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CATECHOL O-METHYLTRANSFERASE ACTIVITY INHIBITING
COMPOUNDS

FIELD OF THE INVENTION

The present invention relates to pharmacologically active 2-substituted
4,5-dihydroxyisophthalonitriles, or pharmaceutically acceptable salts and esters thereof, as
well as to pharmaceutical composifions containing them and to their use as'inhibitors of the

¢atechol O-methyltransferase (COMT) enzyme.
BACKGROUND OF THE INVENTION

Dopamine is deficient in the brain of patients suffering from Parkinson’s disease. Levodopa
is'used-orally ini the tréatment of Parkinson’s diséase: Levodopa'is 4‘dopamine precursor,
which is convcrtcd to doparmnc in the brain. Howcvcr, only a small pomon of orally’ '
admmxstered leVodopa reaches the brain, because levodopa i is metabolized in the penpheral
system by ‘COMT as well as ‘by dopa decarbokylase (DDC). COMT metabolizes levodopa
by converting it to 3-O-methyldopa, which is therapeutically ineffective and detrimental
when competmg thh levodopa ‘COMT inhibitors have been shown to be effective in

cllmcal use for thc treatment of Parkmson s disease as an adjunct to levodopa therapy.

Itis generally thought that the levodopa concentration in plasma reﬂects the levodopa levels
in the bram Iti 1s thus desxrable to achieve a high levodopa concentration in plasma
However, opnmal levodopa concentrauon in plasma is not achieved, for examplc with the

curremly used COMT inhibitor entacaponc

COMT inhibitors have also been indicated to be useful in the treatment of, for example,
hypertension, heart failure and depression (US 5446194) as well as inhibitors for the
preVentioq of diabetic vascular dysl’unctions (WO 98/27973). COMT inhibitors have also
been disclosed as being useful for tfeating or controlling pain (WO 01/68083) as well as for

treating restless legs syndrome (RLS), which is also known as Ekbom’s syndrome
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(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. Isoflavone
derivatives as COMT inhibitors have been disclosed in US 3974184 and CN 101643465 A.
Catechol derivatives as COMT inhibitors have been disclosed in US 5236952, US 5446194,
WO 96/37456, WO 00/37423, WO 01/98250, WO 01/98251, WO 02/02548, WO 02/22551,
WO 2004/112729, WO 2005/058228, WO 2007/010085, WO 2007/013830,
WO 2007063789, WO 2007/117165, JP 2008308493, JP 2008308494, JP 2008308495,
EP 2246338 A1, WO 2009/081892, EP 2305633 Al, JP 2011021010, JP 2012051884, and
JP 201205188S. 3-Hydroxypyridin-4(1H)-one derivatives, 3- hydroxypyndm -2(1H)-one
defivatives, and 5-hydroxypyrmudm-4(3l—i)-one derivatives a§ COMT inhibitors have been
disclosed in WO 2011/109254, WO 2011/109261, and WO 201'1/109267; respectively. "
Flavone derivatives as COMT inhibitors have been disclosed in CN 102755312 A.

SUMMARY OF THE INVENTION

An object of the ﬁresent invention is to provide further inhibitors of the catechol
O-methyltransferase enzyme that can be used for the treatment of diséases of conditions
wherem inhibition of COMT xs mdxcated t6 be useful Accordmgly, an object of the present
mvennon 1s to provxde further c0mpounds to be used as COMT mhlbltmg agents inthe
treatment of mammals mcludmg humans and animals. Furthermore, pharmaceutlcal

composmons contammg the present compounds are provided.

The COMT 1nh1b1tors of the invention provide in levodopa therapy an 1mproved levodopa

concentration in plasma.
DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to compounds having the general formula I,
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OH
HO.
1
N7 S
R,
wherein

R, is (C;-Cg)alkyl, (C;-Cg)alkenyl, (C2-Cs)alkynyl, (C3-C7)cycloalkyl, (Cs-Cyo)cycloalkenyl,
aryl, (R2)2C=C-, halogen, hydroxy, (C;-Cg)alkoxy, (C1-Cg¢)alkyl-S-,
(Cs-Cyp)cycloalkenyloxy, (C4-Cip)cycloalkenyl-S-, aryloxy, aryl-S-, heteroaryloxy,
heferOar,yl*S"—, (R3)2N-, (R4),C=N-, heterocyclyl, heteroaryl, aryl(C,-Ce)alkyl, (1-amino-
l-carbogrymethyl)-(Cl-Cﬁ)alkjll, halo(C;-Cg)alkyl, hydroxy(C;-Ce)alkyl,
(Ci-Coyalkoxy(C1-C)alkyl, (C1-Cealkyl-S-(Cr-Cealkyl, (R3)N-(Cy-CeJalkyl,
heterocyclyi(C, -Cg¢)alkyl, carboxy(C;-Cg)alkenyl, (C3-C7)cycloalkyl(C,-Cg)alkenyl,
éryl'(C§4C6)alkenyl, (C,-Ce)alkoxy(C,-Cs)alkenyl, heterocyclyl(C,-Cg)alkenyl,
heteroaryl(C,-Ce)alkenyl, carbdxy(Ca-Ce)alkynyl, (Cs-Ca)cycloalkyl¢C,-Ce)alkynyl, ™
aryl(Cz-CQ)alkynizl ' (C,iCé)alkoXy(Cz‘-Cs)alkyny] heierocyciyl(Cz;Cs)alkynyl,
heteroaryl(Cz Cs)alkynyl halo(C,-Cs)alkoxy, hydroxy(Cl-Cs)alkoxy,
(C;-Cs)alkoxy(C,-Cs)alkoxy, (C;-Cs)alkyl (€=0)-0-, Rs:(S=0)-, R¢-(0=5=0).,

hydroxy(C1 -Cé)alkoxy(Cl-Cs)alkyl (Cl-Cs)aIkoxy (C=O)-(C2-C6)alkenyl or (C,-Cg)alkyl-
(C=O) 0-(C 1-C6)alky1 "Wherein ‘said (C4-C|0)cycloalkenyl aryl, heterocyclyl heteroaryl or
(Cg-Cy)cycloalkyl as ‘such or as part of another group is unsubsmuted or subsmuted with 1,
20r3 subsutuent(s) Rs; Lo el o

Rz 1s, mdependently at each occumence. carboxy or aryl whepem sand aryl is, mdependently
at each occurrence, unsubstltuted or substrtutcd wnth 1,20r 3 substltuent(s) R6

R3 is, mdependently at each occurrenoe, H (C| Cs)alkyl (C3-C7)cycloalkyl aryl
(C3-C7)cycloalkyl(C1-Cs)alkyl hydroxy(C,-C6)alkyl or (C,-Cs)alkoxy(Cl-Cﬁ)alkyl wherein
said (C3-C7)cycloalkyl or: aryl as such or as part of another group is, mdependently at éach
occurrence unsubstrtuted or substltuted w1th 1 substltuent bemg (C;-Cs)alkyl halogen,
hydroxy, (Cl-Cg)alkoxy or hydroxy(Cl-CG)alkyl . I '

Ry s, mdependently at each occurrence Hor aryl wherein said aryl is, mdependently at
each occurrence, unsubstrtutcd or subsntuted with l subsutuent bemg (Cl-C(,)alkyl halogen
or (CI—C6)alkoxy,
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Rs is (C;-Cg)alkyl, aryl, hydroxy or (C;-Cs)alkoxy, wherein said aryl is unsubstituted or |
substituted with 1, 2 or 3 substituent(s) Rs;

Rg is, independently at each occurrence, (C;-Cg)alkyl, (C,-Ce)alkenyl, carboxy, cyano, aryl,
halogen, hydroxy, (Ci-Ce)alkoxy, (Cy-Ce)alkyl-S-, (Cs-Cig)cycloalkenyloxy,
(C4-Cyo)cycloalkenyl-S-, aryloxy, aryl-S-, heteroaryloxy, heteroaryl-S-, (R7)2N-, heteroaryl
carboxy(C;-Ce)alkyl, aryl(C,-Cg)alkyl, halo(C,-Cg)alkyl, hydroxy(C;-Cg)alkyl,
(C-Ce)alkoxy(C;-Cg)alkyl, heterocyclyl(C;-Ce)alkyl, (C;-Cg)alkyl-(C=0)-, (C;-Cg)alkoxy-
(C=0)-, heterocyclyl-(C=0)-, (R7)2N-(C=0)-, halo(C,-Cg)alkoxy, Rg-(S=0)-,
Rg»(O:S#O);,' (C1-Cs)alkoxy-(C=0)-(C;-Cg)alkyl, (R7);N-(C=0)-(C;-Cs)alkyl or
(Cl"-Cﬁ)'alkoxy(Ci-'Ca)alkoxif (C=0)-, wherein said aryl, heteroaryl or heterocyclyl as such
or as part of aniothier group is, mdependently at each occurrence unsubstituted or substituted
with'1 substituent being (C;:Cg)alkyl;" ‘ '

or R6 and Re both ‘attached to the same carboh ring atom form, together with the ¢arbor ring
atom to which they ‘are attachéd; a +(C=0)-" group, o -

R+'is, independently at each occiirrence, H '(C1-C6)alkyi (C3:Cy)cycloalkyl or
carboxy(C;-Cﬁ)alkyl wheréin said (C3-C-,)cycloalky1 is, indépendently at each occurrence,
unsubstituted or substltuted with'1 substxtuent bemg (C1-C6)alkyl

Rsis, mdependently at éach’ oécurrence (C1-C5)alkyl hydroxy, (Cl Cg)alkoxy or (Rg)zN-
Rg 1s mdependently at each occurrenr:e, (Cl-Cs)alkyl
or a phaxmaceutrcally acceptable sa]t or ester thereof

AR R .

In one embodlment of the mventron the rnventron relates to compounds of formula L

Wherem

R;i is (C1 Cf,)alkyl (Cg-Cf,)alkenyl (Cz Cf,)alkynyl (C4-C,o)cycloalkenyl aryl halogen;
hydroxy, (C4-Cm)cycloalkenyloxy, aryloxy, aryl -S-, hcteroaryl-S« (R3)2N-, (R4)2C-N~
heterocyclyl heteroaryl aryl(Cl-CG)alkyl hydroxy(C;-Cﬁ)alkyl (R3)2N (Cl-Cs)alkyl
heterocyclyl(Cl-Ca)alkyl carboxy(Cz-C6)alkenyl (C3-C7)cycloalkyl(Cz-Cs)alkenyl
aryl(Cz-Cﬁ)alkenyl (C,-Cﬁ)alkoxy(Cz-Cs)alkenyl heteroaryl(Cz-Cﬁ)alkenyl
aryl(Cz-Cc)alkynyl (C,-Cg)alkoxy(Cg-Cs)alkynyl Rs- (S-O) Rs-(O= S—O) or
(C,-Cﬁ)alkoxy-(C -0)- (Cz-Cﬁ)alkenyl wherern said (C4-C|o)cycloalkenyl aryl, heterocyclyl,
heteroaryl or (C3-C7)cycloalkyl as such or as part of another group is unsubstituted or
substituted with'1; 20r3 substituénit(s) Re: 4 e T
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Rj is, independently at each occurrence, H, (C;-Cg)alkyl, (C3-C7)cycloalkyl, aryl,
(C3-Cs)cycloalkyl(C;-Cg)alkyl, hydroxy(C;-Cg)alkyl or (C;-Cs)alkoxy(C;-Cs)alkyl, wherein
said (C3-Cs)cycloalkyl or aryl as such or as part of another group is unsubstituted or
substituted with 1 substituent being (C;-Cg)alkyl;,

R4 is, independently at each occurrence, H or aryl, wherein said aryl is, independently at
each occurrence, substituted with 1 substituent being (C;-Cs)alkyl, halogen or
(C;-Ce)alkoxy; '

Rs is aryl, wherein said aryl is substituted with 1 substituent Rg;

Rﬁ 1S, mdependently at each occurrence, (C;-Cﬁ)alkyl (Cz-C6)alkenyl carboxy, cyano, aryl,
halogen hydroxy, (C,-Cs)alkoxy, (C,—Cﬁ)alkyl S-, aryloxy, heteroaryl S e
c‘arboxy(Ci—Cs)alkyI, aryl(C'x‘-Cs)alkyl, halo(C,-C(,)alkyl, hydroxy(Ci-Ce)alkyt; ‘
(Ci:Ce)alKoxy(Ci-Cy)alkyl, heterocyclyl(Ci:Ce)alkyl, (C;-Ce)alkyl-(C=0)-, (C;-Cs)alkoxy-
(C=0)-, héterocyelyl{C=0)-; (R7);N-(C=0)-; halo(C,-Cs)alkoxy, Rs-(0=S=0):,
(C,-Co)alkoxy-(C=0):(C;-Csjalkyl, (R7)2N-(C=0)-(C;-Ce)alkyl or = °
('(fIQCe)alkdxy(Cl-C6)alkoxy-(C-O)- wherein said aryl, heteroaryl or heterocyclyl as such
or as part of ‘anothier | grotip 1s mdependently at each occurrence, unsubstxtuted or substltuted
with 1 substltuent being (C',-Cs)alkyl ' .
or R6 and R both attached'to'the same carbon rmg atom form, together with the carbon ring
atom to whlch they are attached a ~(C—O) group, ‘ '

carboxy(C; Cs)alkyl wherem sald (C3-C7)cycloalkyl is unsubstxtuted

Rg is, mdependently at each occurrence, (C;-Cﬁ)alkyl or (Rg)zN-

Rg is, mdependently at each occurrence; (C,-Ca)alkyl. Con

In one embodunent of the i mvennon, the mventlon relates to compounds of formula I

wherem
Ryis (Cl-Cﬁ)alkyl (Cz—Cs)alkenyl (Cz—Cs)alkynyl (C4—C;o)cycloalkenyl aryl, halogen,

‘(C.,-Cm)cycloalkenyloxy, aryloxy, ary] -s-, heteroaryl-S-, (R3):N-, (R4)2C-N- heterocyclyl,

heteroaryl aryl(Cl-Cg)alkyl (R3)2N (C,-C(,)alkyl carboxy(Cz-Cg)alkenyl
(C;—Cq)cyCloalkyl(Cz-Cﬁ)alkenyl or aryl(C,-Cg)alkenyl, wherein said (C4-Cyp)cycloalkenyl,
aryl heterocyclyl heteroaryl or (C3-Cs)cycloalkyl as such or as part of another group is
unsubstltuted or substituted with l 2o0r3 substltuent(s) Rg; |
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R3 is, independently at each occurrence, H, (C;-Cg)alkyl or (C,-Cg)alkoxy(C,-Ce)alkyl;

R4 is, independently at each occurrence, H or aryl, wherein said aryl is, independently at
each occurrence, substituted with 1 substituent being (C,-Cg)alkyl, halogen or
(Cy-Ce)alkoxy;

Rg¢ is, independently at each occurrence, (C,-Ce)alkyl, cyano, aryl, halogen, hydroxy,
(Cy-Ce)alkoxy, (C;-Ce)alkyl-S-, carboxy(C;-Cs)alkyl, aryl(C,-Cs)alkyl, halo(C;-Cg)alkyl,
hydroxy(C,-Cs)alkyl, (C;-Cs)alkoxy(C,-Cg)alkyl, heterocyclyl-(C=0)-, (R;).N-(C=0)-,
Rg-(0=S=0)- or (C;-Cs)alkoxy-(C=0)-(C;-Cs)alkyl, wherein said aryl or heterocyclyl as
such or as part of another group is’ unsubstituted; '

R-; is, mdependently at each occurrence, H (Cl-Cﬁ)alkyl or (C3-C7)cycloalkyl wherein said
(C3:Cy)cycloalkyl is unsubsumted o : R
Ry is, mdependently at each occurrence, (C;-Cg¢)alkyl or (Rg)2N-;

! ."!".‘i‘-'. _":";

Rs 15, mdependently at each oCcuirence, (C1-C5)alkyl

3‘- T :: i . o e ~.'.'."- N : L RN - .:".» -

In one embodlment of the 1nventlon, the mvennon relates to compounds of formula L
wherem N O T " L S P

R1 is (C,-Cg)alkyl (Cz-Cﬁ)alkenyl aryl halogen, aryloxy, aryl- S (R;)zN— (R4)2C-N-
heterocyclyl heteroaryl aryl(Cl Cs)alkyl (C3-C7)cycloalkyl(Cz-Cs)alkenyl or ':j -
aryl(Cz-C(,)alkeny] wheréin said aryl heterocyclyl heteroaryl or (C3—C7)cycloalkyl as such
oras- pan of another group is unsubsntuted or suibstituted wrth 1 2or3 subsntuent(s) Re;
R3 xs mdependently at each ocourrence, Hor (Cx Cs)alkyl ' -

R4 rs mdependently at each occurrence H or aryl wherem said aryl 1s, mdependently at
(Cx-Cs)alkoxy,

Re is, mdependently at'each occurrence (C,-C(,)alkyl cyano, aryl halogen hydroxy,
(C;-Cs)alkoxy, (C;-Cs)a]kyl S-, carboxy(C;-Cﬁ)alkyl halo(Cl-Ca)alkyl ' "
hydroxy(Cl-Cﬁ)alkyl (cl-cﬁ)alkoxy(c,-ce)alkyl heterocyclyl X(C=0)-, (R,)Z-N;(CiO) ‘or’
Rg-(O—S’O)— wherem saxd aryl or heterocyclyl as such or’ as part of another gmup is -
unsubsltuted o s '

Ryis, mdependently at each occurrence, Hor (C 1-C5)alkyl

Rg is, mdependently at each occurrence (Ci-Cg)alkyl.
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In one embodiment of the invention, the invention relates to compounds of formula I,
wherein |

R, is (C,-Cg)alkyl, (C,-Cg)alkenyl, aryl, halogen, aryloxy, aryl-S-, (R3)2N-, heterocyclyl,
heteroaryl, aryl(C;-Cg)alkyl or aryl(C,-Cg)alkenyl, wherein said aryl, heterocyclyl or
heteroaryl as such or as part of another group is unsubstituted or substituted with 1, 2 or 3
substituent(s) Rg;

Rj is, independently at each occurrence, H or (C;-Cg)alkyl;

Rg is, independently at each occurrence, (C;-Cg)alkyl, halogen, hydroxy, (C,~C6)alkoxy,
carboxy(Cl-Cs)alkyl halo(C,-C6)alkyl or (R;),N- (C-O) ; '

R; is, independently at each occurrence, H or (C;-Cs)alkyl.

oo,

wherein
R is (C2-C¢)alkenyl, aryl, halogen, aryloxy, aryl-S-, (R3)2N-, heteroaryl, aryl(C,;-Cg)alkyl or
aryl(Cz-Cs)alkenyl wherein said aryl or heteroaryl as such or as part of another group is
unsubstituted or subsumted with 1 or2 substltuent(s) R6 EERR A
R3 is, mdependently at éach odcurrence, Hor (C;-Cg)alkyl

R(, 1s mdependently at each occurrence, (C.-Cg)alkyl halogen. (C|-C5)alkoxy,

carboxy(Cl C6)alkyl or halo(C,-C(,)a]kyl

In one embodrment of the invention, the mventron relates to compounds of formula I,
wherem ‘ o ‘ RN IR ' »

R, is (Cz-Cﬁ)alkenyl aryl halogen aryl S-, heteroaryl or aryl(Cl-Cs)alkyl wherem said aryl
or lieterdaryl as such or as part of another group is unsubstituted or substltuted wrth 1 or2

substltuent(s) R6,
R5 1s, mdependently at each occurrence (Cl-Cs)alkyl halogen or (C;-Cg)alkoxy

In one embodlment of the inirentlon, the invention relates to compounds of formula I,

. Lt
Copee e .

wherem

" Rjis (Co- Cs)alkenyl halogen aryl -S-or aryl(Cl-C6)alkyl wherein said aryl as part of

another group is unsubstituted or substltuted with 1 or 2’ substrtuent(s) Rs,

Rs is, mdependently at each cSCCurrence (C,-C6)alkyl halogen or (C,—Cs)alkoxy
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In one embodiment of the invention, the invention relates to compounds of formula I,
wherein

R} is (C2-Cs)alkenyl, aryl, aryl-S-, heteroaryl or aryl(C,-Ce)alkyl, wherein said aryl or
heteroaryl as such or as part of another group is substituted with 1 or 2 substituent(s) Rs;

R is, independently at each occurrence, (C;-Cs)alky! or (C;-Cg)alkoxy.

In one embodiment, of the invention, the invention relates to compounds of formula I,
wherein

R) is (C3-Ce)alkenyl, aryl-S: or 4ry1(Ci-Ce)alkyl, wherein said ar] as part of ahcther group
i§ Substituted with 1 or 2 substituent(s) Rs;

Rg is, independently at each occurrence, (C;-Ce)alkylor (Ci-Celalkoky. ©~ *

In 6ne embodiment of the invention, the invention relates to compounds of formula I,
wherein R is (C2-Cg)alkenyl.
In'one embodrment of the invention, the invention relates to compounds of formula I
wherein © o ’

Rl is aryl wherein sard aryl is unsubstrtuted or substituted wrth l or2 substltuent(s) Rs,
R5 1s 1ndependerltly at each occurrence (Cl-Cs)alkyl halogen or (C;-C6)a1koxy

In Gne embodiment of the inventiof, the invention relates to compounds of formula I,
wherem

R; is aryl-S-, wherein said aryl is unsubsntuted or substituted with 1 or 2 substrtuent(s) Re;
Re i, mdependently at each occurrence, (C,-Ce)alkyl, haloger or (Cr-Cs)alkoxy.

In one embodrment of the mvenuon, the 1nventron relates to compounds of formula I
wherem : .

R, is heteroaryl, wherem sard heteroaryl is unsubstituted or substituted with 1 or 2
substrtuent(s) Rs; " ' '

R(, is, mdependently at each occurrence, (C;-Cs)alkyl, halogen or (C;-Cg)alkoxy.
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In one embodiment of the invention, the invention relates to compounds of formula I,

wherein

R, is aryl(C;-Ce)alkyl, wherein .sgid aryl is substituted with 1 or 2 substituent(s) Re;

R¢ is, independently at each occurrence, (C;-Ce)alkyl or (C-Cg)alkoxy.

In one embodiment of thé invention, the invention relates to compounds of formula I,
wherein the compound is 2-bromo-4,5-dihydroxyisophthalonitrile, 4,5-dihydroxy-2-
(phenylethynyl)isophthalonitrile, 4,5-dihydroxy-2-(prop-1-ynyl)isophthalonitrile, 4,5-
dihydroxy-2-(1-methyl- 1H-pyrrol-2-yl)isophthalonitrile, 4,5-dihydroxy-2-(thiophen:2-
ylﬁ'iSOphthalonitrile, 2-(furan-2-y1)-4,5-dihydroxyisophthalonitrile, 3°,4°,5’ -trifluoro-3,4-
dihydroxybiphenyl-2,6:dicarbonitrile; 4,5-diRydioxy:2-(niphtHaleti-I-y1)isophithidlonitrile,
4'-tert-butyl-3;4-dihydroxybiphenyl-2,6-dicarbonitrile, 3,4-dihydroxy:4’-
(hydroxymethyl)biphenyl-2,6-dicarbonitrile, 4,5-dihydroxy-2-(naphthalen-2-
yljisophthialonitrile, 3,4-dibydrdxy-4’-(isopropylthio)biphényl:2,6-dicarbénitrile, 3,4
di‘hydr'o‘xy-‘cr-(methynh'io)"biphe‘nyr92"6-aic'arbonitri1e;~3‘4idihyarox'y-‘4’?""~‘ S
1sopropoxyb1phenyl 2 6—d1carbomtnle 4 (ethylthlo)-B 4—d1hydroxyb1phenyl 2,6~
dxcarbomtnle 3; 4-d1hydroxy-4’-1sopropoxy-3 5’ -dlmethylbzphenyl-z 6- dxcarbomtnle 4-
buty1~3 4-d1hydroxybxphenyl -2,6- dlcarbomtnle 3 4-d1hydroxy—2’ 4 5’-mmethylb1phenyl-
2, 6—dlcarbonimle, 3 4—d1hydroxy-2’ 5 -dxmemylblphenyl-z 6-dxcarbomtnle 2: ’
yclohexenyl-4 S-dxhydroxylsophthalommle, 3'-ethyl-3 4-dxhydroxyb1phcnyl 2,6-
dncarbommle 3 4-dxhydroxyb1pheny1—2 47,6 -mcarbomm]e, 3 4-d1hydroxy-4 -
(xsopropylsulfonyl)bxphenyl -2 6-d1carbommle, 2’ 6’-d1cyano 37 4’-d1hydroxy—N N—
dxmethylblphenyl—4—sulfonamndc (E)—4 5- dxhydroxy-z-(pent— —enyl)lsophthalomtnle, 2°,6’-
dxcyano—B 4’-dxhydroxyblphenyl-3~carboxyhc acid, 3 4—d1hydroxy—4’-(l-
methoxyethyl)bxphenyl 22, 6-d1carbomtnle (E)~2-(3 3. dxmethylbut— —enyl)—4 5-
dnhydroxylsophthalomtnle 3 4—d1hydroxy-2’-fnethylb1phenyl-2 6—dlcarbomtrﬂe (E) 2 (2-
cyc]ohcxylvmyl)—4 S-dlhydrt)xyxsophthalommle, (Z)-4, 5- dlhydroxy~2 (prop I-
enyl)xsophthalomtnle 3- (2, 6’—d1cyano-3’ 4’ -dlhydroxybxphenyl-4-yl)propanoxc acid, 3,4-
dlhydroxy-3 (hydroxymethyl)blphenyl-Z 6- dlcarbomtnle 3 4—d1hydroxy—3 -
(methoxymethyl)blphcnyl 2 6-d1carbommle 2 6’-dxcyano-3’ 4’-dxhydroxy—N N:
d1propylb1phenyl-d»-carboxamxde, (E)-4,5-d1hydroxy-2-(prop-I-enyl)lsqphthalommlé, '3,4‘4 '
dibydroxybiphienyl-2,6-dicarbonitrile, 3',4-dichloro-3 4-dihydroxybiphenyl-2,6-
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dicarbonitrile, 3,4-dihydroxy-3’-(trifluoromethyl)biphenyl-2,6-dicarbonitrile, 2-(furan-3-
yl)-'4,5-dihydroxyisophthalonitrile, 3,4-dihydroxy-4’-(trifluoromethyl)bipheny}-2,6-
dicarbonitrile, 4,5-dihydgoxy-Z-(thiophen—B-yl})isophthaloxiit;‘ile, 4,5-dihydroxy-2-(5-
methylfuran—Z—yl)isophthalonitljile, 4,5-dihydroxy-2-(5-methylthiophen-2-
ylisophthalonitrile, 2-benzyl-4,5-dihydroxyisophthalonitrile, 2-(benzofuran-2-yl)-4,5-
di_hydroxyisophthalonitriie, 2—(5-chlorotiﬂophgn-2—yl)-4,S-dihydroxyisophthalonitrile, 2-
(benzo[b}thiophen-i-yl)—ti,5~dihydroxyisophthalonitrile, (E)-4,5-dihydroxy-2-
styrylisophthalonitrile, 4’-ethyl-3 4-dihydroxy5iphenyl~2 6-dicarbonitrile, 3,4-dihydroxy-
3.5 ’-dlmethylbnphenyl~2 6-dicarbonitrile, 4, 5- dlhydmxy-2—(phenylt}uo)xsophthalomtnle
4,5- dxhydroxy— ~(p-tolylthno)1sophthalomtnle, 4,5-dihydroxy-2-(4- -
meﬂxylbenzyl)xsophthalomtnle 2-(4-ﬂuorobcnzyl)-4 S-dlhydmxylsophthiloﬁitriié,“'4,5-
dihydroxy:2- (4-hydroxybenzyl)1sophthalomtnle, 4 S-dlhydroxy-Z (2-
methoxybenzyl)1sophthalommle 4,5-dihydroxy-2- ‘@ Co
(mﬂuoromethoxy)benzyl)xsophthalomtnle, 3-(3-fluoto-4-methoxybenzyl)-4,5-"
dxhydroxylsophthalomtnle, 2-(2: ﬂuorobenzyl)-4 5-dlhydroxyxsophthalommle, 4 S5-
dxhydroxy-Z (2-methylbenzyl)xsophthalomtnle 2-(2, 5-dxmethy1benzyl)—4 5-° '
dxhydroxylsophthalomtrﬂe 2 (3-ﬂuoro-5-mcthy1benzyl)—4 S-dlhydroxylsophthalomtnle 3-
@, 6- dzcyano-S 4-dxhydrOXybenzyl)benzmc acid, 2-(4-ﬂuoro-3-methylbenzyl)-4 5-
dxhydroxylsophthalomuﬂe, 4, 5—d1hydroxy~2 (3-methylbenzyl)xsophthalomtnle, 2-(5-fluoro-
2-methoxybenzyl)—4 5- dxhydroxylsophthalomtnle 2-(3 5- dlmethylbenzyl) -4,5-
dlhydroxyxsophthalommle 4 S-dlhydroxy—Z-(4-xsopropylbcnzyl)xsophthalomtnlc 2-(4-
ethylbenzyl)-4 5-d1hydroxyxsopht&mlommlc 4 5—d1hydroxy-2-(naphthalcn-l-
ylmemyl)xsophthalommle, 5-(2, 6-d1cyano-3 4-d1hydroxybenzyl)-2-hydroxybenzoxc acid, 2-
@, 4-d1methylbenzyl)»4 5 -dxhydroxyxsophthalomtnle 2-3, 6—dxhydro-2H-pyran~4 y1)-4,5-
dxhydroxyxsophthalommle 2-cyélopentenyl-4 S—dlhydroxylsophthalommle (E) 32,6
dxcyano-B 4- dxhydroxyphenyl)acryhc acxd (E)»4 5-dihydroxy-2- (3-methoxyprop 1-
cnyl)lsophthalommle 4 S-dmydroxy-z (5-(morpholmomethyl)thxophen-2-
yl)lsophthalomtnle 3 4—d1hydroxy-4'-(morphohne-4-carbonyl)b1phenyl-2 6-dicarbonitrile,
2—(5 -hexyl -2,2":bithiophen-5- yl)-4 5—dlhydroxyxsophmalomtnle, 2- (1-benzy1-1H—pyrazol-
-yl)-4 5-dlhydroxyxsophthalommle, 2- (5—hexylth10phen-2-yl)-4 5. |
dxhydroxyxsophthalomtnle, (2)-2- (but-2—enyl)—4 5-dlhydroxy150phthalomtule. 4, 5-
dlhydxoxy-Z-(3-mcthylbut-2-enyl)1sophthalomtnle (E)- 2-(but—2-cnyl)-4 5-
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dihyciroxyisophthalonitrile, 4,5-dihydroky—2-methylisophthalonitrilc, 4,5-dihydroxy-2-(2-
methylprop—l—enyl)isophtha]onitrije, 3,4-dihydroxy-3’-methylbiphenyl-Z,6-dicarbonitrilc;,
4,S-dihydroxy-2-vinylisophthalorﬁtril_'eZ 4,5-dihydroxy-2-(prop—1-en-2-yl)isophthalonitri}§,
2-(2-ethoxythiazol-5-yl)-4,5-dihydroxyisophthalonitrile, 2-allyl-4,5-
dihydroxyisophthalonitrile, 3’-(tert-butoxymethyl)-3 +4-dihydroxybiphenyl-2,6-
dicarbonitrile, tert-butyl 2’,6’-dicyano-3’,4’-dihydroxybiphenyl~3—carboxylate, 3;4-

- dihydroxybiphenyl-2,3’,6-tricarbonitrile, 2°,6’-dicyano-3’,4’-dihydroxy-N,N-

dipropylbiphenyl-3-carboxamide, 2’,6’-dicyano-N-cyclohexyl-3’,4’-dihydroxybiphenyl-4-
darboxamide; 2*,6’-dicyano-N-cyclohexyl-3’ 4’-dihydroxybiphenyl-3-carboxamide, 27,6’
dicyano-N,N-diethyl-3*4’-dihydroxybiphenyl-4-carboxamide, 2”.6’-dicyano-N,N-diéthyl-
3’ 4" dihydroxybiphenyl-3-carboXamide, 2",6’-dicyano-N-ethyl-3",4’-diliydroxybiphenyl-3-
carboxamide, 2',6'-dicyano-3’,4":dihydroxy-N,N-dimethylbiphenyl-3-carboxamide, 4'-
fluoro-3,4-dihydroxybiphenyl-2,6-dicarbonitrile, 3" 4'-difluoro-3,4-dihiydroxybiphenyl-2,6-
dicarbonitrilé, 4’-fluro-3,3" 4-trihydroxybiphiényl-2,6-dicarbonitrile; (E):4,5-dihydroxy-2-
-('3’;;‘>heny1pfo;}:lJeny’ljisopﬁihaldnitﬁlé 4'“fluoro-3,4-dikiydroxy-3’-methoxybiphenyl-2,6-
dicarbonitrile, 5- (2 6-dncyano 3 4—d1hydroxypheny])thlophene-Z—carboxyhc acid, 3 E
drhydroxy-4’-(methylsulfonyl)blphenyl 2,6- dxcarbommle 3,4-dihydroxy-4’--
propoxyblphenyl -2, 6-dxcarbommle 2°,6- dlcyano 3 4’~d1hydroxyb1phenyl-4-carboxy11c
acxd 4 ~chloro»3 4- dlhydroxy 3’-methylbxphenyl 2 6-d1carbomtnle, 4,5- d1hydroxy-2 (5-
phenylthxophen 2-yl)1sophthalomtnle 3,4- dlhydroxy-4’-1sopropylb1phcnyl 2,6-
dxcarbomtnle 3 4-d1hydr0ky—4’-propylb1phenyl -2, 6—d1carbon1tnle, 4, 5- d1hydroxy—2 (-
phcnylvmyl)xsophthalommle 2’ 6’-d1cyano-3’ 4’;dlhydroxybxphcnyl~2-carboxyhc acxd 4-
(2 6- dlcyano-3 4-d1hydroxybenzyl)benzoxc acid, (E)-4, 5—d1hydroxy-2 (4- S ’
methoxystyryl)xsophthalomtnlc 34- d1hydroxy-3 4’-'dtmethylb1phenyl 2, 6 dxcarbomtrlle
(E)-4 5-d1hydroxy -2- (4 methylstyryl)xsophthalomtnle, 4 5-d1hydroxy—2-(6-
hydroxynaphthalen-z-yl)1sophthalomtnle, 4’-fluoro-3 4—d1hydroxy 3’-methylb1phenyl 2 6-
dxcarbomtnle 4,5- dxhydroxy -2- (3: methylbut -2-en- 2—yl)1sophthalommle 2-(2 5-
dlmethylthlophen~3 yl)-4 5—dxhydroxylsophthalomtnle 2-(2,3- dlﬂuoro-4-methylbenzyl)-

4, 5‘dxhydroxylsophthalomtnle, 2- (4-(2 6-d1cyan0-3 4-d1hydtoxybenzyl)phenyl)propan01c
acnd (E) 2-(3—cyclopentylprop—1-cnyl)-4 5- dlhydroxylsophthalomtule, 4,5- d1hydroxy-2 =(1-
1sobutyl lH—pyrazol-4-yl)xsophthalomtnle 2-(4-(2, 6-dlcyano-3 4~Chhydroxyphenyl) 1H-
pyrazol- -yl) acetic acnd 4 5—dxhydroxy~2 (1-methyl- 1H-pyrazol—4 yl)xsophthalomtnle 4 5-
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dihydroxy-2-(3-methoxyprop-1-ynyDisophthalonitrile, (E)-4,5-dihydroxy-2-(2-(thiophen-3-
yl)vinyl)isophthalonitrile, (E)-2-(2-cyclopropylvinyl)-4,5-dihydroxyisophthalonitrile, 2,6’-
dicyano-3’,4’ —dihydroxybiphenyl—4-carboxamide, 3,4-dihydroxy-3’ 4’ -dimethoxybiphenyl-
2, 6-dicarbonitrile, 3,4-dihydroxy-3’-isopropylbiphenyl-2,6-dicarbonitrile, 2-(2,3-
dihydrobenzofuran-5-yl)-4,5-dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(6-
methoxynaphthalen-2-yl)isophthalonitrile, 4,5-dihydroxy-2-(4-
(hydroxymethyl)benzyl)isophthalonitrile, 2-(2,§-diﬂuoro-3-methylbenzyl)-4,5-
dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(4-
(tnfluoromethyl)phenylthxo)xsophthalomtnle 2-2 4—d1methylphenylthxo) -4, 5- '
dlhydroxylsophmalomtrﬂe, ‘methyl 3-(4-(2, 6-dicyano-3,4- ' s
thydmxyphenylthxo)phenyl)propanoate 4,5 d1hydroxy—2—(p—tolyloxy)lsophtha]ommlc
(E)- 22 2, 4-d1ﬂuorostyryl)—4 5~dxhydroxyxsophthalomtnle (E)-4 5-d1hydroxy-2—(3-
(trxﬂuoromethyl)styryl)1sophthalomtrxlc, (E)-4 5 -dlhydroxy-2-(4-methylpent— 1-
enyl)lsophthalommle (E)-2-(3, 5-d1ﬂuorostyryl)-4 S-dlhydroxyxsophthalomtnle 2-(4-(2,6-
dicyano-3,4- dlhydroxybenzyl)phenyl)acetlc acid, 2-(4-chlorobenzyl)~4, 5.
dihydroxylsophthalommle 3.4- dlhydroxy—4’-methylbxphenyl-2 6- dlcarbomtrlle 3- (4 -(2,6-
d1cyano—3 4- dxhydroxybenzyl)phenyl)propanmc acid, 4 5- dxhydroxy—2 (4-
(mﬂuoromethyl)benzyl)1sophthalommle, (E)-4 S—d1hydroxy-2 -4 ‘
(trnﬂuoromethyl)styry])lsophthalommle 4, 5~dlhydroxy~2 (p tolylsulﬁnyl)xsophthalommle,
4—(2 6-d1cyano -3.4- d1hydroxyphenylthlo)benzom acid, 2-(4-emylphcnylthlo)-4 5-
dxhydroxylsophthalOmtnle 2- (4—chlorophcnylthxo)-4 5- dxhydroxyxsophthalomtnlc, 4 5-
d1hydroxy—2 (o-tolylthxo)1sophthalommle methyl 4—(2 6-dxcyano-3 4-
d1hydroxyphenylth1o)benzoate, 2 (2-chlorophenylthio)-4, 5—dlhydroxyxsophthalommlc
methyl 2-(2, 6-d1cyano-3 4-d1hydroxyphenylthlo)bcnzoatc 2-(4-(2, 6: dlcyano-3 4-
dlhydroxyphenylthxo)phenyl)aceuc acxd 2-(2, 6-dicyano-3; 4—dxhydroxyphenylthxo)benzonc
acid, 3- (4-(2 6-d1cyano-3 4—d1hydroXyphenylt!uo)phenyl)propanmc acid, 4 5-d1hydroxy-2—
(4—methoxyphenylthlo)xsophthalomtnle methyl 2-(4-(2, 6-dxcyano-3 4--
dxhydroxybenzyl)phenyl)acctate, 4,5- d1hydroxy-2-(3 methoxyphcnylthlo)xsophthalomtnle,
methyl 4—(2 6-dicyano-3, 4- dxhydroxyphenoxy)benzoate 4 S-dlhydroxy-z (pyridin-4-
yltluo)lsophthalomtnle 3- (2 6-d1cyano -3 4- dxhydroxyphenylthm)bcnzoxc acid, 2- (4-
cyanophenylthxo) -4 S-dxhydroxyxsophthalomtnle 4, 5~dxhydroxy-2—(naphmalcn-2- Co
ylthio)isophthalonitrile, 2—(4»(2 6-d1cyano -3 4- dxhydroxybcnzyl)phenyl)-N N-
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diethylaéetaxhide, 2-(4—cthylphenoXy)-4,5-dihydroxyisophthalonitrile, 2—(4-acetylphenoxy)—
4,5-dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(1-0x0-2,3-dihydro-1H-inden-5-
yloxy)isophthaloﬁitrile, 2-(2’,6’-dicyano-3’,4’-dihydroxybiphenyl-4-yl)acetic acid, 2-(2;4-
dimethylphenoxy)-4,5-dihydroxyisophthalonitrile, 2-(4-chlorophenoxy)-4,5-
dlhydroxylsophthalomtnle 4,5-dihydroxy-2- (4-(tr1ﬂuoromethyl)phenoxy)1sophthalomtnle,
4,5- dlhydroxy-Z (1H~mden-3 -yDisophthalonitrile, 4 5-d1hydroxy-2-
(morpholinomethyl)isophthalonitrile, 2- ((dxethylammo)methyl)—4,5-
dipydroxyisophthalonitrilc hydrochloride, 4,5»dihydroxy-ﬁ-(((2—
h‘ydroxYethyl)amino)methyl)i's'ophthalonitrilc hydrochloride (1:1), 4,5-dihydroxy-2-(3-"
hydroxypropyl)1sophthalonitnle 2-aminio-4,5- dxhydroxyxsophthalomtnle 4 S-dlhydroxy 2-
(pyrrolidin-1 »yl)lsophthalommle 2-(2,6- d1methylmorpholmo)-4 5-
dxhydroxyxsophmalommle 4,5- dxhydey—2-morpholmoxSophmalommle 4,5- dnhydroxy 2-
(1sopropylarmno)xsophthalommle 4 5-d1hydroxy-2 @3- ' o :
methoxypropylanuno)ns‘éphthalommle, 2,4,5-tnhydroxyxsbphthalonitrile, 2-ethyl-4,5-
dihydroxyisophthalonitrile, 3,4-dihydroxy-4’-methoxybiphenyl-3,6-dicarbonitrile, 3,4-
d1hydroxy-3’ (morpholme-4 Carbonyl)bxphenyl 2 6—dxcaﬂ>omtnle, -butyl 2’ 6’-d1cyano-
3 4'—dlhydroxybxphcnyl~4~carboxarmde 2-(3, 3-d1rnethylbutyl)-4 5- '
dlhydroxyxsophthalomtnle 4 5-d1hydroxy 2- (plpenmn- -yl)xsophthalomtnle 2-
(hexylammo)-4 5—d1hydroxy1sophthalommle 2= (cyclohexylammo)-4 5- o
dlhydroxyxsophmalommle 4 5-dlhydroxy—2 (Z-methoxyemylanuno)xsophthalomtnle 2- (4-
benzylplpendm- -yl)-4 5-d1hydroxyxsophthalomtnlc 4 S-dxhydroxy-Z (pcntan-B-
ylanuno)xsophthalomtnle (E) 2—(4~ethylbenzyhdencanuno)-4 S-dlhydroxyxsophthalomtnie
(E)-4 5- dlhydroxy-2 (4-methoxybcnzyhdeneanuno)lsophthalomtnle (B)-2:(4- ’
ﬂuorobenzyhdeneammo)-4 5-d1hydroxyxsophthalomtnle 4, S-dxhydroxy-Z- '
tosyhsophthalomtnle 4-(2, 6-d1cyano—3 4—d1hydroxyphenoxy)benzoxc acid, 2- _
(benzo[d]tluazol-Z-ylthxo)—4 S- dxhydroxyxsophthalomtnlc, —(4-ﬂuorophenylthxo)-4 5-
dxhydroxyxsophthalommle 2—(b1pheny]—4-ylmethyl)—4 S-dlhydroxyxsophthalommle 2-(4-
chloro-2- methylbenzyl) -4,5- dihydroxylsophthalomtnle 2-(2-etbylbenzyl)-4 5-
dlhydroxylsophthalomtnle 2—(2 3-d1hydro-1H-mden-5-yloxy)—4 5-
dxhydtoxyxsophthalommle, enanuomer A'of 4 5~dxhydroxy-2-(p-
tolylsulﬁnyl)lsophthalomtnlc, enantxomer B of 4 5-dxhydroxy-2-(p- |
tolylsulﬁnyl)lsophthalomtnle 2- ((cyclohexylmethyl)anuno)—4 5-dthydroxynsophthalomtnle
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4 5-d1hydroxy-2-(4-phenoxyphenylthxo)rsophthalomtnle 4,5-dihydroxy-2-(pyridin-3-
yl)rsophthalommle, 4,5- drhydroxy»?. -(4-(2,2 2-mﬂuoroethyl)benzyl)xsophthalomtnle, 4, 5-
dihydroxy-2-(4-methyl-2- (mﬂuoromethyl)benzyl)xsophthalorutnle, 4,5-dihydroxy-2-((4-
(morpholine-4-carbonyl)phenyl)tlli.o)i'sopththalonitrile, 4,5-dihydroxy-2-(methyl(p-
t_oiyl)amino)isophthalonitrile or 4,5-dihydroxy-2-((6-methoxynaphthalen-2-
yl)methyl)isophthalonitrile.

The terms employed herein have the meanings indicated below. The term “at least one”
employed in the ieanings below refers to one or several, such as one. For example the
term “at Jeast one hydroxy(Cl-Cs)alkoxy group * refers to one or sevéral

hydroxy(Cl-Cs)alkoxy groups, such as one hydroxy(C;-Cs)alkoxy group

.....

