.
5-Hydroxy-6-methoxy-4-nitro-isobenzofuran-1,3-dione (115 mg), aluminum chloride (80
mg) was mixed with ethyl acetate (3 ml). Pyridine (155 pl) in ethyl acetate (2 ml) was added
dropwise. The resulting mixture was strirred at room temperature for 0.5 hours, heated to
reflux for 3 hours, and then quenched with water (0.5 ml) and conc. HC1 (0.5 ml) at 60 °C.
Ethyl acetate and water was removed in vacuo. The remainder was mixed with brine (2 ml)
and extracted two times with ethyl acetate (15 ml). The combined organic layers were dried
over anhydrous Na,SOy, filtrated, evaporated and triturated with diethyl ether.

Yield: 55 mg

"H NMR (DMSO-dy): 6 = 7.42 (1H, s).

EXAMPLE 23: 5,6-Dihydroxy-4-nitro-3H-isobenzofuran-1-one

5,6-Dihydroxy-3H-isobenzofuran-1-one
5,6-Dimethoxy-3H-isobenzofuran-1-one (2.91 g) was dissolved in dichloromethane (150
ml) followed by cooling to -50 °C. Boron tribromide (34.9 m1, 1.0M solution in

dichloromethane) was added dropwise under nitrogen atmosphere. The mixture was slowly
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25 Yield: 55 mg 1IHNMR (DMSO-ds): 6 = 7.42 (1H, s). EXAMPLE 23:
5,6-Dihydroxy-4-nitro-31F-isobenzofuran-l-one 30

SWoRiRYRHYs 3H-isobenzofuran-l-one PCT/FI2006/000257
5,6-Dimethoxy-314-isobenzofuran-I-one (2.91 g) was dissolved in

dichloromethane (150 nil) followed by é@oling to -50 T. Boron tribromide

a{§4.9(£1|, 1.0M solution in_dichloromethane) was added dropwise under
hittogel? SABPIETER R AR iFBIrAR e WlY VWOIREBY 10085 3 hours. The

rACHdE 1206025 Vi Be Riwmed A91wrea Byerigh ﬁ%ﬁ?&ﬁ%}ﬁé@& Al Snainder
wAad con imftﬁxds§ irring for. Fﬁocgrs. The_reaction Wasé%uenche wit
methanol 10 owéaquoé\%\g% At R AL @ Parhmidellwraedmixed
Yiitd: 98 lagueous Na2S03 (20 ml) and brine (20 ml) and filtrated. Yield:
123%gD F 1SO-d6)., S,510.22 (1H, bs), 9,70 (IN, bs), 7,09 (1.H,
g% 6.93[(1Hf,§s%l?lé)ggl ‘(@—'g%}%bgf%%%éj&’ By F08 e 5505 8, 547
( aébtoxy-B-oxo-l,3-dihydro-isobenzofuran-S-yl ester (8).
5,6-Dihydroxy-3H-isobenzofuran-I-one (2.26 g), acetic anhydride (25 ml)
and pyridine 10 (2.31 ml) were stirred for 5 hours at room temperature.

Agelf adfifyarmiexyasoririotedlindracisohenddfie aeAaih e, mixed

5 )6ithi etk (2O bbb Eilr e C ed. Wi er. Yield: 3.35.9 IN ..
;F:{régMS%-d&: S = 7%%?1%%9 g@@ﬁa@%@%&ﬁg@mwm

dgg\(l : ‘@ﬁ)’ Sgl)l?’eﬁigo,&ééﬁgng&amom temperature. Acetic anhydride was removed in

vzﬁ;mdlxdiyhamm&mm@cmgﬁaﬂama&@fm??%R%?ﬁ&l?a%ﬂﬁ' washed with

-ac -3-0x0-1,3-dihydro-isobenzofuran-5-yl ester (5.0 g) was
N %ls'c?f{'/?éigi%'%ﬁl-dimethylformamide (100 ml) followed by addition of

"HrSMRIPBEOFR)ndl)= Tise ($BlLsion wael stived ab @@Ip@,@@@(ﬁﬁ! ,2.32 3H, s).
overnight followed by concentration in reduced pressure. Ethyl acetate ’
(200 ml) was added to the remainder. The organic phase was washed 20

Aggtiaineis triydzomindeosoel AelibpdsoSinEathralsanddEne (50 mi).
AdH& UG BI ent was driad over. anhydraus Na2S04, filtered and_ '
evap o%%ed%tcc?tg%ngeg\ga\?fgléﬁ %3%%) glsﬂlf (ﬁy\ﬁa g?a‘gy ;eéo;g])_ﬂ@i ¢ippplved in

N§ydimsthyiforgyanyido(if9, 1)) Skov@Hbys)idiiRe: @Hnorpholine (1.78 ml). The

solution was stirred at room temperature overnight followed by concentration in reduced
pressure. Ethyl acetate (200 m1) was added to the remainder. The organic phase was washed
two times with a mixture of aqueous HCI (50 ml, 2M) and brine (50 ml). The organic
solvent was dried over anhydrous Na,SO,, filtered and evaporated to dryness.

Yield: 3.96 g

"H NMR (DMSO-dg): 6 = 11.01 (1H, bs), 7.51 (1H, 5), 7.12 (1H, 8), 5.29 (2H, ), 2.28 (3H,
s).

Acetic acid 6-hydroxy—7—nitr0~3-oxo—1,S-dihydro-isobenzofuran-S-yl ester

Acetic acid 6-hydroxy-3—oxo-1,3-dihydro-isobenzofuran~5—y1 ester (3.8 g) was mixed with
acetic acid (150 ml) followed by addition of 65% nitric acid (2.5 ml). After dissolution the
mixture was stirred at room temperature for 2 hours followed by removal of the acetic acid
and water in vacuo. The remainder was filtered through silica gel using a mixture of
toluene, ethyl acetate and methanol (8:1:1) as eluent. Appropriate fractions were collected
and evaporated to dryness,

Yield: 4.1 ¢
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s). 25 Acetic acid 6-liydroxy-7-nitro-3-oxo-I.,3-dibvdro-isobenzofuran-5-yl
ester Acetic acid 6-hydroxy-3-oxo-I.,3-dihydro-isobenzofuran-5-yl ester

(éfg (AN ixed with acetic acid (150 nil) followed by addition of 65% i
nitric aci% ml). After dissolution the mixture was stirred at roo it 12006/000257

temperature for 2 hours followed by rend8val of the acetic acid 30 and
(water in vacuo. The remainder was filtered through silica gel using a

EMBRrslals etrPd dBHat6)ahdhidthahol 88 131,88 eluent.
Appropriate fractions were collected and evaporated to dryness. Yield:
546 WO 2007/010085 PCT/F120061000257 39 1H NMR (DMSO-d6): S
=0-Dy frioxis-BitgSHriggbonyefpypp-dyone
A GiDibitisehyirbnitrdirbiSobRNI AN ARG RIS 11 eter (41,2 s
Sshydroxy-7-r tg%-?i-ﬁg%)-l’ -dihydro-isobenzofuran-5-yl ester (4.1 S5
stspended i me @éﬁﬁﬁf%&ﬂ%@%ﬁ@ﬂé@”ﬁﬂﬁ%%ﬁ%@@g iy
tempontnradon felatargions-ciayaicine Mesipitata washfillered and.washed
ifh. methanol. Yield: 2.25 g 1H NIMR (DMSO-d5): 5 = 7.32 (11-1, s),
5.50 (211] s). 10 EXAMPLE 24:
H (MR P-4g)-dimiffSBH I adeh2061Qirs] -one
5,6-Dimethoxy-4,7-dinitro-3H-isob euzofuran-I-one
5.6-Dimethoxy-3H-isobenzofuran-1-one (582 mg) was cooled in ice-water
FSARRLdD &6 & Sriiuy duspaserdéridinisid-ATnispheuidming iviceacid (2 nil)
was added dropwise. The 15 mixture was stirred for 15 minutes and left
nding for 45 minutes. The reaction was quenched with ice. The

s
StaHuBehoRadd WiniEemBRrisehsrzatirsas vaneethyl acetate (30 ml) and
Svedsinedhonth TS CER BRI A -6rg 2580 ﬁ@éy%ms‘@%lgéiﬁgiQJWa@?%ﬁl{\;l)éscooled

Na2S0d4, filtered and evaporated.to dryness. Yield: 586 mg 20 1H N
AR OL A Sk P oA o) D4 SHLE 7108 pabgh ocdd dropvise. T
nxiiydroxny stimad thhoxXys-amindinitia SR spRanzofoF a3-hides. The reaction was

quenched with ice. The aqueous phase was extracted three times with ethyl acetate (30 ml)

1

and washed with brine (15 ml). The organic solvent was dried over anhydrous Na2804,
filtered and evaporated to dryness.
Yield: 586 mg

"HNMR (DMSO-dg): 6 = 5.67 (2H, 5), 4.12 (3H, 5), 4.00 (31, s).

S-Hydroxy-6-methoxy-4,7-dinitro-3H-isobenzofuran-1-one
5,6-Dimethoxy-4,7-dinitro-3H-isobenzofuran-1-one (450 mg), acetic acid (15 ml) and 37%
aqueous HCl (3 ml) were refluxed for 7.25 hours. The acetic acid and water were

evaporated in vacuo. The residue was purified by column chromatography (toluene-ethyl

acetate-methano] 8:1:1).
Yield: 215 mg
"H NMR (DMSO-dg): 6 = 5.48 (21, 5), 3.86 (3H, s).

5,6-Dihydroxy-4,7-dinitro-3H-isobenzofuran-1-one
5-Hydroxy-6-methoxy-4,7-dinitro-3H-isobenzofuran-1-one (210 mg) was dissolved in ethyl
acetate (2.5 ml) followed by addition of aluminum chloride (132 mg) in nitrogen

atmosphere. Pyridine (265 pl, 3.28 mmol) was added dropwise. The resulting mixture was
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5,6-Dimethoxy-4,7-dinitro-3H-isobenzofuran-I-one (450 mg), acetic acid |
(15 ml) and 37% aqueous HC1(3 ml) were refluxed for 7.25 hours. The

AsUgpidaRd water were 25 evaporated in vacuo. The residq,%wg 006/000257
purified by column chromatography (toluene-ethyl acetate-methano :

8:1:1). Yield: 215 mg 'H NMR (DMSO-é6): 6 = 5.48 (21-1, s), 3.86 (3H, s).
30 5,6-Dihydroxy-4,7-dinitre-3H-isobenzofuran-I -one
hasted il frcthonyssandithnrsiarabebantotren (Pdne 200 ngky#asl (0.5 mi)

tdisS0I BRIl (@setaiaved-Radl ition.of alymi :
- hlori %1‘%,132 gi)g (in nitrZ) en atm%%%%gm %@%@3%%%1%%868 layer was

XRALULRNSS BTopIea 2reairddamHy Mhsereinedwernisdmeoees: dried over

arR@h (i 200SM0026 prédubeatediteseliusigi:pausdAndthan qy&‘g&%ﬁ&ed from
h Wé'[h Waé‘(leg (eq'e%agglg %Qa cone. HCI (0.5 nil) at 75C. Ethyl acetate (15 ml)
ed an

eplane-t cetate,
Was a hasesWwere separated. The aqueous layer was

Yesldadtedmnce with ethyl acetate (15 ml). The combined organic layers

e eH ey \anhydr a2S04. The product was filtrated,
evaporgtﬂgldgg 0 gl‘!Pyofzrﬁ 52)

ness andrec¢rystallized from 5 heptane-toluene-ethyl
acetate. Yield: 76 mg 1H NMR (DMSO-d6): 5 = 5.41 (211, s). EXAMPLE

RO Phe b ralIasalssh Rl 30 Gatechol cyclohexyidene
(65 my,

ketal Catechol (55 g), Cyclohexanone (6 , p-tohtenesulfonic acid
monohydrate (0.50 ml) and toluene (500 ml) were refluxed at Dean-Stark

CRRPRéBEYSIINE 4y A\ Reldle reaction mixture was washed with
C%IaﬁH-soluﬁiﬂon nd water, dried and evaporated to dryness. 15 Yield: 90 g

RIBMEEIWSFBWE 465 ) Aolusmssifonispcid gmphydraied @50 ml) and

tobdtle-B%5 (1) whirt) réadditsacaeheimetiohpeidensketal J o2 slytonof mixture
wialee oA %yﬁll%e@(éhd ne ketal (87,1 g) in methylene chloride (900 ml) was
Do Zaded” 8 sofinor® e*“r‘i]i?ﬁcaﬁéi Hrinlaeg end ShisTate¢Ioresssmi) at a

Yiedde 26 geep the
"HNMR (DMSO-dg): &= 1.46 (m, 2H), 1.65 (m, 4H), 1.85 (t, 4H, ] 6.2), 6.75-6.85 (m, 45)

4-Nitrocatechol cyclohexylidene ketal

To a solution of catechol cyclohexylidene ketal (87.3 g) in methylene chloride (900 ml) was
added a solution of nitric acid in methylene chloride (2 M, 250 ml) at a rate to keep the
temperature at about 25 © C with the use of a water bath. The product mixture was washed
with sodium hydroxide (1 M, 500 ml). The organic phase was separated, dried and
evaporated.