‘The term “(C\QCs)élkyl’;, s ’e‘x'r’iplo‘y'e]d; heéfein as stich'of as part of ahothér group, refers to a
straight of branched chain saturated hydrocarbon group having 1,2, 3,4, 5 or 6 carbon
atom(s). Representative examples of (C,-Cg)alkyl include, but are not limited to, methyl,
éthyl,’ismp‘yr, i-s;dpr'dﬁyl,-bm'yl;'is'disiifyr, :’eft*-butylj ‘pent-'s‘-'yl; hex'yI, and 3,’3-dimethy1bmy1.
The term “(Cz-Cs)alkenyl” as employed heréin as such or as part of another group, refers to
a strarght or branched cham hydrocarbon group havmg 2, 3 4, S0r6 carbon atoms and at
Ieast one carbon-carbon double bond Representatlve examples of (Cz—Cs)alkenyI include,
but are not Iumted to, vmyl prop- <en- -yl prop-l-en-Z»yl allyl, but-2-en-1-yl,
2-methylprop-l-en l-yl ‘pent- —en-l-yl 3-methy1but-2~en-l-yl 3-methylbut—2—en 2-y1
4—methylpent‘1-en- -yl and 3 3 drmethylbut- -en- l-yl ' A o
The term “(Cz-Cs)alkynyl” as employed herem as such or as part of another group, refers to
a stralght or branched cham hydrocarbon group having 2, 3, 4, 5 or 6 carbon atoms and at’
least one carbon-carbon triple bonid: Representatlve examples of (Cz-Cs)alkynyl mclude, but

are not lrmrted to, ethynyl prop-l-yn- -yl and 3, 3-d1methylbut-1-yn-l—yl R

The term “(C;—C7)cycloalkyl” ‘s employed herem as such or.ds part of another group, ‘

refers o a saturated cychc hydrocarbon group havmg 3 4 5,60r7 carbon atoms.
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Representative examples of (C3-C;)cycloalkyl include, but are not limited to, cyclopropyl,

cyclopentyl, and cyclohexyl.

The term “(C4-Cyo)cycloalkenyl”, as employed herein as such or as part of another group,
refers to a monocyclic hydrocarbon group having 3, 4, 5, 6 or 7 carbon atoms and at least
one carbon-carbon double bond or to an 8, 9 or 10 membered partially unsaturated bicyclic
hydrocarbon group. When the (C;-Cjo)cycloalkenyl group is an 8, 9 or 10 membered
partially unsaturated bicyclic hydrocarbon group, one of the rings is optionally aromatic.
Representative examples of (C4-Ci¢)cycloalkenyl include, but are not limited to,

cyclopent-1-en-1:yl, cyclohex-1-en-1-yl, and 2,3-dihydro-1H-inden-5-yl.

The term “aryl®, as employed herein as siich or as'part of another group, reférs to an °
arbmaﬁc"manacyéne hydrocarboni grouphavirig 6 carbon atomis or to an aromatic bicyclic
hydrocarbon ‘group havmg '10 carbon atoms. Represemauve eXamples of aryl include, ‘but

are'not lrrmted to, phenyl and naphthalen-Z yl

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

a".«'

réfers to fluonne chlorine; bromine or 1odme

The term * “hydroxy , as employed herem as such or as part of another group, refers to a -OH

group

The térm “(C;-Cﬁ)alkoxy as emponed herem as such or as part of another group, refers to
an (Cl-Cs)alkyl group, as defined herem appended to the parent molecular morety through
an' oxygen atom Representatrve examples of (C1~C5)a1koxy mclude but are not 'limited to,

methoxy, ethoxy, propoxy, 1sopropoxy, tert-butoxy, and neopentyloxy.

The term “(C4~C m)Cycloalkenyloxy” as employed hérein, refets to a (C.;—C;o)cycloalkenyl :
group, as defmed herein, appended to the parent molecular moiety through an oxygen atom.
Representanve examples of (C4-C,0)cycloalkenyloxy include, but are not hrmted to,
cyclopent-l~en-1-yloxy and 2 3-d1hydro—1H—mden 5-yloxy



10

15

20

25

30

WO 2013/175053 PCT/F12013/000026

16

The term “aryloxy”, as employed herein, refers to an aryl group, as defined herein,
appended to the parent molecular moiety through an oxygen atom. Representative examples

of aryloxy include, but are not limited to, phenoxy and naphthalen-1-yloxy.

The term “heteroaryl”, as employed herein as such or as part of another group, refers to a 5,
6 or 7 membered aromatic monocyclic group containing 1, 2, 3 or 4 ring heteroatom(s) each
independently selected from N, O, and S or to an 8, 9 or 10 membered aromatic bicyclic
group containing 1, 2, 3 or 4 ring heteroatom(s) each independently selected from N, O, and
S. Représentative examples of heteroaryl include, but are not limited to, 1H-pyirol-2-yl,
furan-2- yl throphen—2-yl thiophen-3-yl, 1H-pyrazol-4-y1 thrazol-S yl benzofuran—z-yl
benzo[b]thiophen-2-yl, and benzo[d}[1,3)dioxol-5-yl: h

The tern ‘;héteroarylexy”,'éxéérr'rpléyed'hérein". refers to a hieteroaryl group; as defined
herein, éppen'ded to'the pareiit folécular moiety throiigh an oXygen atom. Representative’
examples of heteroaryloxy mclude but are not lumted to, pyrldm~4-yloxy and
benzo[d][l 3}d10xol 5-yloxy B C SR

The terrn “heterocyc] yl" as employed herein as such or as part of another group, fefers to a
5,60t7 membered saturated or partrally unsaturated monocyche group containing 1 or 2
nng heteroatom(s) each mdependently selected from N, 0 and Sor to an 8 9 or 10
ernbered saturated or pamally unsaturated brcychc group contammg l or 2 ring’
heteroatom(s) each mdependedtly selected from N, O, and S. When the hetetocyclyl group
is aii 8,9 of 10 membered pamally unsaturated bxcychc group, ‘one of the rmgs is opuonally
aromauc Representatwe examples of heterocyclyl include, but are not lmuted to,
pyrrohdm- -yl, pxpendm-l yl 3, 6- drhydro 2H-pyran-4~yl morpholmo, and '
33 dlhydrobenzofuran -5- yl

The term “aryl(C 1-Ce)alkyl”, as’ employed herein, refers to an aryl group, as defined herein,

appended to the parent moleciilar moiety through an (Cl-Cﬁ)alkyl group, 4s defined herem

Represcntatrve examples of ary](Cl-Cg)alkyl mclude, but are not limited to, benzyl '
-phenethyl and 3—phenylpropyl ' ‘ '
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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. When there are several halogens, the halogens can be attached to the same or
different carbon atom and the halogens can be identical or different. Representative .
examples of halo(C-Cy)alkyl include, but are not limited to, trifluoromethyl and
3-bromopropyl.

The term “hydroxy(C,-Ce)alkyl”, as employed herein, refers to at least one hydroxy group,
as defined herein, appended to the parent molecular moiety through an (C;-Cg)alkyl group,
as defined hereiri. When there are several hydroxy groups, the hydroxy groups can be’*
attached 16 the same ' or different carbon atom. Representatlve examples of
hydroxy(Cr-C(,)alkyl iriclade, but are riot limited to, hydroxymethyl Q-hydrOXyethyl and

.;l-u R

~hydroxypropyl

The term “(C;-Cg)alkoxy(C;-Ce)alkyl”, as employed herein as such or as part of another
group,‘: refers to'at least one (C;-Cg)alkoxy group, as defined hereifi, appended to the parent
molecular morety throu gh an (Cj- Cﬁ)alkyl group, as définéd herein. When there are several
(C;-Cg)alkoxy groups the (Cl-Cs)alkoxy groups can be' attached to the same o different
carbon atom and the (C,—C5)alkoxy groups can be 1dent1cal or drfferent Represenlatrve
examples of' (C;-Cﬁ)ﬂlkOXY(C]-Cﬁ)ﬂlkyl mclude, but are not lumted to, methoxymethyl
l-methoxyethyl 2—methoxyethyl 3~methoxypropyl and tert-butoxymethyl ‘

The tenn “heterocyclyl(C I—Cg,)alkyl” as employed herem refersto a heterocycl yl group, as
defined herem appended to'the parent molecular morety through an (C;-Cs)alkyl group, as
deﬁned herem Representatrve examples of heterocyclyl(C;-Cﬁ)alkyl include, but are not”

'L

limited to, morpholmornethyl and 3 (pyrrolrdm— -yl)propyl '

The "t'erm carboxy as employed herem as such or as part of another group, refers toa
-COOngOUp R T T e '

The term * carboxy(Cz-Ca)alkenyl” as cmployed herem refers: to a carboxy group, as
deﬁned herein, appended to the parent molecular morety through an (Cz-Cﬁ)alkenyl group,
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as defined herein. Representative examples of carboxy(C,-Cg)alkenyl include, but are not

limited to, 2-carboxyvinyl and 2-carboxyallyl.

The term “(C3-Cy)cycloalkyl(C,-Ce)alkenyl”, as employed herein, refers to a
(C3-Cr)cycloalkyl group, as defined herein, appended to the parent molecular moiety
through an (C,-Cg)alkenyl group, as defined herein. Representative examples of
(C3-Cy)cycloalkyl(C,-Ce)alkenyl include, but are not limited to, 2-cyclopropylvinyl,
2-cyclohexylvinyl, and 3-cyclopentylprop-1-en-1-yl.

The term “aryl(C,-Cg)alkenyl”, as employed herein, refers to an aryl group, as defined
herein, appended to the parent molecular moiety through an (C,-Ce)alkenyl group, as
défiried he'i‘éin'.':Repi'e'sé'n‘tétfi’ve examples of éryl(Cz;Cc)alkényI ificlude, but are not limited

to, styryl; 1-phenylvinyl, and‘3-phenylprop-1-en-1-yl.

The term “(C;- CyJalkoxy(C-Cé)alkenyl”, as employed herein, reférs to at least one
(C1-C5)alkoxy group, as defined hérein, appended to the parent molecular moiety throu gh
an (C2-Ce)alkenyl group, as deﬁned herein. When there are several (C,-Cg)alkoxy groups,
the (Cl-Cs)alkOXy groups can be'attached to the samé or different carbon atom and the
(Cl-Cﬁ)alkoxy groups can’ be 1denncal or dxfferent Reprcsentanve examples of
(C1-C5)alkoxy(C2-C5)alkenyl mclude, but arc not hmned to, 3-mcthoxyprop- -en- -yl and
3 ethoxyprop—l-en-z-yl cod

The term “hete}oéyclyl(C;’;-Cg)alkényl",' as employed herein, refersto a heterocyclyl group,
as defined herein, appended to the parent molecular moiety throigh an (Cp-Cg)alkenyl *
group, as defined herein. Representatxve examples of heterocyclyl(Cg-Cs)alkenyl mcludc
but are not limited to, 4- (pyrrohdm 1-yl)but-2-en 1~yl and 3—methy1—
4—morphohnobut-2-en 2-yl ‘

The vtcrr'r'x' “hétero'aryi (Cz-Cg)alkenS' ” as eﬁxplbyed herein, refers to a heteroar&l group, as
deﬁned herem, appended to the parent molccular monety through an (C,-Cg)alkenyl group,
as deﬁned herein. Reprcsematlve examples of heteroaryl(Cz-Cs)alkenyl include, but are not
liiited to, 2:(thiophen-3-yl)vinyl and 3-mmiethyl-4-(1H-pyrazol-4-yl)but-2-en-2-yl. *
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The term ;‘carboxy(Cg-Cs)alkynyl”, as employed herein, refers to a carboxy group, as
defined herein, appended to the parent molecular moiety through an (C2-Cg)alkynyl group,
as defined herein. Representative examples of carboxy(C,-Ce)alkynyl include, but are not

llnlited to, carboxyethynyl and 3-carboxyprop-l-yn-1-yl.

The terrn “(C3-C7)cycloalkyl(Cz-Cs)alkynyI”, as employed herein, referstoa
(C3-Cy)cycloalkyl group, as defined herein, appended to the parent molecular moiety
through an (C»-Cg)alkynyl group, as defined herein. Representative examples of -
(C3-C7)cycloalkyl(Cz-Cs)alkynyl include, but afe not limited to, cyclopropylethynyl and
3-cyclopentylprop- -yn— -yl A o ST ' o

The térm “aryl‘(Cz'-CG‘)alk)‘my' » ‘as employed herein, refers to an aryl group, as defined
herein, appended to the parent molecular moiety through an (C,-Cs)alkynyl group, as
defined herein. Representative examples of aryl(C,-Cg)alkynyl inciude, but are not limited
tb, phényle'thynyl and 3i(napﬁthdlen41-'yl‘)prbﬁ-1'-y'n-i-yl;- IRIERE .

The term “(C,-C5)alkoxy(C2—Cs)alkynyl" as employed herem refers to at least one
(Cl-Cs)alkoxy group, as defined herein, appended to the parent molecular monety through
an (Cz-Cﬁ)alkynyl group, as deﬁned herein. When there are several (C;-Cs)alkoxy groups,
the (Cl—Cﬁ)alkoxy groups can be attached fo the same or diffefént carbon atom and thé
(Cl—Cs)alkoxy groups can be' ulenucal or dxfferent Representatlve examples of
(C;-Cs)alkoxy(Cz-Cg)alkynyl mclude but are not lumted to, tert-butoxyethynyl and o
3 methoxyprop I-yn-l-yl S

The term “heterocyclyl(Cz Cﬁ)alkynyl” as employed herem refers toa heterocyclyl group,
as definied herein, appended to the parent molecular moiety through an (Cz—Cﬁ)alkynyl
group, as deﬁned ‘herein. Representatxve examples of heterocyclyl(Cz-Cf,)alkynyl mclude
but are not limited to, morphohnoethynyl and 3-(p1pendm- ~y1)prop- -yn 1-yL
The term “heteroaryl(Cz—Cs)alkynyl” as’ employed herem, refers to a heteroaryl group, as
deﬁned herein, appended to the parent molecular moiety through an (C-Ce)alkynyl group,
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as defined herein. Representative examples of heteroaryl(C,-Ce)alkynyl include, but are not

limited to, thiophen-3-ylethynyl and 3-(1H-pyrazol-4-yl)prop-1-yn-1-yl.

The term “halo(C;-Cg)alkoxy”, as employed herein, refers to at least one halogen, as
defined herein, appended to the parent molecular moiety through an (C,-Ce)alkoxy group,

as defined herein. When there are several halogens, the halogens can be attached to the

-same or different carbon atom and the halogens can be identical or different. Representative

examples of halo(C-Ce)alkoxy mclude, but are not hmrted to, trxﬂuoromethoxy and
l 1, 2 2—tetraﬂuoroethoxy A A -

The term “hydroxy(C;-Ce)alkoxy”, as employed herein as such or as part of another group,
refers to at leéast oné hydroxy group, as definéd hérein, appénded to thé pareit molécular
moxety through an ' (C;-Cg)alkoxy group, as defined herein. When there dte several hydroxy
groups 'the hydroxy groups can be attactied to the ‘same or different carbori ator.
Representatlve examples of hydroxy(CpCﬁ)alkoxy include, but are not limited to,

hydroxymeéthoxy and 3-hydroxy-2,2-dimethylpropoxy.

'l‘he term “(C;-Cs)alkoxy(CI-Cé)alkoky” as employed herein as such or as part of another
grOup, refers to at least one (Cl-C(',)alkoxy group, as defined hérein, appended to the parent
molecula.r morety through an (C,-C‘s)alkoxy group, as defined herein. The (Cl-Cs)alkoxy
groups caf Be idehtical or different; When thete are several (Cl-Ce)alkoxy groups appended
to the parent molecular morety through an (C|~C5)alkoxy group, the (Cl-Cg)alkoxy groups
can be atfathed to the same or different carbon atom. Representauve examples of
(Cl-Cs)alkoxy(Cl-Cs)alkoxy mclude but are not lirited to, 2-methoxyethoxy and

3 methoxy—2 2- dlmerhylpropoxy

The term “hydroxy(Cl-C6)alkoxy(C1-Cs)alkyl" as employed herein, refers to at least one
hydroxy(C ;-C6)a1koxy group, as deﬁned herein, appended to the parent molecular morety
through an (C;-Ce)alkyl gro’up, as’ defined herem When there are several e
hydroxy(Cl-C(,)alkoxy groups  the hydroxy(CrCs)alkoxy groups can be attached tothe
same or dlfferent carbon atom and the hydroxy(Cl—Cs)alkoxy groups can be 1dentlca1 or
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different. Representative examples of hydroxy(C;-Ce)alkoxy(C;-Cs)alkyl include, but are
not limited to, (3-hydroxy-2,2-dimethylpropoxy)methyl and 2-(hydroxymethoxy)prop-2-yl.

The term “(C3-Cy)cycloalkyl(C;-Ce)alkyl”, as employed herein, refers to a B
(C3-Cr)eycloalkyl group, as defined herein, appended to the parent molecular moiety
through an (C;-Ce)alkyl group, as defined herein. Representative examples of
(C5-Co)eycloalkyl(Ci-Cg)alkyl include, but are not limited to, cyclohexylmethyl and
2-cyclopentylethyl.

The term “cyano”, as employed herein, refers to -CN group. -

Thie térm “carboxy(C;-Ce)alkyl”, as'employed hereii, refers to & carboky-group, as defined
Herein, appended 16 ‘the parent imibléciilar moiety through an (Cy-Ce)alkyl gréup; is defined
herein. Representanve examples of carboxy(CrCs)alkyl mclude but are not’ hrmted to,
carboxymethyl l-carboxyethyl and 2-carboxyethyl

The term "(C;-Cs)alkyl” as employed herem refers to a straight or branched chain
saturated hydrocarbon group havmg 1, 2 3,4 of 5 carbori atom(s). Representatlve examples
of (C; -Cs)alkyl mclude but are not lnmted to, methyl, ethyl, propyl, xsopropyl pentyl, and
neopentyl

Pharmaceuncally acceptable salts e g metal salts and ac:d addition salts, with both organic
and i morgamc amds, are well knows in'the field of pharmaceuncals Representatlve
examples of pharmaceutically acceptable metal salts include, but are not limited to, hthium,
ébdium, petassfum,:calcidm; magnesium, aliminum and zinc salts: Representative examples
of pharmaceutically acceptable ‘acid addition salts inclide, but are nof limited 1o, chloridés.
brormdes sulfates ‘nitrates, phosphates, sulfonates methane sulfonates, formates tanrates

maJeates cxtrates benzoates, salicylates, and ascorbates

Pharmaceitically acceptable esters of hydroxy groups may be prepared by known methods’

usmg ph‘arrriziceutically' acceptable carboxylic acids that are conventional in the field of
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pharmaceuticals. Representative examples of pharmaceutically acceptable esters of hydroxy

groups include, but are not limited to, esters formed with butyric acid and pentanoic acid.

Pharmaceutically acceptable esters of carboxy groups may be prepared by known methods
using phatmeceutically acceptable alcohols that are conventional in the field of |
pharrrtaéeuticals. Representative examples of pharmaceutically acceptable esters of carboxy
groups include, but are not limited to, esters formed with propan-1-ol, butan-1-ol, and

2-methylpropan-1-ol.

The invention includes within its séope all the possible’ geometric isomers, e.g. Z and E’
isomers (cis and trans isomers), of the compounds as well as all the possible optical
isomers, e.g. diasteréomers and enaritiomers, of thie cotmpounds. Furthermore; the invérition
includes in its scope both the individual isormers and any mixtires thereof, e.g. racemic
mixtures. The individual isomers may be obtained using the corfesponding'isomeric forms
of the starting material or they may be separated after the preparation of the end compound
according t‘o:oon\}en’tional separation methods. For the separation of optical isomers, e.g.
enantlomers from the mixture thereof conventxonal resolutton methods, e. .8 fractlonal

ote -

crystalhzatxon may be used.

The mventlon mcludes thhm 1ts scope all the possnble tautomers or equdtbnum mixtures
thereof of the compounds In'taiitomers a hydrogen migrates from one atom of the
compound to anothiér atom of the compound Representatxve examples of tautomers mclude

but are not hrnlted to, keto/enol and mtroso/oxxme

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

or accordmg to methods known in the hterature usmg smtable startmg matenals

While ‘ma';ny ;genei'alg methods are dvailable for the generation of a cyano group, most of ‘
them are not dxrectly usable in the field of catechol chemistry. For instance, the Sandmeyer
rcactlon prvades an extremely reactxve catechohc anune as an mtermedtate whtch creates

senous preparauve challenges
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Some methods useful for the preparation of the compounds of formula I are described

below. The dicyano grouping can be constructed efficiently using simple starting materials

essentially via two ways, either synthesizing two formyl groups simultaneously or building

the second formyl group on a benzaldehyde derivative. In both cases the formyl groups are

subsequently transformed into cyano groups in good yield. Further transformations provide

a useful intermediate from which numerous final products can be formed.

Scheme 1. Starting from 2-methoxy-5-methylphenol

o

IR Y

In Scheme 1, 2—methoxy-5.-m¢§hylphenol is formylated with hexamethylenetetramine in a
suitable solvent, e.g. acetic amd ,4‘-Hydroxy—5~m¢thoxy-2;memylisophthalaldehyde is
cénvertednto 4-hydroxy-5-methoxy-2-methylisophthalonitrile with hydroxylamine
hydfochlof:idé m a suitable solvent, e.g. formic acid. 4-Hydroxy-5-methoxy-
2-mcthyhsophthalommlc is brominated with N-bromosuccinimide in a suitable solvent, e.g.
dichloromcthane 1o yield 2 (bromomethyl)-4-hydroxy-5-methoxylsophthalomtnle The -
bromine atom is then converted to the desxrcd functional group and the desired product is -
obtained by carrying out a demethylauon with a Lewis acid in a suitable solvent, e.g. wnth

alummurn chloride in acetomtnle or. Wxth boron trxbromxde in dlchloromethane

Scheme 2. Starting from 2-bromo-4-hydroxy-5-methoxybenzaldehyde
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o} CHO

HO” SBr
Vi

CHO'

CVIE
Q CN . s
- Stille, Suzu!q etc
cross-coupling
—
HO 8r
VI CN

CN Stille, Suzuki etc
cross-coupling

In Scheme 2, R; is as defined above. 2-Bromo—4-hyéiroiy-S—methoxybenzaldehyde is
formylatcd'gwith hexamethylenetetramine in a suitable solvent, e.g. acetic acid. 2-Bromo-

5 4-hydroxy~5-methoxynsophthalaldehyde is converted to 2-bromo-4-hydroxy-

' S-methoxyxsophthalommle with hydroxylamme hydrochlonde in a suitable solvent, e.g.
formic acxd The bromine atom 1s replaced with substitiient R, for instance, by a Suzuki
cross-coupling reaction. 2-Bromo—4-hydroxy-5 methoxylsophthalomtnle is reacted with a
suitable boromc acid derivative in a sunable solvent, e.g. 1 4-d10xane/water Intermediate

10 IX obtained is then demethylated. Allemauvely, the demethy]atxon is carried out before

replacmg the bromine atom with substitdent R;. The demethylation is carried out with a
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Lewis acid in a suitable solvent, e.g. with aluminum chloride in acetonitrile or with boron
tribromide in dichloromethané. Intermediate IX is not necessarily isolated from the reaction

mixture. Another route for the conversion of 2-bromo-4-hydroxy-

5:methoxyisophthalaldehyde to product T is depicted in Scheme 5.

Scheme 3. Starting from a S-substituted 2-methoxyphenol
: o

HOT . Y LRy

HO

In Scheme 3, R, is as defined above. Compound X1 'is;.ciiformylated, for example, with
hexamethylenetetramine in a sxiitable solvent such as acetic acid or trifluoroacetic acid, or
dibrominated, for example, with bromine in a suitable solvent such as a mixture of
dichloromethane and acefic: acxd Dicyano derivative IX is obtained by reacting diformyl

derivative XII with hydroX§lérxﬁxié hydrochloride in a suitable solvent such as formic acid



WO 2013/175053 PCT/F12013/600026

26

or by reacting dibromo derivative XIII with copper(I) cyanide in a suitable solvent such as
N,N-dimethylformamide. Dicyano derivative IX is demethylated with a Lewis acid in a

suitable solvent, e.g. with aluminum chloride in acetonitrile or with boron tribromide in

dichloromethane.

Schemie 4. Starting from 3-benzyloxy-4-methoxybenzaldehyde
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In Scheme 4, Bn is benzyl, R’ is, for example, (C,-Cs)alky] or aryl, R"' is, for example,
(C;-Cs)alkyl, R*" is, for example, aryl, and X is halogen. 3-Benzyloxy-
4-methoxybenzaldehyde is converted to alcohol XV using a suitable Grignard reagent.
Compound XVl is obtained by hydrogenating alcohol XV. When R’ is, for example,
(Cy-Cs)alkyl, compound XVI can be diformylated, for example, with
hexamethylenetetramine in a suitable solvent such as acetic acid or trifluoroacetic acid.
When R’ is, for example, aryl, compound XVI can be dibrominated, for example, with

bromine in a suitable solvent such as a mixture of dichloromethane and acetic acid. Dicyano

derivative XIX is obtained by reacting diformy! derivative X VII with hydroxylamine ‘

Hydrochloride in a suitable solvent such as formic acid or by reacting dibromo derivative
XVII with copper(l) cyanide in a suitablé solvent such as N,N-difmethylformarnide.
Dicyano derivative XIX is demethylated with a Lewis acid in a suitable solvent, e.g. with

aluminum chloride in acetonitrilé or with boron tribromide in dichloromethane.

Scheme 5. Conversion of 2-bromo-4-hydroxy-5-methoxyisophthalaldehyde
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In Scheme 5, Ac is acetyl and R*’"’ is, for example, aryl-S- or heteroaryl-S-, 2—$romo-
4-hydroxy-5-methoxyisophthalaldehyde, which can be prepared as depicted in Scheme 2, is
converted to (1E,1 ’E)—2—bromo-6-hydr6.xy-3-((E)=(hydr6iyinﬁno)memyl)~§¢, S e
methoxybenzaldehyde oxime with hydroxyignﬁng hyglrochloridc- ina suitab:le solvent, e.g.
tetrahydrofuran. Treating (1E,1’_E)-2-bromo-6-nydroxy-z.-((E)-(hydroxyiixiin‘o)m“’edfyi)-5~
methoxybenzaldehyde oxime with acetic anhydride yields 3—bromo-2,4—dicyanc;-—6-
methoxyphenyl acetate. Dicyano derivative IX is obtained by reacting 3-bromo-2,4-
dicyano-6~nietimxy§henyl acetate with a suitable thiol in a suitable solvent, e.g.
N,N-dirnethylformarnide. Dicyano derivative IX is demethylated withi a Lewis acid in a
snitable solvent, €.g. with aluminum chloride in acetonitrile of with boron tribrémide in"

dichlorométhane,
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It is obvious for a person skilled in the art that any starting material or intermediate in the

reactions described above can be protected, if necessary, in a manner well known in the

chemical field. For instance, ethyl vanillin can be used instead of vanillin. Any protected

functionality can subsequently} be deprotected in a manner known in the art.

Stepwise routes oan be used. For instance, the dicyano target can be prepared from a
suitable starting compound in the following order: 1) monobromiuatiou, 2)
monoformylation, 3) conversion of CHO to CN, and 4) conversion of Br to CN. The order
Gf all of these separate steps of bromiination, formylation, conversion of CHO to CN and
conversion of Br to €N can be optionally chaiged. For instance, ofi¢ ¢an start witha
forraylation. Likewise, if desiréd, conversion of Br to CN can 'be cartied out prior {6

conversion of CHO'to CN.

The synthetic routés ‘described above are meant to illustrate the preparation of the
cormpounds of formula I and the preparation'is by no means limited thereto, i.c., there are
also other possible synthetic methods which ‘are within the general knowledge of a person
skxlled i the art. For instance, formylatlon can be accomphshed also v1a lithiation of an
aromanc methoxy halogemde, e.g. an aromatlc mcthoxy brormde of an aromatic methoxy
dxhalogemde e g an aromatrc methoxy dxbrormde oxidation of a methyl group or reduction
of a carbOxy group An aromatic formyl group can be converted into a hydroxy group via a

Dakin reaction.

The compounds of formula I may be converted, if desired, irito thcxr pharmaceum:ally

acceptable salt or ester form usmg methods well known in the art,
The\pres'ént invention will_b‘e exﬁlained in more detail by the following ex‘a'rriplcs; The’
examples are meant for iuustratiué purposes only and do not limit the scope of the invention

defined in the.claims. = -

Unless otherwise noted, all the starting materials were obtained from commercial suppliers

and used without further purification. The abbreviations have the meanings indicated below.

AcOH acetic acid
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AIBN 2,2’-azobisisobutyronitrile
DBU 1,8-diazabicyclof5,4,0]undec-7-ene
DCM dichloromethane :
DIPEA N,N-diisopropylethylamine
DMAP 4-dimethylaminopyridine
DMF N,N-dimethylformamide
DMSO dimethylsulfoxide
DPEPhos (oxybis(2,1-phenylene))bis(diphenylphosphine)
EtOAc ethyl acetate
mCPBA m-Chloroperoxybenzoic acid
NBS N-bromosuccinimide

Pddppf)Cl,  (1,1’-bis(diphenylphosphino)ferrocene)palladium dichloride
Pd,(dba), Tris(dibenzylideneacetone)dipalladium(0) -

TFA trifluoroacetic acid

THF - tetrahydrofuran

Preparation of intermediates -
:Ijx;tAeifmediaté: Al 21;ﬁ)"‘<~i_|§oxy-,S-methoxy-z-methy-lisophthalonitrile

4-Hydroxy-S-methoxy-Z-methyhsophthalaldehyde _

2—Methoxy—5-methy1phenol ( 11 0 g) and- hexamethylenetetrarmne (23.8 g) in AcOH (280
ml) were reﬂuxed» fon 15h. Conoentrated HCl! (20 ml) was added and the mixture was
feﬂuxed for 3 h. The solvent volume was reduced to 40-50 ml. The mixture was cooled for
1 h'in‘an icé bath. Thé precipitate was filtered off and washed with ethanol. Water was
added_ to the t":xltratc and the mixture was extracted thrice with DCM. The combined organic
phas;e's ‘were dried (N#SO4) and évaporated to dryness: The residie was triturated with
ethanol and cooled in an ice bath. The solid was filtered off and washed with ethanol.
Concentrated HC1 (45 ml) was added to the sohd and refluxed for 1 h. The reaction xmxturc
was cooled in an xce bath, filtered and washed with ethanol (5 ml). Yield 2.9 g '

1H NMR (400 MHz, DMSO—ds) ppm 12. 02 (s/1H)'10.48 (s 1 H) 10.28 (s 1'H)7. 56 (s 1
mzws3m'

4- Hydroxy-S-methoxy-2-methyhsophthalommle

4- Hydroxy-S-methoxy-Z-methyhsophthalaldehyde (5 28), hydroxylannne hydrochloride
(5.58 ‘g) and’ anhydrous sodmm acetate (8 79 g) in formic acid (30 ml) were refluxed for 5 h.
'Thé reaction mixture was ‘cooled in an ice bath and the prccxpltate was flltered offand
washed ‘with water Yxcld 46g" o ' |

H NMR (400 MHz, DMSO-ds) ppm 1147 (brs, 1 H) 7.55 (s, 1 H) 3.88 (s, 3 H)
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Intermediate A2: 2-Bromo-4-hydroxy-5-methoxyisophthalonitrile

2-Bromo-4-hydroxy-5-methoxyisophthalaldehyde
2—Brom0-4—ﬁydroxy-5-memoxybenz_aldehyde (0.75 g) and hexamethylenetetramine (0.91 g)
in AcOH (30 ml) was heated under reflux for 4 h. AcOH was evaporated and 4 M HCI (30
ml) was added. The mixture was first refluxed for 2 h and stirred overnight at room
temperature. The solid product was filtered, washed with water and dried. Yield 0.38 g

'H NMR (400 MHz, DMSO-ds) ppm 10.37 (s, 1 H) 10.24 (s, 1 H) 7.50 (s, 1 H) 3.90 (s, 3
H

2-Biromo-4-hydroxy-5-methoxyisophthalonitrile
3-Biotio-4-hydioxy-S-imethioxyisophthalaldehydé (1.6 g) and hydroxylamise
hydrochloride (9/3 g) wert dissolved in hot formic acid (155 ml). The solution was heated
to boiling point followed by addition of anhydrous sodium acetate (22.0 g). The mixture
was refliixéd for 2 hi* Abetic anhydride (18.2'g) was added dropwise fo the hot reaction
mxxture and reﬂuxed for 4 h. The mxxture was allowcd to cool to room temperature
ovemnght and then snrred in an ice ‘bath, The solid was ﬂltered washed with ice cold water
(20 ml) and dried. Yield 10.6 g

IH NMR (400 MHz, DMSO-s) ppm 12.10 (br s, 1 H) 7.75 (s, 1 H) 3.91 (s, 3H)

Intermedlate A3 2-Bromo-4,5-d1hydroxylsophthalomtnle

The preparanon of 2-bromo-4 hydroxy-S methoxylsophthalomtnlc is descnbed above
Sleve dry acetommlc (75 ml) was cooled m an ice bath Alummum chlonde (3 16 g) was
added slowly to the solvent'so 'fhat temperaturc was kept bclow 30 °C. The mixture was
stirred at'room tcmperature for 10 mifi. Sodium iodine 4y was added and the solution -
was stirred for' 15 mini 2—‘B"rbmo-4-hydroxy 5-methoxyisophthalonitrile (2.0 g) was added
and the reacuon ‘mixture was heated at 70 °C for 5 h aftér 'which it was surred at room
tempcrature overmght 4 M HCI (20 ml) and a soluuon of sodxum sulfate (1.3 g) in water
(40 ml) were successwely added to the cool reaction mixture: The mixture was extracted
thrice thh EtOAc (50 rnl) and the combined orgamc phases were washed with 2 M HCl (50
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ml), water (50 ml) and brine (50 ml). The washed organic phase was dried (Na;SQys),
filtered and evaporated to dryness. Yield 1.89 g
'H NMR (400 MHz, DMSO-dg) ppm 11.15 (br's, 2 H) 7.32 (s, 2 H) -

Intermediate A4: 4-Bromo-3,5-dicyano-1,2-phenylene diacetate -

The preparation of 2-bromo-4,5-dihydroxyisophthalonitrile is described above. 2-Bromo-
4,5-dihydroxyisophthalonitrile (1.80 g), acetic anhydride (10 ml) and sulfuric acid (20 pl)
was stirred at room temperature overnight. The reaction mixture was poured slowly to ice
water (50'ml) stirririg simultaneously the water mixture. The product was filtered, washed
with water and dried in vacuum (30°°C). Yield 2.19 g '

'H NMR (400 MHz, chloréform-d) ppm 7.79 (s, 1 H) 2.43 (s, 3 H) 2.34 (s, 3 H)

Intérinediate A5: 2-Bromo-4,5-diisopropoxyisophthalonitrile’

The preparation of 2-bromio-4,3-dihydroxyisophthalonitrile is described above. To a Warm
tixture of 2-brorno-4,5-dihydroxyisophthalonitrile (10:0 g) and potassitiri‘carbonate (23.1
g)in DMF (160 ‘mil) was added 2-iodoproparié (16.7 ml) dropwise over I h. The réaction
mlxture was heated at 85 °Cfor 6 h after which it was poured into cold water and pH was
adjusted to 12 The precnpxtate was ﬁltered washed w1th water and dned in vacuum. Yield
93 T A :

'H NMR (400 MHz, DMSO-dc) ppm 8. 00 (s 1 H) 4 85 (m, l H) 4,82 (m, 1 H) 1.32 (s, 6 H)
1 30 (s 6 H) ‘ ‘ e

Iﬁtérme‘dlaié A6 S;Bfom642,4idiéienb%iihetho:&yﬁhenj'l kc‘eﬁaté -
(1E,1’E)-2-Bromo-6 hydroxy-3-((E) (hydroxylmmo)methyl)-s-methoxybenzaldehyde
oxime - -
The preparatlon of 2-bromo—4—hydroxy-5 methoxylsophthalaldehyde is described above. 2-
Bromo-4—hydroxy-5-methoxyxsophthalaldehyde (15.9 g) and hydroxylamme hydrochloncle"
(17 0 g) were dlSSOlVCd in THF (500 ml) Pyndme (19.9 ml) was added. The solution was
heated at 90 °C for 3 h. After concentration to half of the ongmal volume ice and 4 M HCI
solutxon (40 ml) was added. The rruxture wis ‘stirred for 30 min. The sohd was ﬁltered
washed with 1 M HCl and ice cold water and dried. Yield 17 4 g
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'H NMR (400 MHz, DMSO-dg) ppm 12.10 (br s, 1 H) 7.75 (s, 1 H) 3.91 (5, 3 H)

3-Bromo-2,4-dicyano-6-methoxyphenyl acetate
(1E,I’E)-2-Bromo-6-hydroxy-3-((E)-(hydroxyimino)methyl)-5-methoxybenzaldehyde
oxime (15.0 g) was dissolved in acetic anhydride (96 ml). The mixture was refluxed for 2 h.
The mixture was allowed to cool to room temperature overnight. Toluene and water were
added and solvents were evaporated. After 30 min stirring with ice cold water, the solid was
filtered, washed with ice cold water and dried. Yield 11.0 g

' NMR (400 MHz, DMSO-de) ppri 8.19 (s, 1 H) 3.92 (s, 3 H) 2.44 (s, 3H)

Intermediate A7: 3-Bromo-2,4-dicyano-6-methoxyphenyl tert-butyl carbonate

Tie preparation 'of 3:bromo-4-hydroxy:5-methoxyisophthalonitrile is described above. To
stifred solution of 2:biomo-4-lydroxy-5-methoxyisophthalonitrile (5.57 g) in cetonitiile -
(200 i) Wis 2dded ifi oné portionl DMAP (1.3 g) and di-tert-butyl dicarbonate (33.6 g):
After refluxing for 4 hi thie mixtute was cooled in an ice bath, filtered and evaporated to
dryncss EtOAd was addcd and the' mixture was filtered through sxhca gel. The filtrate was
evaporated to dryness Yield 4.79 g o ' '

lH NMR (400 MHz, DMSO-ds) ppm 7.98 (s, 1 H) 3.88 (s, 3 H) 1.42 (5,9 H)

Intermedlate AS 5. (Benzyloxy) 2- bromo-4-hydroxynsd)phthalomtnle o ‘
The preparatxon of 2-bromo-4 5+ dthydroxylsophthalomtnlc is described above: 2—Bromo-
4 5—d1hydroxy150phthalomtnle (450 mg) was dlssolved in DMF 7 ml) Cesium carbonate
(1.84 g) and bcnzyl chlonde (0 46 ml) were added and stirred at 70 °C for 1.5 h. The
reaction was quenched thh ice wateér and the mixture was surred for 10 min. The
precipitated solid was filtered, washed with water and dried under vacuum. Yield 520 mg
'H NMR (400 MHz, DMSO-dg) ppm 7.31-7.40 (m, 5 H) 6.73 (s, 1 H) 4.94 (s, 2 H)

Preparation of 'c'dm‘pdun&sfo'f the invention
Example 1: 2-Bromo-4 S-dxhydroxyisophthalomtnle

The preparation of the txtle compound is described above '
'H NMR (400 MHz, DMSO-ds) ppm 11.15 (br s, 2 H) 7.32 (s, 2 H)



10

15

20

25

30

WO 2013/175053 PCT/F12013/000026

35

Example 2: 4,5-Dihydroxy-2-(phenylethynyl)isophthalonitrile
2,6-Di-tert-butyl-4-methylphenol (13.6 mg) and tetrakis(triphenylphosphine)palladium
(28.6 rrig) was added to a solution of 4-bromo-3,5-dicyano-1,2-phenylene diacetate (200
mg) in dry toluene (18 ml). A solution of phenylethynyltri-n-butyltin (315 mg) in dry
toluene (2 ml) was added to the reaction mixture under nitrogen atmosphere. The reaction
mixture was heated under reflux for 6 h. The mixture was filtered through celite. The filtrate
was evaporated to dryness. THF (30 ml) and 1 M NaOH (40 ml) was added to the resultant
product and solution was stirred for 1 h. The solution was washed thrice with toluene (10
ml) The water phase was made acidic with 4 M HC] under coohng The product was
filtered: Washed with water and dried at'40 °C in'vacuum. Yield 45 mg ™’ i

'H NMR (400 MHz, DMSO-d¢) ppm 7.54-7.60 (m, 2 H) 7.47-7.53 tin; 3 H) 7.35(s, 1 H)

e ol e

Example 3: 4,5-Dihydroxy-2:(prop-1-ynyDisophthalonitrile

‘The title compound was prepared from 4-bromo-3,5:dicyano-1,2-phenylenie diacetate (200
mg) by the method of Example 2 usmg tnbutylpropyny]stannane (254 mg) mstead of "t
phenylethyny]m n-butyltm Yield 78 mg' et T e :
’H NMR (400 MHz, DMSO-ds) ppm 11.40 (bi s, 2 H)' 7.25 (‘s,‘"l"H) 2'.1"{3 (s;3H) )

Example 4: 4, S-Dlhydroxy-z-(l-methyl-1H-pyrrol-Z-yl)nsophthalonltnle

The title compound was prcpared from 4-bromo-3 S-dxcyano-l 2—phenylcne dxacetatc (500
mg) by the method of Example 2 usmg l-mcthy] 2-(tr1butylstannyl) lH-pyrrole (716 mg)

instead of phenylcthynyltrl-n-butyltm Yxeld 280mg e

lH NMR (400 MHz, DMSO-dg) ppm 11 39 (br s,2H)7.33(, I H) 6: 94-6 97 (m 1 H) 6. 20
(m,J—3 50, 1 80Hz, 1 H)6 12(m J-3 50 2.80 Hz, 1 H)347(s,3 H)

Example S: 4,5 Dlhydroxy-Z-(thlophen-z-yl)lsophthalomtnle

The utle compound was prcpared from 4-bromo-3; ,5-dicyano-1, 2~phenylene diacetate (200
mg) by the method of Example 2 usmg 2-(tributyl stannyl)thlophene (462 mg) instead of
phcnylethynyltn-n-butyltm Yield 60 mg Co e e T

Iy NMR (400 MHz DMSO—d(,) ppm 1141 (br 5,2 H) 7 80 (dd J=5. 0, l 3 Hz 1 H)7 31-
736(m2H)722(dd]-38Hz1H) ' IR
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Example 6: 2-(Furan-2-yl)-4,5-dihydroxyisophthalonitrile ,
The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (200
mg) by the method of Example 2 using 2-(tributylstannyl)furan (442 mg) instead of -
phenylethynyltri-n-butyltin.. Yield 100 mg : C
'H NMR (400 MHz, DMSO-dg) ppm 11.43 (br s, 2 H) 7.94 (br s, 1 H) 7.34 (s, 1 H) 6.88-
7.08 (m, 1 H) 6.72 (brs, 1 H)

Example 7: 3’,4’,5’-Trifluoro-3,4-dihydroxybiphenyl-2,6-dicarbonitrile

Té a solition of 4-bromo-3,5-dicyano-1,2-phenylene diacetate (500 mg) in acetonitrile (3
ml), water (4 l) and ethanol (3'ml) in a vial, was added 3,4,5-trifluorophenylboronic acid
(354 mg), b1s(trxphenylphosphme)palladxum(II) chloride (61 mg) 4nd sodidm catbonate
(492 mg) The reaction mixturé was microwave-irradiated for 60 min at 130 °C. The
mixture was filtered through pall filter, basified with 2 M NaOH (50 ml), ‘washed with
tohiene (50 ml). The aquéo'us phase was then acidified with 4 M HCI under cooling. The
product was filtered, washed with water and recrystallized with water/ethanol 10/2 mixture.
Yield 140 mg

'H NMR (400 MHz DMSO-ds) ppm 11.38 (br s, 2 H) 7:58-7.69 (m, 2 H) 7.36 (s, I H)

Example 8: ,'s-Dih'ydr’dky;zé(napﬁéhaieﬁ’léyl)'isoph'thﬂonitﬁlé“- |

The tltle compound was prepared from 4-bromo~3 5-d1cyano 1,2-phenylene dxacetate (200
mg) ‘and naphthalenc— 1-boronic acid (149 mg) instead of 3,4, S-mﬂuorophenylboromc acid
as described in’ Example 7. Yield 126 mg

'H NMR (400 MHz DMSO-d(,) ppm 11.47 (brs, 2 H) 8.08 (dd, J=1 00 Hz 2 H) 7.56-7.67
(m,2H)749756(m 2H)743(s1H)737(d J—lGOHzIH) | '

Example 9: 4’—tert-Butyl-3,4-d1hydroxyb1phenyl-2 6-d|carbonitnle

The txtle compound was prcpared from 4-bromo-3 S—dxcyano-l 2-phenylene dxacetate (300
mg) and 4—tert—butylphenylboromc ‘acid (248 mg) instead of 3,4 S-tnﬂuorOphenylboromc
acid as déscribed in Example 7. Reaction conditions: 20 min at 150 °C. Yield 115 mg-

'H NMR (400 MHz, DMSO‘dﬁ) ppm 11.67 (brs, 1 H) 11.06 (brs, 1 H) 7.52-7.59 (m, 2 H)
7.39-7.43 (m, 2 H) 7.34 (s, 1 H) 134 (5, 9 H) | |
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Example 10: 3,4~Dihydroxy-4’f(hydroxymethyl)biphenyl-2,6~dicéx4bonitrile

The title compound was prepared from 4~bromo-3,5-dicyano-l,2-phenylene diacetate (1 g)
and-4-(hydroxymethyl)benzeneboronic acid (564 mg) instead of 3,4,5-
trifluorophenylboronic acid as described in Example 7. Reaction conditions: 30 min at 130
°C. Yield 639 mg

'"H NMR (400 MHz, DMSO-ds) ppm 11.34 (br s, 1 H) 7.44 (m, J=8.10, 8.10, 8.10 Hz, 4 H)
7.34 (s, 1 H)5.33 (brs, 1 H)4.59 (5,2 H)

Example 11: 4; 5-thydroxy-z-(naphthalen-2-yl)lsophthalomtnle

The title comipound was prepared from 4-bromo-3; ;$-dicyano-1i Z-phenylenc diacetate {200
mg)’ and naphthalene-Z -boronic acid (138 mg) instead of 3.4,5- mﬂuorophenylboromc ac1d
as deséribed in Example 7. "Yield 160 mg - o '

'H NMR (400 MHz, DMSO-dg) ppm 11. 77 (brs, 1 H) 11.06 (br s, 1 H) 7. 98 8. 11 (m 4H)
756767(m 3H)740(s1H) :
Example 12: 3,4- Dlhydroxy-4’-(lsopropylthlo)b:phenyl-z 6-dicarbonitrile

The title' compound was prepared from 4-bromo-3 S-dlcyano-l 2-phcnylene diacetate (200
mg and 4- 1sopr0pyltluophenylboromc acid (158 mg) instead of 3,4,5- trxﬂuoropheny]boromc
ac1d as descnbed in Example 7. Reacnon conditions: 45 min at 150 °C. Yield'135 mg

lH NMR (400 MHz 'DMSO- d6) ppm 11.72 (br s, 1 H) 11.08 (brs, 1 H) 7.45-7.49 (m, 2 H)
740-744(m 2H)735(s lH)364(m J=13.30, 6.70, 670Hz lH) 1. 30(d J-—678Hz 6

Example 13 3 4 Dnhydroxy-nt’ (methylthlo)blphenyl-z 6-dicarbonitrile '

The title compound was prepared frorn 4-bromo-3 5~dxcyano-l 2-phenylenc diacetate (200

mg) and 4-(methylthxo)phenylboromc acid ( 135 mg) instéad of 3, 4 5—trxﬂuorophenylboromc
acid as dcscnbed in Examplé 7: Yield'151 mg ' S

'H NMR (400 MHz, DMS$0-ds) | ppm 11. 32 12.19 (m 1 H) 10. 74—11 28 (m 1 H) 7 36- 744

(m,4H)734(slH)254(s 3H) : L S

I

Example 14: 3,4-Dihydroxy-4’-isooropoxybiphenyl-Z,G-dicarbonitrile
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The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (600
mg) and 4-isopropoxyphenylboronic acid (334 mg) instead of 3,4,5-trifluorophenylboronic
acid as described in Example 7. Reaction conditions: 15 min at 150 °C. Yield 365 mg

'H NMR (400 MHz, DMSO-ds) ppm 11.25 (br s, 1 H) 7.25-7.44 (m, 3 H) 7.03 (d, J=8.03
Hz, 2 H) 4.65-4.76 (m, 1 H) 1.31 (d, J=5.77 Hz, 6 H)

Example 15: 4’-(Ethylthio)-3,4-dihydroxybiphenyl-2,6-dicarbonitrile

The title compound was prepared from 4-bromo-3 S-dicyano—l ,2-phenylene diacetate (200
mg) and 4-(ethylthio)benzeneboronic acid (146 mg) instead of 3 4 5-tr1ﬂu0rophenylboromc
acid as described i Example 7. Yield 143 mg T o
1H NMR (400 MHz, DMSO-de) ppm 11.76 (brs, 1 H) 11.05 (brs, 1 H) 7 41 (s,4 H)7 34
(s, 1H)307(m J_730 730 730Hz 2H) 1 29(t J=128Hz, 3H) ‘

Example 16: 3,4-Dihydroxy-4‘-isopmpoxy—3’,5’-dimethylbiphenyl-2,6-dicarbonitrile
The title compound was prepared from 4-bromo-3 ,5-dicyano-1,2-phenylene diacetate (200
mg) and 3,5-dimethyl-4-isopropoxyphenylboronic acid (167 mg) mstead of 34,5- -
tnﬂuorophenylboromc acid as ‘described in Example 7. Yield 109 mg’ M

1H NMR (400 MHz, DMSO~d6) ppm 11. 63 (br s, 1 H) 10.98 (br s, 1 H) 7 31 (s, 1 H) 7 11
. 2H)422-4 30(m, 1 H)226(s 6H) 1 26 (d J-627Hz 6H) o

Example 17: 4’-Butyl-3, 4-dihydfoxybipheriy1-2 6-dicarbonitrile

The title compound was prepared from 4—bromo 3 5~dlcyano~l 2-phenylcne diacetate (200
mg) and 4- n—butylbenzeneboromc acxd (143 mg) instead of 3 A4, S-trlﬂuorophenylboromc '
acxd as described i m Exariiple 7. Reacnon conditions: 15 min at 150 °C. Yncld 88 mg

1I-I NMR (400 MHz, DMSO-ds) ppm 11 .28 (br 5,2 H) 7:29-7.41 (m 5H)2. 66 (t, J=1.65
Hz, 2H) 1 61 (m, J=7 70 7. 70Hz ZH) 1.29-1.40 (m 2H)092 t, J-7 40 Hz, 3 H)

Ex;ample 18: 3 4-Dih§droxy;z’ @, 5’-trixﬁethylbiphényl-2 6-dicarbonitrile

The mlc compound was prepared from 4~bromo—3 ,5-dicyano-1, 2-phenylene diacetate (200
mg) and 2,4 S-trxmethylphenylboromc acid (132 mg) instead of 3,4,5-
tnﬂuorophenylboromc acnd as dcscnbcd in Example 7 Reacnon condmons 15 niin at 150
sC.Yield 122mg " S o
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'H NMR (400 MHz, DMSO-ds) ppm 11.37 (br s, 2 H) 7.33 (s, 1 H) 7.13 (s, 1 H) 6.96 (s, 1
H) 2.25 (s, 3H) 2.21 (s, 3 H) 2.00 (s, 3 H)

Example 19: 3,4-Dihydroxy-2’,5’-dimethylbiphenyl-2,6-dicarbonitrile

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (200. -
mg) and 2,5-dimethylbenzeneboronic acid (121 mg) instead of 3,4,5-trifluorophenylboronic
acid as described in Example 7. Reaction conditions: 15 min at 150 °C. Yield 102 mg

'H NMR (400 MHz, DMSO-dg) ppm 10.37-12.37 (m, 2 H) 7.35 (s, 1 H) 7.23-7. 27 (m, 1 H)
718723(m,lH)700704(m,1H)231(s,3H)203(s 3H) " ’

Example 20: 2-Cyclohexenyl-4,5-dihydroxyisophthalonitrile

The title‘cémpoﬁdd%\'vas pfépaféd'ftéim 4-bromo-3,5-dicyano-1 2'-'ph'en'ylene diacetate (200
mg) and cyclohexen 1-ylboromc acid (94 mg) instead of 3,4 S-tnﬂuorophenylboromc acxd
as-described in Example 7. Reaction conditions: 15 min at 150 °C. Yield'112: 'mg SR
1H NMR (400 MHz, DMSO-ds) ppm 10.57-11.63 (m, 2 H) 7.21 (5, 1 H) 5.78 (brs; 1 H)
222(brs 2H)2 15(brs 2H) I 72(m,J—430Hz 2H) 1. 63(m J=450 Hz, 2 H) :

Example 21: 3 Ethyn-s,};-dihyaroxybiphenyl-z 6-dicarbonitrile

The title’ compound was prcparcd from 4—bromo-3 S—dlcyano-i ,2-phenylene diacetate (250
mg) and 3-ethylphenylboromc acid (I 16 mg) instead of 3, 4 5-tr1ﬂuorophenylboromc ac1d as
described i in Example 7. Reaction conditions: 15 min at 150 °C Y:eld 204 mg

'H NMR (400 MHz DMSO-ds) ppm 10.86-11.94 (m 2H)7. 42 (s. 1 H) 7 29- 7 37 (m 3H)
728(51H)268(d J-—753Hz 2H)122(t J-765Hz 3H) ‘ '

Example 22: 3 4-Dihydr6xyi;iphenyl 2,4° 6—tricarbénitﬁle

The title compOund was prepared from 4-bromo—3 5-dxcyano~l .2-phenylene diacetate (200
mg) and 4-cyanophenylboromc acid (109 mg) instead of 3,4 S-tnﬂuorophenylboromc acid
as described in Example 7. Reaction conditions: 45 min at 150 °C. Yield 127 mg

'H NMR (400 MHz DMSO“dﬁ) ppm’ 11 49 (brs, 2 H) 8.00-8.04 (m 2 H) 7.69-7.74 (m, 2
H) 7.39 (s 1 H) '

Example 23: >3,4-Dihydroxy-4 "-(iso'propylsulfonyl)biphenyl;2,6-dicarbonitrile



10

15

20

25

30

WO 2013/175053 L o PCT/F12013/000026

40

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (200
mg) and 4-(isopropylsulfonylphenyl)boronic acid (169 mg) instead of 3,4,5-
trifluorophenylboronic acid as described in Example 7. Reaction conditions: 45 min at 150
°C. Yield 148 mg

"H NMR (400 MHz, DMSO-ds) ppm 10.83-12.08 (m, 2 H) 7.95-8.07 (m, 2 H) 7.75-7.83
(m, 2 H) 7.39 (s, 1 H) 3.48-3.60 (m, 1 H) 1.19 (d, /=6.78 Hz, 6 H)

Example 24: 2°,6’-Dicyano-3’,4’-dihydroxy-N,N-dimethylbiphenyl-4-sulfonamide
The title compound was prepared from 4-bromo-3 ,5-dicyano-1,2-phenylene diacetate (200
mg) and N,‘N—dime'thyl-4-bofoﬁbbenzénesulfonanﬁde (170 mg) instead of 3,4,5-
ttifluoropheriylboronic acid as described in Example 7. Reaction conditions: 15 min at 150
°C. Yield 159 mg

'H NMR (400 MHz, DMSO—d(,) ppm 11.51 (br 5,2 H) 7.88-7 93 (m 2'H) 7.75-7.80 (m,
H)740(slH)267(s 6H) " o '

Example 25: (E)-4,‘5-nih‘ydr'ox"y'-'z-(pent-1-eny1)isbphthalonitfile' '

The title cornpound was prepared from 4-bromo-3,5-dicyano- -1 ,2-phenylene diacetate (200
mg) and l-pentenylboromc aéid (85 mg) instead of 3 ,4,5-triflustrophenylboronic acid as
descnbed in Example 7. Réaction conditions: 15 min at 150 °C. Yield 100 mg -
lH NMR (400MH2 DMSO-ds) ppm 11 18 (brs, 2 H) 7.25 (s, I H) 6. 44 6 50 (m, 2 H)
221228(m 2H)149(m 2H)095(t J—740Hz 3H) ‘

Example 26: 2’ 6’-chyano-3’ 4’-dihydroxybiphenyl-3-carboxylic acid

The title compound was prepa.red from 4-bromo-3 ,5-dicyano-1, 2~phenylene diacetate (200
mg) and 3- carboxypheny)boromc acid (308 mg) instead of 34 S-trxﬂuorophenylboromc
acid as described in Example 7. Reaction conditions: 30 min at 130 °C. Yield 388 mg

'H NMR (400 MHz, DMSO—d(,) ppm 13.20 (br's, 1 H) 11.47 (brs, 2 H) 8.08 (d, J=7.78 Hz,
IH) 8.'01 (s, 1 H) 775 '(;'1.,‘ Jf'=7f;80' Hz, ll'H) 7567‘ (, 1;7.65 Hz 1H)7.37G, 1H)

Example 27: 3 4-D1hydroxy-4’-(l-methoxyethyl)blphenyl-z 6-dicarbonitrile
The title compound was prepared from 4-bromo-3,5-dicyano-1 2-phenylene diacetate (250
mg) and (4-(1-metoxyethyl)phenyl)boromc acid (139 mg) instead of 3 4 5-
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trifluorophenylboronic acid as described in Example 7. Reaction conditions: 15 min at 130
°C. Yield 63 mg

'H NMR (400 MHz, DMSO-ds) ppm 11.21 (br s, 2 H) 7.45 (s, 4 H) 7.34 (s, 1 H) 3.18 (s, 3
H) 1.39 (d, J=6.27 Hz, 3 H)

Example 28: (E)-2-(3,3-Dimethylbut-1-enyl)-4,5-dihydroxyisophthalonitrile

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (500
mg) and 3,3-dimethyl-1-butenylboronic acid (297 mg) instead of 3,4,5-
trifluorophenylboronic acid as described in Example 7. Reaction conditions: 20 min at 150
°C. Yield 280 iig

'H NMR (400 MHz, DMSO-ds) pprii 11.13 (br's, 2 H) 7.23 (s, 1 H) 6.47 (d, J=16.31'Hz, 1
H) 6:36 (d, J=16.31 Hz, 1 H) 1.11 (s, 9 H)

Example 29: 3,4-Dihydroxy-2’-méthylbiphenyl-2,6-dicarbonitrile

The title compourid was prepared from 4-bromo-3,5-dicyano-1,2-phienylene diacetate (250
mg) anid o-tolylboronic acid (105 mg) instead of 3,4,5-trifludrophenylboronic acid as
described in Example 7. Reaction conditions: 20 min at 150 °C. Yield 17 mg

'H NMR (400 MHz, DMSO-d¢) ppra 7.00-7.87 (m, 4 H) 7.27 (s, | H) 2.51 (s, 3H)
Exémiple 30: (E)-2-(2-Cyclohexylvinyl)-4,5-dihydroxyisophthalonitrile

The title compound was prepa:ed from 4‘bromo-3 ,5-dicyano-1 2-phcnylcne dlacetate (200
mg) and 2-cyclohexylethenylboromc acnd (95 mg) instead of 3, 4 5-tr1ﬂuorophenylboromc
acid as described i in Example 7. Reiction condmons 15 min at 130 °C. Yield 92 mg

'H NMR (400 MHz, DMSO-dﬁ) Ppm 11:62 (br s, 1 H) 10.92 (brs,2H) 7.24 (s, 1H)6.43
(d J-—226Hz 2H)2 17-2.27 (m, lH) 1. 68 1.81 (m 4H) 1. 63(d J-ll 54 Hz, lH) 1.13-
137(m5H) S C ‘ o

Examiple 31: (Z)-4;5-Dihydroxy-2-(prop-1-nyDisophthalonitrile

The title compound was prepared from 4-bromo-3 ,5-dicyano-1,2-phenylene diacetate (2 g)
and (Z)—prop- -enylboromc acid (744 mg) instead of 3,4,5- tnﬂuorophenylboronxc acid as
described in Example 7. Reaction éonditions: 20 min at 120 °C. Ylold 990 mg
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'H NMR (400 MHz, DMSO-ds) ppm 11.21 (brs, 2 H) 11.19 (br s, 1 H) 7.28 (s, 1 H) 6.40-
6.53 (m, 1 H) 6.05-6.17 (m, 1 H) 1.63 (d, J=7.03 Hz, 3 H)

Example 32: 3-(2°,6’-Dicyano-3°,4’-dihydroxybiphenyl-4-yl)propanoic acid

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (200
mg) and 4-(2-carboxyethyl)benzeneboronic acid (144 mg) instead of 3,4,5-
trifluorophenylboronic acid as described in Example 7. Reaction conditions: 30 min at 130
°C. Yield 33 mg

'H NMR (400 MHz, DMSO-ds) ppm 11.89-12.43 (m, 1 H) 10.78-11.86 (m, 2 H) 7.38 (5,4
H) 7.33(s,’1 H) 291 (t, J=7.65Hz, 2'H) 2.61 (1, J=7.65 Hz, 2 H)

Example 33: 3;4-Dihydroxy-3'-(hydroxymethyl)biphenyl-2,6-dicarbonitrile

The title compoiind Was prepared from 4-bromo-3;5-dicyario:1,2-phenylene diacetate (500
ing) and 3-(hydroxymethyl)benzeneboronic acid (282 mg) instead of 3,4,5-
trifliiorophenylbororiic acid as described in Example 7. Reaction conditions: 30 min at 130
°C Yleld 256 mg

1H NMR (400 MHz, DMSO-ds) ppm 11.36 (brs, 2 H) 7. 42-7 52 (m 2 H) 7.38 (s, 1 H) -
729736 (m, 2 H) 5.30(br s, 1H)4.58 s, 20F) = '

Example 34* 3, 4-Dlhydroxy-3’ (meﬂloxymethyl)blphenyl-z 6-d1carbomtrlle

Thc tltlc compound was prepared from 4-bromo-3 5-d1cyano-1 2-phenylene diacetate (500
mg and 3—rncthoxycthylphenylboromc acid (308 mg) instead of 3.4,5-
tnﬂuorophenylboromc acid as described in Example 7. Reaction conditions: 30 min at 150
°C Yield 370 thg

1H NMR (400 MHz, DMSO~d5) ppm 11. 35 (br s, 2 H) 7.48-7. 54 (m, l H) 7.42-7.48 (m,
H)735 742(m,3H)449(s 2'H)3.31 (s, 3 H)

Example 35: 2 6’-chyano-3’ 4’-d1hydroxy~N N-dlpropylhxphenyl-4-carboxam1de ‘
The title compound was prepared from 4-bromo-3 ,5-dicyano-1; Z-phenylene diacetate (300
mg) and 4—(dxpropylcarbamoyl)phenylboromc acid (301 mg) instead of 3,4,5-
tnﬂuorophenylboromc acid as described in Example 7. Reactior condmons 10 min at 150
°C. Yield 150 mg
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'H NMR (400 MHz, DMSO-ds) ppm 11.38 (br s, 2 H) 7.50-7.56 (m, 2 H) 7.43-7.50 (m, 2
H) 7.36 (s, 1 H) 3.39 (br s, 2H) 3.11 (br s, 2 H) 1.62 (br s, 2 H) 1.49 (br s, 2 H) 0.92 (br s, 3
H) 0.65 (br s, 3 H)

Example 36: (E)-4,5-Dihydroxy-2-(prop-1-enyl)isophthalonitrile

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (1 g)
and trans-propenylboronic acid (372 mg) instead of 3,4,5-triﬂuofophenylboronic acid as
described in Example 7. Reaction conditions: 20 min at 150 °C. The produét was
recrystallized from ethariol-water solution. Yiéld 564 mg ‘

'H NMR (400 MHz, DMSO-dg) pprn 7.24 (s, 1 H) 6.38-6.61 (m, 2 H) 1.93 (d, J=4.02 Hz, 3

Example 37: 3,4-Dihydroxybiphenyl-2,6-dicarbonitrile '~

3.Hydroxy-4-methoxybiphenyl-2,6-dicarbonitrile

To a mixture of 2-bromo-4- -hydroxy-5-methoxyisophthalonitrile (0.25 g) ‘and phenylboromc
amd 0.15 g) in ethanol ( 1 ml) and water (5 ml) was added
t@trgkxs(mphenylphosphme)palladlum (0.04 mg) and 2 M sodiam carbonate (1,63 ml). The
stirred reaction was refluxed for 3 h. The hot reaction mixture was filtered over pall filter.
After coolmg, the obtamed precipitate was acidified with 2 M HCl (5 ml), filtered, washed
with water and dned to glve 3-hydroxy—4-methoxyb1phenyl-2 6-d:carbomtt1]e Yxeld O.l14g
lH NMR (400 MHz DMSO-ds) ppm 7.49 (s, 1 H) 6 96—7 24 (m, 4 H)3.94 (s, 3 H) ‘

. 3 4-D1hydroxyblphenyl-2 6-d1carbomtnle

Toa dry nnxture of 3-hydroxy—4—methoxybiphenyl -2,6- dxcarbomtrxle (141 mg) in DCM (5
ml) under mtrogen atmosphere was added 1 M boron tribromide solution in DCM (2.82 ml)
at 0 °C. The reaction mixture was warrned slowly to room temperature with stirring for 3%2
h. The reaction mxxture was poured intd methanol (5 ml) / ice mixture. After evaporanon of
the solvent, ‘water (10 ml) was added and the mxxture was stirred for 1 h, followed by

ﬁlt;anon, ‘washing with »water and drymg in vacuum to give the title compound. Yield 115

mg
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'H NMR (400 MHz, DMSO-ds) ppm 11.35 (br s, 2 H) 7.50-7.55 (m, 3 H) 7.44-7.49 (m, 2
H) 7.35 (s, 1 H)

Example 38: 3°,4°-Dichloro-3,4-dihydroxybiphenyl-2,6-dicarbonitrile

Using the procedure described in Example 37, 3°,4’-dichloro-3-hydroxy-4-
methoxybiphenyl-2,6-dicarbonitrile (107 mg), prepared from 3,4-dichlorophenylboronic
acid and 2-bromo-4-hydroxy-5-methoxyisophthalonitrile, was demethylated to give the title
compound. Yield 96 mg

'H NMR (400 MHz, DMSO-de) ppm 11.38 (brs, 2 H) 7.84 (d, J=2.01 Hz, 1 H) 7.82 (d,
J=8.28 Hz, 1 H)751 (dd, /=8.28,2.26 Hz, 1 H) 7.35 (s, 1 H)

Example 39: 3.4- Dlhydroxy-3’-(trlﬂuoromethyl)bxphenyl-l 6-dicarbonitrile

Using the procedure described iti Example 37, 3-hydroxy-4-methoxy-3’-(trifluoromethyl)
bxphenyl-Z 6-dicarbonitrile (320 mg),’ prepared from 3-(tnﬂuoromethyl)phenylboromc ‘acid
and 2-bromo-4-hydroxy-5- mcthoxyxsophthalomtnlc was dcmethylated to give the title
compound Yield 239 mg

'H NMR (400 MHz, DMSO dﬁ) ppm 1. 19 (br s, 2H) 7.87- ‘7 92 (m, 2 H) 7.75-7.85 (m, 2

H) 7.36 G, 1Hy '

Example 40: 2-(Furan-3-yl)-4 5-dnhydroxylsophthalomtnle
Using the procedure described in Example 37,2 (furan-3-yl)-4-hydroxy~5- -

" methoxyisophthalonitrile (60 mg), prepared from furan-3-boronic acid and 2-bromo-4-

hydroxy-5-methoxyisophthalonitrile, was demethylated to give the title compound. Yield 56
mg

'H NMR (400 MHz, DMSO-dg) ppmi 11.68 (br s, 1 H) 11:15 (br s, 1 H) 8.00-8.12 (m, 1 H)
4.82-791 (m: 1 H) 7.33 (s, 1 H) 6.75-6.84 (m, 1 H)

Example 41: 3,4-D1hydroxy-4’-(trlﬂuoromethyl)blphenyl-z 6-dicarbonitrile

Using the procedure dcscnbed in Example 37, 3~hydroxy-4—methoxy—4’-(tnﬂuoromethyl)
bnphenyl—2,64d1carbomtnle (145 mg), prepared from 4-tri(fluoromethyl)phenylboronic acid
and 2-bromo'-4-hydfoxy-S;niefhéisrisophti{alonitﬁle, was demethylated to give the title
compound. Yield 139 mg



10

15

20

25

30

WO 2013/175053 ) PCT/F12013/000026

45

'"H NMR (400 MHz, DMSO-d) ppm 11.41 (br s, 2H) 7.92 (d, J=8.03 Hz, 2 H) 7.74 (d,
J=8.03 Hz, 2 H) 7.38 (s, 1 H)

Example 42: 4,5-Dihydroxy-2-(thiophen-3-yl)isophthalonitrile .
Using the procedure described in Example 37, 4-hydroxy-5-methoxy-2-(thiophen-3-yl)
isophthalonitrile (210 mg), prepared from thiophene-3-boronic acid and 2-bromo-4-
hydroxy-5-methoxyisophthalonitrile, was demethylated to give the title compound. Yield
110 mg

'H NMR (400 MHz, DMSO-d(,) ppm 11.56 (brs, 1H) 11.12 (brs, 1 H) 7.83 (dd, J=3.0, 1.2
Hz, 1 H)7.72 (dd, J=5.0 Hz, 1 H) 7.33 (s, 1 H) 7.30 (dd, 1 H)

Examplé 43: 4,5-Dihydroxy-2-(5-methy)furan-2-yl)isophthalonitrile

Using the procedure described it Example 37, 4-hydroxy-5-methoxy-2-(S-mefhylfaran-2-
yl)isophthaloniitrile (150 mg), prepared from 5-methylfuran-2-boronic acid and 2-bromo-4-
hydroxy-5-methoxyisophthalotitrile, was demethylated to give the title compound. Yield 90
e ,

'H NMR (400 MHz, DMSO-dg) ppm 11. 39 (brs, 2 H) 7.31(s, 1 H) 6.88 (d, J=3.3 Hz, 1 H)
6.21:6.48(m, 1 H) 235 (s, 3H) "’ :

Example 44: 4 5 thydroxy-Z-(S-methylthlophen-2-yl)isophthalomtnle

Using the procedure described in Example 37, 4- hydroxy-S-methoxy-z (5- methylthxophen-
2~yi)1sophthalommle (250 mg) prcpared from 5-methyltlnophenc-2~boromc acid and2-
bromo-4-hydroxy-5-methoxylsophthalommle was demethylated to give the title
compound Yxeld 130 mg

1H NMR (400 MHz DMSO—ds) ppm 11 41 (brs, 2 H) 7.31 (s, 1H) 7 13(d, /=3.5Hz, 1 H)
6.88- 6.95 (i, 1H)252(brs 3H)

Example 45: 2-Benzyl-4,5-dihydroxyisophthalonitrile
Z;Beiizylf4-hydro:iy-S-methdxyi'giopht'liélonitrile" ‘

To a mixture of 2-bromo-4-hydroxy-5-methoxyisophthalonitrile (1.0 g) and benzylboronic
acid pinacolz'e'ster (0.53 ml) in 1,4-dioxane (5 ml) and water (5 ml) was added Pd(dppf)Cl,
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complex with CH,Cl; (1:1) (0.260 g) and cesium carbonate (3.8 g). The stirred reaction was
microwave-irradiated at 120 °C for 30 min. The hot reaction mixture was filtered over pall
filter. After cooling, the obtained precipitaie was acidified with 2 M HCI (5 ml), filtered,
washed with water and dried to give 2-benzyl-4-hydroxy-5-methoxyisophthalonitrile. Yield
0.77 g |

1H NMR (400 MHz, DMSO-ds) ppm 7.49 (s 1 H) 6.96-7.24 (m, 4 H) 3.94 (s, 3 H)

2-Benzyl-4,5-dihydroxyisophthalonitrile
2—Berizyl—4-hydrOXy-5-métho’xyisophthalonitrile (1.5 g) was demethylated using boron
tribromide as described in Exdmple 37 to give the title compound. Yield 0.77 g

'H NMR (DMSO-ds) ppiti 10.8-11.6 (br, 2 H) 7.29 (s, 1 H) 7.15:7.35 (m,'5 H) 4.16 (s, 2 H)

Example 46: 2-(Benzofuran-2-yl)-4,5-dihydroxyisophthalonitrile

Usmg the procedurc described in Example 37, 2-(benzofuran 2-y1)-4—hydroxy-5-
methoxyisophthalonitrile (320 mg), prepared from 2-benzofuranboronic acid and 2-bromo-
4-hydroxy 5 methoxyrsophthalomtnle ‘was demethy]ated to grve the title compound Yield
200mg : :

'H NMR (400 MHz, DMSO-dg) ppm 11.60 (br 5,2 H) 7. 80 (d J—7 8 Hz, 1 H) 7.68 (d, J=8.
3Hz1H)740-748(m,3H)732739(m,1H) ' ~ : :

Example 47 2-(5 Chlorothnophen-Z-yl)-tl 5- dlhydroxyls0phthalonltrlle

Usmg the procedure described in Example 37, 2- (5-chlorothxophen -2- yl)A-hydroxy-S—
methoxyxsophthalomm}e 27 mg) ‘prepared from 5-chlorothmphene-2-boromc acid and 2-
bromo-4—hydroxy -5- methoxyrsophthalomtnle, was demcthylatcd to gwe the utlc
compound Yield 20 mg

'HNMR (400 MHz, DMSO-ds) ppm 11.35 (br 5,2 H) 7. 34 (s, 1 H) 7 274, J..3 9 Hz, 1H)

724(d IH)

Example 48 2-(Benm[b]thlophen-z-yl)-4,5-d:hydroxyxsophthalomtnle
Using the procedure described in Example 37, 2~(benzo[b}thlophen—2-yl)-4-hydroxy-5-
methoxylsophthalomtnle (70 mg), prepared from 2-bromo-4-hydroxy'5— '
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rhethoxyisophthalonitrile and thianaphthene-2-boronic acid, was demethylated to give the
titte compound. Yield 50 mg

'"H NMR (400 MHz, DMSO-ds) ppm 10.43-12.58 (m, 2 H) 8.04-8.11 (m, 1 H) 7.94-8.01
(m, 1 H) 7.67 (s, 1 H) 7.44-7.51 (m, 2 H) 7.39 (s, 1 H)

Example 49: (E)-4,5-Dihydroxy-2-styrylisophthalonitrile

Using the procedure described in Example 37, (E)-4-hydroxy-5-methoxy-2-
styrylisophthalonitrile (100 mg), prepared from 2-bromo-4-hydroxy-5-
methoxyisophthalonitrile and trans-2-phenylvinylboronic acid, was demethylatéd to givé
the"titlé’cofhpoux-xd Yield'79 mg

'"H NMR (400 MHz DMSO~d5) ppm 7. 61 (d J=7.28 Hz, 2 H)7.41-7.48 (m 2 H) 7.21-7.41
(m4H) B K S R :

Example 50: 4’-Eihyi-3;4-dihydroxybiphenil-2,6-diéari)onitrile

Using the ;S’robe'diire descﬁﬁed in Exaiﬁpie 37 4’-ethyl 3 "hydroxy"-i metho‘xybiphenyI 2,6-
4-ethylbenzeneboromc acid, was demethylated to give the title compound. Yield 100 mg
1H NMR (400 MHz DMSO ds) Ppm 7 33-7.41 (rn 5 H) 2. 70 (m J-7 50, 7. 50 7 50 Hz, 2
H)125(t.l-753Hz,3H) SR

Example 51: 3 4-Dihydroxy-3’ 5 ’-dimethylbiphenyl-Z 6-dicarbonitrile

Usmg the procedure descnbed in Example 37, 3-hydroxy~4-methoxy-3 5’-
dlmethylbxphcnyl 2 6-dncarbomtrﬂe (115 mg), prcpared from 2-bromo-4-hydroxy—5-
methoxylsophthalomtnle and 3 5—dlmethylbenzeneboromc amd was demethylated to give ?
the title compound Yield 70 mg ° e e e S

[H NMR (400 MHz DMSO-ds) ppm 7. 32 (s, 1H) 7. 14 (s, 1 H) 7.04 (s, 2 H) 2.33 (s 6 H)

Eanpie 52: 4,5-Dihydroxy-2-(phenylthio)isophthalonitrile
4 Hydroxy-S-methoxy-z (phenylth|o)lsophthalomtrlle

To a mxxture of 2—bromo-4-hydroxy S—methoxylsophthalomtnle ©05g)i in THF (8 ml) was
added phenyl dlsulﬁde (O 26 g) and Pd(dppf)Clz complex with CHzCIz (1:1) (0.13 g). The
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stirred reaction was refluxed for 24 h. The hot reaction mixture was filtered over pall filter.
After cooling, the obtained precipitate was acidified with 2 M HCI (S ml), filtered, washed
with water and dried to give 4-hydroxy-5-methoxy-2-(phenylthio)isophthalonitrile. Yield
045¢g L : _

'H NMR (400 MHz, DMSO-ds) ppm 7.29 (s, 1 H) 7.01-7.18 (m, 4 H) 3.68 (s, 2 H) .

4,5-Dihydroxy-2-(phenylthio)isophthalonitrile
4-Hydroxy-5-methoxy-2-(phenylthio)isophthalonitrile (400 mg) was demethylated using
boron tribromide as descrlbed in Example 37 to give the tltle compound Yield 164 mg
"H NMR (400 MHz, DMSO-ds) ppm 7.25-7. 40 (in, 6 H) B '

Ekémple 53: 4,5-Dihydroxy-2-(p-tolylthio)isophthalonitrile
4-Hydroxy-5-methoxy-2-(p-tolylthio)isophthalonitrile (400 mg), which Was prepated as
described in Example 52, except that p-tolyl disulfide was used instead of phenyl disulfide,
was demethylated using boron tribromide ‘as described in Example 37 to give the title
compound. Yield 65 mg ' |

'H NMR (400 MHz; DMSO-ds) ppm 11.45 (brs, 2 H) 7.36 (s, 1 H) 7. 17 (d J=8.28 Hz, 2
H)7. 12(d ]—828Hz,2H)227(s 3H)

Example 54: 4,5-DihydrOXy;24(4-ifnéth§lbénzyl)isophthaldnitrile’

-Hydroxy-S-methoxy-2-(4-methylbenzyl)lsophthalomtrde

To a mixture of 2—bromo—4-hydroxy-5—methoxyxsophthalommle (1 00 g) and 4,4,5,5-
tetramethyl-2-(4- methylbenzyl) I, 3 ,2-dioxaborolane (1.38 g) in ethanol 2. 5ml) and water
(22 ml) was added Pd(dppf)Clz complex thh CH,Cl, (1:1) (0.26 g) and sodium hydrogen
carbonate (1.32 g). The stirred reaction was refluxed for 3 h. The hot reaction mixture was
filtered over pall filter. After coolmg, the obtained precipitate was acidified with 2 M HCl
(10 ml), filtered, washed with waterand dried to nge 4-hydroxy—5-methoxy—2 4-
methylbenzyl)1sophtha]omtrlle Yxeld 053¢

'H NMR '(400 MHz, DMSO—de) ppm 7.66 (s 1 H) 6.96-7.24 (m 4 H) 4.13 (s, 2 H) 3.90 (s,
3H)226(s,3H)
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4 S-Dlhydroxy-z-(4-methylbenzyl)lsophthalomtnle

4-Hydroxy-5-methoxy-2- (4-methylbenzyl)lsophthalommle (1.00 g) in acetonitrile (15 ml)
was slowly added to a solution of aluminum chloride (0.95 g) and sodium iodide (1.07 g) in
acetonitrile (15 ml) 0 °C. The reaction mixture was heated at 50 °C for 3 h. Methanol (50
ml) was added and the solution was evaporated to dryness. 2 M NaOH (10 ml) and toluene
(20 ml) was added and the mixture was stirred for 1 h. The aqueous phase was washed
twice with toluene (10 ml) and made acidic by concentrated HCI at 0 °C. The product was
filtered, washed with water and dried to give the title compound. Yield 0.90 g

TH NMR (400 MHz, DMSO-da) ppm 7. 29 (s, 1 H) 6.92-7.21 (m, 4 H) 4.10 (s 2 H) 2.25 (s,
3 H) . . . e '
Example 55: 2-(4-Fluorobenzyl)-4,5-dihydroxyisophthalonitrile
2:(4-Fluorobenzyl)-4-hydroxy-5-methoxyisophthalonitrile
2:(4:Fluorobenzyl)-4-hydroxy-5-methoxyisophithalonitrile was prepared from 2-bromo=4-
hydroxy-5- methoxyisophmalonitrile (1.00 g) and 2-(4-fluorobenzyl)-4,4,5,5-tetramethyl-
1,3,2- dxoxaborolane (1.30'g) instéad of 44,5 5-tetramcthyl 2-(4-mcthylbenzyl) 1,3,2- -
dibxaborolane uSmg the procedure analogous to Example 54. Yield 0. 53 g

'H NMR (400 MHz DMSO-dg) ppm 7.68 (s 1 H)7. 04-7 29 (m 4 H) 4.18(s,2H) 3 90 G,
3H) - ‘ ' '

2 (4-Fluorobenzyl)-4 S-dlhydroxyxsophthalomtnle

2- (4~F]uorobenzyl)-4-hydroxy- -mcthoxyxsophthalommle (200 mg) was converted to the
title compound usmg thc procedure analogous to Example 54. Yield 96 mg

'H NMR (400 MHz, DMSO-ds) ppm 7.29 (s, 1 H) 7.12-7.23 (m 4 H) 4.14 (s, 2 H)

Example 56: '4',5’-Dihydro’xy-z;(4-hydr'dx‘ybenz'yl)is‘bphthalonitri’lé

Using the procedure analogous to Examole 54, 4-hydroxy-5-methoxy-2-(4-
methoxybenzyl)isophthalonitrile (250 mg), prepared from 4-methoxybenzylboronic acid
pmacol ester and- 2-bromo—4-hydroxy—5-methoxyisophthalommle (1.00 g), was
demethylated to nge the title compound Yield 96 mg
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'"H NMR (400 MHz, DMSO-ds) ppm 7.37 (s, 1 H) 6.96 (d, J=1.00 Hz, 2 H) 6.69 (d, J=1.00
Hz, 2 H) 4.01 (s, 2 H)

Example 57: 4,5-Dihydroxy-2-(2-methoxybenzyl)isophthalonitrile

Using the procedure analogous to Example 54, 4-hydroxy-5-methoxy-2-(2-
methoxybenzyl)isophthalonitrile' (116 mg), prepared from 2-bromo-4-hydroxy-5-
methoxyisophthalonitrile and 2-(2-methoxybenzyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane, was demethylated to give the title compound. Yield 17.6 mg

TH NMR (400 MHz, DMSO-ds) ppm 7.28 (s, 1 H) 7:23 (t, J=7.28 Hz, 1 H) 6.99 (d, J=8.28
Hz, 1 H) 6.84 (i, J=7.40 Hz, 1 H) 6.70 (d, J=7.28 Hz, 1 H) 4.07 (s, 2 H) 3.81 (s, 3 H)

Examnple 58: 4,S-ﬁii1ydroky-24(4-(triﬁuoi-oiuethofy)bei\zjri)is'gbﬁthalonitrile

Using the procedute analogous t6 Exarriple 54, 4-hydroxy-5-methoxy-2-(4-
(frifluoromettioxy)benzyl)isophthialonitrile (260 mg), prepared from 2-bromo-4-hydroxy-5-
methoxylsophthalomtnle and 4- (trxﬂuoromethoxy)benzylboromc acid pmacol ester, was
demethylated to give the title compotind. Yield 130 mg' " ;

'H NMR (400 MHz, DMSO-dg) ppin 7.25-7.36 (m, S'H) 4.18 (s,2H)

Example 59: 2-(3-Fluoro-4-methoxybenzyl)-4 S-dlhydroxynsophthalomtrde

Usmg the procedure analogous to Example 54, 2- (3-ﬂuoro-4~methoxybenzyl)-4 5-
dxhydroxylsophthalomtnle (600 mg) prepared from 2-bromo-4-hydroxy-5-
melhoxynsophthalommle and 2- (3-ﬂuoro-4-methoxybenzyl)—4 4,5,5- tetramethyl -1,3,2-
dloxaborolane, was demethylated to g:ve the title compound Yield 175 mg

'H NMR (400 MHz, DMSO-d5) ppm 7.36 (s, 1H)7.11 @, .I-S 78 Hz, ] H) 7. 0] (dd, J=1.00
Hz, 1 H)691 (brd, J-lOOHz, 1 H)409 (s,2H)380(s,3H) s

Example 60: 2-(2-Fluorobenzyl)-4,5-dxhydroxylsophthalomtnle

Usmg the procedure ana]ogous to Example 54, 2~(2—ﬂuorobenzy1)—4—hydroxy—5—
methoxyxsophthalommle (200 mg) prepared from 2-bromo-4- hydroxy-5~
methoxyxsophthalomtnle and 2-(2-fluorobenzyl)-4 4, 5 S-tetramethyl :1,3,2-dioxaborolane,
was demethylated to nge the tltle compound Yleld 86 mg -
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'H NMR (400 MHz, DMSO-ds) ppm 7.27-7.34 (m, 2 H) 7.16-7.24 (m, 1 H) 7.13 (t, J=7.53
Hz, 1 H) 6.95 (t, J=7.53 Hz, 1 H) 4.17 (s, 2 H)

Example 61: 4,5-Dihydroxy-2-(2-methylbenzyl)isophthalonitrile

Using the procedure analogous to Example 54, 4-hydroxy-5-methoxy-2-(2-
methylbenzyl)isophthalonitrile (550 mg), prepared from 2-bromo-4-hydroxy-5-
methoxyisophthalonitrile and 4,4,5,5-tetramethyl-2-(2-methylbenzyl)-1,3,2-dioxaborolane,
was demethylated to give the title compound. Yield 152 mg

'H NMR (400 MiHz, DMSO-ds) ppm 7.33 (s, 1 H) 7.22 (d, /=7.07 Hz, 1 H) 7.12 (4, J=7.07
Hz, 1 H) 7.07 (@, J=7.58 Hz, 1 H) 6.47(d, J=7.58 Hz, 1 H) 4.10 (s, 2 H) 2.38 (5, 3 H)

Examiple 62: 2-(2,5-Dimethylbenzyl)-4,5:dihydroxyisophthalonitrile

Usirig the procediire analogous to Example 54; (2,5-dimethylbenzyl)-4-hiydroxy-S-
methoxyisophthalofiiirile (578 mg), prepared from 2-bromo-4-hydroxy-5- -
methoxyisoplithalonitrile and 2-(2,5-diriiethylbenzyl)-4,4,5,5-tétramethyl-1,3,2-
dioxaborolane; was demethylated to give the title compouind. Yield 39 mg

'H NMR (400 MHz, DMSO- ds) ppm 7.33 (5, 1 H) 7:10 (d, J=7.28 Hz, 1 H) 6.93 (d J=1.03
Hz; 1 H) 6.28 (br &, 1 H) 4.06/(br's, 2 H) 2.32 (s, 3'H) .13 (s, 3 H) e

Example 63: 2- (3;P‘iubfo-SQIheihylbehz:)'l)-4 5-dihydroxyis()phtﬁﬂonitrile

Usmg the procedure analogous to Example 54, 2-(3- ﬂuoro-S-methylbenzyl)-4-hydroxy—5-
methoxylsophthalommle (600 mg), prepared from 2-bromo—4—hydroxy -5-
methoxyxsophthalomm]e and 2-(3-ﬂuoro 5-methylbenzyl)-4 4 5 5- tetramethyl -1,3, 2-
dioxaborolarie, was demethylatcd to give the title compound Yield 91 mg

'H NMR (400 MHz DMSO-d5) ppm 7 30 (s 1 H) 6.91 (d J—9 79 Hz, 1 H) 6.80 (s, 1 H)
6.75'(d, J-979Hz, 1H)4.13 s, 2H)227(s,3H)

Example 64: 3-(2,6-Dicyano-3,d-dihydroxybenzyl)benzoic acid .