Yield: 106 g

"H NMR (DMSO-dg): 6 = 1.49 (m, 2H), 1.67 (m, 4H), 1.95 (t, 4H, J 6.2), 7.08 (d, 1H, T 8.8
Hz), 7.70 (d, 1H, J 2.4 Hz), 7.86 (dd, 1H, J 2.4 and 8.8).

4-Aminocatechol cyclohexylidene ketal

4-Nitrocatechol cyclohexylidene ketal (2 g) was hydrogenated in ethyl acetate (12 ml) with
Pd-C (0.2 g) as a catalyst.

Yield: 1.77 g

"H NMR (DMSO-dg): 6 = 1.45 (m, 2H), 1.60 (m, 4H), 1.79 (m, 4H), 4.62 (br, 2H), 5.94 (dd
1H,J 3.1 and 12.2 Hz), 6.14 (d, 1H, J 3.1), 6.48 (d, 1H, T 12.2 Hz).

>
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temperature at about 25 C with the use of a water bath. The product
mixture was washed with. sodium hydroxide (1 M, 500 ml). The organic
ST @gparated, dried and evaporated. Yield: 106 g 25 é\fl\%g

(DVMEOAEY 8 = 1.49 (m, 211), 1.67 (m, 4H), 1.95 (t, 4H, J 6.2)? 08 (1 o/000257
11-1,J 8.8 Hz), 7.70 (d, 1H, J 2.4 Hz) 42.86 (dd, 11-1, J 2.4 and 8.8).
4-Aminocatechol cyclohexylidene ketal 4-Nitrocatechol cyclohexylidene
ketal (2 g) was hydrogenated in ethyl acetate (12 ml) with 30 Pd-C (0.2 g)

2 angaibisho XISk IEBOMROMEGLRY S =145 (m. 2H), 1.60 (m,

H), 1.79 (m. 4H), 4.63 (br, 2H), 5.94°(dd, and
4"&@%@%&@9@3@%@%@@%1@ 2rbynvetdchpdT (050085 PCEIEL2(0.55 g)
w&@r@fﬁa@eiﬁﬁhﬂé@yl?mmha@l(lg.@tHi@ZfeJﬁfé&MsPérﬁ@&%&{%ﬂef%ﬁé%%ﬂ%«as

e . m

4-2kminocatechol cyclohexylidene ketal (1.77 g), benzaldehyd
o R P 06104 (AR SRBEBLTalnEA) it Siptorahand

repystdliThe freacticnomixilsre was 5 poured into water (100 ml) and
Y@ﬁr%cé%d with ether (100 ml), dried, evaporated and recrystallized from
acetonitrite. Yield: 0.93 g 'H NMR (DMSO-d5): 3 = 1.49 (m, 213), 1.69 (m.,

"HANYIR. GANIHO4MH); 75005 (RFH1199 BOMBVL INGRHHLY. 50-7.57 (m, SH),
7.qgl_\gi’@q)-@ﬁpaﬁjyl-benzothiazole-5,6-diol cyclohexylidene ketal To a
solution of the 2-phenyl-benzothiazole-5,6-diol cyclohexylidene ketal (0.93
g) in acetic acid (25 nil) was added concentrated nitric acid (1.5 ml). The

7-MaaESoNReRLE asHlte IR s YValer ég;@gﬁlgggglé% the tf{jll{rate and the

precipitate was filtered. The latter product wds 15 recrystallized from
1o EromioReT A riPbeasld rainNIR TIOMBDOCHEphexylid e (haf2K).93. Z5in acetic
aclin28 M )2nE0 4TtcAddndcRBato®Qitib R 1(1.5 ml). The reaction mixture was filtered,

Water was added to the filtrate and the precipitate was filtered. The latter product was
recrystallized from acetonitrile.

Yield: 0.40 g

'H NMR (DMSO-de): & = 1.57 (m, 2H), 1.75 (m, 4H), 2.10 (m, 4H), 7.58-7.60 (m, 3H),
7.99 (s, 1H), 8.09-8.11 (m, 2H).

7-Nitro-2-phenyl-benzothiazole-5,6-diol

7-Nitro-2-phenyl-benzothiazole-5,6-diol cyclohexylidene ketal (0.35 g), acetic acid (8.8 ml)
and concentrated hydrochloric acid (3.5 ml) were refluxed for two hours. The product was
filtered and washed with acetic acid.

Yield: 0.27 g

Melting point: 221-224°C

"H NMR (DMSO-de): 6 = 7.55-7.58 (m, 3H), 7.79 (s, 1H), 8.07-8.09 (m, 2H), 10.6 (br, 2H).

EXAMPLE 26: 6,7-Dihydroxy-5~nitro~benzo{b}thiophene-z-carboxylic acid methyl

ester

4-Hydroxy-3-methoxy-5-nitrobenzaldehyde
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7.99 (s, 1H), 8.09-8.11 (m, 2H). 20 7-Nitro-2-phenyl-benzothiazole-5,6-diol
7-Nitro-2-phenyl-benzothiazole-5,6-diol cyclohexylidene ketal (0.35 g),

%iﬁ) PqJ(%SS ml) and concentrated hydrochloric acid (3.5 ml) were
refluxe%9 or two hours. The product was filtered and washed wi HEgHLern002sT

acid. Yield: 0.27 g 25 Melting point: 2214224C 'H NMR (DMSO-d5): 3 =
%5?5_7'5'8 (m, 31-1), 7.79 (s, 1H), 8.07-8.09 (in, 2H), 10.6 (br, 211).
ARIBLE 96°enoeB st oxyiS it 6268 meb ijthiopbe(Rd@rob iresytideioichydroxy-

rmetthd  Asier 3Ry HY droxy 3iiethgdaa:itiaRengalden: Q o
007/010085 PCT/F12006/000257 42 To asolutionlg'f cc%{r%gérﬁ?ari%é R at 0°C

fa%%%@ Ay an G iosid Prsotatiydvaidtanatss: 4-hydroxy-
B-MBtR@ipsnedltehydeoBRO TRy BAGARSIAIUIR ¥nJes 89 @ AREF 1 5 1), 0,88

( tirgig 1 hour at 0 C the precipitate was filtered and washed with’ water,
'H'NMR (DMSO-d6): S - 3.90 (s, 3H), 7.64 (d, 1H, J 1.8 Hz), 8.09 (d, 1H,
71.8 Hz), 9,88 5 (s, 1H). 2-Bromo-3,4-dihydroxy-5-nitrobenzaldehyde

ZIéﬁﬁ)Hf&g,%hﬁHH%B (_az_i% S Orgeaﬁ:}ia%‘?eﬁteé)éf concentrated hydrobromic acid

1) and acetic acic were re tixed for 2 days. Water (11) and
Taaioreduet NEDS DR RIS tior(n)stwprectOeatidad AndkiheomixtatRIWRS and acetic

extragieguwith : ' dried wi SO4 an
) a( o?ated to fflrrgg‘(lil %Erﬁ%%%?e@@i%%séap%%ﬁw v%’%g%ﬁseorlél&f) 'fj Niagere
a%ﬁo%l-%%XW?QVZB@?&%%@GYQ@?@H JTh2-Bigsmio-Shdsdiwas dried with Na,SO,

asdhexydraiid ebenaBldehyele The precipitated product )
ihydrox -5-nitrobe];|)12a dehydgr(OS.%ng%astﬁyﬁ%rr%dmide (4.5 nil)

Iéﬁ@@%@? piiathylatiing1 69538 1N, N-dimethylformamide (50

ml) were stirred at 70 C for 2 days. The mixture was poured into water
S R i 2SO S Evaporated to drynoss.
2-Bromo-3,4-dihydroxy-5-nitrobenzaldehyde (5.2 g), ethylbromide (4.5 ml) and N,N-
diisopropylethylamine (10.5 ml) in N,N-dimethylformamide (50 ml) were stirred at 70 °C
for 2 days. The mixture was poured into water and extracted with ether. The organic phase
was washed with NaOH-solution, dried with NaySO; and evaporated to dryness.
'H NMR (DMSO-de): 6 = 1.33 (t, 3H, J 8.0 Hz), 1.40 (t, 3FL, J 8.0 Hz), 4.15 (q, 2H, 8.0 Hz),
4.30 (q, 2H, J 8.0 Hz), 8.09 (s, 1H), 10.2 (s, 1H).

6,7-Diethoxy-5-nitro-benzo [blthiophene-2-carboxylic acid methyl ester

To a solution of 2-bromo-3,4-diethoxy-5-nitrobenzaldehyde (1.5 g) in N,N-
dimethylformamide (5 ml) were added methyl thioglycolate (1.5 g) and triethylamine 2.2
ml) at 0 °C. Stirring was continued at room temperature overnight. 1 M HCI was added and
the product was extracted with ether. The organic phase was dried with Na,SO, and
evaporated. The crude product was triturated with methanol.

"H NMR (DMSO-de): 6 = 1.34 (t, 3H, ] 7.8 Hz), 1.39 (t, 30, 7.8 Hz), 3.92 (s, 3H), 4.22 (g,
2H, J 7.8 Hz), 4.31 (q, 2H, T 7.8 Hz), 8.30 (s, 1H), 8.82 (s, IH).

6,7-Dihydroxy-5-nitro-benzo[b] thiophene-2-carboxylic acid methyl ester
6,7—Dieth0xy~5—nitro~benzo[b]thiophene-Z-carboxyhc acid methyl ester (0.77 g), zinc
chloride (5.0 g) and conc. HCI (1.3 ml) were mixed and heated at 100 °C for 2 hours. The
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11l NMR (DNfSO-d6): 6 = 1.33 (t, 3H, J 8.0 Hz), 1.40 (t, 311, J 8.0 Hz),
4.15 (q, 2H, 8.0 Hz), 20 4.30 (q, 21-I, J 8.0 Hz), 8.09 (s, 1H), 10.2 (s,
I&B)ZO@.,Z)-II'O)(;gthoxy-S-nitro-benzo[bjthiophene-2-carboxylic aci
ester 1o a solution of 2-bromo-3,4-diethoxy-5-nitrobenzaldehy
in. N,N- dimethylformanride (5 ml) weré*added methyl thioglycolate (1.5 g)
and triethylamine (2.2 25 ml) at O C. Stirring was continued at room
IR PR RO med VY e 120 A hwar addad aRe thrguaetniais awes dtergd. The
cruith wtitRict The exganiciphaseivaseiietewithidya2S0O4 and evaporated.
I\/E;:Tte cru&e p&g%t W(Zas triturated with methanol. 1H NNIR (DMSO-d6): S
PSR 3123578 HY), 1.39 (t, 3H, J 7.8 Hz), 3.92 (s, 3H), 4.22 (q, 211, J
H BMAR)(1NBI (el 2 H, =) 3788 (2 FD, 301 (5(s1 H)) 8882 (8, 1)), 30.2 (br, 2H).
6,7-Dihydroxy-5-nitro-benzo[b)thiophene-2-carboxylic acid methyl ester
6,7-Diethoxy-5-nitro-benzo[b]thiophene-2-carboxylic acid methyl ester
ERQAVIBYLERG lelfcriianistb giyahaicondebio[fltEophenergninacharidone
heated at 100 C for 2 hours. The WO 2007/010085 PCT/F12006/000257
43 reaction mixture was cooled. Water (20 ml) was added and the

L{PatiBimethpxe-fitteitse- bereo disbio phetdet raronanrysealtized twice from
5 mashaasbxMeling it 181 b BEnd L NME (NMRQ-8P)  Prom: 7 1.
8.17 (s 1XI59I§, 8.21 (s, 1H@10.2%(b_r, 2H). 5 E@AM&@%&OI% %ﬁpﬁ_@?’ :
oqtxaob{HSHbSSRIeRIRLD SHEGHhiHhERodpon it alened at 120°C for 3
hdurs Bhbproaihe Xyay pliTRcl &y 2RI YN &b @R ene-cthyl acetate-
5,6-Dih (g( )iy-7;g.|tro-benzo[b]th|ophene-2-carboxyllc acid (0.1g) from
aﬁ%grﬁ%é 17, £% %%%1 (2ml) and concentrated sulphuric acid (one
Mifivippweite: rethistédeat 120C for 3 hours. The product was purified by
Iy hromatography using toluene-ethyl acetate- acetic acid 8:1:1 as
Yﬁw‘%eéjéﬁ?é%ﬁ/lelting point: 115-117C Yield: 62.4 mg 15 1H NMR
'HDNAEOCEBYS S-d. 83-0.87-(rR7 Bid) SHPA-2639.$n(A0M0R); 1.68-L7834M2H), 4.26-

4302, 7.60 (s, 110, 8.11 (s, 18).

g ‘fﬁ}%ﬁ%{s@ooozs’;

EXAMPLE 28: (3-Chloro-5,6-dihydroxy-4,7-dinitro-benzo[5thiophen-2-yl)-

morpholin-4-yl-methanone

(3-Chloro-5,6-dihydroxy-benzo[b]thiophen-2-yl)-morpholin-4-yl-methanone
Aluminum chloride (6.62g) was gradually added into cool acetonitrile (14.7ml) at 10°C and
then sodium iodide (5.57g) was added. The solution was stirred at room temperature 30
min. (3-Chloro-5, 6-dimethoxy-benzo[b]thiophen-2-yl)-morpholin-4-yl-methanone (2.1g)
from Bxample 8 was added. The solution was stirred at 50°C five hours and at room
temperature overnight. 2N HCI (8.4ml) was added into the cool reaction solution and then
sodium sulfite (1.58g) and water (35ml) were added. The mixture was stirred at 40°C 30
min. The product was filtered, washed with water and dried in vacuum.