Using the pr'océduré émaldgoué to Example 54, 3-(2,6-dicyano-3-hydroxy-4-
methoxybenzyl)benzoic acid'(300 mg), prepared from 2‘-bromo-4~hyd‘roxy 5-
methoxy:sophtha]ommle and methyl 3—((4 4,5,5- tetramethyl 1,3,2- dioxaborolan-2-
yl)methyl)benzoatc was demethylated to give the title compound. Yield 43 mg
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'H NMR (400 MHz, DMSO-dg) ppm 7.75 (s, 1 H) 7.26-7.56 (m, 4 H) 4.22 (s, 2 H)

Example 65: 2-(4-Fluoro-3-methylbenzyl)-4,5-dihydroxyisophthalonitrile

Using the procedure analogous to Example 54, 2-(4-fluoro-3-methylbenzyl)-4-hydroxy-5-
methoxyisophthalonitrile (600 mg), prepared from 2-bromo~4—hydroxy—5-'
methoxyisophthalonitrile and 2-(4-fluoro-3-methylbenzyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane, was demethylated to give the title compound. Yield 24 mg

"H NMR (400 MHz, DMSO-ds) ppm 7.29 (s, 1 H) 7.03-7.12 (m, 2 H) 6.99 (br s, 1 H) 4.10
(brs, 2H) 2! 19 (br s, 3 H)

Example 66: 4,5-Diliydroxy-2-(3-methylbenzylisophthalonitrile

Using the procedure analogous to Example 54, 4-hydroxy-5-methoxy-2-(3- -
itiethylbenzyl)isoplithalonitrile (600'mg); prepared from 2-bromo-4-hydroxy-5-
methoxyisophthalonitiile and 4,4,5;5 teframethyl-2-(3-methylbenzyl)-1,3,2-dioxabotolane,
was demehiylated to give the title compound. Yield 43 mg ‘

' NMR (400 MHz, DMSO-dg) ppm 11.57 (br s, 1 H) 10.93 (br s, 1'H) 7.29 (br s, 1 H) 7.19
(brs, 1 H) 6.79-7.00 (m, 3 H) 4.1 (s, 2 H) 2.26 (s, 3 H) )

Example 67: 2-(5-Fluoro-2-methoxybenzyl)-4 S-dlhydroxylsophthalomtrlle

Usmg the procedure analogous to Example 54, 2- (S-ﬂuoro—2-methoxybenzyl)-4 hydroxy-S-
mcthoxyxsophthalommle (400 mg) preparcd from 2-bromo-4- hydroxy-S- :
methoxyrsophthalommle and 2-(5-fluoro- 2-methoxybenzyl)4 4,5 S-tctramethyl-l 3 2-
dloxaborolane, was demethylated to give the title compound Yield 7 mg

'H NMR (400 MHz, DMSO-d(,) ppm 11.09 (br s, 1 H) 10.95 (br s, 1H)7. 29 s, 1 H) 6: 92-
7.11 (m, 2 H) 6.55 (d, J=9.03 Hz, 1 H) 4.06 (s, 2 H) 3.79 (s, 3H)

Example 68: 2-(3 5- Dlmethylbenzyl)-4 S-dxhydroxylsophthalomtnle
Usmg the procedure analogous to Example 54, 2-(3, 5-dimethylbenzyl)-4-hydroxy-5-
methoxyisophthalonitrile (578 ing), prepared from 2—bromo-4-hydroxy—5-
methoxyisophthalonitrile and 2—(3;5-diméthylbenzyl)-4,'4,5,5~tetramethyl~ 1,3,2-
dioxaboroiane, was demethylated to give the title compound. Yield 120 mg
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'H NMR (400 MHz, DMSO-dg) ppm 7.30 (s, 1 H) 6.86 (s, 1 H) 6.76 (s, 2 H) 4.07 (s, 2 H)
2.21(s,6 H)

Example 69: 4,5-Dihydroxy-2-(4-isopmpylbenzyl)isophthalonitrile _

Using the procedure analogous to Example 54, 4-hydroxy-2-(4-isopropylbenzyl)-5-
methoxyisophthalonitrile (600 mg), prepared from 2-bromo-4-hydroxy-5-
methoxyisophthalonitrile and 2-(4-isopropylbenzyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane, was demethylated to give the title compound. Yield 21 mg

'"H NMR (400 MHz, DMSO-ds) ppm 7.28 (s, 1 H) 7.18 (d, J=1.00 Hz, 2 H) 7.10 (d, J=1.00
Hz, 2 H) 4.10 (s, 2 H) 2.79-2.88 (m, 1 H) 1.17 (d, J=6.78 Hz, 6 H)

Examgple 70: 2-(4-Ethylbenzyl)-4,5-dihydroxyisophthalonitrile

2-(4-Ethylbenzyl)-4-hydroxy-5-methoxyisophthalonitrile

To a mixture of 2-bromo-4-hydroxy-5-methoxyisophthalonitrile (2.57 g) and 2-(4-
ethylbenzyl):4,4,5,5-tetraimethyl-1,3,2-dioxaborolane (3.75 g) in ethanol (5 ml) and water
(40 ml) was addéd Pd(dppf)Cl, complex with CH;Cl, (1:1) (0.67 g) and sodium hydrogen
carboriate (3.40 g). The stirred reaction was refluxed for 3 h. The hot reaction mixture was
filtered over pall filter. After coolmg, the obtained precipitate was acidified with 2 M HCI
(20 ml), filtercd washcd thh watcr and dried to give 2-(4~ethylbenzyl)-4-hydroxy~5-
methoxyxsophthalomtnle Yleld 2.31 g

'HNMR (400 MHz, DMSO-dg) ppm 7.41 (s, 1 H) 7.08-7.17 (m, 4 H) 4, 08 (s, 2 H) 3.82 (s,
3 H) 2.55 (q, J=7. 61 Hz, 2 H) 1 14 (t J-7 53 Hz, 3 H)

2-(4-Ethg;lbenz'yl)-4,5 -dihydi‘okyisophthalpﬁitl‘iie ’
Using the procedure described in Example 54, 2-(4-ethylbenzyl)-4-hydroxy-5-
i_tigithoxyisophthalonitrile:(2.31 _g)vwas converted to the title compound. Yield 2.15 g

-'H NMR (400 MHz, DMSO-ds) ppm 7.28 (s, 1 H) 7.12-7.17 (m, 2 H) 7.07-7.12 (m, 2 H)

4.11 (s, 2 H) 2.53-2.59 (m, 2'H) 1.14 (t, J=7.65 Hz, 3 H)

Ef(ﬁmple 71: 4,‘5-Diﬁydroxy-i&(naphthalen-1-ylmethyl)isophthalonitrile
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Using the procedure analogous to Example 54, 4-hydroxy-S-methoxy-2-(naphtalen-1-
ylmethyl)isophthalonitrile (100 mg), prepared from 2-bromo-4-hydroxy-5-
methoxyisophthalonitrile and 4.4,5,5-tetramethyl-2-(naphthalen-1-ylmethyl)-1,3,2-
dioxaborolane, was demethylated to give the title compound. Yield 40 mg

'H NMR (400 MHz, DMSO-ds) ppm 8.50-6.50 (m, 8 H) 4.72 (m, 2 H)

Example 72: 5-(2,6-Dicyano-3,4-dihydroxybenzyl)-z-hydroxybenzoic acid

Using the procedure analogous to Example 54, 5-(2,6-dicyano-3-hydroxy-4-
hethokybén‘zyl)Q}hydrox‘ybenz‘oié acid (300'mg), prepared from 2-bromo-4-hydroxy-5-
méthokyisophthalonitrile and 2-hydroxy-5-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylymethyl)benzoic acid, was déxﬁeﬂ{yiated to give the title comipound. Yield 38 mg

'H NMR (400 MHz, DMSO-de) ppin 11.29-11.80 (m, 1 H)10:95 (br , 1:H) 7.33 (s, 1 H)
7 10 (d, J=1.78 Hz, 1 H) 6.93° (d J£1.78 Hz, 1 H) 6.27 (s 1 H)406(s, 2H)

Example 73: 2-(2 4-Dlmethylbenzyl)-4 S-dlhydroxylsophthalomtnle -
2.2, 4-Dlmethylbenzyl)-4-hydroxy-S-methoxylsophthalomtrde A

Toa rmxture of 2-bromo—4‘hydroxy-5-methoxylsophthalommle (0 86 8) and 2- (2 4-
d1methylbenzy1)-4 4, 5 S-tetramethyl 1,3,2- dioxaborolane ( 113 g)i m ethanol . 5 ml) and
water (22 ml) was added Pd(dppf)Clz complex thh CH;CIz (1 1) (0 21 g) and sodium
hydrogen carbonate (1 10'g). The stirred reactlon was reﬂuxed for 3 h The hot reaction
rmxture was filtered over pall ﬁlter After coolmg, the obtamed precnpuate was acidified
wnh 2 M HCI (10 ml), filtéred, washed with water and dried to gnve 2- (2 4- ‘
d1methylbenzyl)-4 hydroxy-S-methoxyxsophthalomtnle Yield 043 g

'H NMR (400 MHz, DMSO-ds) ppm 7:70 (s, 1 H) 7.04 (s, 1 H) 6.87 (d J=1.78 Hz, 1 H)
6:34 (d, J=7.78 Hz, 1 H) 4.08 (s, 2 H) 3.93 (s, 3H)2.34(s,3H)2.22(s,3H)

2.(2,4-Dimiethylbenzyl)-4,5-dihydroxyisophthalonitrile

Using the procedure described in Example 54; 2-(2,4-dimethylbenzyl)-4-hydroxy-5- °
melhoxylsophthalomtnle (0. 43 g) was converted to the txtle compound Yield 040 g

'H NMR (400 MHz, DMSO-de) ppm 7.31(s, 1 H) 7 02 (S, 1 H) 6.86 (d J=8.03 Hz, 1 H)
6.34 (d, J—-778HZ,1H)404(S 2H)233(s 3H)221(s 3H) '
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Example 74: 2-(3, 6-Dlhydro-ZH-pyran-4-yl)-4,5-dxhydroxyisophthalon|tr|le

3 ,6-Dihydro- 2H-pyran-4—boromc acid pinacol ester (156 mg),
bxs(mphenylphosphme)palladmm(ll) chloride (24 mg) and sodium carbonate (197 mg) in
water solution (2 ml) was added to a solution of 4-bromo-3,5-dicyano-1,2-phenylene
diecetate (200 mg), ethanol (2 ml) and acetonitrile (2 ml). The fcaction mixture was
microwave-irradiated for 15 min at 130 °C. The reaction mixture was poured in ice water
and 2 M NaOH (15 ml) and toluene (20 ml) was added. The mixture was stirred for haif an
hour. The water phase was washed with toluene (20 ml) and then made acidic by addition of
4 M HCI (10 ml) under cooling. The product was ﬁltered ‘washed with water and dried to
nge 'the title compound Yield 133 mg’ '

'H NMR (400 MHz; DMSO‘dﬁ) ppmi 7.26 (s, 1 H) 5.95 (br s, 1 H) 421 (d J-2 51 Hz, 2 H)
381 (t J=5.14 Hz, 2 H) 2, 30—2 37 (m 2 H) i ‘ T ' :
Example 75: 2-Cyclopentenyl-4,5-dihydroxyisophthalonitrile

Thé titlé compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (200
mg) by the procedure analogous to Example 74 usmg as reactant 1-cyclopentenylboronic *
acnd pmacol ester (144 mg) instead of 3,6- dxhydro-2H-pyran-4-boromc acid pinacol ester.
Reactxon conditions: 0.4 h at 130 °C Yield 114 mg

'H NMR (400 MHz, DMSO-ds) ppm 7. 25 (s; 1 H) 6.02 (br s, 1 H) 2.60-2. 76 (m, 2 H) 2.10-
230(m 2H) 1 92-208 (m 2H)

Example 76 (E)-3-(2 6-D|cyano-3 4-d|hydroxyphenyl)acryhc acid

The title compound was prepared from 4- bromo-3 5-d1cyano-1 2—phcnylene dxacetate (500

mg) by the procedure analogous to Example 74 using as reactant 2- S
(ethoxycarbonyl)vmylboromc acid pmacol ester (420 mg) instead of 3,6- d1hydro-2H—pyran-
4-boronic acid pmacol ester: Reaction condmons 0.4 hat 150 °C. Yield 260 mg

'H NMR (400 MHz, DMSO-ds) ppm 7.65 (d J=16.31Hz, 1 H) 7.32(s, 1 H) 6. 74 (d,

J=16.06 Hz, 1 H) '

Exompie 77: (E)-4,5-Dihydroxy-za(S—uuethOXypropéléenyl)isophihalonitx'ile
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The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (200
mg) by the procedure analogous to Example 74 using as reactant trans-3-methoxy-1-
propenylboronic acid pinacol ester (147 mg) instead of 3,6-dihydro-2H-pyran-4-boronic
acid pinacol ester. Reaction conditions: 30 min at 130 °C. Yield 70 mg

'H NMR (400 MHz, DMSO-ds) ppm 7.26 (s, 1 H) 6.40-6.77 (m, 2 H) 4.02-4.20 (m, 2 H)
3.33(s,3H) '

Example 78: 4,5-Dihydroxy-2-(5-(morpholinomethyl)thiophen-2-yl)isophthalonitrile
Ttie title compourid was prepéred from 4-bromo-3,5-dicyano-1;2-phenylene diacetate (200
mg}) by the proceduire analogois to Example 74 using as reactant S-(morpholinomethyl)-2-
thiopheneboronic acid pinacol éster (249 mg) instead of 3,6-dihydro:2H-pyran-4-boronic
acid pinacol ester. Reaction conditions: 10 min at 150 °C. Yield 80 ing

'H NMR (400 MHz, DMSO-ds) ppim 7:48 (d, J=3.51 Hz, 1 H)7.45 (s, 1 H) 7.36'(d, J=3.76
HZ,.I H) 4.64 (s, 2 H) 3.87 (brs,4 H) 3.18 (br s, 4 H)

Example 79: 3,4-Dihydroxy-4’:(morpholine:4-carbonyl)biphenyl-2,6-dicarbonitrile
Thie title compound was prepared frorh 4-bromo-3 ,S-dicyano-1,2-phénylene diacetate (300
mg) by the procedure analogous to Example 74 using as reactant (4-(morpholme-4-
carbonyl)phcnyl)boromc acid pmacol ester (383 mg) mstead of 3 6-d1hydro-2H-pyran-4—
boromc acid pxnacol estcr Reactlon conditions: 10 min at 140 °C Yleld 120 mg

'H NMR (400 MHz, DMSO-de) ppm 7 99-8.12 (m 2H)7. 58—7 68 (m, 2 H) 7.37 (s 1H)
3.16-3.74 (m, 4 H)

Example 80 2—(5’-Hexyl-2 2’-bxtlnophen-5 -yl)-4, 5-d1hydroxyxsophthalomtnle 4

The title compound was preparcd from 4-bromo-3 5-dxcyano-1 ,2-phenylene diacetate (200
mg) by the procedure analogous to Example 74 using as reactant 5’-hexyl -2 2’—b1thxophene-
5-boronic acid pinacol estcr (303 mg) mstcad of 3 6-dxhydro-2H-pyran~4—boromc acid
pmacol ester. Reaction conditions: 10'min at 140 °C. Yield 22 mg

lH NMR (400 MHz, DMSO-ds) ppm 7.33 (s, 1 H) 7.30(d, /=3.76 Hz, 1 H) 7.27 (4, J=1.00

' Hz, 1 H) 7.20 (d, J=3.51 Hz, 1 H) 6.84 (d, J=3.26 Hz, 1 H) 2.80 (1, J=7.28 Hz, 2 H) 1.58-

1.68 (m, 2 H) 1.23-1.39 (m, 6 H) 0.81-0.91 (m, 3 H)
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Example 81: 2-(1-Benzyl-1H-pyrazol-4-yl)-4,5-dihydroxyisophthalonitrile

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (300
mg) by the procedure analogous to Example 74 using as reactant 1-benzyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (317 mg) instead of 3,6-dihydro-2H-
pyran-4-boronic acid pinacol ester. Reaction conditions: 10 min at 140 °C. Yield 82 mg

"H NMR (400 MHz, DMSO-ds) ppm 8.37 (s, 1 H) 7.88 (s, 1 H) 7.33-7.50 (m, 6 H) 5.54 (s,
2H)

Example 82: 2-(5-Hexylthiophen-2-yl)-4,5-dihydroxyisophthalonitrile -
The title compound was prepared from 4-bromo-3; ;S-dicyano-1 2—phenylene dxacetate (300

mg) by the procedure analogotis to Example 74 using as reactant S-hexyl—z—

, thlopheneboromc acid piniacal ester (355 mg) instead of 3 6-d1hydro 2H-pyran-4—boromc

acid pmacol ester. Reactiori conditions: 10 min at 140 °C. Yield 40" mg
'HNMR (400 MHz, DMSO-ds) ppm 7.31 (s; 1 H) 7.14 (d, J=1.00 Hz, 1 H) 6.93 (brs, 1 H)
2.84 (t, J=7.15 Hz, 2 H) 1.61-1.70 (m, 2 H) 1.23-1.36 (m, 6 H) 0.86 (brs,3H)

Example 83: (Z)-Z-(But 2-enyl) 4 S-dlhydroXylsophthalomtrlle

cxs-Crotylboromc acid pmacol ester (99 mg), bts(trxphenylphosphme)pallad1um(lI) chloride
(29 mg) and sodium carbonate (133 mg) ‘was added 2—bromo-4 S-dlhydroxylsophthalommle
(100 mg) solution contammg ethanol a ml) acetonitrile (1 ml) and water (1 rnl) as a
solvent The reacuon mxxture wis stifred and m1crowave~1rrad1ated for 45 min at 120 °C.
The reaction mixture was filtered through celite and poured in’ ice watcr 2M NaOH (15 ml)
and toluenie (20 ml) was added. The mixture was stirred for half ani hour. The water phase
was washed twice with toluene (20 ml) and made acxdxc by addmg 4 M HCI keeping the
temperature at0-5 °C The soltd product Was ﬁltered washed thh water and toluene and
dried. Yi€ld 36.6 mg - . ' ‘ o

'H NMR (400 MHz, DMSO»da) ppm 75(s,1H) 5 92 (dd, /=10.29, 5.77 Hz, 1 H) 5.54 (dd,
J=10.42, 5 65 Hz, 1 H) 3.73:3.74 (d, J=5.00 Hz, 2 H) 1.68 (d, /=5.02 Hz, 3 H)

Example 84: 4,5-Dihydroxy-2-(3-methylbut-2-enyDisophthalonitrile
3-Methyl-2-butenylboronic acid pinacol ester (392 mg), '
bis(triphenylphosphine)paliadium(Il) chloride (47 mg) and sodium carbonate (426 mg) was
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added in 2-bromo-4,5-dihydroxyisophthalonitrile (320 mg) solution containing ethanol (5
ml), acetonitrile (5 ml) and water (5 ml) as a solvent. The reaction mixture was stirred and
microwave-irradiated for 60 min at 120 °C. The reaction mixture was filtered through celite
and organic solvents were evaporated. 0.1 M NaOH was added and the mixture was washed
with toluene and EtOAc. The water phase was made acidic'by adding HCI. The solid
product was filtered, washed with water and toluene and dried. Yield 306 mg

"H NMR (400 MHz, DMSO-ds) d ppm 7.23 (s, 1 H) 5.0 (t, J=7.03 Hz, 1 H) 3.49 (d,
J=7.03 Hz, 2H) 1.75 (s, 3H) 1.68 (s, 3 H)

Example 85: (E)-2-(But-2-enyl)-4,5-dihydroxyisophthalonitrile -

The title compound was prepared from 2-bromo-4,5-dihydroxyisophthalonitrile (100 m’g')' as
described in Example 83 using trans- crotylbbromc acid pmacol ester (99 mg) instead of cis-
crotylboromc acid pmacol ester. Reaction conditions: 60 min at 120 °C. Yield 30 mg
'H'NMR (400 MHz, DMSO-ds) ppm 7.5 (s, 1 H) 5.92 (dd, J=10.29, 5.77 Hz, 1 H) 5.56 (dd,
J=10.42, 5.65 Hz, 1 H) 3.73-3.75'(d, J=5:00 Hz, 2 H) 1.72 (d, J=5.02 Hz, 3H)

Example 86: 4 5-Dlhydroxy-2-methyhsophthalomtnle

To a mixture of 4-hydroxy-5 methoxy-2-methyhsopbthalomtnle (565 mg) DCM (30 ml)
and acetomtnle (30 ml) usder mtrogen atmospherc was added 1'M boron tribromide’ ‘
solution in DCM (6.0 ml) at 20 °C The reacnon nnxture was allowed to warm overmght to
room temperature Water (0.3 ml) was added to the’ reactxon rmxture followed by addition
of methanol until clear reaction zmxture was achxeved The mlxture was evaporated to
dryness and the remainder was chromatographed over silica gel w1th EtOAc/AcOH solvent
mixture. Yield 0.27 g

'H NMR (400 MHz, DMSO—dS)’ppih 1_l).97 (brs, 2 H)7.17 (s, 1 H)244(s,3H)

Example 87: 4 5-thydroxy-2-(2-methylprop l-enyl)isophthalomtnle

The title cornpound was prepared from 4-bromo-3 S-dlcyano-l 2-phenylene d1acetate (395
mg) by the method of Example 2 using 2~mcthylpropene— -tnbutylstannane (528 mg)
instead of phenylcthynyltn-n~butyltm Yield 198 mg ' , :

'H NMR (400 MHz, DMSO-ds) ppm 11. 20 (br s, 2 H) 7.27 (s, 1 H) 6 20-6.26 (m, 1 H) 1.92
(d, J=1.25 Hz, 3 H) 1.62 (d, /=1.00 Hz, 3 H)
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Example 88: 3,4-Dibydroxy-3’-methylbiphenyl-2,6-dicarbonitrile _
The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (352
mg) by the method of Example 2 using tributyl(m-tolyl)stannane (235 mg) instead of
phenylethynyltri-n-butyltin. Yield 273 mg

'H NMR (400 MHz, DMSO-ds) ppm 11.31:(br s, 2 H) 7.37-7.44 (m, 1 H) 7.29-7.36 (m,
H) 7.21-7.29 (m, 2 H) 2.38 (s, 3H)

Example 89: 4,5-thydroxy 2-vinylisophthalonitrile

The title compound was prepared from 4-bromo-3 S-dxcyano—l 2 -phenylene diacetate (200
mg) by the méthod of Examplé 2 using tnbuty](vmyl)stannane (255 mg) mstead of ' '
phenylethynyltn-n-butyltm Yield 50 mg = - : ‘ Tt S
"H'NMR (400 MHz, DMSO'dﬁ) ppm 11:30 (brs, 2 H) 7.28 (s, 1 H) 6.83 (dd J=17.57,

11. 54 Hz, 1 H) 6.03 (d J-17 57 Hz 1'H)'5.78 (d, J=11: 54 Hz, 1 H) ‘

Example 90: 4,5-Dihydroxy-2-(prop-1-en-2-yl)isophthalonitrile

The title compound was prepared from 4-bromo-3 S-drcyano- 2-phenylene diacetate (500
mg) by the method of Exampie 2 using 2—(mbutylstanny1)propene (641 mg) mstead of
phenylethynylm-n-butymn Yield 210 mg '

lHNMR (400MHz DMSO—d(,) ppm 11.35 (brs, 1 H)726 (s, 1 H)549 (s 1 H)509 (s, 1
H) 2 07 (s 3 H)

Example 91: 2-(Z-iilthoxrytniazoi-s-yl)-4 S-dihydroxyisophthalonitrile

The title compound was prepared from 4-bromo-3,5- -dicyano-1 2-phenylene diacetate (200
mg) by the method of Example 2 usmg 2-ethoxy—5 (tnbutylstannyl)ttuazo}e (31 1 mg) ‘
instead of phenylethynyltn-n—butyltm Yield 60 mg ' ' A
'H NMR (400 MHz, DMSO—ds) ppm 11:36 (brs, 1 H) 7 40 s, 1 H) 7 34 (s, 1 H)4.50 (m,
J—7OO 7.00, 7.00 Hz, 2H)140(t J—690Hz 3H)

Example 92: 2~Allyl-4,5-dihydroxyisophthalonitrile
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'fhe title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (250
mg) by the method of Example 2 using allyltri-n-butyltin (512 mg) instead of
phenylethynyltri-n-butyltin. Yield 28 mg '

'H NMR (400 MHz, DMSO-dg) ppm 10.7-11.8 (br, 5, 2 H) 7.25 (s, 1 H) 5.90 (m, 1 H) 5.11
(m, 1 H) 4.95 (m, 1 H) 3.52 (m, 2 H)

Example 93: 3’-(tert-Butoxymethyl)-3,4-dihydroxybiphenyl-2,6-dicarbonitrile

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (500
mg) and (3-(tert- 'butéxymethyl)phehyl)boronic acid (322 mg) instead of 3,45+
tnﬂuorophenylboromc acxd ds descnbcd in Example 7. Reaction conditions: 30 min at 150
8C. Yield 250 mg’ "

'H NMR (400 MHz, DMSO-ds) ppm 11.27 (br s, 2 Hy 7. 41-7.53 (m 2'H) 7.29-7.41 (m, 3
H)449(s,2H) 1. 24(s,9H)

Example 94: tert-Butyl 2’,6’-dicyano-3" 4'-dihydroxybiphenyl-3-carboxylate

The title compound was prepared from 4-bromo-3; S-dxcyano-l 2-phenylene diacetate (500
mg) and 3-tert- butoxycarbonylphcnylboromc acid (344 mg) instead of 3, 4 5-
tnfluorophenylboromc acid as descrxbed in Example 7 Reaction conditions: 30 min at 150
°C. Yield 67 mg - '

'H NMR (400 MHz, DMSO-ds) ppm 11.43 (brs, 2 H) 8.03 (d, J=8.03 Hz, 1 H) 7.96 (s,
H)7.74 (d, J-728Hz 1H)767(t J=7.53 Hz, 1H)736(s, 1 H) 1.56 (s, 9 H)

Example 95; 3, 4-D|hydroxyblphenyl 2,3, 6-tricarbonitrile

The title compound was prepared from 4-bromo-3 5-d1cyano-1 2—pheny1ene diacetate (500
mg) and 3-cyanophcnylboromc amd (227 mg) instead of 3,4, 5- tnﬂuorophenylboromc acxd
as descnbed in Example 7. Reaction conditions: 30 min at 150 °C. Yield 141 mg

'H NMR (400 MHz, DMSO-ds) ppm 11.39 (br s, 1 H) 8.06 (s, 1 H)8.01(d, /=7.78 Hz, 1
H) 7.86 (d, 7=8.03 Hz, 1'H)7.76.(t, J=7.91 Hz, 1 H) 739 (s, 1 H)

Example 96: 2°,6°-Dicyano-3’,4’-dihydroxy-N,N-dipropylbiphenyl-3-carboxamide
The title compound was prepared from 4-bromo-3 ,S-dicyané-l,Z-phcnylene diacetate (300

mg) and 3-(dipropylcarbamoyl)phenylboronic acid (231 mg) instead of 3,4,5- -
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trifluorophenylboronic acid as described in Example 7. Reaction conditions: 10 min at 150
°C. Yield 40 mg

'H NMR (400 MHz, DMSO-ds) ppm 11.36 (br s, 2 H) 7.59 (t, J=7.65 Hz, 1 H) 7.51 (d,
J=7.78 Hz, 1 H) 7.46 (d, J=7.53 Hz, 1 H) 7.34-7.40 (m, 2 H) 3.27-3.35 (m, 2-H) 3.19 (br s,
2H) 1.60 (brs, 2 H) 1.45 (brs, 2 H) 0.91 (br s, 3 H) 0.65 (br s, 3 H)

Example 97: 2°,6°-Dicyano-N-cyclohexyl-3’,4’-dihydroxybiphenyl-4-carboxamide

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (300
mg) and 4-(cyclohexylaminocarbonyl)phenylboronic acid (275 mg) inistead of 3,4,5-
mﬂuorophenylboromc acid as described in Example 7. Reaction condmons 5 min at 150
°C. Yield 190 mg . A o

'H NMR (400 MHz, DMSO-ds) ppm 11.38 (br 5, 2 H)'8.36 (d, J=7.78 Hz, 1 H) 7.95 (d;
72100 Hz, 2 H) 7.56 (d, J=1.00 Hz, 2 H) 7.37 (s, 1 H) 3.79 (br s, 1 H) 1.84 (brs, 2 H) 1.76
(brs, 2 H) 1.62 (d, /=12.05 Hz, 1 H) 1.30-1.40 (m, 4 H) 1.14 (m, J=8.50 Hz, 1 H)

E‘Xamble 98::2°,6’-Dicyano-N-cyclohexyl-3’,4’-dihydroxybiphenyl-3-carboxamide

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene discetate (300
mg) and 3- (cyclohexylanunocarbonyl)phenylboromc acid (275 mg) instead of 3,4, 5
tnfluorophenylboromc acid as descnbed in Exampie 7. Reaction condmons 5 min at 150
°C. Yield 120 mg AR S ' ‘ ‘

'"H NMR (400 MHz, DMSO-ds) ppm ll 35 (br's, 2 H) 8.29 (d, J-’I 78 Hz, 1 H) 7.99 (bi s, 1
H)794(s 1H)761 (d J—452Hz,2H)737(s lH)378(brs,1H) 1. 83(brs 2H) 1.74
(brs 2H) 1.61 (d J-1205Hz lH) 1.31 (m J=9.50, 950Hz 4H) 1.14 (br s, lH)

Example 99: 2’,6’-Diéyaho-‘N,N-digthyl-:;’,4’-dihydroijiphenyM-carboxémide '
The title cbmpound'Wés prepared frofr; 4-bromo-3,S-dic'yaho-l,z-phenylcne diacetate (300
mg) and”4 (I\f N-diethylaﬁlinocafbonyl)phenylboronid acid (246 mg) instead of 34,5-
mﬂuorophenylboromc acxd as descnbcd in Example 7. Rcacnon condmons 10 min at 140
°C,Yield 100 mg - ' '

'H NMR (400 MHz; DMSO-ds) ppm 7. 42-7.62 (m, 4 H) 7. 36 6 (5. 1 H) 3.44 (¢, J=1.00 Hz, 4
H) 1.15 (brq,J-l .00, 100 1.00 Hz, 6H)
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Example 100: 2°,6°-Dicyano-N,N-diethyl-3’,4’-dihydroxybiphenyl-3-carboxamide

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (300
mg) and 3-(N,N-diethylaminocarbonyl)phenylboronic acid (246 mg) instead of 3,4,5-
trifluorophenylboronic acid as described in Example 7. Reaction conditions: 10 min at 140
°C. Yield 100 mg

'H NMR (400 MHz, DMSO-ds) ppm 11.34 (br s, 2 H) 7.56-7.63 (m, 1 H) 7.48 (d, /=7.28
Hz, 1 H)7.52(d, J=7.78 Hz, 1 H) 7.40 (s, 1 H) 7.34 (s, 1 H) 3.44 (br s, 4 H) 1.14 (br s, 3 H)
1.05 (brs, 3 H)

Example 101: 2’,6’-Dicyano-N-ethyl-3’ ,4’-dihydroxybiphenyl-3-carboxamide

The title compound was prepared from 4-bromo-3, ,5-dicyano-1, 2-phenylene diacetate (300
mg) and 3 (N-ethylanunocarbonyl)phenylboromc acid (215 mg) instead of 3,45
tnﬂuorophenylboromc acid as descnbed in Example 7. Rcactx(m condltxons 10 min at 140
°C. Yield 100 mg" ' Coen
'H NMR (400 MHz, DMSO-ds) ppm 11.40 (br , 2 H) 8.56 (m, J=5.00, 5.00 Hz, 1 H) 7.96-
802(m 1H)7.94 (s, 1 H) 7.62 (d, J—477Hz,2H)738(s 1H)325 33S(m 2H) 1.14 (¢,
J-7 15 Hz, 3 H)

H S

Example 102:'2° 6’-D1cyano-3’ 4’-d|hydroxy-N N-dlmethylbxphenyl-3-carboxamxde
The ntle compound was prepared from 4-bromo-3 ,5-dicyano-1,2-phenylene diacetate (300
mg) and N N-dlmethylbenzaxmde 3-boromc acid (215 mg) instead of 3, 4,5- ‘

tnﬂuorophenylboromc acxd as descnbed in Exarnple 7. Rcactxon condmons 10 min at 140

- °C. Yield 60 mg

25

30

'H'NMR (400 MHz, DMSO-dq) ppr 7.57-7.63 (m, 1 H) 7:51-7.57 (m, 2 H) 7.48 (s, 1 H)
7.36 ‘('s,fjl H) 3.00 (brs, 3 ) 295 (ors, 3H)

Example 103: 4’-Fluoro-3 4-d1hydroxyb1phenyl-2 6-d|carbonitrile

The title compound was prepared from 4~bromo—3 3- dxcyano-l 2-phenylene dxacetate (100
ing) and 4—fluor0benzeneboromc acxd (43 mg) instead of 3, 4 S-tnﬂuorophenylboromc acid
as descnbed in Exatfiple 7: Reactxon condmons 20 min at 130°°C; Yield 50 mg '
'‘H NMR (400 MHz, DMSO—ds) pprn 7.50-7. 57 (m, 2 H)7. 37 (t,J=8.78 Hz,2 H) 7.32 (s, 1
H) o
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Example 104 3’,4’-Difluoro-3 4-dxhydroxyblphenyl-2 6-dicarbonitrile

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (100
mg) and 3 ,4-difluorophenylboronic acid (49 mg) instead of 3,4,5-trifluorophenylboronic
acid as described in Example 7. Reaction conditions: 20 min at 130 °C. Yield 34 mg

'H NMR (400 MHz, DMSO-dg) ppm 7.66-7.73 (m, 1 H) 7.57-7.66 (m, 1 H) 7.37 (brs, 1 H)
7.33(s, 1 H)

Example 105: 4’-Fluoro-3,3’,4-trihydroxybipheny!-2,6-dicarbonitrile

The title compound was prepared from 4-bromo-3,5-dicyano-1;2-phenylene diacetate (100
mg) and 4-fluoro-3-hydroxyphienylboronic acid (48 mg) instead of 3,4,5- * * - a
tnﬂuorophenylboromc acid as descnbed in Example 7. Reactlon condmons 20 min at'130
°C. Yield 32 tng o ' o

'H NMR (400 MHz, DMSO-ds) ppm 7.23-7.31 (m, 3 H) 7:00 (d, /=8.28 Hz, 1 H) 6.86 (br

s, 1 H)

Example 106: (E)-4,5- Dihydrox'yi'z-(3-ph’enylprop-1-eny|)isophthalonitrue

The tlt]e COmpound was prepared from 4-bromo-3,5-dicyano-1 2~pheny]ene dxacctate (100
mg) and (E) 3—phenylpropen-l yl-boromc acid (65 mg) instead of 3 4.5 ‘
tnﬂuorophcnylboronic acnd as dcscnbed in Example 7. Reaction condntlons 20 min at 150
°C. Yleld 57 mg

‘H NMR (400 MHz, DMSO-ds) ppm 7.26-7. 35 (m, 4 H) 7.20-7.26 (m, 2 H) 6 54-6.69 (m, 2
H) 3.63 (d, J=6.27 Hz, 2 H)

Example 107: 4’-Fluoro-3 4-dlhydroxy-3’—methoxybnphenyl-z 6-dlcarbonitnle

The mle compound \ was prepared from 4-bromo-3, 5- ~dicyano-1, 2—phenylcne dlacetate (106
mg) and 3-ﬂuoro-4-methoxyphenylboromc acid (72 mg) instead of 3 4,5- _
tnﬂuorophcnylboromc acid as described in Example 7. Reaction conditions: 45 min at 150
°C..Yield 63.5 mg

'H NMR (400 MHz, DMSO-ds) ppm 7.41 (d, J/=10.79 Hz, 1 H) 7 24-7.35 (m, 3 H) 3. 92 (s,
3H) '



10

15

20

25

30

WO 2013/175053 PCT/F12013/000026

64

Example 108: 5-(2,6-Dicyano-3,4-dihydroxyphenyl)thiophene-2-carboxylic acid

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (300
mg) and 5-boronothiophene~2;carboxylic acid (208 mg) instead of 3,4,5-
trifluorophenylboronic acid as described in Example 7. Reaction conditions: 45 min at 150
°C. Yield 127 mg

'H NMR (400 MHz, DMSO-ds) ppm 7.79 (d, /=3.76 Hz, 1 H) 7.39 (d, J=4.02 Hz, 1 H)
7.35 (s, 1 H)

Example 109: 3 4-Dihydroxy-4’-(methylsulfonyl)biphenyl-z 6-dicarbonitrile

The title compotind was prepared from 4-bromo-3, 5- dlcyano-l 2- phenylene diacetate (108
mg) and 4- (methanesulfonyl)phenylboromc acid (87 mg) instead of 3 4,5-
tnﬂuorophenylboromc acid as described in Example 7. Reaction conditiohs: 45 min at 150
°C. Yield 60 mg

"H NMR (400 MHz, DMSO-ds) ppm 10. 72-12.36 (m, 2 H) 8.08 (brid, J=8.30 Hz, 2 H)7.78
(br d, J=8:50 Hz, 2 H) 7.38 (s, 1 H) 3.33 (s, 3 H)

Example 110: 3,4-D1hydroxy-4’-i)ropoxyblphenyl-2 6-dxcarbomtnle

The title compound was prepared from 4-bromo-3 ,5-dicyano-1; 2~phcnylene diacetate (200
mg) ad 3- propoxyphenylboromc acid (167 mg) instead of 3,4,5- trxﬂuorophenylboromc
acid as described in Example 7. Reaction conditions: 20 min at 150 °C. Yield 30 mg

' NMR (400 MHz, DMSO-ds) ppm 7.38 (d, J=1.00 Hz, 2 H) 7.34 (s, 1 H) 7.06 (d, J=1.00
Hz, 2 H) 4.00 (, J=6.53 Hz, 2 H) 1.71-1.81 (m, 2 H) 1.01 (t, J=7.40 Hz, 3 H)

Example 111: 2 6’-D1cyano-3’ 4’-dlhydroxybxphenyl-4-carboxyhc acid

The title compound was prepared from 4-bromo-3 S—dlcyano-l 2- phenylene diacetate (400 -
mg) and 4-carboxyphenylboromc acid (247 mg) instead of 3,4,5-trifluocrophenylboronic
acid as described in Example 7. Reaction conditions: 30 min at 140 °C. Yield 270 mg

'H NMR (400 MHz DMSO-ds) ppm 8.07 (d J=1.00 Hz, 2 H) 7 61 (d, J=1.00 Hz, 2 H)
7.38(s, 1 H) "

Exainple 112: 4’-Chloro-3,4-dihydroxy-3’-methylbiphenyl-2,6-dicarbonitrile
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The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (200
mg) and (4-chloro-3-methylphenyl)boronic acid (127 mg) instead of 3,4,5- ‘
triﬂubrophenylboronjc acid as described in Example 7. Reaction conditions: 45 min at 150
°C. Yield 54 mg

'H NMR (400 MHz, DMSO-ds) ppm 7.57 (d,J=8.28 Hz, 1 H) 7. 47 (d, J=1.76 Hz, 1 H)
734(s 1H)733(d J=2.26 Hz, 1H)239(s,3H)

Example 113: 4,5-Dihydroxy-2-(S-phenylthiophen-2-yl)isophthalonitrile

The title compotind was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (200
mg) and S-phenyl 2-thxenylboromc acid (164 mg) instead of 3,4 S-mfluorophenylboromc
acid as described in ‘Example 7. Reaction conditions: 45 min af 150 °C. Yield 71 mg

'"H NMR (400 MHz, DMSO-dg) ppm 7. 72 (d, J=7.28 Hz, 2 H) 7. 63 (d J=3.51 Hz, 1 H)
744—750(m 2H)734 740(m 3H) '

Example 114: 3,4-Dihydroxy-4’-isopropylbiphenyl-2,6-dicarbonitrile

The title compound was prépared from 4-bromio-3,5-dicyano-1,2-phenylene diacetate (200

mg) and 4- 1sopropylphenylboromc acid (152 mg) instead of 3 4 S-mﬂuorophenylboromc

1H NMR (400 MHz, DMSO—dG) ppm 7. 39 (s 4H)7.34 (s 1H)2.92-3.03 (m, I H) 1. 26 (d
7 03 Hz 6 H) o ‘ - '

Example 115 3 4-Dihydmk§;4’-prdﬁylbiphenyi-Z 6-dicarbonitrile

The title compound was prepared from 4-bromo-3 5-dlcyano-1 2—phenylene diacetate (200
mg) and 4—propy1phenylb0romc acid (152 mg) instead of 3;4 S-tmﬂuorophenylboromc acid
as described in Example 1. Rcactxon conditions: 20 min at 150 °C. Yield 80 mg

'H NMR (400 MHz, DMSO-dG) ppm 7.31-740 (m, 5 H) 2.64 (t J—7 65 Hz 2 H) 1. 60—1 71
(m,2H)093(t J-740Hz 3H) - ' .

Example 116: 4,5-Dihydroxy-z-(l-phenylvinyl)isophthalonitrile

The title compound was prépared from 4-bfdmo43;5-dicyano-1,2¥phenylcne diacetate (500
mg) and l-phenylvinylbo'rdnic‘ éqid (32{ mg) instead of 3,4,5-triﬂu6rophenylboronic acid as
described in Example 7. Reaction dohditions: 45 min at 130 °C. Yield 370 mg
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' NMR (400 MHz, DMSO-dq) ppm 7.32-7.40 (m, 4 H) 7.24-7.28 (m, 2 H) 6.17 (s, 1 H)
5.44 (s, 1 H) '

Example 117: 2*,6°-Dicyano-3" 4*-dihydroxybiphenyl-2-carboxylic acid

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (200
mg) and 2-carboxyphenylboronic acid (134 mg) instead of 3,4,5-trifluorophenylboronic
acid as described in Example 7. Reaction conditions: 45 min at 130 °C. Yield 106 mg

'"H NMR (400 MHz, DMSO-ds) ppm 8.08 (d, J=7.78 Hz, 1 H) 8.01 (s, ! H) 7.75 (d, J=7.78
Hle)767(m,J-77O 7.70 Hz, 1 H) 7.38 (s, 1 H) ‘

Example 118: 4-(2,6-Dicyano-3,4-dihydroxybenzyl)benzoic acid

3:((4-(Chloromethyl)berizylyoxy)tetrahiydro-2H-pyran

A mixture of (4-(chiloromethiyljphenyl)methanol (25.3 g); DCM (280 ml), 3,4-dihydro-2H-
pyran (39.6 ml) and pyridin-1-ium 4-methylbenzenesulfonate (4.1 g) was stirred at room
temperature for'3 h. Saturated aqueous solution of sodium hydrogen carbonate (250 ml) and
DCM {550 ml) were added to the mixture and the layers were separated. The organic phase
was extracted with saturated aqueous solution of sodium hydrogen carbonate (250 ml) and
brifie (250'ml), dried ('Naz'so.,), filtered and concentraiéd. Toluene (350 mi) was added to
thc resxduc and thc soluuon was. concentrated to ngc the mle compound Yxcld 43, 0 g

]H NMR (200 MHZ DMSO-dg) ppm 7. 32-7 44 (m, 4H) 4. 75 (s, ZH) 4.67-4. 73 (m lH) 4 56
(dd 2H) 3. 73:3.84 (m, IH) 3 42 3. 52 (m IH) 1. 47 1.79 (m, 6H)

4 4, S 5 Tetramethyl 2—(4—(((tetrahydro-2H-pyran-Z-yl)oxy)methyl)benzyl) 1,3, 2-
dloxaborolane ' ‘ ‘ :
Bxs(mphenylphosphme)palladmm(II) chloride (1.75 g), N—ethyl N-isopropylpropan-2-'
amine (30 95 g) and 4 4 55 tetramethyl -1,3,2- dxoxaborolane (17.5 ml) were addedtoa
solution of 2-((4- (chloromethyl)benzyl)oxy)tetrahydro-ZH-pyran (212 g)in 1 2- o
dichloroethane (320 mI) under nitrogen atmosphere ‘The mixture was heated undér reﬂux '
for 10 h. Toluene (1000 ml) was added at room temperature. The reactlon mixture was
washed with brine (1150 ml), dried (Na,S0Oy), filtered and concentrated. The crude product
wasv-'diss.olv’ed in n-héptane (800 ml). The precipitate formied was filtered off and washed
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with n-heptane. The combined n-heptane filtrates were concentrated and the residue was

purified by silica column chromatography (n-heptane/EtOAc 9:1 + 0.5% triethylamine).

Yield 13.72 | -

'"H NMR (200 MHz, DMSO-dg) ppm 7.06-7.21 (m, 4H) 4.64-4.68 (m, 1H) 4.48 (dd, 2H)
3.74-3.85 (m, 1H) 3.41-3.52 (m, 1H) 2.19 (s, 2H) 1.41-1.80 (m, 6H) 1.17 (s, 12H)

4-Hydroxy-5-methoxy-2-(4-(((tetrahydro-2H-pyran-2-
yl)oxy)methyl)benzyl)isophthalonitrile

A mixture of 4,4,5,5-tétramethyl-2-(4-(((tetrahydro-2H-pyran-3-y1)oxy)méthyl)benz1)-
1:3,2-dioxaborolarie (5.03 £); 2-bromo-4-hydroxy- 5-methoxyisophthalonitrile (3.06 g),

_ Pd(dppt)Cl; complex with CH2C12 (1: l) (1.11 g), sodium hydrogen carbonate (5.09 g),
: water (84 ‘mil) ‘and ethanol (7 5 ml)’ was bubbled with mtrogen gas at' room temperature "The

fnixture was heatéd under refliix under mtrogen atmosphere for 1.5 h. DCM (130 ml) was
added to the mixture at room temperature and the mixture was filtered through celite. Celite
was washed with watet (100 ml) and DCM (100 mi) 4nd pH of the combined filtrates was
édjusted to 7 with 0.5 M HCI %olﬁt‘i’dh The layers were separated and separation was eased
wrth addmon of water (200 ml) The aqueous phase was extracted with DCM (2 x 100°'ml, 2
X 50 m]) and the combined orgamc phases were dried (Na2804) filtered and coricentrated.
The crude product was punﬁed by srlrca columr chromatography (DCM/methanol 100 0 —
90:10 + 0 5% trrethylamme) Yreld 3. 68 g : ‘ - '
'H NMR (200 MHz;’ DMSO-da) ppm 7.17-7. 28 (m, 4H) 6 82 (s, IH) 4.61:4.68 (m 1H) 4.49
(dd 2H) 3. 96 (s, 2H) 3 73- 3 84 (m IH) 3 65 (s, 3H) 3. 61 (s, IH) 3.39-3.50 (m lH) 1.45-
177(m6H) ' : C s o ‘

4-(2 6-Dxcyano-3-hydroxy-4-methoxybenzyl)benzmc acid

A mlxture of 4- hydroxy-S methoxy—z (4-(((tetrahydro 2H-pyran-2—
yl)oxy)methyl)benzyl)rsophthalomtnle 4.70 g) in acetone (96 ml) was cooled in ice bath -
and Jonés reagent 4. 0 rnl) was added in'small portions. The mrxture was stirred at room
temperature for2h. Isopropanol (5 ml) was added to the mixture and the solution was *
filtered to remove chrormum salts. The chrommm salts were washed with’ acetone (150 mi)
and acetone was combmed with the filtrate. Water (200 ml) was added to the solution and

the solutlon was concentrated untrl the product started to precrprtate The concentratc was
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filtered and the precipitate was washed with water (100 ml). The precipitate was dissolved
in EtOAc (50 ml) and washed with 0.5 M HC] solution (2 x 40 ml) and brine (20 m}). Water
(50 ml) was added to the organic phase and pH of the solution was adjusted to >10 with
15% NaOH solution. The phases were separated and the organic phase was washed with
water (30 ml). The pH of the combined agueous solutions was adjusted to 1-2 with 4 M HCI
solution. The precipitate was filtered, washed with water (30 ml) and DCM (20 ml) and
dried in vacuum at 50 °C. Yield 147 g

"H NMR (200 MHz, DMSO-ds) ppm 12.89 (br s, 1H) 12.02 (br s, IH) 7.89 d, ZH) 7.71 (s
IH) 7. 27 (d 2H) 4. 27 (s 2H) 391 (s 3H) '

4-(‘2,6'-Dicyanb;'3;4-dihydmiy'berrzy1)b'en'z-oic acid

1°M boron tribromide solution (5.6 mil) was added slowly to 4-(2,6-dicyano-3-hydroxy-4-
methoxybenzyl)benzoxc acid (1.45 g) in DCM (36 ml) under nitrogen atmosphere at0°C.
Stirring was continted at toom temperature and more 1 M boron tribromide solution was
added six times [after 1. S5h (5. 6 ml) after 2.5 h (5.6 ml), after 4 h (5.6 ml), after 5.5h (5.3
mb), after 22'h (5 3 ml) and after 25 5h (5.3 mbhl After total of 47 h sttmng, the reaction
rmxture was poured mto ice water (140 ml) and stirred for 1.5 h. The mixture was filtered
and the prec1p1tate was washed with water (100 ml) and n-heptane (20 ml) The precnpttate
was dxssolved m 1M NaOH solutron (60 ml) and the solution was extracted thnce wrth
EtOAc (35 ml) The pH of the aqueous solutron was adgusted to 1-2 with 4 M HCI solutlon
and the solutron was extracted twrce with EtOAc (30 mi). The combmed orgamc phases '
were washed wrth water (30 ml) and brme (30 m}), dried (Na2804) filtered and '
concentrated to give the trtle compound Yield 1.55 g ‘

IHNMR (200 MHz, DMSO-da) ppm 12.9 (br s,1H) 114 (br s, IH) 7.2-8.0 (m, 5H) 4.25
(s, 2H) '

Example 119: (E)-4 5- Dlhydroxy-Z (4-methoxystyryl)lsophthalomtnle

Using the procedure descnbed in Exarnple 37, (E)-4-hydroxy-5-methoxy-2 (4-
methoxystyryl)lsophthalomtnle m7 rng) ‘prepared from 2—bromo-4-hydroxy—5-
methoxylsophthalomtnle and trans-2- (4-mcthoxyphenyl)vmylboromc acrd was
demethylated to give the title compound. Yield 56 mg

'H NMR (400 MHz, DMSO-dg) ppm 11.29 (br s, 2 H) 6.78-7.60 (m, 7 H) 3.80 (s, 3 H)
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Example 120: 3,4-Dihydroxy-3’,4’-dimethylbiphenyl-2,6-dicarbonitrile

Using the procedure described in Example 37, 3-hydroxy-4-methoxy-3’,4’-
dimethylbipheriyl-2,6-dicarbonitrile (50 mg), prepared from 2-bromo-4-hydroxy-5-
methoxyisophthalonitrile and 3,4-dimethylbenzeneboronic acid, was demethylated to give

the title compound. Yield 36 mg

‘'H NMR (400 MHz, DMSO-ds) ppm 7.33 (s, 1 H) 7.28 (d, J=7.53 Hz,  H) 7.22 (s, 1 H)

7.14-7.19 (m, 1 H) 2.29 (d, J=5.27 Hz, 6 H)

Example 121: (E)-4,5ADihydroky-ZQ(4-methylstyryl)iSophtlihlonitrile' :

Using the procedure described in Example 37, (E)-4-hydroxy-5-methoxy-2-(4-
methylstyryl)isophthalonitrile (95 mg), prepared from 2-bromo-4-hydroxy-5-
méthoxyisophthalonitrile and trans-2-(4-méthylphenyl)vinylboronic acid, was demethylated
to give the title'compound. Yield 71 mg

' NMR (400 MHz, DMSO-ds) ppri 7.50 (d, J=1.00'Hz, 2 H) 7.32 (d, J=1.00 Hz, 2 H)

7.25 (d, J=1.00 Hz, 2 H) 7.18 (d; J=1.00 Hz, 1 H) 2.34 (s, 3 H)

~

Example 122: 4 5. Dihydroxy-z-(6-hydroxynaphthalen-z-yl)lsophthalomtrlle

Using the procedure described in Example 37, 4-hydroxy—5-mcthoxy -2- (6-
methoxynaphthalen—2-y])xsophthalomtnle (105 mg) prepared from 2-bromo-4-hydroxy—5-
methoxylsophthalommle and 6-methoxy-2~naphtha]eneboromc acid, was demethylated to
gwc the title compound Yleld 45 mg

'H NMR (400 MHz DMSO'dﬁ) ppm 7.88 (s, LH) 7. 86 (d, J=8.78 Hz, | H) 7. 81 (d, J=8.53
Hz, 1 H) 7.44 (m, J=8.50, 1.80 Hz, 1 H) 7.36 (s, 1 H) 7.19-7.22 (m, 1 H) 7.17 (m, J=8.80,
2.30Hz, 1 H)

Example 123: 4’-Fluoro-3 4-dihydroxy-3’-methylblphenyl-z 6-d|carbomtnle

Using the procedurc descnbed in Example 37 4’-ﬂuoro~3-hydroxy~4—methoxy-3’ y
methylbiphenyl-2,6-dicarbonitrile (215 mg), prepared from 2-bromo-4-hydroxy-5- -
methoxyisophthalonitrile and 4- ﬂuoro-3-methylpheny]bor0mc acxd was demethylated to
glvc the title compound Yiéld 140 mg
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'H NMR (400 MHz, DMSO-dg) ppm 7.40 (d, J=7.28 Hz, 1 H) 7.25-7.36 (m, 3 H) 2.28-2.31
(m, 3 H)

Example 124: 4,5-Dihydroxy-2-(3-methylbut-2-en-2-yl)isophthslonitrile

To a dry mixture of aluminum chloride (66 mg), sodium iodide (74 mg) and acetonitrile (1
ml) under nitrogen atmosphere was added 4-hydroxy-5-methoxy-2-(3-methylbut-2-en-2-
yl)isophthalonitrile (12 mg), which was prepared as described in Example 54, except that 3-
methylbut-2-en-2-ylboronic acid was used instead of 4.4,5,5-tetramethyl-2-(4-
methylbenzyl)-1,3;2-dioxaborolane. The mixture was heated for 3 h at 60 °C and stimed
o%rhi‘ght at room temperature. 2 M HCI (0.3 ml) and sodium sulfite (31 mg) was added to
the mixture and the solution was heated for 30 min at 50 °C. The product was extracted
with EtOAc, the solvent was evaporated and the residue was dned The product was
recrystallized from’ toluene-isopropanol solution. Yield'6 mig " R
'HNMR (400 MHz, methanol-d4) ppm 715 (s 1 H) l 95 (s 3 H) 1.88 (s 3 H) 1.48-1 55
(m.SH) e o S : o
Example 125 2—(Z,S-Dlmethylthlophen-3-yl) -4 5~drhydroxyrsophthalomtnle S
2-(2, 5 Dlmethylthlophcn <2-yl)-4- hydroxy—S methoxyrsophthalomtnle (65 mg), which was
prepared as descnbed in Example 54, except that potassmm 2 S-drmethylthrophene 3
tnﬂuoroboratc was uscd mstead of 4,4, 5 5- tetramethyl-2-(4-methylbenzyl) I 3,2-
dloxaborolane was conVerted to'the ntle compound usmg the procedure ana.logous to
Example 54. Yield 36 mg ‘ ' S R

'Y NMR (400 MHz methanol-d4) ppm 7. 26 (s, 1H)6. 62 (d, J=1. 14 Hz 1 H) 2. 44 (s 3 H)
2 28 (s 3 H)

Example 126: 2 (2 3-D1ﬂuoro-4-methylbenzyl)-4 5-dlhydroxyxsophthalomtnle -
Usmg the procedure analogous to Example 54 2-(2, 3-dxﬂuoro—4-methylbenzyl)—4 hydroxy-
5—methoxylsophthalomtnle (200 mg), prepared from 2-bromo-4-hydroxy-5- )
methoxyxsophthalomtrxle and 2-(2,3-dxﬂuoro—4—methylbenzyl)~4,4,5,5-tetramethyl‘—1_',3,2~
diokaborolane, Was démédlylated to give the title compound. Yield 30 mg

'H NMR (400 Mz, DMSO-dg) ppm 7.29 (5, 1 H) 7.02 (t, J=7.40 Hz, 1 H) 6.65 (t, J=7.38
Hz, 1H) 4.16 (s,2H) 2.24 (s, 3 H)
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Example 127: 2-(4-(2,6-Dicyano-3,4-dihydroxybenzyl)phenyl)propanoic acid

Using the procedure analogous to Example 54, 2-(4-(2,6-dicyano-3-hydroxy-4-
methoxybenzyl)phenyl) propanoic acid (600 mg), prepared from 2-bromo-4-hydroxy-5-
methoxyisophthalonitrile and 2-(4-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)phenyl)propanoic acid, was demethylated to give the title compound. Yield 27.5
mg

'H NMR (400 MHz, DMSO-dg) ppm 7.26-7.31 (m, 1 H) 7.09-7.26 (m, 4 H) 4.12 (s, 2 H)
3.62 (quin, J=7.15 Hz, 1 H) 1.34 (d, J=1.00 Hz, 3 H)

Example 128: (E)-‘Za(3 Cyclopentylprop-1-enyl)-4,5-dihydroxyisophthalonitrile

The title compound ‘was prepared from 4-bromo-3 S-dxcyano-l 2-phenylene dxacetatc (300
mg) by the procedure analogous to Examplc 74 Using as reactant trans-3-
cyclopentylpropen— -ylboronic acid pinacol ester (285 mg) instead of 3;6-d1hydroi2H- E
pyran-4-boronic acid pinacol ester. Reaction conditions: 10 min at 140 °C. Yield 25 mg

'H NMR (400 MHz, DMSO-dqj ppri 7:24 (s, I H) 6:47 (s, 2 H) 2.21-2.32 (m, 2 H) 1:95 (m,
J=14.70,77.30, 730Hz, l H) l. 70-1 86 (m 2H) 1. 56-1 66(m,2H) 1.42-1.54 (m, 2 H)
1.13- 127(m,2H)

Example 129: 4, 5 Dlhydroxy-z-(l-1sobutyl-1H-pyrazol-4-yl)1sophthalomtnle

The m:lc compound was prepared from 4-bromo-3; S-dncyano-l 2—phcnylene dlacetate (300
mg) by the proccdure analogous to Examp}e 74 using as reactant l-xsobutyl—4-(4 4, 5 5-
tetramcthyl 1,3 2-dxoxaborolan-2-yl) lH-pyrazolc 279 mg) instead of 3 6—d1hydro-2H—
pyran-4-boromc acid pmacol ester Reacnon condmons 10 min at 140 °C: Yield 70 mg
'‘H' NMR (400 MHz, DMSO—ds) ppm 8.08 (s, 1H)7.72 (s, 1H)7.30 (s 1 H) 4.00 (d,
J=7.28 Hz, 2 H) 2.13 (m, /=13.60, 6.90, 6.90 Hz, 1 H) 0.86 (d, J=6.53 Hz, 6 H)

Example 130: 2;(41(i,6-i)icyan043;4-diﬁydroxyphenyl)-iHJﬁYrazoli1‘-yl)' acetic acid
The title compotifid was p‘répared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (310
mg) by the procedure analogous to Example 74 using as reactant (4-(4,4,5,5- tatramethyl-
[1,3 ,2]dioxaborolan- 2—yl)—pyrazol l-yl)-acenc acid ethyl ester (121 mg) instead of 3,6-
dlhydro_ 2H—pyran-4—boromc acld plnacol estcr_. Reaction conditions: 20 min at 150 °C. The
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reaction mixture was filtered through celite and poured into ice water and 2 M NaOH and
toluene was added to the mixture. The water phase was washed with toluene and was made
acidic with concentrated HCI. The product was filtered, washed with water and toluene and
dried. Yield 57 mg

'H NMR (400 MHz, DMSO-d¢) ppm 8.14 (s, 1 H) 7.78 (s, 1 H) 7.31 (s, 1 H) 5.06 (s, 2 H)

Example 131: 4,5-Dihydroxy-2-(1-methyl-1H-pyrazol-4-yl)isophthalonitrile

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (100
mg) by the procedure analogous to Exdmple 74 using as reaétant 1-methyl-4-(4,4.5,5-
tetramethyl-1,3,2-dioxaborolari-2-yl)-1H-pyrazole (90 mg) instead of 3,6-dihydro-2H- -
pyraii-4-borofiic acid pinacol estér. Réaction conditions: 20 min at 150 °C. Yield 51 mg ™"
'5f NMR (400 MHz, DMSO-ds) ppm 8.08 (s, 1 H) 7.71 (s, 1 H) 7.30 (s, 1 H) 3.92 (s, 3 H)

syt NS « . [ ° . R | P
, P a0 ) . . A FUR T S N

Example 132: 4,5-Dihydroxy-2-(3-methoxyprop-1-ynyl)isophthalonitrile

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (100
mg) by the procedure analogous to'Examplé 74 using ‘as readtant 3-méethioxy-1 -propyn-1-
ylboromc acid pmacol ester (80 mg) instéad of 3,6-dihydro- 2H—pyran~4~boromc acrd
pmacol ester. Reaétion condmons 20 min at 150 °C Yield 36 mg v

‘H NMR (400 MHz Dmso-dﬁ) ppm 7.28 (5, 1 H) 4 44 (s, 2 H) 3.33 (br s, 3 H)

Eimﬁplé'rs's- (E)'Q4 3-ﬁihydroxy-2-(2-(thiopheu-3-yl)viuyi)isophthalorxitrilé B

The title compound was prepared from 4-bromo-3, S-drcyano-l 2-phenylene dracetate (100
mg) by the procedure analogous to Examplc 74 using as reactant trans-2- (throphen~3- '

yl)vmylboromc acid pmacol ester (95 mg) instead of 3 6-d1hydro-2H-pyran-4—boron1c acid
pinacol ester. Rcactron condifions: 20 rmn at 150 °C. Yxeld 59'mg’

'H NMR (400 MHz, DMSO:ds)’ ppm 174 (d, J=2.26 Hz, 1 H)7.62 (m J-4 90 2 % Hz, 1
H)749(d J—502Hz, 1 H) 7.26- 737(m 2 H) 7.08 (d, J-1656Hz lH) o

Example 134: (E)‘-z.(z-’cyclbpropy'rvinym-s-dihydroxyisiiphﬂmmnit‘riie
The title compound was prepared from 4-bromo-3 S-drcyano-l 2—phcnylene dracetate (10()

ing) by the procedure analogous to Example 74 using as reactant (E) -2-
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cyclopropylvinylboronic acid pinacol ester (72 mg) instead of 3,6-dihydro-2H-pyran-4-
boronic acid pinacol ester. Reaction conditions: 20 min at 150 °C. Yield 52 mg

'H NMR (400 MHz, DMSO-dg) ppm 7.21 (s, 1 H) 6.57 (dd, J=15.81, 9.54 Hz, 1 H) 5.97
(dd, J=15.81, 9.54 Hz, 1 H) 1.58-1.79 (m, 1 H) 0.77-0.96 (m, 2 H) 0.47-0.68 (m, 2 H)

Example 135: 2’,6’-Dicyano-3’,4’-dihydroxybiphenyl-4-carboxamide
4-Aminocarbonylphenyl boronic acid (173 mg), bis(triphenylphosphine)palladium(II)
chloride (73 mg) and sodium carbonate (333 mg) were added to 2-bromo-4,5-
dihydroxyisophthalonitrile (250 mg) dissolved in acetonitrile (2 ml), ethanol (2 ml) and
water (1'ml). ‘The feaction mixture was stirred and microwave-irradiated for 60 min at 130
°C. 2 N'NaOH was addéd and the reaction mixture was washed with toluene. The aquéous
phasé was made ‘acidic by ‘ddding HC] The solid product was filtered, washed with water
and dried. Yield 166 mg |

'H'NMR (DMSO-ds) ppm 11 0-11.8 (brs, 2 H)8.13 (br s, IH)7:98 (d J~8 28 Hz, lH) 7.56
(d J=8.36 Hz. 1H)752 (brs, 1H)736 (s, lH) A -

Example 136 3 4-D1hydroxy-3’ 4’-d|methoxyblphenyl-2 6-dlcarbomtrlle

34- Dxmethoxyphenylboromc acid (152 mg), palladmm(II) acetate (7 5 mg) and DBU (166
mg) were added to 2—bromo-4 5- dxhydroxyxsophthalommle (200 mg) dissolved i in ethanol
¢} ml) and water (1 ml). The reacnon mixture was stifred and mxcrowave—xrradxated for 10
min at 150 °C. The reaction mixture was ﬁltered through celite and the organic solvent was
evaporated 0.iM NaOH was added and the nnxture was washed wnth toluene and EtOAc.
The aqueous phase was made acxdlc by addmg HCL. The solid product was ﬁltered washed
with water and dned Yxeld 100 mg :

’H NMR (DMSO-ds) ppm 10 8-11.7 (br 5,2 H) 7 33 (s, 1H) 7.09 (d J-8 36 Hz, 1H) 7. 09
(d J=2.04 Hz, lH) 7.01 (dd J-8 28 2. 04 Hz, IH) 3.93 (s, 3H) 3. 79 (s 3H) '

Example 137: 3,’4-Dihydrox'y-3"-is‘oprbpylbiphenyl-z,s-dicafbohitrile

The dﬂe compouhd was prepared from 4-bromo-3 S-dicyano-‘l ,2-phenylene diacetate (200
mg) and 3-1sopropylphenylboromc acid (122 mg) instead of 3, 4 S-tnﬂuorophenylboromc
acxd as described in Example 7 Reacnon conditions: 20 min at 150 °C. Yield 86 mg
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'"H NMR (400 MHz, DMSO-ds) ppm 11.00-11.63 (m, 2 H) 7.10-7.51 (m, 5 H) 2.97 (dt,
J=13.80, 6.90 Hz, 1 H) 1.24 (d, J=7.03 Hz, 6 H)

Example 138: 2-(2,3-Dihydrobenzofuran-5-yl)-4,5-dihydroxyisophthalonitrile . .

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (200
mg) and 2,3-dihydrobenzofuran-5-boronic acid (132 mg) instead of 3,4,5-
trifluorophenylboronic acid as described in Example 7. Reaction conditions: 45 min at 150
°C. Yield 127 mg

IH NMR (400 MHz, DMSO-ds) ppmi 7.35 (s; 1 H) 7.32 (s, 1 H) 7.17 (dd, J=8.16, 1.63 Hz, 1
H) 6.88 (d, J=8.28 Hz, I H) 4.61-4:67 (m, 2 H) 3.21-3.27 (m, 2 H)

Examiple 139: 4,5-Dikydroxy-2:(6-methoxynaphthalen-2-yl)isophthalonitrile

The title cotnpound was pfepared from 4-bromo-3;5-dicyario-1,2:phenylene diacetate (200
mg) and 6-methoxy-2:naphthaleneboronic acid (150 mg) instead of 3,4,5-
triﬂuorophenylboronic acid s described in Example 7. Reacticn conditions: 45 min at 150
°C. Yield 64 mg"

1H NMR (400 MHZ, DMSO dg) ppm 1. 99 (s, 3H) 6 96 8 22 (m 7 H)

Example 140: 4,51Dihydroxy-2-(4-(hydrox_ymethyl)benzyl)isophthalonitr_ile

4-Bromo-3 S-clicyano-l 2-phenylene dimethanesulfonate

Tnethylamme (17 0 ml) was addéd to 2-bromo-4 S-dlhydroxylsophthalommle (10 l1g)in
1:1 mxxture of DCM and THF (100 ml) at 0 °C under mtrogen atmosphere ‘
Methanesulfonyl chlonde (12 92 g) was addcd slowly to the nuxture followed by addition
of DMAP (0 52 g). Smrmg was contmued at room tcmpcrature for 21 h and the mixture |
was conccntrated EtOAc was added (300 ml) and the insoluble material was filtered off
and washed with EtOAc' (50 ml). The combined organic phases were washed with 1 M HCI
solution (2 x 150 ml), water (150 mal) and brine (150 mi), dried (N;SO), filtered and
concentrated. Yxeld 15.2'g. The crude product was punfied by flash chromatography
(EtOAc/n~heptane) ‘The combmed fractiois were concentrated to smaller volume and the
prcc1p1tate was’ ﬁltered The precipitate was recrystalhzed from EtOAc and n-heptane ‘
(added to hot solutlon) and dried in vacuum at 50 °C. '
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'H NMR (200 MHz, DMSO-ds) ppm 7.88 (s, 1H) 3.46 (s, 3H) 2.38 (s, 3H)

3,5-Dicyano-4-(4-(((tetrahydro-2H-pyran-2-yl)oxy)methyl)benzyl)-1,2-phenylene
dimethanesulfonate

The preparation of 4,4,5,5-tetramethyl-2-(4-(((tetrahydro-2H-pyran-2-
yhoxy)methyl)benzyl)-1,3,2-dioxaborolane is described in Example 118. A mixture of
44,5 5-tetramethyl-2-(4-(((tetrahydro-2H-pyran-2-yljoxy)methyl)benzyl)-1,3,2-
dioxaborolane (8.00 g), 4-bromo~3,5-dicya:io-i,2-phcnylene dimethanesulfonate (7.61 g),
Pd(dppf)Cl, complex with CH,Cl, '(1:1) (1.77 g), sodium hydrogen carbonate (8.09 g),
water (128 ml) and ethanol (16 ml) was bubbled with nitrogen gas at room temperature. The
mixture was heated under reflux urider nitrogen atmosphere for 2 h. DCM (240 tl) was
added to the mixture at room temperature and the mixture was filtered through celite. Celite
was washed with water (120 ml) and DCM (120 ml) and the layers of the combined filtrates
were separated. The organic phase was washed with water (150 ml) and'EtOAc (150 inl)
was added to the aqueous phase before adjusting pH to 7 with 15% HCI solution. The layers
were separated and the aqueous phasé was extracted thrice with EtOAc (150 ml). The
combined organic phases were dried (Na,SOy), filtered and concentrated. The crude: product
was recrystallxzed from ethariol (75 ml, all dxd not dxssolvc) Thc precnpltate was dned in
vacuum at 25 °C overmght Yield 2. 74 g ‘ ‘ B '

’H NMR (200 Mz, DMSO-dg) ppm 7.10-7:40 (m, SH) 4.50-4.70 (m, 2H) 4.30-4.45 (d,
IH) 3.98 (s, 2H) 3.70-3. 85 (m, 1H) 3 20-3. 55 (m, SH) 1.30-1.85 (m 6H)

4,5-i)iﬁydrﬁxyLZ-@’-(h'ydréxymethfl)l;énzyl)isdi)hthaloniﬁiléA

The pH-of a soltition of 3,5- d'iéyanM'(4;(((tetrahydro-zii-pyran-z-‘yl)oxy)memyl)benzyl)
1, 2-phenylene dlmethanesulfonate (4.60 g) in methanol { 100 ml) was adjusted to about 2 by
addmon of 25% HCI soluuon n 1sopropanol (2 25 ml). More methariol. (50 ml) was added
but 3 5- dxcyano-4 (4~(((tetrahydro—2H-pyran—2-yl)oxy)methyl)benzyl) 1 2~phenylene V
dimethanesulfonate was not completely dissolved. The mixture was stirred at room
temperature for 5 h. The pH was adjusted to about 12 by addition of 5M aqueous solunon
of NaOH. The mixture was heated under reflux for 35 min and then pH was adjusted back
to acidic (about pH 1) by addition of HCI (55 ml). The mixture was stirred in ice bath and
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then the precipitate was filtered and washed twice with water (10 ml). The precipitate was
dried in vacuum at 25 °C overnight and at 40 °C over another night. Yield 2.19 g
1H NMR (200 MHz, DMSO-dg) ppm 11.2 (br s, 1H) 6.9-7.3 (m, 5H) 4.4 (s, 2H) 4.1 (s, 2H)

Example 141: 2-(2,6-Difluoro-3-methylbenzyl)-4,5-dihydroxyisophthalonitrile

Using the procedure analogous to Example 54, 2-(2,6-difluoro-3-methylbenzyl)-4-hydroxy-
5-methoxyisophthalonitrile (600 mg), preparcd from 2-bromo-4-hydroxy-5-
methoxyisophthalonitrile and 2-(2,6-difluoro-3-methylbenzyl)-4,4,5 S—tetramethyl 1,3,2-
dioxaborolane, was demethylated to give the title compound. Yield 20 mg °

H NMR (400 MHz DMSO ds) ppm 7 41 (s 1 H) 7.12-6.85 (m 2 H) 4.32 (s 2 H) 2 17 (s,
3 H) . A L : : : N .

Example 142: 4,5-Dihydroxy-2-(4-(trifluoromethyl)phenylthio)isophthalonitrile
4,5-Diisopropoxy-2-(4-(trifluoromethyl)phenylthio)isophthalonitrile

4 (Tﬁﬂub‘romemyx)thidphenol (0.28 g) was added to a mixture of 2-bromo-4,5-
dns0propoxyxsophthalommle (0.51 g) and cesmm carbonate (2 cquw ) in DMF followed by
stm‘mg at room tetnperature oveml ght “The reactxon mixture was poured into cold water
and pH was adjusted to 12. The precxpxtate was filtered, washed with water and dncd in
vacuum. Yxeld 0.67 g

g NMR (400 MHz, DMSO-ds) ppm 8 09 (s, 1 H)7.70 (d 2 H) 7.35 (d 2 H) 4 86-4.95 (m,
1H)477-489(m lH) 1 36(d 6H) 1. 31 (d 6H)

4,5-Dlhydmxy-2-(4-(tnﬂuoromethyl)phenylthlo)lsophthalomtrlle ;

To a rmxture of 4 5-dusopropoxy 2- (4 (mﬂuoromethyl)phenylthxo)lsophthalommle ©. 3g)
in DCM uhider mtrogen atmosphere was added 1 M boron tribromide solution in DCM (2-5
eqmv.) at 0 °C. The reaction mixture was left to warm slowly to room temperature with
stirting for 2 hThe reaction mixture was poured into methanol. After evaporation of the
olvéht" 2 M NaOH solution was added and the mixture was stirred for 30 min, washed With
EtOAc cooled and acxd1ﬁed w:th HClto nge solid product whxch was filtered, washed
with water and dried in vacuum. Yield 0.16 g

lH NMR '(400 MHz, DMSO-ds) Ppm 768 (d, 2H) 7.42 (s, 1 H) 7. 30 (d 2 H)
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Example 143: 2-(2,4-Dimethylphenylthio)-4,5-dihydroxyisophthalonitrile

2-(2,4-Dimethylphenylthio)-4,5-diisopropoxyisophthalonitrile
2-(2,4-Dimethylphenylthio)-4,5-diisopropoxyisophthalonitrile was prepared from 2-bromo-
4,5-diisopropoxyisophthalonitrile (0.25 g) and 2,4-dimethylthiophenol (0.12 ml) instead of
4-(trifluoromethyl)thiophenol as described in Example 142. Yield 0.28 g

"H NMR (400 MHz, DMSO-dg) ppm 7.33 (d, 1 H) 6.92-7.13 (m, 2 H) 6.76 (d, 1 H) 4.83-
491 (m, 1 H) 4.76-4.86 (m, 1 H) 2.35 (s, 3 H) 2.24 (s, 3H) 1.36 (d, 6 H) 1.30 (d, 6 H)
2-(2,4-Dimethylphenylthio)-4,5-dihydroxyisophthalonitrile

The title compound was prepared from 2-(2,4-dimethylphénylthio)-4,5-
diisopropoxyisophthalonittile instead of 4,5-diisopropoxy-2-(4- *i "1
(triflaoromethyl)phenylthio)isophthalonitrile as described in Example 142. 2:(24-
Dxmethylphenylthxo)-4 5- dxhydroxylsophthalomtnlc was punﬁed by chromatography Yleld
8omg = o Co

1H NMR (400 MHz DMSO-ds) ppm 7.34 (s, 1 H) 7 09 (s, l H) 6.94 (dd 1H)6.70 d, 1H)
234(5 3H)223(s 3H) o

St

Eﬁz’amj‘)l.er 144 Meﬂiyi 3-'(4s(i,éidié'j’an’oﬁ,#dihydrdiyphéﬁylﬁiio)phenyl)propanoate
3-(4-2,6-Dicyano-34-diisopropoxyplienylthio)phenypropanoic acid

34, GLDicyano’ 3‘4-dii§6bro§6kyphéﬁylthid)pheny])propz{noic acid was prepared from 2-
bromo-4 S—dusopropoxyxsophthalomtrx}e (0.75 g) and 3-(4-mercaptophenyl)propanoxc acid
(0 43 2 instead of 4- (tnﬂuoromethyl)thmphenol as descnbcd in ‘Example 142. Yield 0.99 g
'H NMR (400 MHz, DMSO-de) ppm 12.12 (br s, 1 H) 7.99 (s, 1 H) 7.19-7.27 (m, 2 H)

7. 10-7 18(m 2H)482-486(m l H)474—483 (m 1 H)279(t 2H)251-256(m 2H)
132(d 6H)129(d6H) o

Methyl 3-(4-(2 6-d1cyano-3 4-dusopropoxyphenylthlo)phenyl)propanoate
Toa nuxture of 3-(4-(2, 6-dlcyano—3 4—dusopropoxyphenylthlo)phcnyl)propanmc acid (1.0
g) in methanol (14 ml) was -added thionyl chloride (0.2 ml) over 30 min at 0 °C followed by
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refluxing for 30 min. The product was extracted to EtOAc and washed with saturated
aqueous sodium hydrogen carbonate solution and brine. The organic phase was dried
(N2,SO,), filtered and evaporated. Yield 0.85 g

'H NMR (400 MHz, DMSO-ds) ppm 7.99 (s, 1 H) 7.15-7.25 (m, 2 H) 7.12-7.18 (m, 2 H) -
4.82-4.90 (m, 1 H) 4.75-4.84 (m, 1 H) 3.57 (s, 3 H) 2:.82 (t, 2 H) 2.61 (t, 2 H) 1.32 (d, 6 H)
1.29 (d, 6 H)

Methyl 3-(4-(2,6-dicyano-3,4-dihydroxyphenylthio)phenyl)propanoate

The title compound was prepared from methyl 3-(4-(2,6-dicyano-3,4- '
diisopropoxyphienylthio)phenyljpropanoaté (0.8 g) instead of 4,5-diisopropoxy-2-(4-
(trifluoromethyl)phenylthio)isophthalonitrile as described in Example 142. Methyl 3-(4-

(2 6- dxcyano 3 4 d1hydroxyphenylthio)phenyl )propanoate was punﬁed by chromatography
Yield 0.33 g

'H NMR (400 MHz, DMSO-dg) ppm 7.36 (s, 1 H) 7.21 (m, 2 H) 7.12 (m, 2 H) 3.57 (s,3H)
2.81(t,2H) 261, 2H)

Exam'me' 145: 4,5-Dihydroxy-zi(p-tolyloxy)isophthalonitrﬂe

4 5-Dusopropoxy-2 (p-tolyloxy)lsophthalomtnle o

4 5-Dnsopropoxy—2-(p—toly}oxy)xsophthalomtnle was prepared from 2- bromo—4 5-
dusopropoxylsophthalomtnle (O 5 g) and p-cresol (0.18 g) instead of 4-
(tnﬂuoromethyl)thxophenol as described in Example 142. After addition of water, 4,5-
dusopropoxy-2 (p-tolyloxy)xsophthalomtnle was collected by ﬁltranon washed with water,
and dried in vacuum. Yield 0.54 g

'H NMR (400 MHz, DMSO-ds) ppm 7.97 (s, 1 H) 7. 13-7.23 (m 2 H) 6.81-6. 91 (m, 2 H)

‘488(m lH)479(m,]H)228(s 3H)132(d 6H)130(d 6H)

,S-Dlhydroxy-Z-(p-tolyloxy)lsophthalomm]e .
The ntle compound was prepared from 4,5- dusopropoxy—2 (p-tolyloxy)lsophthalomtnle
(0.3 g) instead of 4 S-dnsopropoxy-z -(4- (trxﬂuoromethy!)phenylth1o)lsophthalomtnle as
descnbed in Example 142. The product was further purified by extraction with EtOAc and
water Yield 0.16 g '
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'H NMR (400 MHz, DMSO-dg) ppm 10.5-11.5 (br s, 2H) 7.29 (s, 1 H) 7.15 (d, 2 H) 6.82
(d,2H)2.27 (5,3 H)

Example 146 (E)-2-(2,4-Difluorostyryl)-4, S-dlhydroxyxsophthalomtnle

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene dlacetate (200
mg) by the procedure analogous to Example 74 using as a reactant trans-2-(2,4-
difluorophenyl)vinylboronic acid pinacol ester (231 mg) instead of 3,6-dihydro-2H-pyran-
4-boronic acid pinacol ester. Reaction conditions: 30 min at 130 °C. Yield 52 mg

'H NMR (400 MHz DMSO-ds) ppm 7.81-7.90 (m, 1 H) 7.27-7.46 (m, 4 H) 7.20 (t, J=8.03
Hz 1 H)

Examplé 147: (E)-4;5-Dihydroxy:2-(3-(trifiuoromethyl)styryl)isophthalonitrile

Thie title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylenie diacetate (300
fiig) by the procedure analogous to Example 74 tising as reactant trans-2-(3-
trifluoromethylphenyl)vinylboronic acid pinacol ester (240 mg) instead of 3,6-dihydro-2H-
pyrdn-4-boronic acid pinacol ester. Reaction conditions: 30 min at 130 °C. Yield 46 mg

'H NMR (400 MHz, DMSO-ds) ppm 7:93-8.01 (m, 2 H) 7.65-7.77 (m, 2 H) 7.42 (s, 2 Hj -
7376, 1H)

Example 148 (E)-4,5-Dlhydroxy-z-(4-methylpent-l-enyl)lsophthalomtnle

The title compound was prepared from 4-bromo 3 S-dlcyano-l 2—phcnylene dnacetate (300
mg) and trans-4-methyl- l-pentcnylboromc acid (154'mg) instéad of 3,4,5-
tnﬂuorophenylboromc acnd as descnbed in Example 7 Reacuon condmons 10 min at 140
°C. Yield 40 mg | S | ' ‘ '
'H NMR (400 MHz, DMSO-dg) ppri 11.19 (br §, 2 H) 7.25 (s, 1 H) 6:44-6.49 (m, 2 H)
Q.14;2.-19 (m, 2 H) 1.75 (dt, J=13.30, 6.65 Hz, 1 H) 0.95 (d, J/=6.78 Hz, 6 H)

Example 149 (E)-2-(3 S -Diﬂuorostyryl)-4 S-dlhydroxylsophthalomtrlle

The title compound was prepaxed from 4-bromo-3 S-dncyano-l 2-pheny1ene diacetate (200
mg) by the procedure analogous to Example 74 using as a reactant trans—2-(3 S-
dxﬂuorophenyl)vmylboromc acid pmacol ester (214 mg) instead of 3 6-d1hydro~2H-pyran-

4-boronic acid pinacol ester. Reaction conditions: 30 min at 130 °C. Yield 91 mg
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'H NMR (400 MHz, DMSO-dg) ppm 7.62 (s, 1 H) 7.17-7.32 (m, 4 H) 6.51 (m, 1H)

Example 150: 2-(4-(2,6-Dicyano-3,4-dihydroxybenzyl)phenyl)acetic acid

Using the procedure analogous to-Example 54, 2'-(4-(2,6-dicyan6-3-hydroxy-4-
methoxybenzyl)phenyl)acetic acid (700 mg), prepared from 2-bromo-4-hydroxy-5-
methoxyisophthalonitrile and 2-(4-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhmethyl)phenyl)acetic acid, was demethylated to give the title coinpound. Yield 490 mg
'H NMR (400 MHz, DMSO-dg) ppm 7.28 (s, 1 H)7. 19 (d J=8.03 Hz, 2 H) 7.10 (d, J=8.03
Hz; 2 H) 4:11°(s; 2H)351 (s, 2H)

Example 151: 2-(4-Chloroberizyl)-4,5-dihydroxyisophthalonitrile

Using the procediire analogous fo Example 54, 2-(4-chlorobenzyl)-4-ydroxy-5-
methoxyisophithaloriitrile (580 mg); prepareéd from 2-bromo-4-hydroxy-5-
methoxyxsophthalommle and 2- (4-chlorobenzyl)—4 4,5,5-tetramethyl-1,3, 2-dloxaborolane
was demethylated to give the title compound. Yield 280'mg

'H NMR (400 MHz, DMSO-ds) ppm 7.36-7.43 (m, 2H)7.29 (S, 1 H) 7.18 (d J=8.53 Hz, 2
H) 4.15 (s, 2 H) e

Example 152: 3,4-Dihydroxy-4’-methylbiphenyl:2,6-dicarbonitrile

The title compound was prepared from 4-bromo-3,5- dxcyano 1 Z-phcnylcnc diacetate (1.63
g) and 4 4.5, 5 tetramethyl 2—p tolyl- I 3,2-dioxaborolane (1.10 g) instead of 3, 4,5-
mﬂuorophenylboromc ac1d as descnbed in Example 7. Reaction condmons 120 min at 130
°C. Yleld021g ' S

lH NMR (400 MHz DMSO~d5) ppm 7.13-7:32 {m, 4 H) 6.64 (s, 1 H) 2 36(s;3H)

Example 153: 3-(4-(2,6-Dicyano-3,4-dihydroxybenzyl)phenyl)propanoic acid

Using the procedure analogous to Example 54, 3-(4-(2 Gidicyano-ii hydroxy—4-
methoxybenzyl)phenyl)propanoxc acid (100 ing), prepared from 3-(4-((4,4,5 S-tetramethyl-
1,3 2—choxaborolan-2-y1)methyl)phenyl)propanoxc acid and 2-bromo-4-hydroxy-5-
methoxyxsophthalomtnle was demethylated to give the title compound. Yield 12 mg

'H NMR (400 MHz, methanol-d4) ppm 7.10-7.24 (m, 5 H) 4.20 (s, 2 H) 2.82-2.94 (m, 2 H)
2.51-2.65 (m,: 2 H)
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Example 154: 4,5-Dihydroxy-2-(4-(trifluoromethyl)benzyl)isophthalonitrile

Using the procedure analogous to Example 54, 4-hydroxy-5-methoxy-2-(4-
(rifluoromethyl)benzyl)isophthalonitrile (200 mg), prepared from 2-bromo-4-hydroxy-5-
methoxyisophthalonitrile and 4,4,5,5-tetramethyl-2-(4-(trifluoromethyl)benzyl)-1,3,2-
dioxaborolane, was demethylated to give the title compound. Yield 96 mg

'"H NMR (400 MHz, methanol-ds) ppm 7.59 (d, J=8.07 Hz, 2 H) 7.45 (d, J=8.07 Hz, 2 H)
6.96 (brs, 1 H)4.24 (s, 2 H)

Example 155: (E)-4 5-Dlhydroxy-z-(4-(tr1ﬂuoromethyl)styryl)lsophthalomtnle
Using the procedure described in Examplc 37 (E)-4-hydroxy-S-methoxy-2-(4-
(tnﬂuoromethyl)styryi)1sophth'al'ommle (43 mg), prepared from 2‘—bromo-4-hydrox‘y 50
methoxyxsophthalommle and trans-2-(4 (tnﬂuoromethyl)phenyl)vmylboromc acxd was
demethylated to givethe title compound Yield 10 mg: ‘

'H NMR (400 MHz, DMSO—ds) ppm 7.50 (d, J=1.00 Hz, 1 H) 7.29:7.35 (m, 2°H) 7.25 (d,
J=1.00 Hz,2 H) 7.18 (d, J=1.00 Hz, 2 H)

Example 156: 4 5-D|hydroxy-2-(p-tolylsulﬁnyl)lsophthalomtrlle '
The preparatlon of 4 5—d1hydroxy-2-(p-tolylthlo)xsophmalommle is descrlbed in Example
53.Toa mlxture of 4 5 dlhydroxyﬁz (p- tolylthlo)lsophthalomtnle (0 15 g) in DCM was
added mCPBA (0 08 g) at0°C. After 2 h; the solvent was evaporated Chromatographxc
punﬁcanon gave the title' compound Yield 0. 1 g

'H NMR (400 MHz DMSO-ds) ppm 7. 52 (m, 2H)7.37 (m,2 H) 6.78 (s, 1 H) 2.35 (5,3 H)

Example 157: 4-(2,6:Dicyano-3,4-dihydroxyphenylthio)benzoic acid

0, 6-Dicyano-3-hydroxy-4:methoxyphenylthio)benzoic acid

To a mixture of 3-bromo-2 4—d1cyano-6-memoxyphcnyl acetate (1.0 g), zin¢ (1.2 equiv.)
and p—mercaptobenzoxc acid (0. 62 gi in DMF (20'ml) was added Pd(dppf)Clz complex with
CH.Cl; (1:1) (0.9 equiv.). The stirred reaction was microwave-irradiated at 160 °C for 30
min after which Wator was added and solvents wero evaporated. SM NaOH solution was

added to the residue and the rhikture was stirred for 30 min, extracted with EtOAc, filtered
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over pall filter, cooled and acidified with HCl to give solid which was filtered and washed

with water and diethyl ether. Yield 818 mg ,
'H NMR (400 MHz, DMSO-ds) ppm 7.85 (m, 2 H) 7.13 (m, 2 H) 6.92 (s, 1 H) 3.71 (s, 3H)

4-(2,6-Dicyano-3,4-dihydroxyphenylthio)benzoic acid

To a mixture of 4-(2,6-dicyano-3-hydroxy-4-methoxyphenylthio)benzoic acid (0.7 g) in
DCM under nitrogen atmosphere was added 1 M boron tribromide solution in DCM (3-5
equiv.) at 0 °C. The reaction mixture was left to warm slowly to room temperature with
stirring for 2 h. The reaction mixture was poured into methanol. After evaporation of the
solvent, 5 M NaOH solution was added and the mixture was stirred for 30 min, washed with
EtOAC, cooled and acidified with HC t6 give solid product which was filtéred, washed -
with water and dried in vacuum. 4-(2, 6-D1cyano -3 4-dxhydroxyphcnylthxo)benzoxc acid was
punﬁed by chromatography Yield 0.2° g .

'H NMR (400 MHz, DMSO-ds) ppm 7.87 (m, 2 H) 742 (s, 1 H)7.19 (m, 2 H)

Exa'mpl‘e 158: z-(A-Ethylphexiyuhio);zt,s-dihy’droxyiséph'thalonitrile

2-(4-Ethylphenylthlo)-4-hydroxy-5-methoxylsophthalommle '

2. (4-Ethylphenylthxo)-4-hydroxy-5 “methoxyisophthalonitrile was prepared from 3-brorno-
2.4 dxcyano-6-methoxyphenyl acetate (1 .0 g) and 4-ethylthlophenol (0.5 ml) instead of p-
mcrcaptobenzoxc acid as described i in Example (57. Yield 1.01 g

'H NMR (400 MHz DMSO-ds) ppm 7.26- 6.90 (m, 5 H) 3.71 (s 3 H) 2. 56 @g,2 H) L15(t,
3 H)

2- (4-Ethylphenylthm)-4 5. dlhydroxylsophthalomtnle

The title compound was prepared from 2- (4-ethylphenylthxo)-4-hydroxy-5-
methoxyxsophthalommle (0 7 g) instead of 4- (2,6- dlcyano—3-hydroxy-4-
methoxyphenylthxo)bcnzmc acid as described in Example 157. Yield 0.213 g

'H NMR (400 MHz, DMSO'de) ppm 7.35 (s 1H)7.20 (m, 2 H) 7.14 (m 2 H) 2.57 (q, 2 H)
L. 15 (t,3 H) '

Example 1595 2-(4-Chlorophehyithio)-4,5-dihydroxyisophthalonitrile
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2-(4-Chlorophenylthio)-4-hydroxy-5-methoxyisophthalonitrile
2-(4-Chlorophenylthio)-4-hydroxy-5-methoxyisophthalonitrile was prepared from 3-bromo-
2,4-dicyano-6-methoxyphenyl acetate (1.0 g) and bis(p-chlorophenyl)-disulfide (0.58 g)
instead of p-mercaptobenzoic acid as described in Example 157. Yield 0.99 g

'H NMR (400 MHz, DMSO-ds) ppm 7.41 (m, 2 H) 7.23 (s, 1 H) 7.15 (m, 2 H) 3.68 (s, 3 H)

2-(4-Chlorophenylthio)-4,5-dihydroxyisophthalonitrile

The title compound was prepared from 2-(4-chlorophenylthio)-4-hydroxy-5-
miethoxyisophthalonitrile (0.7 g) instead of 4-(2,6-dicyano-3-hydroxy-4-
meihoxsrphénylthio)benzoic acid as described in Exéﬁiple i57. Yield0.494 g'
'H NMR (400 MHz, DMSO-dg) pprii 7.34 (m, 2 H) 7.02 (m, 2 H) 6.40 (s, | H)

Example 160; 4,5-Dihydroxy-2-(o-tolylthio)isophthalonitrile

The title compound was prepared from 3-bromo-2,4-dicyano-6-methoxyphenyl acetate (1.0
g) and 2-methylthiopheriol (0.42 §) instead of p-mercaptobenzoic acid as described in

Example 157° followed by demethylauon as described in Example 157. 4,5:Dihydroxy-2-(o-

tolylthlo)lsophthalommle was punﬁed by chromatography Yield 0.31 8

'H NMR (400 MHz, DMSO~d6) PPm 7. 39 (s 1 H) 7.27 (m 1 H) 7. 14 (m 2 H) 6.72 (m 1

mzwssm '

Example 161: Methyl 4-(2,6-dicyanc-3,4-dihydroxyphenylthio)benzoate

The preparation of 4-(2, 6-di'cyano 3 4-dihydroxyphensrlthio)bénzoio' acid is described in
Example 157. To 4-(2,6- dxcyano -3 4-d1hydroxyphenylt}uo)benzmc acid (1.0 g)i in methanol
(16 ml) was added thlonyl chloride (0. 28 ml) over 30 min at 0 °C followed by refluxing for
30 min. The product was extracted into EtOAc and washed with btine and water. The
organic phase was dried (N&,S0,), filtered and evaporated Yield0.73 g

'H NMR (400 MHz, DMSO“dﬁ) ppm 7.88 (m, 2 H) 741 (s, 1 H) 7.21 (m, 2 H) 3.83 (s, 3 H)

Example 162: 2-(2:Chloropheénylthio)-4,5-dihydroxyisophthalonitrile
To a mixture of 2—bromo-4 S—dlhydroxyxsophthalomtnle (0.4 ), zinc (1.2 equiv.) and 2-
chlorothxophenol (0 19 ml) in DMF (20 ml) was added Pd(dppf)Clz complex with CH,Cl,
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(1:1) (0.9 equiv.). The stirred reaction was microwave-irradiated at 160 °C for 30 min after
which solvent was evaporated. Water was added and solid was filtered and dissolved in SM
NaOH solution. Insoluble material was filtered and the filtrate was acidified with 37% HCl
to give solid product which was filtered, washed with water and dried in vacuum. 2-(2-
chlorophenylthio)-4,5-dihydroxyisophthalonitrile was purified by chromatography. Yield
022g .