"H NMR (DMSO0-dg): & = 3.52 (m, 4H), 3.63 (m, 4H), 7.11 (1H), 7.32 (1H), 9.63 (1H), 9.70
(1H).
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4.30 (q, 21-1), 7.69 (s, IH), 8.11 (s, 11-1). EXAMPLE 28:
(3-Chloro-5,6-dihydroxy-4,7-dinitro-benzo[b]thiophen-2-yl)-

-4xl-methan one 20 (3-Chloro-5,6-dihydroxy-benzo <
F@%Biggwe]@%yl)-morph olin-4-yi-methanone Aluminum chIoridPeCirE%%Ogg)6/0002:37
was gradually added into cool acetonitfife (14.7m1) at 10C and then
sodium iodide (5.57g) was added. The solution was stirred at room

(S(éllhggfﬁﬁaﬁedg@'%ﬂ{y(gkm@iggpenzo[b]thiophen-2-yl)—morph01in—4-yl~
mRtgnekiroxy-benzo[b]thiophen-2-yl)-morpholin-4-yl-methanone (2.1g) 25
from Example 8 was added. The solution was stirred at 50C live hours

(CGahblaroreSnilibeipersherecbiihinghenshobl crqehehiny dvdsremibreepietolife) was
SIGRYI ﬁ@ﬁibﬂ’l@f%@lﬂ?&ﬂﬁ&@dﬁ@ﬂﬂ?%@%ﬁw&e&@&éﬁ %@%d"@@l@fﬁ%ﬁﬁﬁﬁate

Weriadded. The mixture was stirred at 40C 30 min. The product was

(Gifresrlo d i ARATEQRTICIER oS TSR] FR RGP HILTRIMR b EOTis it was

pifed (1100 448)watE (00l )T He bt Iy ok 32tdAetL v S0 (tth whifD 238 methanol
ar%lagﬁg\{o 2007/010085 PCT/F12006/000257 44

oro ! %I-Hﬁiydroxy-4,7-dinitro-benzo
Melthiopbien-233-2B5A0rpholin-4-yl- methanone

143-ChlorQ:5,6-dihydroxy-henzolhlthiophen-2-yl)-mor h(()]{i-4- |-methanone
AT o B deitos G Do e e e
gradually added potassium nitrate 5 (0.73g). The reaction mixture was
i r t ratuge a ter 15 mijn, it was po into ice water
R e GRS A LISA IS SU T RN LtIRBRap
nohiphlolinvdgdunethialing point: 23 3 -23 5C 'I- NMIR (DMSO-d6): 6 = 3.52
(m, 41-1), 3.62 (m, 4H), 9.6-10.4 (br, 2H). 10 EXAMPLE
29:(3,4-Chloro-5,6-dihydroxy-7-dinitro-benzo[b]thiophen-2-yl)-
(Irefatinsds ylihydivenyeT dinitro-benzo[ b]thiophen-2-yl)-morpholin-4-yl-
m% 421-1%hIgro-5,6-dihydroxy-7-dinitro-benzo[b]thiophen-2-yl)-morpho|in-4-y|-
methanone
(3-Chloro-5,6-dihydroxy-7-dinitro-benzo[ b]thiophen-2-yl)-morpholin-4-yl-methanone

(0.5g) from Example 8, copper(Il) chloride (0.9g) and lithium chloride (0.3g) in acetic acid
(5ml) were refluxed for five hours. Water was added to the reaction mixture. The resultant
solid was filtered, washed with water and dried in vacuum.

Melting point: 273-279°C

"H NMR (DMSO-dg): & = 3.64 (m, 8H), 8.8-10.8 (br, 2F).

EXAMPLE 30: (3-Chloro-5,6-dihydroxy-4-nitro-benzo[b]thiophen-2-yl)-morpholin-4-

yl-methanone

(3-Chloro-5,6-dilydroxy-4-nitro-benzo[b] thiophen-2-yI)-morpholin-4-yl-methanone
(3-Chloro-5,6-dihydroxy-benzo[ b]thiophen-2-yl)-morpholin-4-yl-methanone (2.0g) from
Example 28 was slurried in methanesulfonic acid (40ml) and then potassium nitrate (0.64g)
was gradually added. The reaction mixture was stirred at room temperature and after 15 min
it was poured into ice water (100ml). The solid was filtered, washed with water (50ml) and
dried in vacuum. The resultant solid was dissolved in DMF (6.2mI) and then ethanol

(18.4ml) was added. The product was filtered and washed with methanol (15ml).
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(3-Chloro-5, 6-dihydroxy-7-dinitro-benzo
[b]thiophen-2-yl)-morpholin-4-yl-methanone (0.5g) from Example 8,

99898’59 }(ﬁg oride (0.99g) and lithium chloride (0.39g) in acetic %&/Wooozm
e

were retluxed for five hours. Water was added to the reaction mixture.

resultant solid was filtered, washed wift? water and dried in vacuum. 20

Melting point; 273-279C 'H NMR (DMSO-d6): 5 = 3.64 (m, 8H), 8.8-10.8
g PIEHNONSLE 30:

'HNEhtomonas® diy drexyysditreengo hithiaphe sy ) morehalins
W-metﬁ%gnho@ne 2?%3-Chlorf)(-5,6-d%ydro>t?}3%§?f?§%9e2§z’/g[lg}’ Lt (G H), 11.21

(btrhib@len-Z-yl)-morpholin-4-y|-methanone
(3-Chloro-5,6-dihydroxy-benzol[b]thiophen-2-yl)-morpholin-4-yl-methanone
£ gt%m .Eéam{ﬁéee 28 was slurried in methanesulfonic acid (40m1) and
sttt Titt 0 O Sy R GratiianPsuaeld thiepletcRolrndcdimethyl-
nwgshsliniet ydf-noamiemperature and after 15 min 30 it was poured into ice
water (100ml). The solid was filtered, washed with water (50m1) and
dried in vacuum. The resultant solid was dissolved in DMh (6.2ml) and

(et ri @wrartolifd Gldom))- s elddiddo fiiva -yt trd tofilthrd cheng MaasRE 1)-
wmMimgthanol (15m1). WO 2007/010085 PCT/FI2006/000257 45 Melting

point: 216C '"H NMR (DMSO-d6): 6 = 3.43 (m, 411), 3.62 (m, 4H), 7.59 (s,
3{iorpaSgBdimathpst enzobb] thicphapeXanirngl 8htoride (2.0 g) and 2,6-
akAEhIRier el Loy seshereelBIORReR: A (2 SR Wity s

maorph om@]%%e%%%% t(‘bri-’fl)S ‘ hIorg-%l,tég-dimethcﬁl(g%g%fgﬁmﬁmemﬂme
Q@ﬁm&bWéﬁ@éi;ﬁ-@%%me%mﬁmmnW weekend. Water was
adrahiora g Breireetoxyrtenzal blthispiengs3igarhenyl chloride (2.0 g) and
.2,6- dimethylmor holine(gL.SZ gzNwas suspended in tetrahydrofuran (15
FEAPARAAPRA NG ot ) Wh Gelldl Bc it Hortifae AFIobis G
e adurerfor weekend, Water was added, pH adjusted to 3 by HC1,

and the precipitate filtered. 'H NMR (400 MHz, DMSO-d6): S = 1.10 (s,

6H), 2.6-4.5 (br, 6H), 3.85 (s, 3EI), 3.88 (s,
(3-Chloro-5,6-dihydroxy-benzo[b] thiophen-2-yI)-(2,6-dimethyl-morpholin-4-yl)-
methanone
Sodium jodide (1.62 g) was added to.a solution of aluminum chloride (2.16 g) in acetonitrile
(5 ml). After 30 minutes stirring (3-chloro-5,6-dimethoxy-benzo[5]thiophen-2-y1)~(2,6-
dimethyl-morpholin~-4-yl)-methanone was added and the mixture was heated at 50 °C for 12
hours. To the mixture 2 N HCI (4 ml), Na,SO5 (0.68 g) and water were added and the
mixture was heated at 60 °C for 30 minutes and then cooled to room temperature. The
precipitate was filtered.
"H NMR (400 MHz, DMSO-dg): 8 = 1.09 (s, 6H), 2.6-4.4 (br, 6H), 7.11 (s, 1H), 7.31 (s.
1H), 9.63 (s, 1H), 9.70 (s, 1H).

(3-Chloro-5,6-dibhydroxy-7-nitro-benzo [b]thi0phen—2-yl)~(2,6-dimethyl—morph01in~4~
ybh)-methanone

(3-Chloro-5,6-dihydroxy-benzo[ b]thiophen-2-y1)-(2,6-dimethyl-morpholin-4-yl)-methanone
(0.20 g) was dissolved in ethyl acetate and 1 N HNO; solution in dichloromethane (0.64 ml)

was added. Stirring was continued for 4 hours. The mixture was concentrated to smaller
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15 3H), 7.22 (s, 113), 7.68 (s, 113). (3-Chloro-5,6-dihydroxy-benzo[b]
thiophen-2-yl)-(2,6-dimethyl-morpholin-4-yl)- methanone Sodium iodide
. dded to a solution of aluminum chloride (2.16 g) | )
é\%:(gé)or?i%[ﬁ}{? (?%% (5 ml). After 30 minutes stirring FermoosiosT
(3-chloro-5,6-dimet'boxy-benzo[b]thiophen-2-yl)-(2,6-
dimethyl-morpholin-4-yl)-methanone was added and the mixture was

velemeandithe recrapiiae A¥ared TewashadiurdomateCTig aiie eSO 3vas
re(@y@fhNi e e nateNvare-addrmang: farmbdurevas heated at 60 C for 30

..minutes and then cooled to room temperature. The "precipitate was
i MRAEARNGAGO o 2, DS GLoBiD £2:6- 4 8 les, B 4964 Wi,
6H), 7.11 (s, IH), 7.31 (s. 1H), 9.63 (s, 1H), 9.70 (s, 111).

3-Chloro-5,6-dihydroxy-7-nitro-benzo [b] .
A2 ATy A aT Attty heesiomken-2-y1)-(-hydroxy-
pifeitiaro-HEmlithatioxy-benzo[b]thiophen-2.-y1)-(2,6-dimethyl-morpltolin-
4-yl)-methanone (0.20 g) was dissolved in ethyl acetate and I N ELV03
solution in dichloromethane (0.64 ml) was added. Stirring was continued

(Gférddrofis-Tineethdatyreewas] ohiophirae c p @MBNBLYYQReGERL 0085
m\?\/@%ﬁ%ﬁgO%/OOOZS? 46 volume and the precipitate filtered and washed

water. The crude product was recrystallized from
3GINcem éxtelfstheannitrsaid ivd iRz ciiNMREIO0M i22) PMBOHF)Ir8xy-
Dk @R $1 80 2Bt i b fé\’%ﬁ e Rtami
IOIFS-ChIor%;)-S,6)§()JIi_hy%lroxé%(-ig(ii[.rlgr-)cl:r)ae%rz:ﬁ;%[flg)%]’thioph(e%u-l?g-f l). 4!?%3@%)%91-1116 (0.96 m)
wg@ﬁaﬁgp?ﬁtm&g] spiditaed at room temperature for two hours. Water was added, pH

aditdles - BPraimein e phang iRl tigplen-2-yl)-(4-hydroxy-piperidin-I-y1)-
.methanone 10 3-Chloro-5,6-dimethoxy-benzo[b]thiophene-2-carbonyl

FENBRIEE 0BT amMERydnoRy= piptriciRdin 20)g) viad S3dparidBu 32-3.3 (m, 2H),
3.etrahwdrofurar 38 i) and fristhylamjne £9-86 4p), ﬂ?ﬁ@?gﬁ?ﬁﬂgdgaim (s,

tirng@ continued at room temperature for two hours. Water was a
1%7-%7 j&%tég)to 3 byHCI and the precipitate filtered. 1H NMR (400 MHz,
DMSO-d6): 8 = 1.38-1.42 (m, 2H), 1.72-1.85 (m, 2H), 3.2-3.3 (m, 2H),

(3-Chloro-5,6-dihydroxy-benzo[b]thiophen-2-yl)-(4-hydroxy-piperidin-1-yI)-
methanone

Sodium iodide (1.62 g) was added to a solution of aluminum chloride (2.52 g) in acetonitrile
(7 ml). After 30 minutes stirring (3-chloro-5,6-dimethoxy-benzo[b]thiophen-2-y1)-(4-
hydroxy-piperidin-1-yl)-methanone (0.96 g) was added and the mixture was heated at 50 °C
for 12 hours. To the mixture 2 N HCI (4 ml), Na,SO; (0.68 g) and water were added and the
mixture was heated at 60 °C for 30 minutes and then cooled to room temperature. The
precipitate was filtered.