'H NMR (400 MHz, DMSO-de) ppm 7.74 (m, 1 H)7.41(,1 H) 7.26 (m, 2 H) 6.70 (m, 1
H)
Example 163: Methiyl 2‘-’(2,'6’-'diéyého-3,4‘-dihydl‘okiphéliyltﬁi())iiehzwté ’

Th title compounid Was'prepared from »-bromo-4.5-dihydroxyisophthalonitrile (0.9 g) and
iethyl thicsalicylate (0.63 g) instéad of 2-chlorothiophenol as described in Example 162.
Methyl 2-(2,6-dicyario:3,4-dihydroxyphenylthio)benzoate Was purified by chrimatography.
Yield 043 g

{1 NMR (400 MHz, DMSO-de) ppm 7.96-8.07 (m, 1 H) 7.45-7.51 (m, ' H) 7.43 (s, 1 H)
7.28-1.37 (m, 1 H) 6.57-6.68 (m, 1 H) 3.92 (s, 3 H)

Example 164: 2442, 6-D|cyano-3 4~d1hydroxyphenylthio)phenyl)acetlc acid .
The title compound was prepared from 2-brommo-4 S-mhyd:oxyisophthalommle (. 9 g) and
4—mercapt0phenylacenc acid (0 63 g) instead of 2-chlorothlophenol as descnbed in
Example 162. 2- (4-(2 6-D1cyano 3 4-d1hydroxyphenylthm)phenyl)acetm acnd was punﬁed
by chromatography Yxcld 0. 36 g

lH NMR (400 MHz DMSO-db) ppm 7.37 (s, 1H)7.24 (m, 2H) 7. 14 (m, 2 H) 3.55(s, 2 H)

Example 165 2-(2 6-chyano -3.4- dlhydroxyphenyltluo)benzmc acid

Thc prcparatlon of methyl 2- (2 6—d1cyano-3 4- dnhydroxyphenylth1o)benzoate is described in
Example 163.’A mixture of methyl 2—(2 6-dicyano-3 4-d1hydroxyphenylthxo)benzoate (O 3
g)and 2. 5 M NaOH was ‘stirred for 30 min aftér which sohd matenal was filtéred. The
ﬁlt.rate was collectcd and made ac:1d1c with 37% HCl to give solid product which was
filtered, washed with water and dried in vacuum. Yield 0.103 g

'H NMR (400 MHz DMSO'dﬁ) ppm 8. 00 (m, 1 H) 7.45 (s, 1 H) 7.38-7.48 (m, 1H)7. 28
(m,lH)657(d lH)
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Example 166: 3-(4-(2,6-Dicyano-3,4-dihydroxyphenylthio)phenyl)propanoic acid

The title compound was prepared from 2-bromo-4,5-dihydroxyisophthalonitrile (0.6 g) and
3-(4-mercaptophenyl)propanoic acid (0.46 g) instead of 2-chlorothiophenol as described in
Example 162. 3-(4-(2,6-Dicyano-3,4-dihydroxyphenylthio)phenyl)propanoic acid was
purified by chromatography. Yield 0.12 g

'"H NMR (400 MHz, DMSO-ds) ppm 7.36 (s, 1 H) 7.22 (m, 2 H) 7.13 (m, 2 H) 2.78 (t, 2 H)
2.45-2.55 (m, 2 H)

Exaniiple 167: 4,5-Dihydroxy-2-(d-methoxyphenylthio)isophthalonitrile

The title compound was prépared from 2-bromo-4,5-dihydroxyisophthalonitrile (0.9 g) and
4 rﬂethoXyBéhiériethiOI (0.53 ) instead of 2 chlorothiophériol as described in Examplé 162.
4 S—thydroxy <2~ (4-methoxyphenylthlo)lsophthalomtnle was purified by chromatography

Yield 0.42 g

'"H NMR {400 MHz, bMSO-db)' ppm 7.32 (s, 1 H) 7.30 (m; 2 H) 6.94 (m, 2 H) 3.74 (s, 3 H)

Example 168: Methyl 2-(4- (2 6-d1cyano 3 4-dxhydroxybenzyl)phenyl)acetate

The preparat:on of 2- -(4- (2 6~dncyano-3 4- dlhydroxybenzyl)pheny})acetxc acid is described
in Example 150 2- (4 (2, 6-chyano 3 4-d1hydroxybcnzy1)phenyl)acctlc acid (100 mg) was
estenficd usmg thlonyl chloride and methanol fo give the title compound Yield 38 mg
'H NMR (400 MHz methanol—d4) ppm 7.18-7.25 (m, 5 H) 4.23 (s, 2 H) 3. 68 (s,2 H) 3.63
(s 3 H)

ﬁﬁampie 169' 4,5-Dihydroxy-2-(3-methoxyphenylthio)isophthalonitrile

The title compound was preparcd from’ 2-bromo—4 S-dxhydroxylsophthalommle (1.0 g) and
3-methoxybcuzcnethxol (0 64 9] mstcad of 2—chloroth10phenol as descnbcd in Example 162.
4 S-Dlhydroxy-2-(3-methoxyphenylthlo)lsophthalommle was punﬁed by chromatography

Yncld 0.34¢g o : :

' NMR (400 MHz, DMSO-ds) ppm 7.38 (s, 1H)7.27 (m, 1 H) 6.84 (m, 1 H) 6.74 (m,

H) 6.67 (m, 1 H) 3.73 (5, 3H)

Example 170: Methyl 4-(2,6-dicyano-3,4-dihydroxyphenoxy)benzoate
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Methyl 4-(2,6-dicyano-3,4-diisopropoxyphenoxy)benzoate

Methyl 4-(2,6-dicyano-3,4-diisopropoxyphenoxy)benzoate was prepared from 2-bromo-4,5-
diisopropoxyisophthalonitrile (0.1 g) and methyl 4-hydroxybenzoate (0.047 g) instead of 4-
(trifluoromethyl)thiophenol as described in Example 142, except that the reaction mixture
was stirred at 80 °C instead of room temperature. After addition of water, methyl 4-(2,6-
dicyano-3,4-diisopropoxyphenoxy)benzoate was collected by filtration, washed with water,
and dried in vacuum. Yield 0.1 g

'H NMR (400 MHz, DMSO-ds) ppm 8.03 (s, 1 H) 7.99 (m, 2 H) 7.16 (m, 2 H) 4.86-4.97
(m, 1 H) 4.76-4.87 (m, 1 H) 3.85 (s, 3 H) 1.34 (d, 6 H) 1.32 (d, 6 H)

Methyl 4-(2;6-dicyano-3;4-dihydroxyphehoxy)benzoate " - -

The title compourid was p’r‘éba‘xred from methyl 4-(2,6-dicyano-3,4-"
diisopropdxyphénoxy)bénioéte (0.1 g) instead of 4,5-diisopropoxy-2-(4-
(trifluoromethyl)phenylthio)isophthalonitrile as described in Example 142. Yield 0.024 g
'H NMR (400 MHz, DMSO-ds) ppm 7.98 (m, 2 H) 7.31 (s, 1 H) 7.09 (m, 2 H) 3.84 (s, 3 H)

E‘:’éam'ple 171: 4,5L[)ihydrox‘y.2-'(pyridin.'-4‘-ylthio)i&ophthalonitrile

4 S-Dusopropoxy-2-(pyndm-4-ylthxo)lsophthalomtrlle

4 5-Dusopropoxy—2 (pyndm—4-ylthlo)xsophthalommle was prepared from 2-bromo-4 5-
dusopropoxyxsophthalommle 0.25 g) and 4-mercaptopyridine (0.095 g) instead of 4-
(tnfluoromethyl)thxophcnol as described in Example 142. After addition of water, 4, 5-
dnsopropoxy -2- (pyrxdm-4-y]thxo)lsophthalommle was collected by ﬁ]tranon washed with -
water, and dried i in vacuum Yield 0.22 g

'H NMR (400 MHz, DMSO-ds) ppm 8.43 (m, 2H) 8.12 (s, 1 H) 7.09 (m, 2 H) 4.85-4.95
(m, 1 H) 4.79-4.86 (m, 1 H) 1.35 (d, 6 H) 1.30(d, 6 H)

4,5-Dihydroxy-2-(pyridin-d-ylthio)isophthalonitrile

The title compound was prepared frOr'n 4,5-diisopropoxy:2-(pyridin-4-
ylthlo)xsophthatomtnlc 021g) iristead of 4 5- dusopropoxy-z-(4-
(mﬂuoromethyl)phenylth10)1sophthalomtr1le as described in Example 142. Yield 0.06 g
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"H NMR (400 MHz, DMSO-ds) ppm 8.56 (m, 2 H) 7.55 (s, 1 H) 7.44 (m, 2 H)

Example 172: 3-(2,6-Dicyano-3,4-dihydroxyphenylthio)benzoic acid

The title compound was prepared from 2-bromo-4,5-dihydroxyisophthalonitrile (0.75 g) and

m-mercaptobenzoic acid (0.48 g) instead of 2-chlorothiophenol as described in Example
162. 3-(2,6-Dicyano-3,4-dihydroxyphenylthio)benzoic acid was purified by
chromatography. Yield 0.28 g

'"H NMR (400 MHz, DMSO-ds) ppm 7.81 (m, 1 H) 7.67 (n, 1 H) 7.36-7.54 (m, 3 H)

Example 173: 2-(4-Cyanophenylthio)-4,5-dihydroxyisophthalonitrile

The title compound Wwas prepared from 2-bromo-4,5-dikiydroxyisophithalonitrile (1.0 g) and

4:mercaptobenzonitrile (0.62 g) instéad of 2-chlorothiophenol'as described in Example 162.
-(4-Cyanophenylthxo)—4 5-dxhydroxylsophthalomtrxle was punﬁed by chromatography

Yield0.03g " T SRR :

'H NMR (400 MHz, methanol-ds) ppm 7.61-7.69 (m, 2 H) 7.34 (s, 1 H) 7.23-7.29 (m, 2 H)

Example 174: 4,5-Dihydroxy-2-(naphthalen-2-ylthio)isophthalonitrile

The title’ compound was prepared from' 2: bromo~4 S-dlhydroxylsophthalommle (0.8 g) and

2—naphthalenemlol (0.59: g) instead of 2-chlorothiopheriol as dcscnbcd in Example 162, 4,5-
Dmydroxy-z (naphthalen-2-ylth10)1sophthalomtnle was punﬁed by chromatography Yleld

0 04 g : : s e

'H-NMR (400 MHz methenol;d;) ppni 7.71-7.86 (m, SAH) 7.42-7.52 (m, 2 H) 7.31 (m, 1 H)

Example 175: 2-(4-(2,6- Dicyﬁh043 4-dihy&ro;:ybenzyl)phenyi)-N N-diethylaceianlide
The prcparatxon ‘of 2- (4 -(2,6- dlcyano-3 4-d1hydroxybenzyl)phenyl)acenc acid is described
in Example 150. The titlé compound was prepared from 2-(4-(2,6- chcyano 3.4-
dlhydroxybenzyl)phenyl)acet1c acid (120 mg) and d1ethylanune in the presence of thxonyl
chlonde Yxeld 36 mg - IS , '
'H NMR (400 MHz, methanol~d4) Ppm 7.12-7.29 (m, 5H)4.21 (s, 2 H) 3.70 (s 2 H) 3.37
(qd J=7.12, 2.66'Hz, 4H)109(dt J-1143 7.12 Hz, 6H) ' '

Example 176: 2;(4-Ethyli)henoxy)i4,54dih&droﬁyisophthalonitrile '
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2-(4-Ethylphenoxy)-4,5-diisopropoxyisophthalonitrile
2-(4-Ethylphenoxy)-4,5-diisopropoxyisophthalonitrile was prepared from 2~bromo—4 5-
diisopropoxyisophthalonitrile (0.25 g) and 4-ethylpheno} (0.095 g) instead of 4-
(trifluoromethyl)thiophenol as described in Example 142. After addition of water, 2-(4-
ethylphenoxy)-4,5-diisopropoxyisophthalonitrile was collected by filtration, washed with
water, and dried in vacuum. Yield 0.27 g

'H NMR (400 MHz, DMSO-ds) ppm 7.97 (s, 1 H) 7.21 (m, 2 H) 6.89 (m, 2 H) 4.80-5.00
(m, 1 H) 4.60-4.78 (m, 1 H) 2.59 (q, 2 H) 1.33(d, 6 H) 1.31 (d, 6 H) 1.17 (t, 3 H)

2-(4-Ethylphenoxy)-4 5-dxhydroxyxsophthalomtnle

The title compound was prepared from 2-(4-ethylphenoxy)-4, 5—
diisopropoxyisophthalonitrile (0.29 g) instead of 4,5~d1150propoxj—2'—(4¥ N
(tx;iﬂuoromethyl)phenylthio)isophthdlonitrile as described in Example 142. Yield 0.18 g

'H NMR (400 MHz, DMSO-da) ppm 7.31 (s 1H) 7.19 (m, 2 H) 6.85 (rn, 2H)2.58 (q, 2 H)
1.17 (t 3 H) :

Example 177' 2- (4-Acetylphenoxy)-4 S-dlhydroxynsophthalommle '

The tltle compound Wwas prepared from 2-bromo-4 S-dusopropoxylsophthalomtnle (250 mg)
and 4’ -hydroxyacetophenone (l 16 mg) itistead of 4- (tnﬂuoromethyl)thxophenol as
descnbed in Example 142 followed by demethylatxon as described i in Example 142.

React:on conditions for the reacnon of 2-bromo-4,5- dnsopropoxylsophthalommle with 4 -
hydroxyacetophenone 1 d at room temperature and 1 d at 50 °C. 2- (4-Acetylphenoxy)-4 5-
dlhydroxyxsophthalommle was punﬁed by preparauve reversed phase HPLC Yield 23 mg
'H NMR (400 MHz, methanol-ds) ppm 8. 03 8. 09 (m, 2H)7.26 (s, 1 H) 7 00-7.06 (m, 2 H)
259(s,3H)

Example 178 4 S-Dlhydroxy-z-(l-oxo-z 3-d1hydro-1H-mden-S-yloxy)xsophthalomtnle
The title compound was prepared from 2-bromo-4 S-dnsopropoxylsophthalomtrﬂe (250 mg)
and S-hydroxy—l-mdanone (155 mg) instead of 4- ~(trifluoromethyl)thiophenol as descnbed
in Example 142 followed by demethylation as descnbed in Example 142. Reaction )
conditions for the reaction of 2-bromo-4,5-dusopropoxyxsophthalomtnle with S-hydroxy- 1-
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indanone: 1 d at room temperature and 3 d at 50 °C. 4,5-Dihydroxy-2-(1-0x0-2,3-dihydro-

1H-inden-5-yloxy)isophthalonitrile was purified by preparative reversed phase HPLC.
Yield 19 mg

 'HNMR (400 MHz, methanol-da) ppm 7.71-7.78 (m, 1 H) 7.26 (s, 1 H) 7.00-7.07 (m, 2 H)

3.08-3.19 (m, 2 H) 2.67-2.82 (m, 2-H)

Example 179: 2-(2°,6’-Dicyano-3’,4’-dihydroxybiphenyl-4-yl)acetic acid
The title compound was prepared from 4-bromo-3,5-dicyano-i,Z-phenylene diacetate (1.63
g) and ethyl 2-(4-(4,4,5,5-tetramethyl- 1,3,2-dioxaborolan-2-yl)phenyl)acetate (2.19 )

‘instead of 3,4,5-trifluorophenylboronic acid as described in Example 7. Reaction” -

conditions: 120 min at 130 °C. Yield 1.12 g
" NMR (400 MHz; DMSO=ds) ppm 7.26-7.49 (m, SH) 3.68 (s; 2 H) 1 * = = 0

;"1l.'-..‘f“".‘_..::""./’ ' R ~

Example 180: 2-(2,'4-Dimethylphenoxy)-4,S-dihydroxyisophthalonitrile

2:2 4-Dimétliylpﬁenoxy)-'4'Sadﬁiébpi'opi)kyis'ophthéldnifrile '

2-(2 4- D1methylphenoxy)—4 5- dnsopropoxylsophthalommle was prepared from 2-bromo-
4 S-dusopropoxylsophthalomtrﬂe (0.50°g) and 2 4-d1mcthylphenol (0.19 mml) instead of 4-
(mﬂuommethyl)thxophenol as described in Example 142, except that the reaction rmxture
was heatcd at 60 °C for addltnonal 2 h After evaporatlon of solvcnts and addition of 2M
NaOH solutxon 2-(2, 4-d1mcthy]phenoxy)~4 5- dusomopoxyxsophthalommle was collected
by filtration, washed wuh watér; and dned irvacuum_ Yield 0. 52 g o

lH NMR (400 MHz DMSO-ds) ppm 7.95 (s 1 H) 7 12 (m 1 H) 6. 94 (m 1 H)6.49 (m, 1
H)485—493 (m, 1 H)475-482(m, l H)250(s 3H)225(s BH) 1.32(d, 6 H) 1 31 (d- 6

H)"'

2-(2 4 Dlmethylphenoxy)-4,5-d|hydroxy|sophthalomtnle

The title compound was preparcd frofn 2:(2, 4-d1methylphcnoxy)~4 5-
dnsopmpoxyxsophthalommle 0:52'¢) instead of 4, S—dusopropoxy-2 (4-
(tnfluOrOmcthyl)phcnylthlo)lscphthalommle as described in Example 142. Yield 0.35 g
'H NMR (400 MHz, DMSO-ds) ppm 7.30 (s 1 H) 7.10 (m; 1 H) 6.92 (im, 1 H) 6 42 (m, 1
H)230(s '3 H) 2.24 (s, 3H)
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Example 181: 2-(4-Chlorophenoxy)-4,5-dihydroxyisophthalonitrile

2-’(.4-Chlorophenoxy)-4,S-diisopropoxyisophthalonitrile‘ A
2-(4-Chlorophenoxy)-4,5-diisopropoxyisophthalonitrile was prepared from 2-bromo-4,5-
diisopropoxyisophthalonitrile (0.50 g) and 4-chlorophenol (0.20 g) instead of 4-
(trifluoromethyl)thiophenol as described in Example 142, except that the reaction mixture
was heated at 60 °C for additional 2 h. After addition of water, 2-(4-chlorophenoxy)-4,5-
dusopropoxy:sophtha.lommle (0.54 g) was collected by ﬁltranon washed with water, and
dried in vacuum. Yield 0.54 g" o

'H NMR (400 MHz, DMSO-dg) ppm 8.00 (s, 1 H) 7.41-7.48 (m, 2 H) 7.04-7.10 (m, 2 H)
4:85-4.93 (m, 1'H) 476-4.84 (m, 1 H) 1.33 (4, 6 H) 1.31(d, 6 H)

3:(4:Chlorophenoky)-4,5-dihydroxyisophthalonitrile

The title comipound ws prepared from 2-(4-chlorophenoxy)-4,5-"
diisopropoxyisophithalonitrile (0.25g) instead of 4,5-diisopropoxy-2-(4- -
(trxﬂuoromethyl)phenylthro)lsophthalomtrrle as described in Example 142. Yield 0.070 g
’H NMR (400 MHz DMSO-ds) ppm 7 40-7.45 (rn, 2 H) 7.30 (s 1 H) 6.98-7.04 (m, 2 H)

Example 182:4 S-Dlhydroxy-z-(4 (tnﬂuoromethyl)phenoxy)xsophthalomtnle
The title compound was prepared from 2-bromo—4 5- dusopropoxyrsophthalomtnle (500 mg)
and p-hydroxybenzomﬂnorrde (27 6 mg) instead of 4-(trifluoromethyl)thiophenol as
desctibed in Example 142 followed: by demethylanon as déscribed in Example 142. |
Reaction conditions for the teaction of 2-bromo-4 5-dnsoptopoxyrsophthalommle wrth p-
hydroxybenzotnﬂuonde 4d at room temperature and 5 h at 50 °C.4 ,5-Dihydroxy-2- (4-
(mfluoromcthyl)phenoxy)lsophthalomtnle was purified by reversed phase column '
chromatography. Yield 196 mg

'H NMR (400 MHz; DMSO-ds) ppm 11.04 (br s, 2 H) 7.71-7.80 (m, 2 H) 7.3 (s, 1 H)
7.14:7.22 (m, 2 H)

Example 183: 4,5-Dihydroxy-2-(1H-inden-3-yDisophthalonitrile
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The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (350
mg) and 3H-indene-1-boronic acid (220 mg) instead of 3,4,5-trifluorophenylboronic acid as
described in Example 7. 4,5-Dihydroxy-2-(1H-inden-3-yl)isophthalonitrile was purified by
reversed phase column chromatography. Yield 21 mg

'H NMR (400 MHz, methanol-ds) ppm 7.54-7.58 (m, 1 H) 7.30 (s, 1 H) 7.23-7.29 (m, 2 H)
7.06-7.10 (m, 1 H) 6.75 (t, 1 H) 3.64 (d, 2 H)

Example 184: 4,5-Dihydroxy-2-(morpholinomethyl)isophthalonitrile

2:(Bromométhyl):4-hydroxy-5-methoxyisoplithalonitrile
4-Hydroxy-5-methoxy-2-methylisophthalonitrile (1.32 g), NBS (2:48 g), and AIBN (164
mg) in DCM (50 mi) were refluxed for 6 h 30 min. The reaction was allowed to cool
overnight to room temperatiire. The mixture was cooled in an ice bath and insoluble’ =
material was filtered off. The filtrate Was evaporated to dryness. EtOAc (10 ml) and heptane’
(10 ml) were added to the residue and the mixture was heated to reflux. Insoluble oil was

removed from the hot solvent. Th‘e mixture was allowed to cool to room temperature and

. the precrpxtate was filtered off. The filtrate was evaporated to dryness The crude product

was chromatographed over’ sxlxca gel (EtOAc/heptane/AcOH) The compound was used
withouit further punﬁcanon Yneld 646 mg A ‘
lH NMR (400 MHz, DMSO—ds) ppm 11. 05 (br S, 1 H) 7.74 (s, l H)4.73 (s 2 H) 3.94(s,3

4-Hydroxy-s-methoxy-2-(morphohnomethyl)lsophthalomtnle

Sodibm hydnde (60% in oxl 116 mg), morpholine (0 25 ml), DMF ( 1 ml) were cooled in an
ice bath. 2—(Bromomethyl)—4-hydroxy 5-methoxyxsophthalomtnle (365 mg) was added
droprse in DMF (9 m]) The mlxture was stirred for'15 min in an ice bath and 2h 30 min
at room temperature The rcacnon was quenched with few drops of water. The mixture was
evaporated to dryness.’EtOAc (25 ~ml) was added and insoluble material was filtered off.
The ﬁltrate was evaperated to dryness and the resulting residue was chromatographed over
silia gel (EtOAC/heptane/ACOH). Yield 148 mg |

'H NMR (400 MHz, DMSO—ds) ppm 11 79 (br s, 1H)7.62 (s, 1 H) 3. 90 (s 3H)3.61(s,2
H) 3:51-3.56 (m, 4H)240—246(m 4H)
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4,5-Dihydroxy-2-(morpholinomethyl)isophthalonitrile
4-Hydroxy-5-methoxy-2-(morpholinomethyl)isophthalonitrile (140 mg) and acetonitrile (5
ml) were mixed. Boron tribromide (2.05:ml, 1 M in DCM) in DCM (15 ml) was added

- dropwise to the mixture at room temperature. The reaction was stirred for 2 h, and then

quenched with water (0.22 ml). The mixture was stirred in an ice bath. The precipitate was
filtered and washed with small amount of DCM. Ethanol (4 ml) was added to the solid and
the mixture was heated to reflux. Insoluble material was filtered off from the hot solution.
The amount of solvent was reduced to about 1.5 ml and the mixture was heated to reflux
followed by cooling fo roOm temperature. Ethanol was slowly evaporated by stream of air
until precnpnate formed. Thé mixture was stirred in an ice bath, ﬁltered and washed with -
few drops of ethanol. Yield 45 mg = ' ' s

'H NMR (400 MHz, DMSO"dﬁ) ppm 9.98 (br 5,2 H) 7.07 (s 1 H) 443 (5,2 H) 3.69-3:98
(m,4H)339(brs4H) o B ST

E:‘rample 185: ZL((Dierhjffanﬁho)'meth'y'l)-4,‘5-dihydroxyisophthalonitrile hydrochloride

2: ((Dlethylammo)methyl)-4-hydroxy-5-methoxylsophthalomtnle hydrochloride
-Hydroxy—S methoxy-?.—methyhsophthalomtrxle (188 mg) NBS (354 rng), and AIBN (41
mg) in EtOAc (10 ml) were refluxed for 2 h. The reactlon was cooled i in an ice bath and
dxethylamme (0 52 mi)i in methanol (10 ml) was added The mxxmre was stured overmght at
room temperature and evaporated to dryness The residue was mixed with toluene and
evaporated to dryness The resultmg material was dlssolved in EtOAc and cooled in an ice
bath: HCl in EtOAc was added dropwxse The precipitate was flltered and washed with cold
EtOAc. The crude product was recrystalhzed from EtOAclethanol Yield 180 mg
'H NMR (400 MHz, DMSO’dﬁ) ppm 8.69 (br s, 1 H) 7.81 (s 1 H) 439 (s, 2 H) 3.96 (s,
H)321(q.4H)133(t 6H) ' ~ h

2-((Diéthyl=i_nﬁno)methyl)-4,5-dihy’dmxyis"ophmalonitrue’ hydrochloride
2:((Diethylamino)methyl)-4-hydroxy-S-methoxyisophthalonitrile hydrochloride (170 mg)
and acetonitrile (20 ml) were clooled to -20"°C. Boron tribromide (1.7 ml, 1 M in DCM) was

added dropwise to the mixtiire: The reaction was allowed to warm overnight to room -
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temperature and then cooled in an ice bath. Methanol was added (10 ml) followed by
heating to reflux for 1 h. The mixture was evaporated to dryness. | M HCl in diethyl ether
was added dropwise. The precipitate was filtered. The solid was triturated with
EtOAc/ethanol, toluene/EtOAc/AcOH and EtOAc. The crude product was
chromatographed over silica gel (DCM/methanol).“ The product was dissolved in EtOAc
and cooled in an ice bath. 1 M HC! in EtOAc was added dropwise. The precipitate was
filtered and washed with cold EtOAc. Yield 20 mg

'"H NMR (400 MHz, DMSO-ds) ppm 8.37 (br s, 3 H) 7.41 (s, 1 H) 4.36 (brs, 2 H) 3.20 (br
s4H)131(t 6H) ' '

Example 186: 4 5'DlhydPOXY-Z-(((2-hydI‘OXYEthyl)ammO)methyl)lsophthalomtrlle
hydrochlonde (1 1) TR

4-Hydroxy-2-((2-hydroxyethyl)amino)méthyl)-5-methoxyisophthalonitrile - -
4-Hydroxy-5-miethoxy-2-methylisophthalonitrile (188 mg), NBS (356 mg), and AIBN (41
mg) in EtOAc (10 ml) were refluxed for 2 h. The reaction was cooled in an ice bath.
Ethenolmnine (0.18 ml) was dissolVed in methanol (10 ml) and added to the mixture. The
reactlon mixture was stn'red for 2 h at room temperature and evaporated to dryness The
resldue was tnturated thh EtOAc and methanol. Yield 47 mg

1H NMR (400 MHz, DMSO-ds) ppm 8.68 (br s, 1 H)7.14 (s, 1 H) 5. 04 (br 5, 1 H) 4, 63 (s, 2
H)363(s 3H)357 365 (m,4H)

4 éLDinydroxy-2’-’(((2-hy;iroxyeth§1)a}xﬁn6)inethynisophthaxonitﬁle hydrochloride
(1:1)

-Hydroxy—z (((2-hydroxyethyl)armno)methyl) S-methoxyxsophthalommlc (47 mg),
aluminum cthnde (76 mg) and sodxum iodide (57 mg) in acetomtnle were reﬂuxed for 2 h.
The reaction was cooled and quenched with 2N HCl (1ml). The orgamc phase was
separated and the aqueous phasé was washed with acetonitrile. The combined organic
phases were evaporated to dryness The residue was treated with methanol, and then the
solvent was decanted. The solutxon was treated with 1 M. HCl in EtOAc in an ice bath. The

product was ﬁltered Yield 18 mg =~ 7
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'H NMR (400 MHz, DMSO-dg) ppm 11.21 (brs, 1 H) 9.94 (br s, 1 H) 9.29 (br s, 1 H) 7.86
(brs, 1 H)4.95 (brs, 2 H) 3.82 (brs, 2 H) 3.72 (br s, 2 H)

Example 187: 4,5-Dihydroxy-2-(3-hydroxypropyDisophthalonitrile

4-Hydroxy-2-(3-hydmxypropyl)-S-methoxyisophthalaldehyde i’
5-(3-Hydroxypropyl)-2-methoxyphenol (4.51 g) and hexamethylenetetramine (7.29 g) in
AcOH (50 m!) were refluxed for 8 h. Concentrated HCI (9.1 ml) was added and the mixture
was refluxed for 2 h. Brine (50 mil) was added and the mixture was extracted thrice with-
DCM (75 ml). The combined organic phases were dried (Na;SO4) and evaporated to
dryness. The residue was filtered through silica gel cake using toluene/EtOAc/AcOH
(8:1:1) solvent mixture. The mixture was evaporated to dryness. The compound was used

without further purification. Yield 8.86 g

‘ -Hydroxy¥2-(3lhydroxi'pro’;iyl)'-s-methoiyisophthalonitrile5

-Hydroxy-z -(3- hydroxypropyl) S-methoxyxsophthalaldehyde (8.86 g), hydroxylamine
hydrochlonde . 75 g) and anhydrous sodium acetate (12.20 g) in formic acid (50 ml) were
refluxed for S h. The reaction mixture was evaporated 1o dryness ‘Acetone (100 ml) was
added to the résidue and insoliiblé materlal was filtered off. The ﬁltrate was evaporated to
dryness THF (100 ml), ‘dcetic anhydnde (18.99 g) and tnethylamme (51.9 ml) was added.
The reaction was stirred at room temperature until reaction stopped (TLC). The mixture was
evaporated to dryness The remamder was cooled in an ice bath. Water (100 ml) was added
to the residue and pH was adjustcd to about 1 with concentrated HCL. The aqueous phase
was extracted thnce with BtOAc (100 ml) and the combmed organic phases were washed '
with brine (25 ml) “The orgamc phiase was extracted twnoe with 2N NaOH (75 ml). The
combmed aqueous phases were cooled i in an ice bath and pH was adjusted to about 1 with
conoentrated 'HCI. The precrpxtare was ﬁltered and washed with cold water. Yield 870 mg
'H NMR (400 MHz, DMSO-de) ppm 11 78 (brs, 1 H) 7.62 (s, 1 H) 3.89 (s, 3 H) 3.46(t,2
H)281-287(m 2 H) 1.68:1.77 (m, 2 H) -

4,‘5-Dihydroxy-2-(3-hydroxfpro;'iyl)isoﬁhthalonitrile
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To a mixture of 4-hydroxy-2-(3-hydroxypropyl)-5-methoxyisophthalonitrile (570 mg),
DCM (50 ml) under nitrogen atmosphere was added 1 M boron tribromide solution in DCM
(8.1 ml) at room temperature. The reaction mixture was refluxed for 10 h. 5% sodium
sulfite was added to the reaction mixture until no color change was seen. The precipitate
was filtered off and washed with water. The solid was dissolved in 1 M sodium hydrogen
carbonate and washed ‘with EtOAc. The aqueous phase was cooled in an ice bath and 6 N
HC] was added. The product was filtered and washed with water. Yield 300 mg

'H NMR (400 MHz, DMSO-ds) ppm 11.06 (br s, 2 H) 7.22 (s 1 H) 4 57 (br 5, 1 H) 3.45(,
J--6 32 Hz 2H)271-2 94 (m,2H)155-l 80(m 2H) ‘

Example 188: 2-A“n’ii‘n’o‘:4,5-diﬁydfoky'isopﬁthatonitﬁte :
3-(Benzylamino):2,4-dicyanc-6-methoxyphenyl tert-butyl carbonate "

Sodium hydride (248 g) and benzylaminé'(11.29'ml) in’toluene (50 ml) weré heated at 70
°C for 15 min under nitrogen afmosphiere. The mixture was cooled in an ice bath and
Pd;(dba)s (0.14'g), rac-2,2"-bis(diphenylphosphino)-1,1"-binaphthalene (023 g) and 3-
bromo 2; 4-dxcyano 6-methoxyphenyl tert-butyl carbonate (3.65 g) were added The rmxture
was heated at 85 °C for3h and then cooled i in an ice bath. 4 N HCI was added to the
mxxture and the miiture was extracted thrxce with' EtOAc The combined orgamc phases
were washed thnce with brine, drted (NaZSO4) filtered and evaporated to dryness The
résidize was triturated thh hot 75% ethanol and cooled ifi an ice bath The product was
filteréd off and washed thh 50% ethaiol. Yield 2.96 g i :
'H NMR (400 MHz DMSO-ds) ppm 747 (s, 1H) 7. 25-7 35 (m, 4 H) 7 17 7 25 (m, 1 H)
656(t J-690Hz 1H)474(d J—703Hz 2H)370(s 3H) 1 32(5 9H) o

2- (Benzylamlno)-4-hydroxy-S-methoxylsophthalomtnle ‘

3- (Benzylarmno) -2,4- d1cyano—6-methoxyphenyl tert-butyl carbonate and DCM (40 ml)
were sttrred at room temperature Phosphortc acid (2:1g, 85%, ag. ) was added and the
reaction mtxture stirred at 40 °C until the reaction was completed The mixturé was ‘codled
in an ice bath The solvént Wwas decanted and the residue was washed with cold DCM The
remainder was triturated ‘with 10% ethanol and ¢ooled in an ice bath: The sohds were '
filtered off and washed with'ice cold water. Yield 1.03 g
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'H NMR (400 MHz, DMSO-ds) ppm 11.54 (br s, 1 H) 7.27-7.36 (m, 5 H) 7.19-7.26 (m, 1
H) 6.48 (t, J=6.90 Hz, 1 H) 4.74 (d, /=6.78 Hz, 2 H) 3.68-3.80 (m, 3 H)

2-Amino-4,5-dihydroxyisophthalonitrile
2-(Benzylamino)-4-hydroxy-5-methoxyisophthalonitrile (520 mg) was slowly added to a
solution of aluminum chloride (993 mg) and sodium iodide (1116 mg) in acetonitrile (15
ml) at 0 °C. The reaction mixture was stirred at room temperature for 2 h. The mixture was
evaporated to dryness. 1 N HCI (21 ml) was added followed by addition of 1 M sodium
sulfite until 66 color change was séen. The organic phase was separated. The aqueous phase
was extracted thrice with EtOAc. The organic phases were combined, washed with brine,
dried (Na,SOy), filtered and evaporated to dryness. Heptane (9 ml) and EtOAc (1 ml) was '
added‘and heated to reflux: The crudé product was ﬁltercd from the hot soluuon and
chromatographed over sifica gel. Yield'160 mg A

' NMR (400 MHz, DMSO:dg) ppmi 10.98 (br s, 1 H) 9.7 (br s, 1 H) 6:97 (5, 1 H) 5.85 (s, 2

Examplé 189: 4,5-Dihydroxy-z-(pYrrolidijl61’-yl)i§ophthalonitrile‘ _

tert-Butyl 2 4-dlcyano-6-methoxy-3 (pyrrohdm-l»yl)phenyl carbonate

Usmg the procedure analogous to Example 188, 3-bromo—2 4- dxcyano-6-methoxypheny1
tert-butyl ‘carbonate (1 06 g) was converted to tert-butyl 2 4-d1cyano 6-methoxy 3-
(pyrrohdm- -yl)phenyl carbonate The crude product was tnturated with hot ethanol Yxeld
1.03 g

'H NMR (400 MHz DMSO—ds) ppm 7 53 G, 1 H) 3. 77 (s 3 H) 3. 68 3.73 (m, 4 H) 1 88-
1.96 (m, 4H)140(s9H) o o

4-Hydroxy-5-methoxy-2 (pyrrohdm-l-yl)lsophthalomtrlle

Usmg the procedure analogous to Example 188 tert-butyl 2 4-d1cyano-6-methoxy-3-
(pyrrohdm— -yl)phenyl carbonate (530 mg) was convertcd to 4-hydroxy-5 -methoxy—2- |
(pyrrolidin-1 -yl)lsophthalomtnle Yield 260 mg

{H NMR (400 MHz, DMSO-ds) ppm 11.48 (brs, 1 H) 7.34 (s 1 H) 380¢(s,3 H) 3.70 (t
1_6 40 Hz, 4 H) 1. 88-1 93 (m, 4 H) '
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4,5-Dihydroxy-2-(pyrrolidin-1-yl)isophthalonitrile

Using the procedure analogous to Example 188, 4-hydroxy-5-methoxy-2-(pyrrolidin-1-
yl)isophthalonitrile was converted to 4,5-dihydroxy-2-(pyrrolidin-1-yl)isophthalonitrile.
The crude product was dissolved in 8 N NaOH and washed twice with EtOAc. The aqueous
phase was cooled in an ice bath and concentrated HC] was added. The precipitate was
filtered and washed with water. Yield 32 mg

'H NMR (400 MHz, DMSO-ds) ppm 10.61 (br s, 2H) 7.02 (s, 1 H) 3.64 (t, J=6.30 Hz, 4 H)
1.90 (m, 4 H)

Example 190: 2:(2,6-Diméethylmorpholino)-4,5-dihydroxyisophthalonitrile -

ter(-Buityl 2,4-dicyanio-3-(2,6-dimethylmorpholino)-6-methoxyphenyl carbonate
Using thé procedute analogous'to Example 188, 3;brox'zio-Z,'4~diéyan'o-6-methoXyphcnyl
tert-butyl carbonate (706 mg) was converted to tert-butyl 2,4-dicyano-3-(2,6-
diméthyimorpholino)-6:methoxyptiényl carbonate. Yield 159 mg

'H NMR (400 MHz, DMSO-ds) ppm 7.69 (s, 1 H) 3.82 (s, 3 H) 3.67-3.77 (m, 2 H) 3.26 (d,
J=11. 29Hz ZH) 294(dd J-ll 80 1004Hz 2H) 1 40(s 9H)1 11 (d J-627Hz 6H)
2-(2 6-Dlmethylmorpholmo)-4-hydroxy-5-methoxynsophthalomtnle

Usmg the proccdure analogous to Example 188, tert-butyl 2 A-dicyano-3 t2 6- -
dunethylmorpholmo) 6-rncthoxyphenyl carbonate (159 mg) was converted to 2-(2 6-
dunethylmorphohno)~4 hydroxy-S-methoxy1sophthalomtnle To isolate the crude product
from the reaction mixture, brine 'Was added. The mixture was extracted thrice with EtOAc.
The combmed orgamc phases were dned (N32$O4) filtered cnd evaporated to dryness
Yield 139 mg ' . : ‘

lI-I NMR (400 MHz, DMSO-dG) ppm 11. 74 (brs, 1 H) 7.50(s, 1 H) 3 85 (s, 3 H) 3.66-3.75
(m,; 2 H) 3.23 (d; J=11:54 Hz, 2 H) 2.88-2.96 (m, 2 H) 1.10 (d, J=6.27 Hz, 6 H)

2-(2,6-Dimethylmorpholino)-4,5-dihydroxyisophthalonitrile
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Using the procedure analogous to Example 188, 2~(2,6-dimethylmorpholino)-4-hydroxy-5-

methoxyisophthalonitrile (139 mg) was converted to 2-(2,6-dimethylmorpholino)-4,5-
dihydroxyisophthalonitrile. The crude product was triturated with hot toluene. Yield 5.7 mg
'H NMR (400 MHz, DMSO-dg) ppm 11.41 (br s, 1 H) 10.63 (br s, 1 H) 7.14 (s, 1 H) 3.53-
3.80 (m, 2 H) 3.16 (d, J=11.29 Hz, 2 H) 2.89 (d, J=11.05 Hz, 2 H) 1.09 (d, J/=6.27 Hz, 6 H)

Example 191: 4,5-Dihydroxy-2-morpholinoisophthalonitrile

tert-Butyl 2,4-dicyano-6-methoxy-3-morpholinophenyl carbonate

Using the procedure analogous to Example 188, 3-bromo-2,4-dicyano-6-methoxyphenyl
tert-butyl carbonate (706 mg) was converted to tert-butyl 2,4-dicyano-6-methoxy-3-
morpholinophenyl carboriate. ‘The crudé product was crystallized fromi ethanol. Yield 312
'H NMR (400 MHz, DMSO-ds) ppm 7.70 (s, | H) 3.83 (s 3 H) 3.69-3.77 (m, 4 H) 3.28-
334(m4H)140(s 9H) ' '

4- Hydroxy-S-methoxy-z-morphohnmsophthalomtule

Using the procedure analogous to Example 188, tert-butyl 2 4-dxcyano—6-methoxy-3—
morpholmophenyl caxbonate (312 mg) was converted to 4-hydroxy-5-methoxy-2-
morpholmo:sophthalommle The crude product was triturated with diethyl cther Yxeld 109
mg

"H NMR (400 MHz DMSO:ds) ppm 11.76 (brs, 1 H) 7. 49 (s, 1H)3.85(s,3H)3.71 (t,
J=4.02 Hz, 4 H) 3.28 (t, 74,52 Hz, 4 H)

4,5-Dihydroxy-2-inorpﬁoliuoisopheholox{itri!é

Usmg the procedure analogous to Example 188, 4-hydroxy—5-methoxy—2-
morpholmoxsophthalomtnle (109 mg) was converted to 4, 5—d1hydroxy-2—
morphohnmsophthalomtnle The crude product was dissolved in 4 N NaOH (5 ml) and
washed twice with EtOAc (5 ml). The aqueous phase was cooled in an ice bath and pH was
adjusted to <3 with concentratcd HCl The precipitate was filtered and washed thrice with
cold water. Yield 26 mg ‘



10

15

20

25

30

WO 2013/175053 PCT/F12013/000026
99

'H NMR (400 MHz, DMSO-dg) ppm 10.91 (br's, 2 H) 7.12 (s, 1 H) 3.56-3.83 (m, 4 H)
3.21-3.26 (m, 4 H)

Example 192: 4,5-Dihydroxy-2-(isopropylamino)isophthalonitrile

tert-Butyl 2,4-dicyano-3-(isopropylamino)-6-methoxyphenyl carbonate

Using the procedure analogous to Example 188, 3-bromo-2,4-dicyano-6-methoxyphenyl
tert-butyl carbonate (1.41 g) was converted to tert-butyl 2,4-dicyano-3-(isopropylamino)-6-
methoxyphenyl carbonate. The érude product was chromatographed over silica gel using
heptane/EfOAc solvent mixture. Yield 541 mg

'H NMR (400 MHz, DMSO-dg) ppm 7.58 (s, 1 H) 5.07 (d J=9. 29 Hz, 1 H) 3.98-4.15 (m, 1
H)'3.76 (s, 3-H) 1.40 (s, 9 Hj 1.21 (d,J=6.27 Hz, 6 H) "

4-Hydroxy-2-(isopropylaniino)-5-methoxyisophthalonitrile

Using the procedure analogous to Example 188, tert-butyl 2,4-dicyano-3-(isopropylarnino)-
6- methoxyphenyl carbonate (535 mg) was converted to 4—hydroxy-2 (xsopropylammo) -5-
methoxyxsophtha]omtnle Yield 265 mg ' ' co

"H NMR (400 MHz, DMSO-ds) ppm 11 57 (brs, 1 H) 7.39 (s, 1 H) 4.94 (d J-9 29 Hz,
H)409(m1H)379(s 3H)120(d J-627Hz,6H) P T T

4 S-Dlhydrqu -2-(1sopropylanuno)lsophthalomtnle

Usmg the procedure analogous to Example 188 4-hydroxy-2~(1sopropylammo) S-
methoxyxsophthalomtnle (250 mg) was converted to 4 S-dxhydroxy-Z- ‘

using heptane/EtOAc solvent nuxture comammg 0.05% TFA. Yxeld 175 mg

lH NMR (400 MHz, DMSO-ds) ppm 11 29 (brs; 1 H)9.98 (brs, 1 H) 7.04 (s, 1 H) 4 71 (d,
J~903Hz, 1H)394-406(m 1H)T. 18(d J-—627Hz 6 H)

Example 193: 4,5-Dihydroxy-2-(3-niethoxypropylamino)isophthalonitrile

tert-Butyl 2",4-di§cjr‘aﬁo.-6-metho'xy-’3-(3§m'e'tho'xypropylamiﬁo)'phenyl carbonate
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Using the procedure analogous to Example 188, 3-bromo-2,4-dicyano-6-methoxyphenyl
tert-butyl carbonate (706 mg) was converted to tert-butyl 2,4-dicyano-6-methoxy-3-(3-
methoxypropylamino)phenyl carbonate. The product was chromatographed over silica gel
using toluene/EtOAc solvent mixture. Yield 355 mg |

"H NMR (400 MHz, DMSO-ds) ppm 7.52 (s, 1 H) 5.98 (t, /=5.90 Hz, 1 H) 3.74 (s, 3 H)
3.58 (q, J=6.53 Hz, 2 H) 3.42 (t, J=5.90 Hz, 2 H) 3.23 (s, 3 H) 1.82 (quin, J=6.34 Hz, 2 H)
1.40 (s, 9 H)

5(-Hydroxy-S-methoxy’2-(3-methoxYpropylamino)isophtl_nalonitrile

Using the procedure analogous to Example 188, tert-butyl 2 4-dicyano-6-methoxy-3-(3-
methoxypropylamino)phenyl carboriate (320 mg) was converted to 4-hydroxy-5-methoxy-
2-(3- methoxypropylammo)xsophthalommle Yiéld 188 mg

'H NMR (400 MHz, DMSO-ds) ppm 11. 51{bré, L H)7.34'(s, 1 H) 5. 89(t, J=5.90 Hz, 1 H)
3.76 (s, 3 H) 3.57 (q, J=6.53 Hz, 2 H) 3.42 (t, J=6.02 Hz, 2 H)3.23 s, 3H) 1.81 (m,2H)

4 5-Dihydroxy-2-(3-methoxypropylamino)isophthalonitrile

Usmg the procedure analogous to' Example 188, 4-hydroxy-5-methoxy-2 -(3-
methoxypropylammo)xsophthalomtnle (188 mg) was converted to 4,5- -dihydroxy-2-(3-
methoxypropylammo)lsophthalommlc The product was triturated with toluerie/EtOAC -

(1: 1) rmxture Yleld 57 mg ‘ b

1H NMR (400 MHz, DMSO‘dﬁ) ppm it 20 (br s, 1 H) 9. 82 (br s, 1 H) 6. 99 (s, 1 H) 5. 68 (br
s, 1 H)353(q,J-602Hz,2H)341 (t, J=5.90 Hz, 2 H) 3.23 (s, 3 H) 1.69-1. 85 (m, 2 H)

Example 194: 2,4,5-Trihydroxyisophthalonitrile

2 4-Dihydroxy-5-methoxyisophthalaldehyde

4:Methoxybenzene-T,3-diol (2.00 g) was dissolved in TFA"(50 ml).
Hékérﬁothylenétét}éoﬁne" (8.00 g) was 4a.dded and the reaciion mixture was heated under
reflux for 6 h. TFA was eif'aj)orate(.i and 4 M HCI (60 ml) was added. The';nixturc was
refluxed for 3 h-and then stirred overnight at room temperature. The solid product was
filtered, washed with 4 M HCl solution and dried. Yield 0.64 g
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'H NMR (400 MHz, DMSO-ds) ppm 11.98 (br s, 1 H) 10.30 (s, 1 H) 10.10 (s, 1 H) 7.50 (s,
1H) 3.84 (s, 3 H)

(1E,I’E)-2,6-Dihydroxy-3-((E)-(hydroxyimino)methyl)-S-methoxybenzaldehyde oxime
2 ,4-Dihydroxy-5-methoxyisophthalaldehyde (0.60 g) was dissolved in THF (25 ml).
Hydroxylamine hydrochloride (0.85 g) and pyridine (1.48 ml) were added. The solution was
stirred at room temperature for 3%z h. THF was evaporated and ice was added. The solid
was filtered, washed with ice cold water and dried. Yield 0.41 g

'H NMR (400 MHz, DMSO-dg) ppm 11.68 (s, 1 H) 11.11 (5,1 H) 10.58 (s, 1 H) 10.43 (s, 1
H) 8.49 (s, 1 H)8.26 (s, 1 H) 7.14 (s, 1 H) 3.74 (s, 3 H)

2,4-Dihydroxy-5-methoxkyisophthalonitrile

( 1E,1° E)-2 6-Ditiydroxy-3: ((E)—(hydroxyrmmo)methyl)— -methoxybenzaldehyde oxime
(0 41 g) was dissolvéd in acetrc anhydnde (20 ml): The mixture was refluxed for 4 h after
which it was allowed to cool to rootn temperature. Toluene and watér were added and’
solvents were evaporatéd. ‘After stitring with ice, the solid was filtered, washed with water
and dried: The $olid was dissolved ini methanol (10'ml). Sodiumi réthylate (1.68 ml, 21% -
solution in methanoly was added at 0 °C. The solution'was stirred at 0 °C for 30 min.
Methanol was evaporated Ice was added and pH was adjusted to 2 wrth concentrated HCL
The thixture’ was extracted thh EtOAc washed with water and brme The orgamc phase ‘
was drted (Na2804) ﬁltered and evaporated Yield 0.32 g ‘ ‘

4H NMR (400 MHz DMSO-ds) ppm 11:69 (br 5, 1 H) 11.52 (br s, 1 H) 7 45 (s 1 H) 3 81
(s,3H) : A

2 4,5-Tnhydroxytsophthalomtnle

Sieve dry acetonitrile (20 ml) was cooled in an ice bath Alumintm chloride (210 mg) was
added slowly to the solvent so that temperature was kept below 30 °C. The mixture was’
stxrred at room' temperature for’ 10 min. Sodium iodine (158 mg) was added and the solution
was sttrred for 15 min. 2 4aD1hydroxy—5-methoxy1sophthalomtnle (100 mg) was added and
the reaction mrxture was heated at 50 °C for 451 mm after which it was allowed to cool to
room temperature 2MHC] (10 ml) and sodium sulfate (50 mg) were successxvely added to

the reaction mtxture The mixture was extracted with EtOAc. The organic phase was
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washed twice with 2 M HCJ, twice with water and once with brine. The organic phase was
dried (Na;SO.), filtered and evaporated to dryness. The residue was triturated with DCM.
The solid was filtered and washed with DCM. Yield 49 mg ‘

'H NMR (400 MHz, DMSO-dg) ppm 11.22 (br s, 2 H) 10.15 (br s, 1 H) 7.08 (s, 1 H)

Example 195: 2-Ethyl-4,5-dihydroxyisophthalonitrile

The preparation of 4,5-dihydroxy-2-vinylisophthalonitrile is described in Example 89. 4,5-
Dihydroxy-2-vinylisophthalonitrile (70 mg) was dissolved in methanol (8 ml). H-Cube
system was charged with Pd/C 10 % catndge The solution was filtered and pumped twice
through H-Cube systcm thh a flow ratc of 1 mY/min. The collected solution'was
eévaporated. Yield 30 mg" o

'"H NMR {400 MHz; DMSO-dg) ppm 11.09 (br s, 2 H) 7.23 (s, 1 H) 2.78'(q, 2 H) 1.19 (t, 3
H)

! . ‘ .