"H NMR (400 MHz, DMSO-de): § = 1.35-1.45 (m, 2H), 1.72-1.82 (m, 2H), 3.18-3.30 (m,
2H), 3.4-4.2 (br, 2H), 3.7-3.8 (m, 1H), 4.80 (d, 1H, J= 4.1 Hz), 7.10 (s, 1H), 7.31 (s, 1H),
9.61 (s, 1H), 9.68 (s, 1H).

(3-Chloro-5,6-dihydroxy-7-nitro-benzo [b]thiophen-2-yl)-(4-hydroxy-piperidin-1-yI)-

methanone
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15 3.4-4.2 (br, 211) 3.7-3.8 (m, 1H), 3.85 (s, 3H), 3.88 (s, 3H), 4.81 (d, 1H,
T=4.1), 7.21 (s, ), 7.67 (s, 1H). (3-Chloro-5,6-dihydroxy-benzo

{BhaRhE Bsgs Y- (4-hydroxy-piperidin-l-y1)- methanone 20 Sodé;dxpﬂ;%i(%%mzs.]

(1.62 g) was added to a solution of aluminum chloride (2.52 g) in
aeetonitrile (7 ml). After 30 minutes stitfing

3-chloro-5,6-dimethaxy-benzo[b]thiophen-2-yl)-(4-
A%%%%P&?éﬁ\fﬁf{lwmmﬂ%@m@gywgi%mm theohfiquief (3-chloro-
5,eéaglgmammmgtmpm??gm(gm@mﬁyeg&{\hhtﬂﬁ‘atﬁgeﬁmé%mg@% ) in
and water,were added and the ture was heated at or
e SR S ST Bl e o aratl e e
tefifperatir¢hd N 0ot Mg nDM BSOS ko cerii3ed t4 Srimtl e b dlids ZadliB2ibipitate
8- 4.2 (br, 2H), 3.7-3.8 (n, , 4,80 (d L T=
AR A SRR 0 I e
dipethiitsraosaieifajairosy (ZShife-benzob]thiophen-2-y1)-(4-hydroxy-piperidi
1 n 74010085 RPCT/F 06/ 7. 47 Asoluti
s (e 020001008 FETIEOREORT AR
OH3-2Hidfe- LH).
5,6-dihydroxy-benzo[b]thiophen-2-y1)-(4-hydroxy-piperidui-I-yl)-methanon
e (0.17 % ethyl acetate (10 ml). Stirring was continued at 60 C for 3
ER6ME L 'eﬁ?a-grmeﬁmwmb&@rﬁimmﬁ@mitrmmmwwvmnen-%yl)-

méppeamiratofioamalige volume and the precipitate 5 filtered and washed
with water. The crude product was recrystallized from N,N,-

dimethylfomnannide/ethanol (25:75). 1H NMR (400 MHz, DMSO-d5): S =

(31%5%9&&{@1-3&}&1;&&%}%51@52%)tﬁ(ﬁfﬂeﬁ»@lﬁl)ﬁﬁ%rglﬂﬁiﬁ&t%%ﬁgnone

B el e stmaBpleasmene .0 9 fors
Emgf_nh@ﬂnM»l;ﬂemei;heﬁnhgi@{Bftﬁ@ ety seotiseienybeironitrile) (40 mg)
a L LT T ——
anidtefpérend ths HkeatpienpdaNddrodnosssciPimittedictl8:g)aantkture of (4-bromo-
5,8@@9@5@19@&@1@%98{”%91@1‘%9%3-morpholin—4—y1—methanone and (3-
bromomethyl-5,6-dimethoxy-benzo[b]thiophen~2-yl)-morpholin-4-yl-methanone. The
compounds were separated by flash chromatography using ethyl acetate/heptane (1 :4) as an
eluent.
(3-Bromomethyl-5,6-dimethoxy-benzo[ 5] thiophen-2-yl)-morpholin-4-yl-methanone: 'H
NMR (400 MHz, DMSO-de): 8 = 3.53 (br, 4H), 3.64 (br, 4H), 3.84 (s, 3H), 3.86 (s, 3H),
4.91 (s, 2H), 7.45 (s, 1H), 7.61 (s, 1H).
(4-Bromo-5,6-dimethoxy-3-methyl-benzo[b]thiophen-2-yl)-morpholin-4-yl-methanone; 'H
NMR (400 MHz, DMSO-de): 8 =2.56 (s, 3H), 3.51 (br, 4H), 3.57 (br, 4H), 3.76 (s, 3H),
3.89 (s, 3H), 7.73 (s, 1H).

(3-Bromomethyl-5,6-dihydroxy-benzo[b]thiophen-2-yl)-morpholin-4-yl-methanone
A solution of 1 N boron tribromide in dichloromethane (3.4 ml) was added to a solution of
(3-bromomethyl-5,6-dimethoxy-benzo[b]thiophen-2-yl)-morpholin-4-yl-methanone) (0.46

g) in dichloromethane (10 m1) at -20 °C. Stirring was continued at 0 °C for one hour.
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in carbon tetrachloride (6 ml) was refluxed under argon for 4 hours. The
mixture was cooled and filtered and the filtrate evaporated to dryness.

106 RipsiHGsyas a mixture of (4-bromo- _ PCT/FI2006/000257
5,6-d|methoxy-3-methyl-benzo[b]thlophﬁ-g,n-2-y|)-morpho||n-4-yl-methanon

e and (3-
romomethyl-5,6-dimethoxy-benzo[b]thiophen-2-yl)-morpholin-4-yl-meflian
“@%%@ﬁ&%éé?ﬂﬁ&dﬁ&%@ema&aﬁ%&d&m@%&@gmwg@% NaS0s
sdthidracetalipepiaind, (hidinasal Ridefdd and the precipitate filtered.

1-(3-Br thyl-5.6-dimethoxy-benzo[b]t

B B R g s oA 9 R R SEMEED. g s 1),
7958, 5AY(9.3414,)18)64 {br(s4kHh)3.84 (s, 3H), 3.86 (s. 3H), 4.91 (s, 2H),

7.45 (s, 1H), 7.61 (s, 1H). 25 :

(4-Bromo-5,6-dimethoxy-3-methyl-benzo[b]thi.ophen-2-yi)-morpholin-4-yl-
LS (br. 410, 5.6 (5, 311 3,69 (o 214y 775 (& 12y Tk

- . r, , 3.76 (s, , 3,89 (s, , 1.73 (s, :

n}%%%%gmethyl-&6-dihydroxy-benzo

AlBpthidgphenl 24/ B phdinilarghrabiinan (3108 B0 Asclddentofal sNlbosars (3-
iranuge;ig gi iRt - as added to a sglution of :
bﬁgﬁaromoﬁgfﬁyﬁ%&dimgﬁ%gﬁtg%l}%%ﬁaﬁ h%lﬁl:ggy? -ﬁ%yp"% %%—%}?—erﬁ%? > g)n
ctxherrdyted Hong)ardremivmrantivasd ¢L60M) fr-20c0rsSThinmpoled mixture was

wesRdHaH AL CHGECRRI RO 20 m&&ogﬁe%%%@c %9&%@&:9}9%32?%%? from

Methanol was added and the mixture was evaporated to dryness:
2Ge0Rfie 5 % Na2S0O3 solution (5 ml) was added, the mixture acidified and

theecipitatefilterse. H AMRAIA0 Alz: _dG) 6,773,
361 (bf"?ﬁ%f%?]@s@,"%ﬁ), 7.26 (;&91?%) [%Mzi%d %%)43@7% ’(é?lrﬁ%])gf%)(%em)’

7(& &I B8 Sniéhrethyl-5,6-dihydroxy-7-nitro-benzo [b]

tliophen-2-yl)-morpholin-4-yl- methanone A solution of 1 M1NO3 in
Eg‘%ﬁ&gﬁr thaé]ﬁzél.oz nil) was added to a solution of (3- bromomethyl-5,

£ @%‘ib BB ehmevintiopynhalinerfzamehmnd)0.35 g) in

bdfizefhjthémsiate-(Eamipaiciistirring continued at 60 C for 2 hours. The

cooled mixture was washed with water, dried and evaporated to dryness.

The product was recrystallized from acetone.
5,6-})imethoxy—S—methyl—Z-(morpholine—4~carbonyl)—benzo{b]thiophene-4-carb0nitrile

(4-Bromo-5,6-dimethoxy-3-methyl-benzo[b]thiophen-2-yl)-morpholin-4-yl-methanone
(0.42 g) from Example 33 and copper(I) cyanide (2.0 g) in N,N-dimethylformamide (8 ml)
were irradiated in a microwave oven at 150 °C for 1.5 hours. To the mixture water was
added and the product was extracted into ethy! acetate. Ethyl acetate was dried and
evaporated to dryness.

"H NMR (400 MHz, CDCI3): & = 2.66 (s, 3H), 3.5-3.8 (br, 8H), 3.96 (s, 3H), 4.05 (s, 3H),
7.46 (s, 1H). NOESY NMR indicated the cyano group at the position 4.

5,6-Dihydroxy-3-methyl-2-(morpholine-4-carbonyl)-benzo[b] thiophene-4-carbonitrile
A solution of 1 N boron tribromide in dichloromethane (3.4 ml) was added to a solution of
5,6-dimethoxy-3-methyl-2-(morpholine-4-carbonyl)-b enzo[bJthiophene-4-carbonitrile (0.19
g) in dichloromethane (40 ml) at 0 °C. The mixture was allowed to stay at 6 °C for two days.
Methanol was added and the mixture was evaporated to dryness. To the residue 0.1 N HCI
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'H NMR (400 M]Eiz, CDC13): 6 = 3.68 (br, 4H), 3.78 (br, 4H), 4.70 (s,

211), 5.94 (s, 111), 7.78 (s, 1H), 11.6 (s, 1H). 15 EXAMPLE 34:

%%Fy f{; (@4};3-methyl-2-(morpho|ine-4-carhonyl)-
p

9 & o PCT/FI2006/000257
benzo ene-4-carbonitrile ’

bit 10
5,6-Dimethoxy-3-methyl-2-(morpholined®-carbonyl)-benzo [b]thioph
ene-4-carbonitrile 20 .

wes-gsidid gust shaprrdneixyes sraasiadiaty sfbyimeaten Byl sersephotis drigll and

eVagthaseRe dtPhdsd ANHERnFX@MEs33 a@@%@m’?i&m‘aﬁa@op g)in

1%N-dimeth Iformamide (855\1‘3%> were irradiated in a microwave oven at 150
NOVR G MOk & e fwdE) atidid dbantithe Sotuctagd 54 (s, TH).

extracted into ethyl acetate. Ethyl acetate was dried and evaporated to
dryness. 25 'FI N'MR (400 MHz, CDC13): 5 = 2.66 (s, 3H), 3.5-3.8 (br,
Eéﬁ%}‘%‘.’ééﬁ(é,s311?1),041.’@50@,»%%11)}’#%&01999N@E@ﬁbmmmméhmpholim
4Gyanetasadpat the position 4.
5,6-Dihydroxy-3-methyl-2-(morpholine-4-carbonyl)-benzolb]
thiophene-4-carhonitril e A solution of 1 N boron tribromide in
(¥chlororsaibare{3sdnethwasRaeerh iehdopaltl LR rpholin-4-yl-methanone
S@Bd|methoxy-3-methyl-2-(morpho||ne-4-carbon -benzol[b]thiophene-4-c
Gttt Qo ety brerbboitienhsne oib-Porakolic ATHenrianramas. 8g) from
Enllopwrkioaianalid & RehudrvsanMednan wasdded-and e g@‘% (as
w%iaﬁ%/%%%%teé%to dr¥ness‘ To the residue 0.1 N HCI WO 2007/0100
EBCTIRI 30087008257 U WHE HHEAS SHEF tebroRiilcPiaY étraomdtihgsrs. Then
cetiyliacethge Eiliy{dBosiaiasasdduay anddevap iRt R ERES aritd&ith sodium

ompound was recrystallized from isgpropanol. 1H NMI2 (400 MHz,
RIS Gapieted 26 R xec Ry TSP B 78 o Teppopounds
aEXpdg Blel BB the next step without any purification.
(3-Chloro-5,6-dihydroxy-7-cyano-benzolb]tliophen-2-yl)-morpholin-
4-yi-methanone
(1B Cherd-elydrédySarver Hoxye thexzdibi il tieio p B ey ryiprploofin oyl 473 1-
QnE
(3-Chloro-5,6-dimethoxy-benzol[b]thiophen-2-yl)-morpholin-4-yl-methanon
(3e(@mp_@gﬁﬁﬂ&dﬁomEmath@ter@alms[&hhingﬂdmmyhmm&ihﬁn?y@ﬁ@_mddone (6.9g)
wabdiglymyiaum ehl e (339)was aduall ed. The reacti ixture
was %%lirre at reg%r%%% nﬁ%se%rgzttﬁorrel (ﬁ_l'; ﬁ%ﬂggé %ﬂﬁgrﬁn %ﬁtWya&rlgoc,{él{g?@ A&
graBrLy) sddsdg riifuaiistisddeik i evesgiinicd ayevavaoinechvithasddifien 15 minutes
water (125 ml) was added. The reaction mixture was stirred at cool for 1.5 hours. The solid
was filtered and dried in vacuum. The product was a mixture of two compounds and was

used for the next step without any purification.

(7-Bromo-3-chloro-5,6-dimethoxy-benzo[h]thiophen-2-yl)-morpholin-4-yl-methanone
(7-Bromo-3-chloro-6-hydroxy-5-methoxy-benzo[b]thiophen-2-yl)-morpholin-4-yl-
methanone (7.0g) was dissolved in 1-methyl-2-pyrrolidinone (35ml) and di-
isopropylethylamine was gradually added. The reaction solution was warmed at 80°C for 3
hours. Then water (350 ml) was added. The reaction solution was stirred at room
temperature for 30 minutes. The product was extracted into ethyl acetate. The organic phase

was washed with 1M hydrochloric acid and a solution of sodium sulphate, evaporated and
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sulphate, evaporated and dried in vacuum. The product was a mixture of
two compounds and was used for the next step without any purification.

gy?- %8%/00-1 9fc;:?ﬂIoro-6-hydroxy-5-methoxy-benzo[b]thiophen-2-yls'-%r8§fl|f)2 Si0257

-4-yl- methanone 50
d{(:|3-C_hIoro-6-hydroxy-5-methoxy-benzo[b]thiophen-2-yl)-morpho|in-4-y|-met
ShEhwtEB) ThaEreineuamPaedied Ariflash sbiotiorlskiohying 8 Ebtrincthyl
acgeraasids(3dml) was 20 gradually added. The reaction mixture was
1,stir emperature and after 15 minutes water (125 nil) was
%ﬁ@% e i AL stk B o 6 R&DrS: S'hes.S6HH 7.39 G,
1¥as filtered and dried in vacuum. The product was a mixture of two
compounds and was used for the next step without any purification. 25
(7-Bromo-3-chloro-5,6-dimethoxy-benzo[b]thiophen-2-yl)-morpholin-4-yl-m
(?efhhhoo}é-c(iaBoeﬂir@{HmbthEﬁﬁﬁéﬁdw{ﬁd@ﬂéﬁ%b&ﬁé?pholin-4—yl—methanone
(,;githiogl‘%erkg-lyl)- ?ﬁg holin-4-yl- methanone (7.0g) was dissolved In
T-mathy -"f-p(f/rré?%” f’ﬁ‘g Pﬁ%ﬂéﬂ@H@%ﬁ%awﬁrmmm@wa@methamm
@Vaﬁmm@%ﬁﬁ- c&éfiﬂe@t@ mmmd - ' BRI ﬁﬂl@%&@&ef%aﬁéﬂ%wﬁ'a
ater S ed. reaction solution was stirred at room

A0 T i prSOETAS BRGSOy et
(HveliaterTirislotgBhicsphidsensidisrabsine thwitty ANt e e ce e A6id:aN e dried
rSeILtian ' evaporated.and WO 2067/010085
B 005, Lo et L e B GeeEARa b e acctat
as’flé‘“:;ﬁhéfﬁ’{fc)mathography using heptane-ethyl acetate as an eluent. 1H
TINMI R BDABEHA,): &= B rgde ), (REr At ) 384 £5,3H),,3.97.(S,

3H), 7.39 (s, %(i“?) 5 (3?&4?08%%;}6%%6% é‘t)ﬂsg%?-’bgeﬁn)zc?[%ﬁ%s’“&

iophen-2-yl)-morpholin-4-yl-methanone

IERIANI-3 &R PG IO pnete-yilmprpholingd. vl
(ethanone g(‘(’l?g) and cc?ggefg) é%ﬁ%%%ﬁ%%ﬁgﬁ%%%% rlrﬁgéétﬂmne

(nfehlorpracizte-intadmielvwanhswvbh Gidgoe- foy))-fphinfo shenetistisie:
1y oS O MBS 16 P
dropwise with a solution of PM boron tribromide in dichloromethane. The suspension was
stirred at -20°C for 30 minutes and in cool overnight. The mixture was poured into ice-cold
water and stirred at room temperature for 30 minutes. The product was filtered and purified
by a preparative plate (reverse phase) using a mixture of toluene, ethyl acetate and acetic

acid (8:1:1) as an eluent.

. "HNMR (DMSO-dg): 6 = 3.52 (m, 4H), 3.63 (br, 4H), 7.02 (s, 1H).

As already mentioned hereinbefore, the compounds of formula I show interesting
pharmacological properties, namely they exhibit an enhanced catechol-O-methyltransferase
(COMT) enzyme inhibiting activity and have an improved bioavailability and/or a
prolonged duration of action due to slow elimination via glucuronidation. Furthermore, they
do not uncouple oxidative phosphorylation. Said properties are demonstrated with the

pharmacological tests presented below.

EXPERIMENT 1: Determination of COMT iuhibiting activity in vitro
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in vacuum. The product was purified by flash chromathography using

heptane-ethyl acetate as an eluent. 1H NMR (DMSO-d,): S = 3.65 (br,

%’8 GoD01igks3H). 4.05 (m, 31-1), 7.39 (s,1H). 15 PCT/FI2006/000257
-Chloro-7-cyano-5,6-dihydroxy

-benzo[b]thiophen-2-yl)-morpholin-4-yl-nhethanone

(3-Chloro-7-cyano-5,6-dimethoxy-benzolb]

thiophen-2-yl)-morpholin-4-yl-methanone (0.05g) was suspended in

Tigiohlerome hara uadsmBingRRaaaledHO ceFERd: iapia 9588‘&’4%%
n

with a splution, of IM baron tribromide In dichloromethane. The suspensi

CORETEAH ALY WDBGECTTI AR A ARG SH HiedSBRRErANRE. hReCAMR ehiSOMT
wpopreiddiatécesdold 20V atad and Btinaekali ey (eMAsRIIEINBRnibitor in 100

U e product was filtered apd ified by a preparative plate
G 3 S o D i P2 bt e b tion s
st{8t! by ad dingeluentbsirat AMRICEIMBO:NE): The B dion b, 3é8yBlad esculetin
withol 02604t 25,08 A sadmentioned hereinbetore, the compounds,

of formula | Show interesting pharmacological propertie. PEHsly iy
usiiyh oftl erSetivaneet cacteHdidembthPiohes foSse TRAMT) engyeéormed on 96-
withipifing Atk iR A ABmR EARIoRY YRR A0MOY 2 RI9IADES inerics
duration of action due to slow elimination via‘glucuronidation.
OhSEYRE HhbTEY e victoneestipiensaa s Bl pBsphbmitithioBaid USA).
properties are demonstrated with the 30 pharmacological tests presented
below. EXPERIMENT 1: Determination of COMT inhibiting activity in vitro

TRy E5 345 776 55088 BTl dobryaeBas AheY five ke varumeundsef formula I are
cagiebdsroftietl by npeEOMING:IherC O M ARHHVWE 043188 M or equal to
oncentrations using recombinant human soluble form of COMT
n%ﬁ?@@ﬁ\'ﬂ). hS-COMT was prcincubated with 25 .tM
S-adenosyl-L-methionine (SAM) and COMT inhibitor in 1005i M
104-biffer(p A-eortarng-54+M MgC12 for 5 min at 37C. The
CIEARIRT NES s Rlarted by adding-the-$ghstrate esculetin (10 M). The
cqnmmiu@timamfppormethylated esculetin #as measured as time-resolved
Cdtengrag cbmemn(excitation at 355 nm, emission at 460 rim) using a
gﬁ%%g%@iﬂ Hfgmeter (Molecular Prgaﬁes, USA). The assay was
o ?ﬁ‘{g@@dﬁgﬁﬁ (%3 well plates. The tighit,binding inhibition constant, K;, was
Caesaivesd fkamplithie reaction kinetics 10ygbserved at varying inhibitor
Covmeeednfatiomddsing PlateKi software%(gBioKin, USA).

Entacapone

s
Comptimd ' '~

Table 1. COMT inhibiting activity in vitre.

EXPERIMENT 2: Determination of metabolic stability ir vitro

The metabolic stability was studied by incubating the compounds together with human liver
microsomes (Human Biologics Inc.) using uridine-5'-diphosphoglucuronic acid (UDPGA,
Sigma} as a cofactor, The incubation was carried out in 100 mM phosphate buffer (pH 7.4)
containing 5 mM MgCl,. The final test substance concentration was 100 pM and the
microsomal protein amount was 0.4 mg/ml. After 5 min preincubation the reaction was
started with pre-warmed UDPGA, final concentration 5 mM., The mixture was incubated in
Eppendorf tubes for 60 min at 37°C, and the reaction was terminated either by adding

methanol or perchloric acid / methanol (1:9) mixture. After protein precipitation the
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The results are shown in Table 1. The results show that the compognds of
formula | are capable of inhibiting COMT activity in vitro with an efficacy
equal to entaeapone. 15 Compound KrhzM Co (30% 00257

gﬁar%ﬁrgﬁpeﬁibg%% Compound of example 5 1.5 Compound of examp(ilﬁl g

Compound of example 8 0.6 Compourid of example 12 0.6 Compound of

example 13 0.2, Compound of example 16 0.9 Compound of example 23
el ensLopBRe 128 sesied b shrneniisinnecadiaitg shroimatography (IPLC).
TM&RM@%E&]@@E&HHI%@PL@ m&%&%ﬁ%ﬁ@’d&ﬁﬂ%@%ﬁh‘% formed from

metabolic s was studied by incubating the compounds together wit
e‘ﬁacr%%‘?%lﬁx}g 1°’ S ETRELASRIA SANSIGRIYIde PhéainatsdpLive glucuronidation value
foukethes@ndiphdsphoglucuronic acid (UDPGA, Sigma) as a cofactor. The

incubation was carried out in 100 mM phosphate buffer (pH ?.4)

containing 5 mM MgC12. The final test substance concentration was 100
Thevtesntisthes sinicro so Ml PotEin ﬁﬂlﬂtﬂrﬁlwa&l&ﬂ{m%ﬂip&ﬁﬂ@ 5ﬂ11’<b@m]}113 % POSSEss

on was started W|th re-warmed UDPGA, fina

m%é%?ﬁﬁ%ﬁ%ﬁ@%&ﬁkg Mkt ture Was ine a@Ba?e FERERh e B PTABEYSE:
Glyguninidetsrchas hgeahehraactiobewastaiminbte ithenbye ad @diftgcapone and thus

theNeshRehas %Mﬁﬁ%x%%%/aﬁ‘ﬁ&?}%@éé% ik AT RIS o eed duration of
precipitation the adding WO 2007/010085 Pg#%#%%%gﬁ&g) gec duration o
acfiRRturonidc formed was separated by high-performance liquid

chromatography (IWLC). The area of the glucuronide in the HPLC

—eh-;gma,tggxa,mwas_compaxexim_thmiauned from entacapone in the

__Q?g}gﬁgga@?peﬁp en SHBRHBHEY IS a relative glucuronidation value
example 4 <0.01
C Ak Ras brcorPowC. 0.03
Compound of example 16 <0.01
Compound of example 23 0.26
Entacapone 1.00

Table 2. Metabolic stability in vifro (relative glucuronidation; entacapone = 1.00).
EXPERIMENT 3: Determination of uncoupling of oxidative phosphorylation in vitre

Uncoupling of oxidative phosphorylation was studied in isolated rat liver mitochondria

measuring the oxygen consumption by a fluorescent technique.