Example 196: 3,4-Dihydroxy-4’-methoxybiphenyl-2,6-dicarbonitrile

To'a miixture of 2-bromo-4, ’5-"dih‘ydr’oxyis-‘dpmhalénimxe (200 fig) and 4-
methoxyphenylboromc acxd (127 mg) in ethanol (1 ml) and water (1 ml) was added
palladmm(l[) acetate (7 5 mg) and DBU (120 mg). The stirred reaction was microwave-
madxated for 10 mm at 150 °C. The hot reaction mixture was filtered. After cooling, the
filtrate was acidified thh 1 MHCI (1 ml) Recrystalhzatmn was camed out with éthanol Q1
ml) The solid was filtrated and washed with water—ethano] 2:1.Yield 72 mg

'H NMR (400 MHz, DMSO—ds) ppm ll 23 (br s, 2 H) 7 37-7.45 (m, 2 H) 7. 33 (s, 1 H)
702712(m2H)383(s,3H) o e ‘

Example 197: 3,4-Dihydroxy-3’-(morpholine-4-carbonyl)biphenyl-2,6-dicarbonitrile

2’,6’iDicyahb;S’-hydmky-4’-méthdxybiphenyl-3-cak'boxylic acid .

To a mixture of 2-bromd4-hydrbkji-5-methoxyisophthalonitrilé‘ (500 mg) and 3-
carboxyphenylboronic acid (426 mg) in ethanol (3 ml) and acetonitrile (6 ml) was added
b1s(mphenylphosphme)palladmm(II) chlondc (76 mg) and 2 M sodium carbonate (3 ml).
The reaction mixture was mxcrowave-lrradxatcd for 10 min at 150 °C. 1 M NaOH (30 ml)

was added and the mixture was stirred fo; 2 h. Ethanol and acetonitrile were evaporated.
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The water phase was washed thrice with toluene and then made acidic by addition of 4 M
HCI under cooling. The product was filtered, washed with water and dried. Yield 570 mg
'H NMR (400 MHz, DMSO-ds) ppm 8.08 (d, 1 H) 8.01 (s, 1 H) 7.72-7.78 (m, 2 H) 7.64-
7.72 (m, 1 H) 3.95 (s, 3 H)

3-Hydroxy-4-methoxy-3’-(morpholine-4-carbonyl)biphenyl-2,6-dicarbonitrile
2’,6’-Dicyano-3’-hydroxy-4’-methoxybiphenyl-3-carboxylic acid (200 mg), morpholine
(0.12 ml), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (130 mg), DIPEA
(0.30 ml) and 1-hydroxybenzotriazole hydrate (104 mg) were dissolved in DMF (5 ml) and
the reaction was stirred overnight at room temperature. The reaction mixture was poured
into icé (50 £) and 1M HCI (5 ml) was added. The solid was filtered and washed with
water: The crude mixture was puriﬁed’by flash column chromatography (DCM/methanol).
Yield 70 mg '

'H NMR (400 MHz, DMSO-ds) ppm 7.49-7.66 (m, 5 H) 3.91 (s, 3'H) 3.50-3.77 (m, 8 H)

3-4-Dihydr'oxy;3’-(mor'pholiﬁe-4-carbonyl)biphenyr-z 6-dicarbonitrile

To a dry ‘mixture of 3-hydroxy-4-methoxy -3 -(morphohne—4-carbonyl)b1phcnyl 2,6-
dlcarbomtnle (70 mg) in DCM (5 ml) under nitrogen atmosphere was added 1 M boron
mb{oml_de solution in DCM (0.96 ml) at -10 °C. The reaction mixture was warmed slowly
to room tézﬁpefaturc with étirriﬁg for 3 h. The reaction mixture was poured into methanol (1
mlY/ice mixture. The solid was filtrated and washed with water. Yield 30 mg

'H NMR (400 MHz, DMSO-dg) ppm 11.26 (b s, 2 H) 7.44-7.70 (m, 4 H) 7.37 (s, 1 H)
3.45375(m, 8H) B

Exﬁinpie' 198: N-Butyl-2’ ,6’Qdicyaho;3’,4’ﬁihydrqubiphenyl-4-carboxamide'

2; 6’-Dicya’no-3’-hydroxy-4’-methoXybiphenyM-carboxylic acid

To a mixture of 2-bromo-4-hydroxy—5-methoxyxsophthalomtrxle (500 mg) and 4-
carboxyphcnylboromc acxd (329 mg) in ethanol @3 ml) and acetonitrile (6 ' ml) was added
bxs(tnphenylphosphnc)palladmm(ﬁ) chloride (76 mg) and 2 M sodium carbonate (3 ml).
The reaction mixture was microwave-irradiated for 10 min at 150 °C. I M NaOH (30 ml)

was added and the mixture was stirred for 2 h. Ethanol and acetonitrile were evaporated.
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The water phase was washed thrice with toluene and then made acidic by addition of 4 M
HCI under cooling. The product was filtered, washed with water and dried. Yield 560 mg
'H NMR (400 MHz, DMSO-ds) ppm 13.09 (br s, 1 H) 7.93-8.06 (m, 2 H) 7.41-7.54 (m, 2
H) 6.80 (s, 1H)3.69 (s, 3H) ’

N-Butyl-2’,6’-dicyano-3’-hydroxy-4’-methoxybiphenyl-4-carboxamide
2',6’-Dicyano-3’-hydroxy-4’-methoxybiphenyl-4-carboxylic acid (200 mg), butylamine

(0.13 ml), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (130 mg), DIPEA

(0.30 ml) and 1-hydroxybenzotriazole hydrate (104 mg) were dissolved in DMF (5 ml) and
the reaction was stirred for 72 b at foom temperature. 1 M NaOH was added (20 ml). The
reaction mixture was washed thrice with toluene and then made acidic by addition of 4 M
HCI. EtOAc was added and the organic phase was washed with 1 M HCl, 1 M sodium
hydrogen carbonate, water and brine. The washed organic phase was dried (Na,SO4),
filtered and evaporated to dryness Yield 100 mg

"H NMR (400 MHz, DMSO-de) | ppm 8.58 (i, 1 H) 7.88-8.03 (m, 2 H)7.75 (s, 1 H) 7.51-
7.65 (1, 2 H) 3.96 (s, 3 H) 3.25:3.28 (m, 2 H) 1.47-1.59'(m, 2 H) 135 (m, 2 H) 0.91 (t, 3
N-Butyl-Z’ 6’-dlcyano-3’ 4’-d|hydroxyblphenyl-4-carboxannde
Toa dry mixture of N—butyl 2 6’-'d1cyano -3’-hydroxy-4’-methoxybiphenyl-4-carboxamide
(90 mg) in DCM (5 ml) under mtrogen atmosphere was added 1 M boron tribromide
so'lutien inDCM (1.23 ml) at - 10 °C. The'feaciion mixture was warmed slowly to room
temperature with ‘stirring for 3 h. ‘The reactxon mixture was poured into methanol

¢! ml)/lce mixture. The sohd was ‘filtrated and washed with water. Yleld 58 mg

"H NMR (400 MHz, DMSO-dG) ppm 11.29 (br s, 2 H) 8.47-8.71 (m, 1 H) 7.85-8.08 (m, 2
H) 7.49- 770(m,2H)737(s, 1 H)326-332(m 2H) l46-164(m,2H) 1.27- 144(m 2
H) 0.92 (t 3 H) '

Example 199: 2-(3,3-Dimethylbutyl)-4,5-dihydroxyisophthaionitrile

The preparation of (E)-2-(3, 3—di'r'nethyib’1itv'1-enyl)—4 5-dihydroxyisophthalonitrile is
described i m Example 28. (E)-2 (3 3-D1methylbut- -enyl)-4,5-dihydroxyisophthalonitrile
(150 mg) was dissolved in methanol (12 ml). H-Cube’ system was charged with Pd/C 10%
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catridge. The solution was filtered and pumped through H-Cube system with a flow rate of
1 ml/min. The collected solution was evaporated. Recrystallization was carried out from
ethanol-water solution. Yield 30 mg }

'H NMR (400 MHz, DMSO-ds) ppm 7.17 (s, 1 H) 2.73 (dt, 2 H) 1.38 (dt, 2 H) 0.96 (s, 9 H)

Example 200: 4,5-Dihydroxy-2-(piperidin-1-yl)isophthalonitrile

tert-Butyl 2,4-dicyano-6-methoxy-3-(piperidin-1-yl)phenyl carbonate

Using the procedure analogous to Example 188, 3-bromo-2,4-dicyano-6-methoxyphenyl
fert-butyl carbonate (353 mg) was cotiverted to tert-butyl 2,4-dicyano-6-miethoxy-3-
(piperidin-1- yl)phenyl carbonate The crude product was trxturated with hot 90% ethanol
Yield 145 mg - o R '

'H NMR (400 MHz, DMSO-ds-chloroform-d) ppm 7.43 (s, 1 H) 3.83 (s, 3-H) 3.23-3.42 (m,
4H) 1.70-1.80 (m, 4 H) 1.60-1 70(m,2H) 143 (s, 9 H)

4-Hydroxy-S—methoxy-2-(prpendm-l-yl)lsophthalomtmle

Using the proccdure analogous to Example 188, tert-butyl 2 4-d1cyano-6-methoxy 3-
(plpendm- -yl)phenyl carbonate (140 mg) was convérted to 4-hydroxy -5- methoxy—z-
(piperidin-1 ~yl)xsophthalomtnle To isolate the crude product from the reaction rmxturc,
water was added. The mixture was extracted thrice with EtOAc. The orgamc phase was
dried (N a3;80,), ﬁ]tered end evaporated to dryness ‘Yield 54 mg

5 NMR' (400 MHz, DMSO-dg) ppm 1162 (s, 1 H) 7.44 (s, 1 H) 3.83 (s, 3 H) 3.20-3.26 (m,
4 H) 1. 60-1 68 (m, 4 H) 1.52-1.59 (m, 2 H)

4,5-Drhydroxy-2-(p|pendin-l-yl)rsophthalonitrtle

Usmg the procedure analogous to Example 188, 4-hydroxy-5-methoxy-2 (pxpendm 1-
yl)rsophthalomtnle was converted to'4 5-d1hydroxy—2—(p1pendm— -yl)isophthalonitrile. The
crude product was dissolved in 2 M' NaOH and washed with EtOAc. Concentrated HCl was
added and the aqueous phase evaporated to dryness. The residue was tnturated with
toluene/EtOAc/AcOH (8/3/3) and CDCls. Yield 10 mg n

'H NMR (400 MHz, methanol-dy) ppm 7.0_5 (s, 1 H) 3.25-3.30 (m, 4 H) 1.70-1.80 (m, 4 H)
1.60-1.65 (m, 2 H)
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Example 201: 2-(Hexylamino)-4,5-dihydroxyisophthalonitrile

tert-Butyl 2,4-dicyano-3-(hexylamino)-6-methoxyphenyl carbonate

Using the procedure analogous to Example 188, 3-bromo-2,4-dicyano-6-methoxyphenyl
tert-butyl carbonate (706 mg) was converted to tert-butyl 2,4-dicyano-3-(hexylamino)-6-
methoxyphenyl carbonate. The crude product was triturated with hot 90% ethanol. Yield
324 mg

"H NMR (400 MHz, DMSO-ds) ppm 7.51 (s, 1 H) 5.92 (1, J=6.27 Hz, 1 H) 3.74 (s, 3 H)
3.49 (q,'J='6:78 Hz, 2 H) 1.50-1.60 (m, 2 H) 1.39 (s, 9 H) 1.19-1.35 (m, 6 H) 0.85 (t, J=6.78
Hz, 3 H)

2.(Heiy'namiho)td-hydr"oae‘y-‘s.memdseyiéopmhmanimre' ‘

methoxyphenyl carbonate (320 mg) was converted to 2—(hexylanuno)—4-hydroxy—5-
rnethoxyisophthalonitrile. Yield 251 mg

1H NMR (400 MHz, DMSO-dg) ppm 11.49 (br s, 1H) 7.33 (s, 1H)5.81 (t, J=5.90 Hz, 1 H)
377(s 3H)348(q,]-669Hz 2H) 1.49- 1:59 (m, 2 H) 1. 26(brs,6H)085 (t, J=6.53
Hz,3 H)

2-(Hexylammo) -4 S-dnhydroxyxsophtha\omtnle e

Using the procedure analogous to Example 188, 2- (hexylanuno)—4-hydroxy—5—
methoxyxsophthalomtrxle (251 mg) ‘was converted to 2-(hexylammo)~4 5-
dlhydroxylsophthalommle The crude product was mturated with hcptane/EtOAc (5/2)
solvent xmxturc Yield 36 mg - ‘, ' \
1HNMR (400 MHz, DMSO-d6)ppm 11.24 (brs 1H)9.81 (brs, 1 H) 6.97 (s 1 H)5 61 (tb
J_6.32 Hz, 1 H) 3.39-3.48 (m, 2 H) 1.42-1.59 (m, 2 H) 1.20-1.40 (m, 6 H) 0.78-0.90 (m, 3

H)

Example 202: 2-(Cyclo'hexylamix‘\o)-ﬁ,S%dihydroxyisophthaloniti'ﬂé '

tert-Butyl 2,4-dicy'ano-B—(c&cibhéxiiinﬁ_ﬁd)-6-méthdxyphehyl carbonate
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Using the procedure analogous to Example 188, 3-bromo-2,4-dicyano-6-methoxyphenyl .
tert-butyl carbonate (706 mg) was converted to tert-butyl 2,4-dicyano-3-(cyclohexylamino)-
6-methoxyphenyl carbonate. The crude product was chromatographed over silica gel
(toluene). Yield 257 mg

'H NMR (400 MHz, DMSO-ds) ppm 7.56 (s, 1 H) 5.12 (d, J=9.29 Hz, 1 H) 3.75 (s, 3 H)
3.65-3.74 (m, 1 H) 1.91 (d, /=10.54 Hz, 2 H) 1.66-1.74 (m, 2 H) 1.56 (d, /=12.30 Hz, 1 H)
1.39 (s, 9H) 1.13-1.37 (m, S H)

2-(Cyclohexylamino)-4-hydroxy-5-methoxyisophthalonitrile

Using the procediire analogous to Example 188, tert-butyl 2/4-dicyano-3-
(cyclohexylamino)-6-methoxyphenyl carbonate (257 mg) was converted to 2-*
(cyclohekylanﬁno)-4'-hydroxy-S-methoxyisophthaloixitrile. To isolate the crude product
from the reaction mixture, the mixture was évzipt;rated to dryness. Water was added. The
mixture was extracted thrice with EtOAc. The organic phases were dried ('Nazv'SO,;), filtered
end evaporated to drynéss. The crude product was chromatographed over silica gel
(toluene/EtOAc). Yield 94 mg

'H NMR (400 MHz, DMSO:- d5) ppm 11.58 (br s, 1H)7.37 (s, 1 H) 4 99 (d J=8.78 Hz, 1
H)378(S.3H)366 375(m IH)186-196(m ZH) 165 174(m 2H) 1. 56(d J=10.29
Hz,lH)llll4l(m,5H) A ' o

2-(Cyclohexylammo)-4 5-dxhydroxynsophthalomtnle

Usmg the proccdure analogons to Example 188, 2- (cyclohexylarmno)-4-hydroxy—5-
methoxy1sophthalomtnle (85 mg) was converted to 2-(cyclohexylamino)-4,5-
dlbydroxylsophthalomtnle The cmdc product was triturated W1th heptane/EtOAc (3/1)
solvent mixture Y1eld 19mg ‘ '

H NMR (400 MHz DMSO—de) ppm 1127 (br s, 1 H)9.95 (br s, 1 H) 7.03 (s; 1 H) 478 (d
J-903Hz, 1 H)365(brs,1H) L. 90(m 2 H) 1.65- 173(m,2H) 1.56 (d, J=11. 80 Hz, 1 H)
1.19-1.35 (m, 5 H)

Exémple 203 4,5-Dihydrbxy-%(i-metﬁoiyeulyla'riﬁno)iso;ihthalonitrile .

tert-Butyl 2,4-dicyano-6-methoxy-3-(2-methoxyethylamino)phenyl carbonate
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Using the procedure analogous to Example 188, 3-bromo-2,4-dicyano-6-methoxyphenyl

tert-butyl carbonate (706 mg) was converted to tert-butyl 2,4-dicyano-6-methoxy-3-(2-

methoxyethylamino)phenyl carbonate. The crude product was dissolved in toluene/EtOAc

(9/1) solvent mixture. Insoluble material was filtered off. The mixture was evaporated to

dryness. Yield 410 mg

'"H NMR (400 MHz, DMSO-ds) ppm 7.54 (s, 1 H) 5.62 (t, /=6.27 Hz, 1 H) 3.75 (s, 3 H)

3.65 (q, J=5.60 Hz, 2 H) 3.51 (1, J=5.63 Hz, 2 H) 3.25 (s, 3 H) 1.39 (s, 9 H)

4-Hydroxy-5-methoxy-2'-(2-meﬁioxyethylamino)isophthalonitrile '

Using the procedure analogous to Exampie 188, tert-butyl 2,4-dicyano-6-methoxy-3-(2-
methoxyethylamino)pheny! carbonate (400 mg) was converted to 4-hydroxy-5-methoxy-2-
(2-methoxyethylamino)isophthalonitiile. The crude product was triturated with heptane.
Yield 45 mg

'H NMR (400 MHz, DMSO-ds) ppm 11.61 (br s, 1 H) 7.36 (s, H) 5.56 (t, J=6.06 Hz, 1 H)
3.78 (s, 3 H) 3.65 (q, J=6.06 Hz, 2 H) 3.50 (t, J=5.48 Hz, 2 H) 3.26 (s, 3 H)

4 S-Dihydrdxy-z (z-metho'xyethylamino)isophthalonitrile

Usmg the procedure analogous to Example 188, 4-hydroxy S-methoxy- -(2-
mcthoxyethylammo)1sophthalommle (40 mg) was coriverted to 4,5- d1hydroxy-2-(2-
mcthoxyethylammo)nsophthalomtrlle “The crude product was triturated with toluene/EtOAC
(4/ 1) solvent mixture. Y:eld 18 mg

'H NMR (400 MHz, mcthanol-d4) ppm 6 99 (s 1H) 3 71, J-l .00 Hz, 2 H) 3.59 t, J—l 00
Hz,2H)3.39(s,3H) '

Example 204: 2-(4-Benzylpiperidin-1-yl)-4,5-dihydroxyisophthalonitrile

3A(4-Benzylpiperidin—1 -yl)-2,44diéyanok6-inethoxyphenﬂ tert-butyl carbonate

Using the procedure analogous to Example 188, 3-bromo-2,4-dicyano-6-methoxyphenyl
tert-butyl carbonate (706 mg) was converted to 3-(4-benzylpiperidin-1-yl)-2,4-dicyano-6- ,
methioxyphenyl tert-butyl carbonate. The crude product was chromatographed over silica '

gel using toluene/EtOAc solvent mixture. Yield 562 mg
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'H NMR (400 MHz, DMSO-ds) ppm 7.64 (s, 1 H) 7.11-7.34 (m, 5 H) 3.80 (s, 3 H) 3.39 (m,
2 H) 3.16 (t, J=11.12 Hz, 2 H) 2.57 (d, J=7.07 Hz, 2 H) 1.59-1.77 (m, 3 H) 1.29-1.46 (m, 2
H) 1.38 (s, 9 H)

2-(4_-Benzylpiperidin-1-yl)-4-hydroxy-5-methoxyisophthalonitrile
Using the procedure analogous to Example 188, 3-(4-benzylpiperidin-1-yl)-2,4-dicyano-6-

. methoxyphenyl tert-butyl carbonate (550 mg) was converted to 2-(4-benzylpiperidin-1-yl)-

4-hydroxy-S-methoxyisophthalonitrile. To isolate the crude product from the reaction
mixture, the mixture was evaporated to dryness. The remainder was cooled in an ice bath
and watet was added. The product was filtered and washed with ice cold water. Yield 267
mg{: L

'H NMR (400 MHz, DMSO-dg) ppm 11.64 (br s, 1 H) 7.4 (s, 1 H) 7.26-7.32 (m, 2 H)
7.18-7.23 (m, 3 H) 3.83 (5, 3H)3 33"3 39(m,2H)309 -3, l9(m,2H)257 (d J-678HZ,
2H)166(m3H)134(m 2H) '

2-(4-Benzylpiperidin-1-y1)-4,5-dihydroxyisophthalonitrile -

Using the proccdure analogous'to Example 188, 2—(4-bcnzy]p1pendm—l yl)—4-hydroxy-5-
methoxyxsophthalomm]e (269 mg) was converted to 2- (4-benzylp1pendm-1 yl)-4, 5-
dxhydroxyxsophthalomtrﬂe Thc crude product was crystalhzed from heptane/EtOAc (10/ 1).
Yield 80 mg AR ‘

'H NMR (400 MHz DMSO-ds) ppm 11 31 (br s, 1 H) 10.60 (br's, 1 H) 7.25-7.33 (m, 2 H)
7.16-7.25 (in, 3H)708(s, 1 H)3 30 (d J=1.00 Hz, 2 H) 3.12 (¢, J=1.00 Hz, 2H)256(d
J=6.57 Hz, 2 H) 1.64 (d, J=10.11 Hz, 3 H) 1.26-1.39 (m, 2 H)

Example 205: 4,5-Dihydroxy-2-(péritan-3-ylamino)isophthalonitrile

tert-Butyl 2,4-diéyano-6-tn'ethoxy’-3-(pentan-S-ylanﬁno)phenyl carbonate -

Usiﬁé ‘the;: procedufe analogous to.Example 188, 3;bromo-2,4-dicyano-6~methoxyphenyl
tert-butyl carbonate (7.0'6' mé) was converted to tert-butyl 2,4-dicyano-6-methoxy-3-(pentan-
3-yiami-ho)phei\yl carbonate. The crude prodict was chromatographed over silica gel‘ using

heptane/EtOAC solvent mixtute. _Y;'i"eld>'7‘09 mg
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'H NMR (400 MHz, DMSO-ds) ppm 7.57 (s, 1 H) 5.06 (d, J=9.60 Hz, 1 H) 3.77-3.84 (m, ]
H) 3.75 (s, 3 H) 1.51-1.64 (m, 4 H) 1.39 (s, 9 H) 0.89 (t, J=7.58 Hz, 6 H)

4-Hydroxy-5-methoxy-2-(pentan-3-ylamino)i§ophthalonitrile

Using the procedure analogous to Example 188, tert-butyl 2,4-dicyano-6-methoxy-3-
(pentan-3-ylamino)phenyl carbonate (780 mg) was converted to 4-hydroxy-5-methoxy-2-
(pentan-3-ylamino)isophthalonitrile. To isolate the product, the mixture was evaporated to
dryness. The remainder was cooled in an ice bath and water was added. The product was
filtered and washed with ice cold water Yield 551 mg

' NMR (400 MHz, DMSO-de) ppm 11.61 (br s, 1 H) 7.37 (s, 1 H) 4.93 (d, J=9.60 Hz, 1
H) 3.81-3.87 (m, 1 H) 3.79 (s, 3 H) 1.50-1.63 (m, 4 H) 0.85-0.92 (m, 6 H)

4,5-Dihydroxy-2-(penitan-3-ylamino)isophthalonitrile

Using the procedure analogous to Example 188, 4-hydroxy-5-methoxy-2-(pentan-3-
ylamino)isophthalonitrile (540 mg) was converted to 4,5-dihiydroxy-2-(pentan-3-
ylamino)isophthalonitrile. The crude product was crystallized from heptane/EtOAc (7/3)
and chromatographed over silica gel usmg heptane/EtOAc solvent mixture. Yield 64 mg
'H NMR (400 MHz, DMSO-d(,) ppm 11.29 (brs, 1 H) 10.28 (br s, | H) 7.02 (s,'1H)4.73
«, J-1004Hz, 1 H)3 75 (dt J=10.16, 5.96 Hz, 1 H) 1.46-1 59 (m,4H) 0.88 (t, J=7.40 Hz,
6 H) :

Eximplé 206: (E)-2-(4-Ethylbenzylideneamino)-4,5-dihydroxyisophthalonitrile

The preparation of 2-amino-4,5- dxhydroxyxsophthalommle is described in Example 188, 2-
Armno-4 5- dxhydroxyxsophthalommle (100 mg), -ethylbenzaldehyde (306 mg) and ethano!
(4 ml) were nucrowave-xrradxated for 15 min at 125 °C. The mixture was cvaporated to
dryness and the residue was tnturated with heptane The product was filtered and washed
with heptane Yield 14 mg ' '

'H NMR (400 MHz, chloroform-d) ppm 8.52 (s, 1 H) 7.88 (d, /=7.78 Hz, 2 H) 7.33 (4,
J=8.03 Hz, 2 H) 7.19 (s, 1 H) 2.73 (q, J=7.61 Hz, 2 H) 1.27 (t, J=7.53 Hz, 3 H)

v o

Exémple 207: (E)-4,5'-Dihydroiy-2_-(4-methoxybenzylideneanﬁnd)isophthalOnitrile
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The preparation of 2-amino-4,5-dihydroxyisophthalonitrile is described in Example 188. 2-
Amino-4,5-dihydroxyisophthalonitrile (100 mg), 4-methoxybenzaldehyde (306 mg) and
ethanol (4 ml) were microwave-irradiated for 30 min at 130 °C. The mixture was
evaporated to dryness and the remainder was washed with heptane. The product was
crystallized from heptane/EtOAc (3/1). Yield 46 mg

'H NMR (400 MHz, DMSO-ds) ppm 10.94 (br s, 2 H) 8.58 (s, 1 H) 7.92 (d, J=8.78 Hz, 2
H)7.24 (s, 1 H) 7.13 (d, J=8.53 Hz, 2 H) 3.84 (s, 3 H)

Example 208: (E)-2-(4-Fhiorobenzylideneamino)-4,5-dihydroxyisophthalonitrile
The prepatation of 2-amind-4,5-dihydroxyisophthalonitfilé is describéd in Examiple 188. 2-
Atnific-4;5-dihydroxyisophthalonifrile (100 ig), 4-fludrobenzaldehyde (283 mg) and
ethanol'(4 ml) Wefe microwave-ifradiated for 30 min at 130 °C: The mixture was
eVaporated to dryness and the remaitider was triturated with heptane/EtOAc (3/ 1) The
product was crystallized froni’ heptane/EtOAc (3/1).'Yield 56 mg' ‘ Coe

'H NMR (400 MHz, DMSO-ds) ppm 11:03'(br's, 2 H) 8.71 (s, 1 H) 8.05 (dd, J=8.66, 5.65
Hz, 2 H) 7.48 (t, J=9.03 Hz, 2 H) 7.28 (s, 1 H)

. ¢ .

T -",.'.-. R L T L e RN
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ﬁkalﬁl?lé,éoé:l4;5-Dihydsoiyfi‘_tas)'lisbiihtﬁdidniiﬁié_v e

4, S—Dnsopropoxy-z (p-tolyltluo)nsophthalonitnle

4 5-Dnsopropoxy-2 (p-tolylthxo)1sophthalommle was preparéd from 2-bromo-4 5-
dusopropoxylsophthalommle (O 25 g) and 4-methylbenzenettuol (0 ll g) mstead of 4—
(tnﬂuoromethyl)thxophenol as descnbed in Example 142, except that the reaction mixture
was héated at 60 SC for addmonal 2h. After addmon of water, 4 S—dusopropoxy-Z (p-
tolylthxo)xsophthalomtnle was collected by fﬂtratxon washed w1th water and dned in
vacuum Yleld028g - et

'H NMR (400 MHz, DMSO d(,) ppm 7. 99 (s, 1H)7. 08- 7. 24 (m 4H)4. 82—4 93 (m 1 H)
4.72-4.85 (m; 1 H)2.27 (s, 3 H) 1.33 (d, 6Hy 1.29 (d, 6 H) ‘
5;5:4Dii50[5rop’ox'y-2-t6sylisbphthdldhifﬁlé B

To a mixture of 4,5-diisopropoxy-2-(p-tolylthio)isophthalonitrile (0.27 g) in DCM (4 mi)
was added mCPBA (0,66 g) at room temperature. After 8 h, the solvent was evaporated. 1
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M NaOH solution was added and solid material was collected, washed with 1 M NaOH, and
dried in vacuum. Yield 0.29 g

'H NMR (400 MHz, DMSO-ds) ppm 7.99 (s, 1 H) 7.45 (m, 2 H) 7.06 (m, 2 H) 4.85-4.93
(m, 1 H) 4.77-4.86 (m, 1 H) 2.47-2.53 (s, 3 H, overlap with the signal of the solvent) 1.33
(d, 6 H)1.29(d, 6 H)

MS-ES m/z 399 (M+1)

4,5-Dihydroxy-2-tosylisophthalonitrile

The fitlé compound was prepared from 4 5-diisopropdxy-Zitbsylisbj)hihhkihi'trilc (029 g)
mstead of 4,5- dusopropoxy-Z (4 (mﬂuoromethyl)phenylthxo)xsophthalomtnle as descnbed
in Example 142. Yield 0.08 g o S o

'H NMR (400 MHz, DMSO-d¢) ppm 7.90 (m, 2'H) 7.53 (i, 2 H) 7.33 (s, 1 Hy 2.41 (§ 3 H)

Eiample 210: 4-(2,6-Dicyano-3,4-dihydroxyphenoxy)benzoic acid

4- (2, -chyano-3 4-dnsopropoxyphenoxy)benzmc acid

4- (2, 6-D1cyano -3.4- dusopropoxyphcnoxy)benzon: acid was preparcd from 2-bromo-4 5-
dusopropoxyxsophthalomtnle (0. 25 g) and 4-hydroxybenzonc acxd (0.11 g) instead of 4-
(mﬂuoromcthyl)thnophenol as descrxbed in Bxample 142, except that 3 equivalents of
cesxum carbonate was used and the reaction mixture was heated ‘at 80 °C for 35 h. After
addition of water and_ 37% HC! until pH was acidic, 4-(2,6-dicyano-3,4-
diisopropoXyphénoxy)bénzoic acid was collected by filtration, washed with water, and
dried in vacuum. Yield 0.24 g

'H NMR (400 MHz, DMSO—&) ppm 12.5-1»3'.3 (brs, 1 H) 8.03 (s, 1 H) 7.93-8.02 (m, 2 H)
7.07-7.16 (m, 2 H) 4.86-4.94 (m, 1 H) 4.77-4.85 (m, 1H) 134 (d,6 H) 131 (d, 6 H)

4 (2, 6-D|cyano-3 4-dihydroxyphenoxy)benzoic acid

The title compound was prepared from 4-(2,6-dicyano-3 4—dusopropoxyphenoxy)benzoxc
acid (0.24 g) instead of 4,5-dn1sopropoxy-2~(4-(trlﬂuoromethyi)phenylthm)lsophthalommlc
as described in Examiple 142. 4- (2. 6—Dicyano-3,4’dihydroxyphenoxy)bénzbi’c acid was
purified by chromato graphy Yield 0.050 g

'H NMR (400 MHz CD;OD) ppm 8.04-8.10 (m, 2 H) 7.26 (s, 1 H) 6.98-7. 04 (m, 2 H)
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Example 211: 2-(Benzo[d]thiazol-2-ylthio)-4,5-dihydroxyisophthalonitrile

2:(Benzo[d]thiazol-2-ylthic)-4,5-diisopropoxyisophthalonitrile
2-(Benzo[d]thiazol-2-ylthio)-4,5-diisopropoxyisophthalonitrile was prepared from 2-bromo-
4,5-diisopropoxyisophthalonitrile (0.25 gj and 2—mcrcaptobcnzothia20]e (0.13 g) instead of
4-(trifluoromethyl)thiophenol as described in Example 142, except that the reaction mixture
was heated at 80 °C for 33 h. After addition of water and 37% HC] until pH was acidic, 2-
(benzo[d]thiazol-2-ylthio)-4,5- dusopropoxyxsophthalomtnle was collcctcd by filtration,
washed with water, and'dried ifi vacuurn. Yield 0.27 g S

'H NMR (400 MHz, DMSO-dg) ppm 8.19 (s, 1 H) 7.96-8.08 (m, ! H) 7.82-7.91 (m, 1 H)
7.50 (m; 1 HY 7.41 (m, T'H) 4.92-5.01(m, 1 H) 4.83-4.89 (m. 1 H) 1.35 (d, 6 H) 1.33 (d, 6

2-(Benzo[d]thiazol-2-ylthio)-4,5-dihydroxyisophthalonitrile

Theé title compound was prépared frém 2-(benzo[d]thiazol-2-ylthio)-4,5-"
dusopropoxyxsophthalomtnle (0.26 g) instead of 4 S-dusopropoxy-Z (4-
(tnﬂuoromethyl)phenylthxo)nsophthalorutnle as described in Exa.mple 142, 2-
(Benzo[d]thxazol 2—ylthxo)-4 5- dxhydroxyxsophthalommle was punﬁed by chromatography.
Yxeld0035g : ‘ S ‘
‘HNMR(400MH1 CD3OD)ppm7 g5 (m 2H)749(m 1H) 742 (5, 1 H) 7.39 (n. 1 H)k

Example 212: 2-(4-Fluorophenylthio)-4,5-dihydroxyisophthalonitrile

2-(4-Fluorophenyltﬁio)' 4,5-d'iisb'pi‘dpbxyis'()phthilonitrﬁe ,

2- (4-Fluorophenylthlo)—4 5- dusopropoxylsophthalomtnle was prepared from 2- -bromo-4,5-
dnsopropoxylsophthalomtnlc (. 30 g) and 4-ﬂuorobenzenethzol (0. 10 ml) mstead of 4--
(mﬂuoromethyl)thxophenol as described in Example 142. After addition of water, 2-(4-
ﬂuo.rophehylthio)-4 S-diisoproﬁéxyisobhthalonifﬁie was colléctegl by filtration, washed
with water, and dried in vacuum. Yield 0.33 g '

g NMR (400 MHz, DMSO‘dﬁ) ppm 8.00 (s 1H) 7.29-7.39 (m, 2 H) 7.16-7.29 (m, 2H)
4.84-4.89 (m, 1 H)4.71-4.84 (m, .l H) 1.32(d, 6 H) 1.29 (d, 6 H)
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2-(4-Fluorophenylthio)-4,5-dihydroxyisophthalonitrile

The title compound was prepared from 2-(4-fluorophenylthio)-4, 5-
diisopropoxyisophthalonitrile (0.33 g) instead of 4,5-diisopropoxy-2-(4-
(trifluoromethyl)phenylthio)isophthalonitrile as described in Example 142. 2-(4-
Flucrophenylthio)-4,5-dihydroxyisophthalonitrile was purified by chromatography. Yield
0.1l1g ’

'H NMR (400 MHz, DM§O-d5) ppm 11.0-12.2 (br s 2 H) 7.35 (s, 1 H) 7.26-7.32 (m, 2 H)
7.18-7.25 (m, 2 H)

Exafiple 213: 2-(Bipheriyl-4-ylmiethyl)-4;5-dihydroxyisophthalonitrile
5:(Biphenyl-4-ylmethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (655 mg), Pd(dppf)Cl>
complex with CH;Cly (1:1) (0.09 equiv.) and sodium hydrogen carbonate (4 equiv.) were
successively added to a mixture of 2-bromo-4,S-diisopropoxyisophthalonitrile (650 mg) in
acetonitrile, ethanol and water. The reaction mixture was microwave-irradiated for 3-4 h at
130 °C. Afier:cooling,’EiO‘.Ac'wae 4dded and the mixture was filtered through celite. The
orgamc phase was washed w1th 1 M NaOH solution, water and brine, dried (Na,SOy),
ﬁltered and evaporated to dryness The res:due was purxﬁed by reversed phase column
chromatography to yield 2~ (b:pheny1-4-ylmethyl)’4 S-dnsopropoxyxsophthalomtnle Toa
mxxture of 2- (bxphenyl-4-ylmethyl)-4 5- d11sopropoxylsophthalommle in DCM under
nurogen atmosphere was added 1 M boron tnbromxde solutxon in DCM @25 equxv yat0°C.
The reaction mixture was stifred at 0 °C for 1-2h and poured into methanol After
evaporatlon of the solvent, 4 M HCr solutxon was added and the mixture was st1rred for 30
min at 0 °C to'give sohd produc:t whlch was ﬁltered washed with water and dned in
vacuum. Yield 217 mg " ' o

lHNMR (4OOMHz DMSO ds) ppm 1151 (brs, 1 H) 11.02 (br's, 1 H) 7.59-7.66 (m, 4H)
742~748 (m 2H)732 738(m 1 H)731 (s, 1 H)724-729(m 2H)420(s 2H) |

Example 214. 2-(4-Chloro-2-methylbenzyl)-4,5-dlhydroxylsophthalommle h
The title compound was prepared from 2—bromo—4 5-dnsopropoxylsophthalommle (650 mg)
and 2-(4-chloro-2—methylbenzyl)-4,4,5,5~tetramethyl -1,3,2-dioxaborolane (1072 mg)
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instehd of 2-(biphenyl-4'ylmethyl)—4,4,5,5-1etramethyl-1,3,2-dioxaborolane as described in
Example 213. Yield 187 mg

TH NMR (400 MHz, DMSO-dg) ppm 11.16 (br s, 2 H) 7.32 (s, 2 H) 7.13 (dd, 1 H) 6.50 (d,
1 H)4.07 (s,2 H)2.38 (s, 3H)

Example 215: 2-(2-Ethylbenzyl)-4,5-dihydroxyisophthalonitrile

The title compound was prepared from 2-bromo-4,5-diisopropoxyisophthalonitrile (750 mg)
and 2-(2-ethylbenzyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1028 mg) instead of 2-
(bxphenyl~4-ylmcthyl)-4 4,5 5-tetramethyl -1,3,2-dioxaborolane as déscribed in Example
213.Yield 111'mg* * *

'H NMR (400 MHz, DMSO:ds) ppim 11.26 (br s, 2 H) 7.32 (s, 1 H) 7.23 {dd, 1 H) 7.17 (td,
1 H) 7.06 (td, 1 H) 6.43 (dd, 1'H) 4.16 (s, 2 H) 2.75 (q, 2 H) 1.22 (t, 3 H)

Example 216: 2-(2;3-Dihydi6-1H:inden-5-yloxy)-4,5-dihydroxyisophthalonitrile

The title compound was prepared froim 2-bromo-4,5-diisopropoxyisophthalonitrile (400 mg)
and 5-indanol (183 mg) instead of 4~ ('triﬂuoromcthyl)thiophcndl;as'dcscribed in Example
142 followed by demethylatxon as described in Example 142. Reaction conditions for the
reacnon of 2-bromo—4 5~ dusopropoxyxsophthalommle with 5-indanol: 3 d at room
temperature 2- (2 3-D1hydro-1H—1nden-5—y]oxy)-4 5~d1hydroxylsophthalommle was
punﬁed by reversed phasé column’ chromatography Yield 150 mg e

'H NMR (400 MHz, DMSO dﬁ) ppm 10.97 (br s,2H)7.27 (s, 1 H) 7.17 (d 1H)6.77(4, 1

H)667 (dd 1H)282(q,4H)197-207(m 2 H)

Example 217: Enantlomer A and enantxomer Bof4 S-dlhydmxy-z (p
tolylsulﬁnyl)mophthalomtrlle ' ‘

The preparation of 4 5—d1hydroxy~2—(p tolylsulfmyl)lsophthalommle is described in
Example 156. Sulphox:de enannomcrs of 4 »3- dlhydroxy-Z-(p-tolylsulﬁnyl)lsophthalommle

were separatcd using preparauve cluralpak IC column with isocratic elution 25% ethanol

: (0.2% TFA) in n-hexane. (0.1% TFA) thh_ a flow rate of 20 mllmm. Re;cntnon time of

30

enantiomer A: 9.99 min. Retention time of énantiomer B: 21.03 min.