The mitochondrial preparations were made as described in Nissinen et al. European Journal
of Pharmacology, 340 (1997) 287. Shortly, a rat was decapitated, liver was excised, washed
in ice cold 0.9 % NaCl and cut into pieces. The tissue was placed into 40 ml of
homogenization buffer containing 2 mM Tris-HCl, 0.25 M sucrose, 0,1 mM EDTA pH 6.8
(1:4 w/vol) and homogenized with 5-20 strokes (800 1pm) in a medium-fitting Teflon-in-
glass Braun homogenizator. The homogenate was centrifuged at 1000 g for 10 min at 4 °C.
The supernatant was collected and centrifuged at 8200 g for 10 min at 4 °C. The supernatant
was discarded and the pellet was washed twice with 10 ml of homogenization buffer, The
suspension was centrifuged at 8200 g for 10 min at 4 °C. The supernatant was discarded and
the pellet was suspended into 2 ml of homogenization buffer and kept in ice until use (up to

2-6 hours). The protein concentration was measured.
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5 The results are shown in Table 2. The results show that the compounds
of formula | possess increased metabolic stability compared to

in respect of glucuronidation. Glucuroni.dation has beerfzoo(s/ooozv
S ?v?@%go%%}%e major elimination route of entacapone and thud GHE o

compounds of formula | have an improvi&d bioavailability and/qr a
prolonged duration of 10 action. Compound Relntiveglucworsidatoza
Compound of example 4 <0.01 Compound of example 12 0.03

HioMpeund of amepss1his80d E}Hf&ox%lfé%%ae{%ar é;?sﬁéen% %)chgen consumption

ntacapone LOO Table 2. Metabolic stability in vitro (rela e .
oY RIgr IR0 A he miEapGHe tate by aEcenERIMENTVE fetesiniatiomoind (Tris

ol e OO ENPRRINENE 3 Daton
%”g%%iﬁ@ga%ﬁ%ﬁz%ﬁ% e T I g germesble

RS it etﬂ’ee% R O sh S P arReRsRe S bR eregn o Tveption of

measurin el
onifitobbrairdrialdetepadaticnsiweseseiadr@sdesssibed in Nissinen et at.

European Journal 20 of Pharmacology, 340 (1997) 287. Shortly, a rat

was decapitated, liver was excised, washed. in ice cold 0.9 %_Na_CI and
Téh@ttmt@q;mmgd‘s’mmmmpMdamma@Mhﬁbd%m@g&rﬂé@&%gné (1,2.5,

budf (MmN 2.0 Is-HC 1, 0.25 M.sucrose, Q, mM‘ DTA pH 6.
S(mevjvslt’\:/%?)%{/r?}j %omogé-r%%%e(glall R%?&%ﬁ%ﬁé@(@%‘%ﬂﬁf gsphorylation,
diEERRRoRt AP ello ), gras 9 Brass holmegenizatpouhi Al €diOMOgen B chimica of
BYBmaRges 31 4000 AR MinAYA,C 25 The supemptant was -

collected and cegtr%‘%?ed at 8S200 g for 10 inatd e Te sJS@’rzr‘fﬁ?érﬁy 34

(ng)ﬁz}j%%caﬂﬁ%@%ﬁ%@%w@%wﬁwm siek B0l af of mitochondria (0.72

Py . ' i for 10
g e e e ST or ) el 2s0
NS SRR BTN b YL A e FANE B Gith, e s Succinate and

1beivEMORS pEOTIN TRNseANRIaRWasMeasd SSmHR 2007010985 1itochondrial
81?3%%5130%(29 65 Wv%ﬂﬁﬁe wells. The plate was stirred for 20 s and the fluorescence in
the wells was measured for 10 min using 9 s interval, excitation at 485 nm, emission at 630
nm and emission cut off at 610 nm. The photomultiplier tube sensitivity option was set to

“low”.

The slope factor of each oxygen consumption measurement was determined. The means of
two replicates were divided by the means of six control values, and the threshold values of
uncoupling were determined for the compounds. The DNP/Control ratios describe the

activity of mitochondria.

I a sample/Control slope ratio exceeded 2, it was interpreted as uncoupling of oxidative
phosphorylation. As a control for assay quality, DNP/Control ratios were calculated, which
gives the activity of mitochondria. Only assays where DNP/Control ratio was larger than 4

were considered acceptable and used in tests.

The results are shown in Table 3. The results show that the compounds of formula I do not

uncouple oxidative phosphorylation. The compounds of formula I thus possess a desirable

safety profile.



10

15

20

25

BD "m oxygen Biosensor 96 microwell plates were used for measuring
oxygen consumption of mitochondria. The microwell plate has an oxygen

itive f scent compound (iris _
Wéﬁéﬁ@r@@flo-phenmthroIine.ruthenium(.II) chloride) embed§&d 1R0H5Q00257
gas permeable 5 bottom of the well. Ox3gen inhibits dye's fluorescence so
the oxygen consumption of mitochondria is detected as an increase in
fluorescence. The test compounds were added into the assay plate at

CYRBGHS Tnal CONCENtrations (2% -2; 40, 25, 50 1),M). A known
Comnpoupleeaimniochondrial oxidative pgsphorylation, 10 dinitrophenol
gEBIRHﬂl?dlcé ﬁb}ﬁmlevl/%ls used as a referense compound (cf. HOtaker
Cgﬂfﬁ(guhggﬂg?aé‘fp}? physica Acta, 81 (18%4) 1, Nissinen et al. European
Dﬁﬁ?urna ofsﬁlgrlnacology, 340 (19977%87). The control contained only
T2RapIMSO. A stock solution of mitochggdria (0.72 ml = 4 mg/protein/ml)

Tobas dddedlingo2:284m gHosgispitatary,biider (37 C) containing 250 mM
saccharose, 5 mM Na2RPO4, 2 mM MgCI2, 1 mM EGTA, 5 mM sodium

TRECeR3R AN B 1MV &gﬁg .0, The measurement was started,
with thg addition of the mitochon rlaféﬁlg-p{);gﬁns?o%c AR TR &aNRidon thus
PERI BT Rpaunsr&hadF PO sstandhiredfubressense inediemefisTuasermore, 2

niBBa8ube ehiok HO-BIR HSING L& RterYAkEXCItaligat n, emission a
630 nm and emission cut off at 6%8@#1%%%%%%%?& i%lén 3 Bl arc

indicatael iR PopreitinEresider Towexsuptac snseothfithofteatinanyg@arkinson's
disensyBIPHQR FIRASHAVN Sﬂtw@&gﬁkﬁ%}fw& B mens %[o@f%? ﬁl&" icates
V sSNo

were divided b%@ms of six control values, and the thre values

PSP iRolidiing FRRRRE R iiFransytisbrrebecting amopntofatdbast one

contiosuibst fd”ﬁ“ﬁfe-l Activiti gtaﬂqg@t@g@@@l&@dmf m_dﬁlgéa%&&é*ﬁ&euse of the
e it-was interpreted as uncoupling of oxidative _

o 005 O CRPILoh e Passieabiscass

oregodititad wilich GRREMehddtingyafmitochatidiiad Qby assaY s Whesinson’s

aNR/ Gontwlratigyas larger than 4 were considered acceptable and
used in tests. 30 The results are shown in Table 3. The results show that

the compounds of formula | do not uncouple oxidative phosphorylation.
THOCSMRANAI R, Ib@&tﬁrﬁﬂﬁ‘?&%ﬁ, %O(iie&ig%%%’ enterally, topically or
parenterally by means of any pharmaceutical formulation useful for said administration and
containing at least one active compound of formula I in pharmaceutically acceptable and
effective amounts together with pharmaceutically acceptable diluents, carriers and/or

excipients known in the art.

The therapeutic dose to be given to a patient in need of the treatment will vary depending on
the compound being administered, the age and the sex of the subject being treated, the
particular condition being treated, as well as the route and method of administration, and is
easily determined by a person skilled in the art. Accordingly, the typical dosage for oral
administration is from 5 pg/kg to 100 mg/kg per day and for parenteral administration from
0.5 pg/kg to 10 mg/kg for an adult mammal,

The compounds according to this invention are given to a patient as such or in combination

with one or more other active ingredients and/or suitable pharmaceutical excipients. The
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safety profile. WO 2007/010085 PCTIF12006/000257 54 Coa~ouad

UncOLI !'tw Compound of example 4 >50 Compound of example 12 >50

%9 8%%(%{ example 13 >50 Compound of example 23 >50 ON/!' 10 6/00

olcapone 28 Table 3. Uncoupling of oxidative phosphorylatiolﬁclﬁ g 81000257

The compounds of formula | exhibit COMT inhibiting activity. The present

invention thus 5 provides compounds, or salts or esters thereof, for use
lafterornunieamrsiorusrtventinowd]yasndethoipfart the dréatmentof liscases @rfilers,
b iti i T4nhibiti are, ndicated to be useful is

e o B R 8 ORI S,
sgRilizes; solonarts gatkekipiteR Gtiksfodopa therapy or therapy with another

dopamine precursor, is provided. In said method a therapeutically

E‘fective amount of at Jeast one 10 compound of formula | is administered

T SoRpuRteh dedratstian fremst itrocgsess femms cisinp somaeosty known

pharmadaukies thermabtiasiuetaba NTadigasenieneirsainenpls, capsules,
diseases or herein COMT inhibiting agents are Indicated to

nditions
a%‘t%%ﬁf}’%?gsﬁ?ﬁ%?ﬁa ﬁ%‘\ﬁ\lséor&ﬁs%ﬁgﬁ?ﬁ?ﬁ?s?f BPoVAlRs. ReperdingpRdbameite of
ag¢hioishatmth cad the galmivistere dhdanexampien e ntekal i giepisaln ar formulation
cﬁﬁﬁﬁ&%@% ﬁ@ﬁ,@&%%ﬂﬁ% &%a}%%cg%}l‘%gl formulation useful for said
ini i : eas

administratiort and containing a ne active compound of formula | in
pharmaceutically acceptable and effective amounts together with

rehaRTReaHERAlY RereREbledilients, caniers andior exgipients knawn in
the art. 20 The therapeutic dose to be ﬁ%@%ﬁﬁ%ﬁﬁ%@éﬁ %? e together
wHBAERAOHAF PRRIIHE SeneHBearctHE Yo rRsbindtb eing cudmiristened dabined in a
single andpbasax afisbe EH%%Q%@%EQ@%@}‘%B%?&H RN ide or
b Jgg treatg/d, as well as the route and method of administration, and i
carbiddpa, and/or a monoamine oxidase type B (MAO-B) inhibitor, such as lazabemide,
rasagiline, safinamide or selegiline, can be present. The amount of levodopa can be from 50
mg to 400 mg, e.g. from 50 mg to 300 mg, such as from 50 mg to 200 mg. The amount of
carbidopa can be from 5 mg to 200 mg, e.g. from 5 mg to 100 mg, such as from 5 mg to 50

mg.

The DDC inhibitor and the dopamine precursor, such as levodopa, are typically
administered in a ratio of from 1:1 to 1:40, e.g. from 1:4 to 1:10.

The daily dose of lazabemide is typically from 100 mg to 800 mg, e.g. from 100 mg to 200
mg, divided into 1 to 10 individual doses, e.g. 1 to 2 individual doses. The daily dose of
rasagiline is typically from 0.1 mg to 5 mg, e.g. from 0.5 mgto 2 mg, divided into 1 to 10
individual doses, e.g. 1 to 2 individual doses. The daily dose of safinamide is typically from
10 mg to 600 mg, e.g. from 50 mg to 150 mg, divided into 1 to 10 individual doses, e.g. 1 to
2 individual doses. The daily dose of selegiline is typically from 1 mg to 20 mg, e.g. from 2

mg to 10 mg, divided into 1 to 10 individual doses, e. g. 1 to 2 individual doses.

A person skilled in the art will appreciate that the embodiments described in this application
can be modified without departing from the inventive concept, A person skilled in the art

also understands that the invention is not limited to the particular embodiments disclosed



easily determined by a person skilled in the art. Accordingly, the typical
dosage for oral 25 administration is from 5 Itg/kg to 100 mg/kg per day
and for parenteral administration from 0.5 ug;'kg to 10 mg/kg for an adult
Ma%oﬁfnlgﬁgscompounds according to this invention are given}fggFm%/ 000257
patient as such or in combination with @@ or more other active

ingredients and/or suitable pharmaceutical excipients. The WO
brH 70 e0d8E PET FA2006/000255 5 b kg todheam pigese within the spirit and
sEopWERirnallysed excipients and formulation aids, such as fillers,

binders, disintegrating agents, lubricants, solvents, gel forming agents,
emulsifiers, stabilizers, colorants and/or preservatives, 5 The compounds

of formula | are formulated into dosage forms using commonly known
phannaceutical manufacturing methods. The dosage forms can be e.g.

tablets, capsules, granules, suppositories, emulsions, suspensions or
solutions. Depending on the route of administration and the galenic form,

the amount of the active ingredient in a formulation can typically vary

between 0.01 % and 100% (w/w). 10 For the treatment of Parkinson's

disease the compounds of formula | can be given together with levodopa

or another dopamine precursor, each in its own composition or combined

in a single composition. Also a dopa decarboxylase (DDC) inhibitor, such

as benserazide or carbidopa, and/or a monoamine oxidase type B

(MAO-B) inhibitor, such as lazabemide, 15 rasagiline, safmamide or

selegiline, can be present. The amount of levodopa can be from 50 mg to

400 mg, e.g. from 50 mg to 300 mg, such as from 50 mg to 200 mg. The
amount of carbidopa can be from 5 mg to 200 mg, e.g. from 5 mg to 100

mg, such as from 5 mg to 50 mg. 20 The DDC inhibitor and the dopamine
precursor, such as levodopa, are typically administered in a ratio of from

1:1 to 1:40, e.g. from 1:4 to 1:10. The daily dose of lazabemide is typically
from 100 mg to 800 mg, e.g. from 100 mg to 200 mg, divided into 1, to 10
individual doses, e.g. 1 to 2 individual doses. The daily dose of 25

rasagiline is typically from 0.1 mg to 5 mg, e.g. from 0.5 mg to 2 mg,

divided into 1 to 10 individual doses, e.g. 1 to 2 individual doses. The daily
dose of safmamide is typically from



10 mg to 600 mg, e.g. from 50 mg to 150 mg, divided into 1 to 10
individual doses, e.g. 1 to 2 individual doses. The daily dose of selegiline
is typically from 1 mug to 20 rug, e.g. from 2 mg to 10 mg, divided into 1 pMCSLLP
to 10 individual doses, e.g. 1 to 2 individual doses. 30 A person skilled in
the art will appreciate that the embodiments described in this application
can be modified without departing from the inventive concept. A person
skilled in the art also understands thatsthe invention is not limited to the
particular embodiments disclosed WO 2007/010085 PCT/F12006/000257
56 but is intended to also cover moflifi¢diMfis of the embodiments that are
within the spirit and scope of the invention. MCSLLP 57 CLAIMS 1. A
compound of formula |, 4 3R -- X, ZR2 R1 wherein R2 is in a position
brtho o RBATRIAE Bdsition ortho to R2 or R, is in a position ortho to
R3 and R4 is in a position ortho to RI; 10 R, is cyano or nitro; R2 is
hydroxy; R3 is_hydroxy; R. is H, (C1-C6)alkyl, halo(C1-C6)alkyl, cyano,
¢yl-(C=0)-, halogen or nitro; 15 the dotted line represents

wherein

R, is in a position ortho to Rz and R is in a position ortho to Ry

or R, is in a position ortho to R3 and Ry is in a position ortho to Ry;

R is cyano or nitro;

R; is hydroxy;

R; is hydroxy;

R4 is' H, (C)-Ce)alkyl, halo(C;-Cg)alkyl, cyano, formyl, (C;-Ce)alkyl-(C=0)-, halogen
or nitro;

the dotted line represents a single or a double bond; - ,

two of X, Y or Z are independently CR5(Rg)m, N(R7)n, O or S and one of X, Y or Z1is
N(R1)n, O or S; |

mis, ihdependentiy at each occurrence, O or 1;

n is, independently at each occurrence, 0, 1 or 2;

Rs is, independently at each occurrence, H, (C;-Ce)alkyl, (C,-Cs)alkenyl, halogen,
hydroxy, (Ci-Ce)alkoxy, halo(C;-Ce)alkyl, hydroxy(C,-Ce)alkyl, (Ci-Ce)alkyl-
(C=0)-, (C,-Cg)alkoxy-(C=0)-, cyano, formyl, (C;-Cg)alkyl-(C=S)-, (Rg),N-(C=S5)-, -
Rg-(C=NRg)-, carboxy, (C;-Cr)cycloalkyl, hcterocyclyl, aryl, heteroaryl,
heterocyclyl-(C=0)-, aryl(Ci-Ce)alkyl; (Rg)2N-, (Re)2N-(Cy-C)alkyl, (Rg),N-(C=0)-,
(C1-Cy)alkyl-S-, Ro-(5=0)-, Rg-(0O=5=0)-, (C,-Cg)alkoxy(C,-Cg)alkyl,
(C1-Cg)alkoxy-(C=0)-(C;-Cg)alkyl, (Ci-Ce)alkyl-(C=0)-O-, (C-Cg)alkyl-
(C=0)-0-(C,;-Cq)alkyl, hydroxy(C,-Cg)alkoxy(C,-Cg)alkyl,
(C1-Ce)alkyl-S-(C,-Ce)alkyl, (C-Cp)alkyl-S-(C=0)-, (C;-Cy)cycloalkyl(C-Ce)alkyl,
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m is, independently at each occurrence, O or 1; nis, independently at

each occurrence, 0, 1 or 2; 20 R5 is, independently at each occurrence,

H, (C1-C6)alkyl, (C2-C5)alkenyl, halogen, hydroxy, (C,-C6)alkoxy, halo MCSLLP
(C1-C6)alkyl, hydroxy(C1-C6)alkyl, (C1-C6)alkyl- (C=0)-,

(C1-Cg)alkoxy-(C=0)-, cyano, formyl, (CI-C6)alkyl-(C=S)-, (R8)2N-(C=S)-,
R8-(C=NRS8)-, carboxy, (C3-C7)cyeloalkyl, heterocyclyl, aryl, heteroaryl,
heterocyclyl- (C 0O)-, aryl(C1-C6)alkyl; )2N-, (Re)2N-(C1-C6)alkyl,

(R8)2 - l alkyl or
(C1- céfg% Ry é}éﬁyl &(V’Jc 6)a|‘k067@ g {‘@C%?h;?w Coaties
(C1- C@)‘rawy@é@ (& ex@@)aq@pc((g YRR b%ﬁw%%mﬂ@eteroary
1- C6)&1K@W{6rlts@ﬁ)aﬂﬂdmo(ﬂﬁ@ﬁliﬁﬂ)ﬁb@rﬁﬁﬁwkyﬁbstltuted with 1,2 or 3

(C1-CH)al 3-CT)evcloal
aI‘Y|OXy?%.?I’ﬂf8§(y{ egggggg(eggé 4 ﬁgﬁ%ﬁ%x@ﬁmwm\ﬁ%& Ihg)dr§§y carboxy,
aryl(C1sjambsscr-EB)dkyl or heterocyclyl-(C=S)-, wherein said

(Ciﬁ:ﬁgy@&a%énmm%y@&gl oa&Wr@ﬁd&eter@aMsmsuchlcgeas ipaitbey,
anothe titu ituted with 1, 2 or 3 substituent
R R e St oy 5

eachin lalogen, hydroxy, carhoxy, 5

(C-C6)eilkoxan & RERsyRUaREIS0 m@éﬁ@ﬁa@ﬁﬂy P8 AT epvith the
(Cr-C6)alkyh hadogen, tbmr@xyhe@wweﬁéa%mlkw)og;(m C6)alkoxy:; or

R5 and R6 bo hed to t e same carbon rin h
with th& &4 ékkﬁ%g%ét%tr%c SW |c T ey 5?%%?t§cﬁedo a ? %%%érﬁﬁgh the
10 or Rerapml fRE both ttbisbdhey tie stariebdrobittitg atom form,

togeth%‘ﬁ't%‘?\% SR ARLRG: R @M@&&h&y@rﬁ@m@h@dog‘eﬁ@fwthe
or R5 and 6 both attached to the same carbon_ri rm, toge th
b

with théa’i?ﬁfb’ﬁﬁgrm%fgmhfﬁm?éﬁrtﬁ%& aftae erel
mem bElﬁeﬂtsﬂillﬂrmeﬂblmqunS&t&r&ﬁ@imaﬁbtﬁoychosrmguWHé;@mcg'ékpﬁﬁgtq‘,g with 1

unsubsjfyt tutad: ALl oh dep, t ©@88gen, hydroxy,
|ndepeég%r$%/%§§§gél C6 a&kgyl halg)gen %3?#0%@(5()311 CG%aIkggg/ ory

carhox{*R7ei8! Hﬁﬂéﬁéﬁ"ﬂg?ﬁpy at each occurrence, H, (C1-C6)alkyl, -
(C3-C7hgyic)oalisybndently at each occurrence, H, (Ci-Cg)alkyl, (C3-Cr)cycloalkyl,

(C1-Ce)alkoxy, aryl or O, wherein said (C;-Cy)cycloalkyl or aryl is unsubstituted or
substituted with 1, 2 or 3 substituent(s) each independently being (C-Ce)alkyl,
halogen, hydroxy, (C;-Cg)alkoxy or carboxy;

or Rs and Rs, Rs and Ry, or Ry and R; attached to adjacent ring atoms form, together
with the ring atoms to which they are attached, a condensed 5, 6 or 7 membered
saturated or unsaturated carbocyclic ring or a condensed 5, 6 or 7 membered
saturated or unsaturated heterocyclic ring containing 1 or 2 heteroatom(s) selected
from N, O and S, wherein said carbo- or heterocyclic ring is unsubstituted or
substituted with 1 or 2 substituent(s) each independently being (C-Ce)alkyl,
halogen, hydroxy, (C,-Cs)alkoxy, carboxy or oxo;

Rs is, independently at each occurrence, H, (C-Ce)alkyl, (C;-Cg)alkoxy, aryl or
aryl(C,-Cg)alkyl, wherein said aryl as such or as part of another group is
unsubstituted or substituted with 1 or 2 substituent(s) each independently being
(C)-Cy)alkyl, halogen, hydroxy, carboxy or (Ci-Cg)alkoxy;

Rs is, independently at each occurrence, (Ci-Ce)alkyl, (Rg):N-, hydroxy or
(C-Cglalkoxy;
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(C-Ce6)alkoxy, aryl or O-, wherein said (C3-C7)cycloalkyl or aryl is

unsubstituted or substituted with 1, 2 or 3 substituent(s) each MCSLLP

independently being (CrC6)alkyl, 20 halogen, hydroxy, (C1-C6)alkoxy or
carboxy; or R5 and R5, R5 and R7, or R7 and R7 attached to adjacent
ring atoms form, together with the ring atoms to which they are attached,
a condensed 5, 6 or 7 membered saturated or unsaturated carbocyclic
ring or a condensed 5, 6 or 7 membered saturated or unsaturated
heterocyclic ring containing | or 2 heteroatom(s) selected 25 from N, 0 and
S, wherein said carbo- or heterocyclic rir?& is unsubstituted or substituted

with | or 2 substituent(s),each ing en entelygq' gegcf‘_i-CG)alkyl, halogen,
hydroxy?r(&&-&fg’)%cl ’éicy%l%aar%:c?%/ %%Sx%;o 1I-:estis, ﬁ%depéndently at each

occurreMas: the poovieghukiie cerreB)aIkae) 2 e aree-caaky |,
whereingzaid mpk.asssaiehn or as part of another group is 30 unsubstituted
or substituted with 1 or 2 substituent(s) each independently being

(Cﬂ;'C6)§J%X{n{{@lg@QQGME‘&XMG%F@QXWW%QRQ@@K%}litﬁx5 &%tho to R and R, is
independently at each occurrence, (C1-C6)alkyl, (R5)2N-, hydroxy or (C1
-CBERSHPMAE 8 P59 or a pharmaceutically acceptable salt or ester

thereof; with the proviso that the compound is not

2-penzyls 7 ram e 0iigmRanaQidan 4/ Redinl 12 1 Ao mRatoas Slairiedd R. is
in claim 1, wherein R2 is in a position ortho to R3 and Riis 5 in a position
ortha BSsiEn R 8Rpound as claimed in claim | wherein R, is in a

position ortho to R3 and R.4 is in a position ortho to R,. 10 4. A
compound as claimed i claim,l.12.ar 3o Whergin R i hs halpagRasite.

5. A compound as claimed in claim 4, wherein R4 is H. 6. A compound as
claimed in any one of claims Ito 5, wherein R4 is cyano, or 15 wherein R,
is Ritro. A doepmipduacdlaseidimedim nyhersadi.clalins 1 to 6, wherein
one of the dotted lines :

6. A compound as claimed in any one of claims 1 to 5, wherein R; is cyano, or

wherein R, is nitro.

7. . A compound as claimed in any one of claims 1 to 6, wherein one of the dotted lines

represents a double bond.

8. A compound as claimed in any one of claims 1 to 7, wherein
two of X, Y or Z are CRs(Re)m and one of X, Y or Z is N(R7),; or wherein
one of X, Y or Z is CR5(Rg)m, one of X, Y or Z is N(R7), and one of X, Y or Z is S.

9. A compound as claimed in any one of claims 1 to 7, wherein
two of X, Y or Z are CRs(Rs)m and one of X, Y or Z is O; or wherein
two of X, Y or Z are CRs(Rg)m and one of X, Y or Z is S.

10. A compound as claimed in any one of claims 1 to 8, wherein R is, independently at

each occurrence, H, (C;-Ce)alkyl or aryl, wherein said aryl is unsubstituted or substituted

30  with 1, 2 or 3 substituent(s) each independently being halogén.
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represents a double bond. 20 8, A compound as claimed in any one of
claims | to 7, wherein two of X, Y or Z are CRS(R6)n and one of X, Y or Z
is N(R7),,; or wherein one of X, Y or Z is CR5(R6)m, one of X, Y or Z is
N(R7),,, and one of X, Y or Zis S. 9. A compound as claimed in any one
of claims | to 7, wherein 25 two of X, Y or Z are CR5(R6)m and one of X,
Y or Z is O; or wherein two of X, Y or Z are CR5(R6)m and one of X, Y or
Zis S. 10. A compound as claimed in any one of claims 1 to 8, wherein
R7 is, independently at each occurrend®, H, (C,-C6)alkyl or aryl, wherein
said aryl is unsubstituted or substituted 3o with 1, 2 or 3 substituent(s)

dach intepreRaEMligs ARG HATL R P fmelstaiss 66010 XiSHbound as
claimed rs pinyigreadehdiainsidtodtOrarderéin(R6As)alksle pelvgenthplat @ath)alkyl,

occurr Bq%gﬁ{,{%%):@ézﬁﬁapﬂ%gr%lbﬂ% : ’W&’“‘ﬁ%’i&: ar

(C1-C8)alikoxy , carboxy, aryl, heteroaryl, heterocycly
(R8)2NRE2NCH\vherein said heterocyclyl, aryl or heteroaryl as such or
as partyaf-pnathed geauacizivinatybstilistetboyisastitubedswpith 4f 2iath& group is

SUbSUEAS) ERel P IRRANIENPEIAL (A BRI LN KOG being

independently at each occurrence, H; or R5 and R6 both attached to the
same danben#liiy aXdNAFSKH, together with the 10-carbon ring atom to

which they arieitacbetl & Craugiaidp; IR8 is, independently at each
occurrence, (C1-Ch)alkyl o herei AL IS HNBURSHEULACL Ok ith th
substit@f§§m %Jllléo@% s%%gégﬁfg#t se) %é\gcﬂc?r%epen%er?tly being gcarbox;/ or °
(C,-C6 yatooryringsatom 20 sdifboheitrEs s il ERibh P herein m is,
indepengdentyabarrhBcsuEen 66 idiée jSCirdppipdanitylakiaeth said aryl is
occurrence, H, halogen, (Ci-Cs)atkoxy-(C=0)-. carboxy,. . .
htero S P R (Lt o AT Rl indepsopienty being
of anothabogoen§s rdallsetituted or substituted with 1, 2 or 3

substituent(s) each independently

12. A compound as claimed in claim 11, wherein

m is, independently at each occurrence, 0;

R; is, independently at each occurrence, H, halogen, (C;-Cg)alkoxy-(C=0)-, carboxy,
‘heterocyclyl-(C=0)- or (Rg),N-(C=0)-~, wherein said heterocyclyl as part of another
group is unsubstituted or substituted with 1, 2 or 3 substituent(s) each independently
being (C-Ce)alkyl or hydroxy;

Rg is, independently at each occurrence, (Ci-Cg)alkyl or aryl, wherein said aryl is
unsubstituted or substituted with 1 substituent being carboxy or (C;-Cg)alkoxy.

13. A compound as claimed in ¢laim 1, wherein the compound is 2-(4-chloro-phenyl)-
5,6-dihydroxy-4-nitro-2,3-dihydro-isoindol-1-one, 5,6-dihydroxy-7-nitro-3H-isobenzofuran-
1-one, 7-nitro-2-pyridin-4-yl-benzothiazole-5,6-diol, methane sulfonate, 3-chloro-5,6-
dihydroxy-7-nitro-benzo[b]thiophene-2-carboxylic acid, 3-chloro-5,6-dihydroxy-7-nitro-
benzo[b]thiophene-2-carboxylic acid ethyl ester, 3-chloro-5,6-dihydroxy-4-nitro-
benzo[bjthiophene-Z-carboxylic acid, 3-chloro-5,6-dihydroxy-7-nitro-benzo[b]thiophene,
(3-chloro-5,6-dihydroxy-7-nitro-benzo[b]thiophen-2-yl)-morpholin-4-yl-methanone, 3-
chloro-$,6-dihydroxy-7-nitro-benzo[b]thiophene-2-carboxylic acid diethytamide, (3-chloro-
5,6-dihydroxy-7-nitro-benzo[b]thiophen-2-yl)-piperidin-1-yl-methanone, 3-chloro-5,6-

MCSLLP



20 being (Ci-C6)alkyl or hydroxy; R8 is, independently at each
occurrence, (Ci-C6)alkyl or aryl, wherein said aryl is unsubstituted or

substituted with | substituent being carboxy or (C1-C6)alkoxy, 13. A MCSLLP

compound as claimed in claim 1, wherein the compound is
2-(4-chloro-phenyl)- 25 5,6-dihydroxy-4-nitro-2,3-dihydro-isoindol-I-one,
5,6-dihydroxy-7-nitro-3H-isobenzofuran- I-one,

- 7-nitro-2-pyridin-4-yl-benzothiazole-5,6-gljol, methane sulfonate,
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3-chloro-5,6- dihydroxy-7-nitro-benzo[b]thiophene-2-carboxylic acid,
%mm&ﬁﬁnmlay@ma{ﬂmﬁmmbenmﬂﬂﬂyiwmﬂammbmxyﬁ q@ettilethy ,6-
e 3-chloro-5,6- d|h rox -4- n| enzalblt h hene-2-carb i
%Sy%rc@?%grgg%baxﬁy 1xy- -nlfro Benzo @] 1op ene(relz %6 PR Ehoro-5 6

(3*131?11&795‘5' Gddm%dm%b]ihmmnﬁmehmtb]ﬂm@msm}@nm rphidlihdiprariet-

P?7‘}Gl?J%éuﬁo@PM%B@P&M&YZQ%&%Z9@@9&&&&@%}%&@%‘& 2-
aC| lamide hloro-

5@@%@%&?%&@15@%%8[6]%&&4@%%érrambfm%ﬁéfmawah@l 29-

Sm&ﬁ ﬁ-ﬁﬁﬁ%hﬁn@ﬂé 6-dihydroxy-7-nitro-benzo{b]thiophene-2- ce.zrboxyhc acid,
B oS BRI RRE S R RS AR OSIY RIR 7 -

dnwmbﬁwmmtﬁm@]ﬂﬁdpﬁ%@@@ﬁ%h%}ugmmq{éHMEh&era

4yﬁ§§1&mﬂf9n5’o-@rl rgethanone h5 ,6- dlhydroxy-’]-gxtro -benzo[b]thiophene- 2—carboxy11c acid

enzo|pltnio ne-2:car y am e ZOIC
e%qo?g égo‘ih ST ltfr“)o gnzo(fgff og eén(()e}rl ?gr oY lic 2 —H-
(4snb@txhg&yapﬁenxy¢)érﬁ1§é1ygrgxy—4 7-dinitro-3H-isobenzofuran-1-one, 7 nitro-2-phenyl-

”l%ﬁzl%lltﬁaw@sbﬁamtlal&Zcﬁiﬁrcﬁo@ydmMé‘ﬁbeiﬁMmep?ﬁM&m-mnag[b}tbmphlethyl
en-2-y 4-yl-metha

n-
5% &5rt§x "?eﬁi’ ror berﬁlgg[bftﬁzcr)k) herBeadHs Boxy Rt (3-chloro-3,6-
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dlwdroxﬁ’/ PRRAIBEATASREASP AR by ) PRI ERFARAR E hanone, (3-ch

0ro-5,6- (3-chloro-5,6-dihydroxy-7-nitro-benzo{ b]thiophen-2-yl)-morpholin-4-yl-methanone;
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3-chloro-5,6-dihydroxy-7-nitro-benzo[b]thiophene-2-carboxylic acid diethylamide;
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(3-chloro-5,6-dihydroxy-7-nitro-benzo[b]thiophen-2-yl)-piperidin- 1 -yl-methanone;
or
3-chloro-5,6-dihydroxy-7-nitro-benzo[ b]thiophene-2-carboxylic acid phenylamide; |

or
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dihydroxy-7-nitro-benzo[b]thiophen-2-yl)-(2,6-dimethyl-morpholin-4-yl)-met
hanone, (3-
chloro-5,6-dihydroxy-7-intro-benzo[b]thiophen-2-yl)-(4-hydroxy-piperidin-1-
yl)- methanone,
(3-bromomethyl-5,6-dihydroxy-7-nitro-benzo[b]thiophen-2-yl)-morpholin-4-
yl 20 methanone,
5,6-dihydroxy-3-methyl-2-(morpholine-4-€arbonyl)-benzo[b]thiophene-4-
carbonitrile

or(3-chi8r35blelieryelraidpirexmnoienbepiihidgs peiz-gieesmtibimiggltbenzoic
mgifaapene. 14. A compound as claimed in claim 1, wherein the

compound is 25
(3-chloro-5,6-dihydroxy-7-nitro-benzo[b]thiophen-2-yl)-morpholin-4-yl-met
hanone;4-0(33:chlor6:& BhglinyelyokpiFaiteozbEndtodblttrieBhenes Rytaaiponajlicenzoic

acjd fdigthylamide; or

3- chloro 5 6-dihydroxy-7-nitro-benzol[b]thiophen-2-y eridin-I-yl-metha
E] one: oro- 5y 6- dlh%f/droxy-? nitro- beL‘z]o[b ophene-z)- Er%oxyhc ac)xld (4-methoxy-
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: S-ﬂrﬂﬂl’beﬁ;ﬁidlblydroxy 7-nitro-benzol[b]thiophene-2-carboxylic acid

phenyla@'@ﬁl’orgrSI\é% kfox 7§%”-mtro -benzo[b h10phen -2-y)~(2.6- d1methy1 morpholin-4-
3- [§3 -chloro-5,6- dlhydroxy nitro benzo(b]t iophene- 5car bonyl)-amino]-b

erpbRethagngyor
4-[(3- chIo}rmh&;Ga-dgbydrgx;m?ymtrmbama[dj]ihln@ma-&%wbwb)ﬁma@dﬁb 1-yl)-

‘ er}g%an%,@emd or

15

20

25

30

3-chloro-5,6-dihydroxy-7-nitro-benzo(b]thiophene-2-carboxylic acid
(4-methoxy- phenyl)amide; or (3-chloro-5,6-dihydroxy-7-nitro-benzo [b]
thigphenAZyhputd dineimddrimoaph otie-df il meathanbfee uee 40a medicament.
(3-chloro-5,6-dihydroxy-7-nitro-benzo[b]thiophen-2-yl-(4-hydroxy-piperidin-
I-yl)- methanone. 15. A compound as claimed in ané"fr;e of claims 1 to 14

fol@ise o WrURAAR&HIMIG N GNATSAPBIAN ddTidirAb Y PhaampsHacaly
clauwptim 3a4t arearfhasras ittically thecepinble shltdicesior Hate@infOhere a

USEARAP S iSRG AT i iRERP 8 hEQadkion where a

17. ~ The compound as claimed in claim 16, wherein the disease is Parkinson’s disease.

18.  The compound as claimed in claim 17, for use in the potentiation of levodopa

therapy.

19.  Use of a compound as claimed in any one of claims | to 14, or a pharmaceutically
acceptable salt or ester thereof, for the manufacture of 2 medicament for the treatment of a

disease or a condition where a COMT inhibiting agent is indicated to be useful.

20. A pharmaceutical composition comprising as active ingredient at least one
compound as claimed in any one of claims 1 to 14, or a pharmaceutically acceptable ester or

salt thereof, and a pharmaceutically acceptable carrier, diluent and/or excipient.

21, A pharmaceutical composition as claimed in claim 20, wherein the composition

comprises further at least one other active ingredient.



COMT inhibiting agent is indicated to be useful. 17. The compound as

claimed in claim 16, wherein the disease is Parkinson's disease. 20 18.

The compound as claimed in claim 17, for use in the potentiation of MCSLLP
levodopa therapy. 19. Use of a compound as claimed in any one of

claims 1 to 14, or a pharmaceutically 25 acceptable salt or ester thereof,

for the manufacture of a medicament for the treatment of a disease or a
condition where a COMT inhibiting agent is indicated to be useful. 20. A
pharmaceutical composition comprising as active ingredient at least one
compound as claimed in any one of claims | to 14, or a pharmaceutically

2990?9{‘515}?:@?«!@&%%1%Qéﬁ&th@ﬁ%felim%&i%mﬁﬁﬁm|'\y}ﬁﬁ_ﬁ?ﬁphﬁb'e
carrier, diluent and/or excipi . A pharmaceultical co P
ceramaorhceranﬂ%}%%mf@ga%%%ﬁi‘g?fq‘a%'ﬁ%’gf?s" S?‘&Bé%%’?é%&m@
antieashepathey- MGrddintinesiap ) gshydran pzrmatuirearoic acid)
composition as claimed in claim 20 or 21, wherein the composition
comprises levodopa ((2S)-2-amino-3-(3,4-dihydroxyphenyl)propanoic

acid) and carbidopa
((2S)-3-(3,4-dihydroxyphenyl)-2-hydrazinyl-2-methylpropanoic acid).