Exaimple 218: 2-((Cyclohexylrnethyl)arino)-4,5-dihydroxyisophthalonitrile
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tert-Butyl 2,4-dicyano-3-((cyclohexylmethyl)amino)-6-methoxyphenyl carbonate
Using the procedure analogous to Example 188, 3-bromo-2,4-dicyano-6-methoxyphenyl
tert-butyl carbonate (706 mg) was converted to tert-butyl 2,4-dicyano-3-
((cyclohexylmethyl)amino)-6-methoxyphenyl carbonate. The product was triturated with
hot 90% ethanol. Yield 355 mg

'H NMR (400 MHz, DMSO-ds) ppm 7.51 (s, 1 H) 5.94 (t, J=6.27 Hz, 1 H) 3.74 (s, 3 H)
3.35 (t, J=6.65 Hz, 2 H) 1.64-1.77 (m, 4 H) 1.51-1.64 (m, 2 H) 1.39 (s, 9H) 1.12-1.21 (m, 3
H) 0.86-0.97 (m, 2 H)

5. ((Cyclohéxylinethyl)amino)-4-hydroxy-5-methoxyisophthalonitrile

Using thé proéedure’ analogous (o Examiple 188, tert-butyl 2,4-dicyano-3-
((c'yélohex'yl'methyi)aﬁﬁho)-ﬁ-rhetﬁ’dkyﬁhényl carbonate (355 mg) was convérted to 2-
((cyclohexylmethyl)ammo)-4-hydroxy—5—methoxylsophthalommle Yield 156 mg

lH NMR (400 MHz, DMSO-dg) ppm 11.50 (brs, I H) 7.32 (s, 1 H) 5.84 (t J=6.02 Hz 1 H)
3.77 (s, 3 H) 3.36 (t, J=6.53 Hz, 2 H) 1.70 {t, J=12.92 Hz, 4 H) 1.51:1.64 (m, 2 H) 1.09:
1.25 (m, 3'}{’)-0.32-0’.97 (m, 2 H)

2-((Cyclohexylmethyl)ammo)-4 S-dlhydroxyxsophthalommle

Usmg the proccdure analogous to Example 188 2—((cyclohexylmethyl)arnmo)-4 hydroxy-
S-methoxylsophthalommle (156 mg) was converted to 2-((cyclohexylmethyl)ammo)-4 5
dxhydroxylsophthalomtrﬂe The crude product was mturated w1th toluenc/EtOAc (3 2)
Yield 65 mg B ' ' ‘ ’ ‘

'H NMR (400 MHz, DMSO“dﬁ) ppm 11.19(brs, 1 H)9.81 (brs, 1 H) 6 98 (s 1H)S. 60 (t
J-6 06 Hz,‘ 1'H) 3. 25-3.35 (2 H, overlap with the signal of the solvent) 1.70 (t, J=13.39 Hz,
4H) 146-1 64 (m, ZH) 1 05 1 25 (m 3H)082 098(m,2H)

MS—ES m/z 272 (M+l) o ‘ o

Exanipxe 219': 4,s;biﬁ'ydrd:éy:'z.(21;phe‘noxyphenylthio)i’sjoplithaiéﬁitrile' i

2.(4-Hydroxyphenylthio)-4,5-diisopropoxyisophthalonitrile
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2-(4-Hydroxyphenylthio)-4,5-diisopropoxyisophthalonitrile was prepared from 2-bromo-
4,5-diisopropoxyisophthalonitrile (0.25 g) and 4-hydroxythiophenol (0. 10 g) instead of 4-
(trifluoromethyl)thiophenol as described in Example 142. After addition of water, 2-(4-
hydroxyphenylthio)-4, 5-dusoprop0xyrsophmalomtnle was collected by filtration, washed
with water, and dried in vacuum. Yield 0.27 g

'H NMR (400 MHz, DMSO-ds) ppm 9.81 (brs, 1 H) 7.93 (s, 1 H) 7.25 (m, 2 H) 6.76 (m, 2
H) 4.80-4.87 (m, 1 H) 4.73-4.81 (m, 1 H) 1.30(d, 6 H) 1.28 (d, 6 H)

4,5:Dihydroxy-2-(4-phenoxyphenylthio)isophthalonitrile

To a mixturé of 2-(4-hydroxyphienYlthio)-4,5-diisopropoxyisophttialonitrile (0.1'g),
copper(ll) acetate (O 05 g), methylarmne (() 19 ml)yin DCM (2 5 ml) contammg 44
riolecular sievers 0.1 g) was'added: phenylboromc acid 021 g)in pomons ‘After stirting
for 14'd at room temperature, the product was extracted to EtOAc and washed with | M
HCI, 1'M NaOH, brine, and water: The otganic phase was collected, dried (Na;SO,), and -
filtratéd. The solvent was évaporated to yield 4,5-diisopropoxy-2-(4-

_ phenoxypheny!thro)xsophthalomtnle (0.090 g). The title compound was prepared from 4,5-

dusopropoxy~2 4- phenoxyphenylthlo)xsophthalomtnle mstead of 4, 5 -diisopropoxy-2- (4-
(mﬂuoromethyl)phenyhhlo)xsophthalommle a5 described in Example 142.4,5- thydroxy-
-(4~phenoxyphenylthro)rsophthalommle was punﬁed by chromatography Yxeld 0.1 1 g
iHNMR (400MHz DMSO-ds) ppm 7.36- 743 (m 2H) 7. 32 (s 1 H) 7. 25 7. 31 (m 2 H)
712—720(m1H)695—705(m 4H) P o ‘

Erkample iios A,S-Dihydréi‘y;'z-(pyridih-3iyl)isophtﬁalonimle ]

4 S-Diisopropoxylsophthalomtnle ' _

A ﬂask was charged with 4,5~ drhydroxyrsophthalomtnle (1 29 g) potassrum carbonate

(3 34 g), 2—xodopropane 2. 41 ml) and DMF (20 ml). The mixtare was stirred at 85 °C for
6.5 h. The mlxture was stlrred overmght at room temperature Another portion of 2- -
1odopropane (o. 80 ml) was added and the rmxture was stirred at 85 °Cfor 6 h. The mixture
was allowed to cool to room temperature Water and EtOAc were added. The aqueous

phase was extraeted with EfOAc. The combmed orgamc phasés were washed with 1 M



10

15

20

25

30

WO 2013/175053 PCT/F12013/000026
118

NaOH, dried (Na,SO,) and solvents were evaporated. The crude product was recrystallized
from absolute ethanol. Yield 1.03 g

'H NMR (400 MHz, DMSO-ds) ppm 7.91-7.93 (m, 1 H) 7.87-7.91 (m, 1 H) 4.72-4.86 (m, 2
H) 1.26-1.33 (m, 12 H)

4,5-Diisopropoxy-2-(pyridin-3-yl)isophthalonitrile

A pressure tube was charged with 4,5-diisopropoxyisophthalonitrile (0.244 g), potassium
carbonate (0.207 g), triphenylphosphine (0.052 g),‘palladium(ﬂ) acetate (0.011 g), 2-
ethylhexéndic acid (0.016 ml), xylenes (3 ml) and 3-bromopyridine (0.12 ml). Air
atmosphere was fernoved and'the sealed reaction vessel was heated to 130 °C and stirred for
22 hi. The réaction mixture was allowed to cool to room temperature and then diluted with
EtOAc. The mixture was filtered throu gh a pad of celite and solvents were removed in
reduced pressure. The crude product was punfled with column chromatography (SiO,, 20-
50% EtOAc/heptine). Yield 0.14 g

''NMR (400 MHZ, chloroform-d) ppiii 8.70-8.80 (m, 2 H) 7.83 (m, 1 H) 7.47 (m, 1 H)
7.37 '(d, 1H) 4.95 (rri,‘ 1 H) 4.65 (m, 1'H) 1.45 (d, 6 H)'1.42 (d, 6 H) ' ‘

4 5-D1hydroxy~2-(pyr|dm-3-yl)1s0phthalbmtnle

’I‘he title compound was prepared from 4 S-dnsopropoxy-Z-(pyndm- -yl)xsophthalomtnle
(O 14 g) instead of 4, 5 -diisopropoxy-2-(4- ~(triflaoromethyl)phenylthio)isophthalonitrile as
descnbed in Example 142. 4 5-D1hydr0xy-2—(pyndm-3 -yl)isophthalonitrile was purxfted by
chromatography Yield 0.039 g L

'H NMR (400 MHz DMSO-ds) ppm 11 0—12 0 (brs, 2 H) 8.70 (m, 2 H) 7.97 (m 1 H) 7.58
(m, 1 H) 7.39(s, 1 Hy

Example 221: 4,5-Diiydroxy-2-(4-(2,2,2-trifluoroethyDbenzylisophthalonitrile

Methyl 4-(2,2,2-rifluoroethyl)benzoate

1,1,1-Trifluoro-2-jodoethane (5.5 i), xantphos (1.6 g), Pd(dba; (1.3 ) and cesium
carbonate (36.2 g) were added'to a solutlon of 4- (methoxycarbonyl)phenylboromc acid (5 g)
in 1 4—dxoxane (75 ml) and water (9 ml) under argon atmosphere. The reacuon mixture was

heated at 80 °C for 24 h. The reactton was quenched with water and the mixture extracted
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with EtOAc. The organic layer was washed with brine, dried (Na,SO,) and concentrated
under reduced r)ressure. The crude product was purified by flash chromatography. Yield
4.56¢g

'H NMR (400 MHz, chloroform-d) ppm 8.03 (d, /=8.4 Hz, 2 H) 7.38 (d, /=8.4 Hz, 2 H)
3.92 (s, 3 H) 3.42 (g, /=10.8 Hz, 2 H)

(4-(2,2,2-Trifluoroethyl)phenyl)methanol

Methyl 4-(2,2,2-trifluoroethyl)benzoate (11.0 g) dissolved in THF (40 ml) was added to a
suspens'ion‘ of lithium aluminum hydride (2.3 g) in THF (100 ml) at 0 °C. The reaction
mixtire was stirred for 1'h'at room fempeératufe and then the reaction was quenched with
satarated agueous sodium sulfate solution. The reaction mass was filtered through celite.
The filtraté was evaporated 16 témove THE, extracted with EtOAc and washed with witer.
The otganic layer was dried (N2;SO4) and concentrated under vacuum. Yield 9.6 g

'H NMR (400 MHz, chloroform-d) ppm 7.37 (d, J=8.0 Hz, 2 H) 7.30 (d, J=8.0 Hz, 2 H)
4.71 (d, J=5.6 Hz, 2 H) 3.37 (q, J=10.8 Hz, 2 H) 1.67 (t, J=5.6 Hz, 1 H)

1- (Chloromethyl)-4-(2,2, -tnﬂuoroethyl)benzene

Phosphorus pentach]onde (8. 2 g) was added in portions to a solunon of (4 -2, 2 2-
tnﬂuoroethyl)phenyl)methanol (5 g) m chloroform (100 ml) at.0 °C, After stirring for lhat
0 °C the reactron mixture Was poured into cold water and extracted wrth DCM. The organic
layer was dried (Na2804) and toncentrated under vacuum. Yield'5.2' g

'H NMR (400 MHz chloroform-d) ppm 7 39 (d J=8.0 Hz, 2 H) 7.30 (d J=8.0 Hz, 2 H)
459(s,2H)337(q,J-104Hz 2H) o

4,4,5,5- Tetramethyl 2-(4-(2 2 2-tr|ﬂuoroethyl)benzyl)~1 3 2—droxaborolane

A flask comammg magnesrum (9 0g was heated at 250 °C for 30 min under vacuum. After
cooling to room temperature THF (300 ml) was added and heated at 60 °C for 30 min. The
flask was again cooled to room temperature and 44,5 5-tetramethyl -1,3,2-dioxaborolane
(16 3 ml) was added slowly A solution of L(chloromethyl)—4-(2 2 2-trrﬂuoroethyl)benzene
(15.6_ g) in THF (60 ml) was added slowly under nitrogen atmosphere. The reaction mixture
was stirred at room terﬁpera’ture for. 8 h. 'The reaction mass wes poured into ice water and

filtered through celite. The filtrate was extracted with EtOAc and washed with brine. The
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organic layer was dried (Na2804) and concentrated under vacuum. The crude product was
purified by column chromatography. Yield 9.5 g

'H NMR (400 MHz, chloroform-d) ppm 7.17 (brs, 4 H) 3.31 (g, /=10.8 Hz, 2 H) 2.29 (s, 2
H) 1.24 (s, 12 H)

4-Hydroxy-5-methoxy-2-(4-(2,2,2-trifluoroethyl)benzyl)isophthalonitrile
4,4,5,5-Tetramethyl-2-(4-(2,2,2-triflucroethyl)benzyl)-1,3,2-dioxaborolane (498 mg),
Pd(dppf)Cl, complex with CH,Cl (1:1) (75 mg) and sodium hydrogen carbonate (350 mg)
were added o a solution of 2-bromo-4-hydroxy-5- methokyisophthaiOnitrile (210 rng) in
ethanol (1 ml) and water (10 mly tinder mtrogen atmosphere and refluxed for 4 h. The
reaction mixture was filtered through celite: The filtrate'was evaporated to dryness The =
ctude reaction mass was acidified with 1 N HCI and extracted with DCM. The organic layer
was dried (Na;SOy) and concentrated under reduced pressure The product was purified by
flash chromatography. Yield 88 mg R ‘ '

'H NMR (400 MHz, chlotoform-d) ppm 7.35 (d, J=8.0 Hz, 2 H) 7.23 (d, 7=8.0 Hz, 2 H)
721(s, 1 H)'6.70 (br s, 1 H) 4.31 (s, 2 H) 3.97-(s; 3 H) 3.33 (q; J=10.8 Hz, 2 H)'

4,5-Dihydioxy-2:(4-(2,2,2-triffuoroethyhbenzyDisophthalonitrile -

A-soliition of boron tribomide i DCM (3 M, 2.5 ril) wis added to  solation of 4-hydroxy-

5.methoxy-2-(4-(2,2,2-trifluoroethyl)benzyl)isoptithalonitrile (88 mg) in'DCM (10 tal) at 0’

°C. The reactmn mixture was sttrred at room temperature for3 h The reaction was B

quenched wrth methanol and the mixture evaporated to dryness The crude product was

treated w1th water and extracted with EtOAc, The orgamc Iayer was dried (Na2804) and

concentrated under reduced pressure Yield 60 mg '

'H NMR (400 MHz, DMSO-dg) ppm 7 28-7.33 (m, 3 H) 7 17 (d 1—8 0 Hz 2 H) 4.14 (s 2
)359(q,J_108Hz 2H) .

Example 222: 4,S-DrhydrOXS;-Z-(44rhethyl42-(triﬂuoromethy!)benzyl)isophthalonitrile '

Methyl 4;brom6_;24(triﬂuoromethyl)benmte
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4-Bromo-2-trifluoromethy! benzoic acid (25 g) was dissolved in methanol (300 ml) and
cooled to 0 °C. Thionyl chloride (88.8 g) was added and the mixture was refluxed for 18 h.
The reaction mixture was concentrated under vacuum. Yield 25.8 g

'H NMR (400 MHz, chloroform-d) ppm 7.89 (d, J=1.6 Hz, 1 H) 7.75 (dd, J/=8.0, 1.6 Hz, 1
H) 7.68 (d, J=8.0 Hz, | H) 3.93 (s, 3 H)

Methyl 4-methyl-2-(trifluoromethyl)benzoate

Trimethylboroxine (16.2 g), tetrakis(triphenylphosphine)palladium(0) (8.2 g) and cesium
carbonate (69.0 g) were added to a solution of methyl 4-bromo-2-(triflubromethyl)benzoate
(20.0°g) irt '1,4-dioXane (500 ml) under argon atmosphere. Thé reaction mixture was heatéd
at 120 °C for 18 h. The rhixture was diliited with water and extracted with EtOAc. The
organic layer was washed with water; dried (Na;SO,) and concentrated at 40 °C under”
vacuum. The crude product was purified by column chromatography. Yield 12.4 ¢

'H NMR (400 MHz, chloroform-d) me 7.71 (d, J=8.0 Hz, 1 H) 7.55 (s, 1 H) 7.40 (d, J=8.0
Hz, 1 H)392(s 3H)245(s 3H)

(4-Methyl-2-(tnﬂuoromethyl)phenyl)methanol

(4 Methyl-z (mﬂuoromethyl)phényl)methanol was prcpared usmg the procedure descnbed
in Bxample 221 stamng from methyl 4-methyl 22- (tnﬂuoromethyl)benzoate (24.0 g) Yneld
17.9 g C S

'H NMR (400 MHz chloroform-d) ppm 7.56 (d, J=8.0 Hz 1 H) 7 45 (s l H) 7.35 (d J-8 0
Hz,lH)481(s 2H)240(s,3H)182(brs,1H) o )

_ -(Chloromethyl)-d-methyl 2-(trlﬂuoromethyl)benzene

1- (Chloromcthyl)—4-methy1 2 (mﬂuoromethyl)bcnzenc was prcparcd using thc proccdurc
descnbed in Example 221 staxtmg from (4-methy1 -2~ (tnﬂuoromethyl)phenyl)memanol ‘
(289 g) and phosphorus pentachlonde (79 0 g). Yield 24.1 g

'H NMR (400 MHz, chloroform-d) ppm 7.50 (d, J=8.0 Hz 1 H) 7 47 (s, 1 H) 7.37 (d .i-8 0
Hz, 1 H)472(s,2H)272(s 3H)

t

4,4,5,5QTetramethyl-Z-(4-methyi-2-(triﬂuommeﬂiyl)bgnzyl)-l,3,2-dioxaborolane
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4,4,5,5-Tetramethyl-2-(4-methyl-2-(trifluoromethyl)benzyl)-1,3,2-dioxaborolane was
prepared using the procedure described in Example 221 starting from 1-(chloromethyl)-4-
methyl-2-(trifluoromethyl)benzene (12 g) and 4,4,5,5-tetramethyl-1,3,2-dioxaborolane (10
). The crude product was purified by flash chromatography. Yield 7.2 g

"H NMR (400 MHz, chloroform-d) ppm 7.38 (s, 1 H) 7.21 (d, J=8.4 Hz, 1 H) 7.15 (d, J=8.4
Hz, 1 H) 2.41 (s,2 H)2.33 (5,3 H) 1.17 (s, 12 H)

4-Hydroxy-5-methoxy-2-(4-methyl-2-(trifluoromethyl)benzyl)isophthalonitrile

: '4-Hydroky45-metho'xy-2-(4—méthyl-2-(triﬂuoror‘nethyl)benzyl)iéophthalonitrile was

prepared sing the procedure described in Example 221 starting from 2-brorio-4-hydroxy-
5-methoxyisophthalonitrile (0.40 g and 4,4,5,5-tetramiéthyl-2-(4-methyl-2-(tfiflucromethyl)
benzyl)-1,3;2-dioxaborolane (0. 71 g) The crude product Was punfled by ﬂash
chiromatography. Yield 33 mg’ T ‘ Lo

'H NMR (400 MHz, DMSO-dg) ppm 7.54 (5, 1 H) 7.33 (d, J=8.4 Hz, 1 H) 6.68 (s, 1 H)
6.66 (d, J=8.4 Hz, 1 H) 4.07 (s,2H)3.63(s,3H)2.34(s,3H)

4,5-Dihydroxy-2- (4-methyl 2-(tnﬂuoromethyl)benzyl)lsophthalomtnle

The utle compound was prepared usin g the proccdure described in Example 221 startmg
from 4- hydroxy-S-methoxy~2 (4-methyl 2 (tnﬂuoromethyl)benzyl)lsophthalomtrlle (33
mg) Yxeld22mg SRR C

lI-I NMR (400 MHz, DMSO-ds) ppm 7.60 (s, 1 H)7. 34 «, J=8. 0 Hz, 1 H) 7 28 (s 1 H)
656(dJ-80Hz,lH)427(s,2H)235(s 3H) ' ‘

Example 223: 4,S-Dihydi'oxy-2-((4-(morphbline-tt-
carbonyl)pheuyl)thio)isopihthalonitrile '

(Disulfanediylbis(4;1-phenylene))bis(morpholinomethanone)

Oxalyl chloride (0.7 ml) and cataiytio DMEF were added to a solution of 4,4-
disulfanediyldibenzoic acid (0.5 g) in THF (10 ml) at 0 °C. The feaction mixture was stirred
at room texflpétaturé for 1°h under x{itro"gén atmoéohcrc. The solvent was evaporated under
reduced pressure. The crude produc£ was dissolved in DCM (10 ml) and cooled to 0 °C.
Triothyiamihé (2.26 ml) and mo}pholine' (0.7 ml) were added and the mixture was stirred at
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room temperature for 2 h. The reaction was quenched with water and the mixture extracted
with DCM. The organic layer was washed with water, dried (Na,SO,) and concentrated
under vacuum. Yield 650 mg

'H NMR (400 MHz, DMSO-ds) ppm 7.60 (d, J=8.4 Hz, 4 H) 7.44 (d, /=8.4 Hz, 4 H) 3.57
(brs, 16 H)

(4-Mercapiophenyl)(morpholino)methanone

Sodium borohydride (139 mg) was added to a solution of (disulfanediylbis(4,1-
phenylenc))bis(mo'rphol}ino‘methanone) (0.65 g) in ethanol (10 ml) under n'ii;r'ogen
atmosphere and stirred af foom teimiperature for 6 h. The reaction was quenched with
saturated aq’ueo{js ammonium chloride solution. Ethanol was removed by distillation and
the aqueous solution Wwas extracted with EtOA. The organic layer was washed with brine,
dried (Nag*SO,;) and concentrated under vacuum. Yield 300 mg (crude)

'H NMR (400 MHz, chlofoformod) ppm 7.30 (br s, 5 H) 3.68 (br s, 8 H)

4,5-Diisopropoxy-2-((4- (morpholme-4-carbonyl)phenyl)thm)xsophthalomtnle
2—Bromo-4 S-dusopropoxylsophthalommle (270 mg) and (4— .
mercaptophenyl)(morpholmo)methanone (187 mg) were dissolved i in dry toluene (10 mi)
under mtrogen atmOSphere Dnsoptopylamme (0 23 ml) DPEPhos (34 mg) and sz(dba);;
(38 mg) were added. The reaction mixture was heated at 110'°C for 12 h. Water was added
to quench the reaction and the mixture was extracted with EtOAc. The organic layer was
washed with bnne, dried (Na2804) and concentrated under vacuum. The crude product was
punﬁed by flash chromatography Yield 200 mg

'Y NMR (400 MHz, DMSO~d6) ppm 8.06 (s, 1 H) 7. 39 (d, J=8.4 Hz, 2 H)7.22 (d, J=8.4
Hz, 2H)479—492 (m 2H)357(brs 8H) 1 34 (d, J=6.4 Hz, 6H) 1 30(d J-60Hz,6H)

4;5-Dihydroxy-z-((4-(morphdiiné_—:t-cérbéhyl)phenyl)thio)isopththﬁlbnitrile

The title compound was preﬁafed fromi 4,5-diisbptbpdxy—%(‘(tf-(moqﬁholihe-4~
cérbonyl)phenyl)thio)isophihaloiﬁtfiie (160 mg) instead of 4-hydroxy-5-methoxy-2-(4-
(2,2.2-triﬂuordeﬂxyl)benzyl)is.ophthalohi"trile as described in Examiple 221. Yield 60 mg
'H NMR (400 MHz, DMSO-d5) ppin 7.36-7.40 (m, 3 H) 7.18 (d, J=8.4 Hz, 2 H) 3.56 (br s,
8 H)
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Example 224: 4,5-Dihydroxy-2-(methyl(p-tolyl)amino)isophthalonitrile

4,5-Diisopropoxy-2-(methyl(p-tolyl)amino)isophthalonitrile

N,4-dimethylaniline (124 mg), palladivm(Il) acetate (21 mg), rac-2,2’-
bis(diphenylphosphino)-1,1’-binaphthalene (87 mg) and cesium carbonate (911 mg) were
added to a solution of 2-bromo-4,5-diisopropoxyisophthalonitrile (300 mg) in THF (15 ml)
under argon atmosphere and heated at 75 °C for 16 h. The reaction was quenched with
water and the mixture extracted with EtOAc. The organic layer was washed with water,
dried (Na,SOy) and concentrated undér reduced pressure. The érude product was purified by
column chromatography. Yield 130 mg -

'H NMR (400 MHz, chloroform-d)-ppm 7.24 (s, 1 H) 7.04 (d, J=8.4 Hz, 2 H) 6.56 (d, J=8.4
Hz, 2 H) 4.86-4.92 (m, 1 H) 4.53-4.58 (n, 1'H) 3.39 (s, 3 H) 2.26 (s, 3 H) 1.34-1.41 (m, 12

4,5-Dihydroxy-2-(methyl(p-toly)amino)isophthalonitrile

The title compound was prepared from 4,5- dusopropoxy~2—(methyl(p-
tolyl)anuno)xsophthalomtrlle (120 mg) 1nstead of 4-hydroxy-5-methoxy-2—(4 (222-
tnﬂuoroethyl)benzyl)xsophﬂmalomtrﬂe as described in Example 221. 4,5-Dihydroxy-2-
(mcthyl(p~tolyl)ammo)xsophthalomtn]c was purified by flash chromatography Yield 35 mg
'"H NMR (400 MHz DMSO-dG) ppm 7 29 (s, 1 H) 7 00 (d,J=8.4 Hz,2 H) 6.46 (d, J=8.4
Hz,2H)323 (s, 3H)220(s 3H)

Example 225 A;S;Dihydrdxy-_"2it(s:methoxy'nai)h‘thaiexi-z-yl)methynisophthalonitrile

6-Methoxy~2-naphthaldehyde o

-Butylhthmm (18.5'mly was added slowly to a solution of 2—bromo-6-methoxynaphthalcne
(10.0°g) in dlethyl ether (200 ml) at -78 °C. The reaction mixture was stirred at -78 °C for I
h. DMF (3.25 mi) was added dropwxse and the mixture was stured agam for 30 min. The
reaction mixtire was allowed to warm to 0 °C. The reaction was quenched with saturated

aqueous ammonium chloride solution and the mixture extracted with EtOAc. The organic
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layer was washed with water, dried (Na,SO,) and concentrated at 40 °C under vacuum. The
crude product was purified by column chromatography. Yield 7.4 g

'H NMR (400 MHz, chloroform-d) ppm 10.10 (s, 1 H) 8.26 (s, 1 H) 7.88-7.94 (m, 2 H) 7.81
(d, J=8.4 Hz, 1 H) 7.15-7.24 (m, 2 H) 3.91 (s, 3 H)

(6-Methoxynaphthalen-2-yl)methanol

Sodium borohydride (1.8 g) was added in portions to a solution of 6-methoxy-2-
naphthaldehyde (7.4 g) in methanol (80 ml) at 0 °C. The reaction mixture was stirred at
room temperature for'1.5 h and the reaction was quenched with saturated aqueous’
ammonium chloride solution. Methanol was removed under ¥aéiium and the aqueous
solution was extracted with EtOAc. The organic layer was washed with water, dried
(N2,SO,) and conceéntrated at 40 °C under vacuum. The crude product was purified by flash
chromatography. Yield 7.1 g

'H NMR (400 MHz; chloroform-d) ppm 7.72-7.77 (m, 3 H) 7.45 (d, J=8.8 Hz, 1 H) 7.09-
7.19 (m, 2 H) 4:82 (d, /=6.0 Hz, 2 H) 3.93 (5, 3 H) 1.70 (1, J=6.0 Hz, 1 H)

2 (Chloromethyl) 6-methoxynaphthalene

2 (Chloromethyl) 6- methoxynaphthalene was prepared using the procedure described in

Example 221 stamng from (6~methoxynaphthalen-2-y1)methanol (6 0 g) and phosphorus
pentachlonde (9:95 g). Yield 5. 0g

'H NMR (400 MHZ chloroform—d) ppm 7. 7 1-7.79 (m, 3 H) 7 47 (d J=8.8 Hz, | H) 7.12-
7. 18(m 2H)474(s 2H)393(s,3H) o

2-((6- Methoxynaphthélen-z-yi)methyl)-4 4,5,5-tetramethyl-1,3 ,2-dioxaborolane
2—((6-Methoxynaphthalen-2—yl)methyl)-4 4,5 S-tetramethyl 1, 3 ,2-dioxaborolane was
prepared using the procedure descnbed in Example 221 startmg from 2- (chloromethyl) -6-
methoxynaphthalene (15 2 g) and 4, 4 5,5- tetramethyl 1,3 2—d10xab0rolane (16.0 ml). Yield
189g"

'H NMR (400 MHz, chloroform-d) ppm 7.60-7.68 (m, 2 H) 7.55 (s, 1H) 7.30 (d, J=8.0 Hz,
1H)7.07-7.10 (m, 2 H) 3.90 (s, 3 H) 242(s,2H) 1.23(s, 12 H)

5-(Benzyloxy)-4-hydroxy-2-((6-methoxynaphthalen-2-yl)methyl)isophthalonitrile



10

15

20

25

30

WO 2013/175053 PCT/F12013/000026
126

* 2-((6-Methoxynaphthalen-2-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (700 mg),

Pd(dppf)Cl, complex with CH,Cl, (1:1).‘(83 mg) and sodium carbonate (493 mg) were
added to a solution of 5-(benzyloxy)-2-bromo-4-hydroxyisophthalonitrile (300 mg) in
isopropanol (2.5 ml) and water (10 ml) under nitrogen atmosphere and refluxed for 1.5 h.
The reaction mixture was filtered through celite. The filtrate was evaporated to dryness. The
crude reaction mass was acidified with 1 N HCI and extracted with DCM. The organic layer
was dried (N2,SO;) and concentrated under reduced pressure. The product was purified by
flash chromatography. Yield 450 mg (crude)

'H NMR (400 MHz, chloroform-d) ppm 7.63-7.73 (m, 3 H) 7.37-7.48 (m, 6 H) 7.27 (s, | H)
7.08-7.14 (m, 2 H) 6.86 (br s, 1 H) 5.15 (s, 2 H) 4.43 (5, 2H)3.90 (s, 3H) =

4,5-Dihydroxy-2-((6-methoxynaphthaler-2-yhmethylisophthalonitrile

Palladium on'carbon (10%; 300 mg) Was added to a solution of 5-(benzyloxy)-4-hydroxy-2-
((6-methoxynaphthalen-2-yl)methyl)isophthalonitrile (450 mg) ini ethanol (20 ml)and  *
stirred 'under hydrogén atrfiosphe'r:é*(I atm) for 30 min. The reaction mixture was filtered
through celite. The filtrate was concentrated under reduced prcssure The crude product was
purified by reverse phase HPLC. Yield 75 mg ' '

1H NMR (400 MHz, DMSO-da) ppm 7.72-1.79 (m, 2 H) 7.50 (s, 1 H) 7. 26 7.33 (m, 3 H)

7 l3(dd 1—84 16HZ, 1H)428(s.2H)3 85 (s 3H)

As alfeé‘dy _ruentioned horeiobéfofe, the cOmpounds of formula I show infere_‘stiné
pharmacdldgicai'properties namely they exhibit COMT inhibiting activity and provide in
levodopa therapy an 1mproved levodopa concentration in plasma. Said propemes are -

dcmonstratcd with the pharmacologxcal fests ‘presented below

E;ip'erimem 1: Determination 6f COMT inhibiting activity in vitro
The 1nh1b1tory potency was determmed by measuring rccombmant human soluble COMT
S -COMT) activity at various compound concentrations. COMT act:vxty measurements
were performed according to the method published in Kurkela, M. et al. Analyncal
Biochemistry, 331 (2004) 198 with shght modxﬁcatlons according to Assay 1 or Assay 2

described below.
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Assay 1

Recombinant human S-COMT (12 nM) was preincubated with the COMT inhibitor and 400
uM S-adenosyl-L-methionine in 100 mM Na,HPOj4 buffer, pH 7.4, containing 5 mM MgCl,
for 60 min at 37 °C. The reaction was started with the addition of the substrate esculetin for
a final concentration of 2 pM and the production of O-methylated esculetin was followed
with the FlexStation fluorescence plate reader (Molecular Probes, USA) using excitation at
355 nm and emission at 460 nm. The inhibitor dissociation constant, K;, of the studied
compounds was calculated using the Morrison equation, which takes the tight binding
inhibition into account (Copeland, R. A. Evaluation of Enzyme Inhibitors in Drug
Discovery: A Guide for Medicinal Chemzsts and Pharmacologtsts, Johin Wlley & Sons, Inc
Hoboken, NJ; 2005 pp 185-187): S o oo T

1

vy 2E

1.-1 (E+I+K) J(E+I+K) -451 o

LS .

wherein vo and vy are the Teaction velocities in the absence and presence, respectively, of the
inhibitor, E is the active enzyriie concentration, and I is the inhibitor concentration. The data
were analyzed with GraphPad Pnsm version 4.00 software (GraphPad Software, San Diego,

Assay2

Recombmant human S—COMT (0 8 nM) was mcubated wnh the COMT inhibitor and 200
p.M S—adenosyl—L—methxomne in 100 mM Na2HPO4 buffer pH 1.4, contmmng 5 mM MgCl,
for'30 min 4t'37 °C. The reactmn was started with the addition of esculetin for a final
concentration of 0.5 uM and the reactlon mixfure with total volume of 200 pl was inciibated
for 30 min at 37 °C. 'I‘he reactxon was stopped with 20 ul of 4M HC104 and the precipitated
protem was removed by Sitocco protcm prec1p1tat1on plate (centrifuged at 4 °C for 10 min
at 3000g). 0~Methylated esculetm was detected by Waters HT Alliance HPLC setup with
Waters 474 fluorescence detector (Ex 460 nm, Em 460 nm, Gain 100). The analytes were
separated isoéatically using 0.1 M NasHPO,, 20 mM citic acid, 0.13 mM EDTA, pH 3.2,
in 40% taethanol as mobile phase and Waters Sphensorb ODSZ (3 wm, 4, 6 fnm x 100 mm)
column. O- Methylated esculetin concentrations were calculated based on the standard curve

and the K; values were calculated usmg the Momson equatlon as in Assay 1.
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The results of the determination of COMT inhibiting activity in vitro are shown in Table 1.

The results show that the compounds of formula I are capable of inhibiting COMT activity

in vitro.
Compound ‘ : : K/nM e ) Method
Compound of Example 5 0.84 Assay 1
Compound of Example 23 0.19 Assay 1
Compound of Example 26 0.12 Assay 1
Compound of Example 32 20 Assay }
Compound of Example 38 9.5 Assay 1
Compound of Example 45 . 82 . Assay 1
Compound of Example 74 * - ' "7 - 20 o S " Assayl
Compound of Example 76 . = 33 , , _ . Assay ]
Compound of Examplé 89~ ~ ' S 20 ’ © T Assayl
Compound of Example 100 6.5 Assay 1
Compound of Example 118 0.33. Assay 2
Compound of Example 121 18 : : Assay 1
Compound of Example 122 - = = . .. LS L Assay 1.
Compound of Example 144 o 07 ] . Assay 2
Compound of Example 152 1.6 Assay 2
Compound of Example 153 0.4 Assay 2
Compound of Example 154 1.3 Assay 2
Compound of Example 156 0.26 Assay 2
Compound of Example 158 0.53 Assay 2
Compound of Example 159 0.94 Assay 2
Compound of Example 160 : 0.7 R Assay 2
Compound of Example 161 » 0.3 o Assay 2
Compound of Example 164 = =~ 0.2 : Assay 2
Compound of Example 167 0.3 Assay 2
Compound of Example 171 0.9 Assay 2
Compound of Example 172 0.2 Assay 2
Compound of Example 174 o . 0.5 . Assay 2
~ Compound of Example 177 08 _ ' Assay 2
Compound of Example 180 0.5 Assay 2
Compound of Example 187 32 Assay 1
Compound of Example 191 29 Assay 1
Compound of Example 209 0.1 Assay 2

Table 1. COMT inhibiting activity in vitro.
Experiment 2: Detérmination of levodopa concentration in rat plasma

Levodopa concentranon in rat plasma was deterxmncd substantially as described in e.g.
Kim, T. K. et al. European Journal of Pharmaceuttcal Sciences, 38 (2009) 525. The studies
were perfonncd in adult male Wistar rats. The COMT inhibitor was dosed orally over a
range of doses and scveral samplmg time points were chosen between 0 min and 300 min

after drug administration (lcvodopa + carbxdopa and COMT 1nhxb1tor) Blood samples were
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collected by cardiac puncture under CO; anaesthesia into pre-cooled K2EDTA tubes and
kept on ice until the separatxon of plasma by centnfugatlon For levodopa analysis, 75 pl of
separated plasma was pxpetted without delay into pre~cooled polypropylene tubes
contamlng a conservmg agent. All the samples were stored at -80 °C nominal until
analyzed. Plasma levels of levodopa were determined by LC-MS/MS (or HPLC). Standard
pharmacokinetic methods were used to evaluate the concentration — time data by non-
compartmental analysis modelmg. The analyses were performed using WinNonlin®
Professional v. 5.0.1. A

The results of the defermiiation of Iév"o'ﬂoj')'a concentratio in rat plasma are shown in
Table 2. The results show" that the compounds of formula I prov1de an xmprovcd lcvodopa

concentratnon in plasma

Compound '~ ' ' ' ' Relative levodopa concentration
Compound of Example 1, Lo e e . L6S
Compound of Example 6 1.64
Compound of Example 23 _ 1.34
Compound of Example 28 2.69
Compound of Examiple 55 1.31
Compound of Example 60 L 1.13
Compoiind of Example 87 " T e e 0 g sy
Compound of Example 92 . - .. - . . 1.42
Entacapone R ) ' '1.00

Table 2. Relative levodopa concentration in rat plasma (entacapone = 1.00).

The compounds of formula I exhibit COMT inhibitihg activity. The present invention thus
pro'vides compounds for use as a medicament. Compounds for use in the treatment of a
disease or condmon where a COMT inhibiting agent is indicated to be useful are also
provxded Furthermore a method for the treatment of a dnsease or condition where a COMT
mh1b1tmg agent is indicated to be useful'is provided. In said method-a therapeutically
effective amount of at Jeast one compound of formula 1 is administered to a mammal; e.g.
human,’in néed of such treatment. Use of the compoundé of formula I for the manufacture
of a medicament for the treatment of a dlsease or condition where a COMT inhibiting agent

is indicated to be useful is also provxded

In one embodiment of the invention the diséase where a COMT mhxbmng agent is indicated

to be useful is Parkinson’ s disease.
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In one embodiment of the invention potentiation of therapy with a dopamine precursor, e.g.

levodopa, is provided.

The compounds of formula I can be administered, for example, enterally, topically or
parenterally by means of any pharmaceutical formulation useful for said administration and
cbmpn'sing as active ingredient at least one 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 componnd being administered, the age and the sex of the subject being treated, the
particular condition beirig freatéd; as well s 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 fiom 5 ug/kg to 100 'mg/kg per day and for paremeral adrmmstratxon from

0.5 nglkg to 10 mg/kg for an adult mammal

'I‘he compounds accordmg to thls mvenuon are glven to a pauent as such or in combination
w1th one or more other active mgredlents and/or smtable pharmaceutlcal exclplents The
latter group compnses convennonally used exc1p1ents and formulauon alds such as fillers
bmders dxsmtegratmg agents, lubncants solvents gel formmg agents emulsxﬁers,

stablllzers colorants and/or preservatnves

The compounds of formula Iare formulated into dosage forms usmg commonly known
pharmaceutical manufacturmg methods The dosage forms can be e.g. tablets, capsules,
granules, supposxtones 'emulsmns suspensions or solutions. Dependmg on the route of
admxmstrauon and the galenic form, the amounit of the active mgredxent ina formulanon

can typlcally vary between 0 01% and 100% (wiw).

For tlie'tfeatmént' of Parkinson’s disease the compounds of formula I can be administered

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
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benserazide or carbidopa, 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 10 mg to 150 mg, such as

from 20 mg to 110 mg.

If all active ingredients are not combined in a single composition, the amount of daily
administrations of the active ingredients can vary. For instance, the composition comprising
a compound of formula I can be administered orice a day and the ‘cbmpositioh comprising a

dopamine precursor and 4 DDC inhiibitor can be administered three times a day.

Thie DDC inhibitot and the dopamifié precursor, such as levodopa, aré typically -

adrninistered in'a ratic 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't6 10 individual doses, e.g. 1 to 2 individual doses. The daily dose of
rasagiline is typically from 0. 1'mig to'S mg, e.g. from 0.5 mg to 2 mg, divided into 1t0 10 -
individual doses, €.g. 1 to 2 mdmdual doses The daily dose of saﬁnarmde is typically from
10 mg to 600 mg, e.g. from 50 mg to 150 mg, divided into 1 to 10 mdnvxdual doses, e.g. 1 to
2 mdxvxdual d05§s. The daily dose of selegiline is typically from 1 mg to 20 mg, e.g. from

2 ing 10°10 mg, divided into 1 to 10 individual doses, e.&. 1 to 2'individual doses.

A person skilled in the art will apprecxate that the embodlments described in this apphcatxon
can be modified without departmg from the inventive conccpt A person skilled in the art
also understands that thie mvcptxon is not limited to the particular embodiments disclosed
but is intenided to also cover modifications of the embodiments that gfe within the spirit and

scope of the invention.
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CLAIMS

1. A compound of formula I,

10

15

20

25

OH
HO
I
& S
B
wherein

R, is (C;-Cg)alkyl, (C,-Ce)alkenyl, (C2-Cs)alkynyl, (C3-Cy)cycloalkyl,
(C4'-Cm)cy‘cloblkéhyl,*érjl, (R2)2,C=C-, halogen, hydroxy, (C;-Ce)alkoxy,
(Cl-Cs)alkyI;S-, (C4-Cyo)cycloalkenyloxy, (C4-Cio)cycloalkenyl-S-, aryloxy,
aryl-S-6 hetéf’oax__’yloxy, heteroaryl-S-, (R3):N-, (R4),C=N-, heterocyclyl,
hetcroarid, aryl_(b;-CG)alkyl, ( 1-amino-1-carboxymethyl)-(C,;-Ce)alkyl,
halo(C;-Ce)alkyl, hydroxy(C-Ce)alkyl, (Ci-Ce)atkoxy(Ci-Ce)alkyl,
(C1-Ce)alkyl-S~(Cy-Ce)alkyl, (R3):N-(C,-Ce)alkyl, heterocyclyl(C;-Ce)alkyl,
carboxy(Cg-Cs)alkenyl (Cs-Cy)eycloatkyl(Cy-Cealkenyl, aryl(Cz-Cf,)alkenyl
(Cr- Cg)alkOXy(Cz-Cg)alkenyl heterocyclyl(Cg-Ce)alkenyl '
heteroaryl(Cz-Cs)alkenyl carboxy(Cz-Cs)alkynyl
(Ca-Cy)cycloalkyl(C;-Ce)alkynyl, aryl(C-Cy)alkynyl,
(C1-Ce)alkoxy(C-Ce)alkyniyl, heterocyclyl(C,-Ce)alkynyl,
heteroaryl(C2-Cg)alkynyl, halo(C,-Cs)alkoxy, hydroxy(Ci-Cg)alkoxy,
(C1:Cealkoxy(C;-Ce)alkoxy, (C1-Ce)alkyl:(C=0)-0=, Rs-(S=0)-; Rs-(0=S=0)-,
hydroxy(C}-Cs)alkoxy(C1-Cs)alkyl, (C;-Ce)alkoxy-(C=0)-(C;:Ce)alkenyl or
(Cl-Cé)alkyl (C-O) 0O- (Cl—C(,)alkyl wherein sald (C4-Cm)cycloalkenyl aryl,
heterocyclyl heteroaryl of (C;-C7)cycloalkyl as such or as part of another group
is unsubsututed or subsututed wnh 1, 20t3 substltuent(s) R6

R, is, mdependently at each occurrence carboxy or aryl, wherein said aryl is,
mdependently at each occurrence, unsubstituted or substxtuted with 1,2 0r3
subsutuent(s) Re'" ' '

Rsis, mdependently at each occurrence, H, (Ci-Ce)alkyl, (C3-C7)cycloalkyl aryl,
(C3~C7)cycloalkyl(C;-Cs)alkyl hydroxy(C;-Cs)alkyl or ‘
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(Cy-Cs)alkoxy(C;-Cg)alkyl, wherein said (C3-C7)cycloalky! or aryl as such or as
part of another group is, independently at each occurrence, unsubstituted or
substituted with 1 substituent being (Ci-Cg)alkyl, halogen, hydroxy,
(C1-Ce)alkoxy or hydroxy(C,;-Cg)alkyl;

R, is, independently at each occurrence, H or aryl, wherein said aryl is,
independently at each occurrence, unsubstituted or substituted with 1 substituent
being (C;-Cg)alkyl, halogen or (C;-Cg)alkoxy; A

Rs is (Cy-Ce)alkyl, aryl, hydroxy or (C;-Cg)alkoxy, wherein said aryl is
unsubstituted or substituted with 1, 2 or 3 substituent(s) Re:

R is, independently at each occurrence, (Cy-Ce)alkyl, (Cy-Cg)alkenyl, carboxy,
¢yano, aryl, halogen, hydfoxy, (C;-Cs)alkoxy, (C;-Ce)alkyl-S-,
(C‘;—Cm)cy'cl”o‘al'kéhyl!oxy,‘(C.;-C,d)cycioalkcnyl-s- aryloxy, aryl -S-,
aryl(C,-Ce)alkyl, halo(C;-Cs)alkyl, hydroxy(C;-Cs)aIkyl,
(C;-Cg)alkoxy(Ci-Ce)alkyl, hcteroCYClyi(C;'-Cﬁ)alkyl, (Cy-Ce)alkyl-(C=0)-,
(C1-Ce)alkoxy-(C=0)-, heicrocyclyl-(C=0)-, (R7);N-(C=0)-, halo(C;-Ce)alkoxy,
R'g-(s:.'o)-’ Rs '(oi's-"O)“ , (C:Coyalkoxy-(C=0)-(Cy-Caalkyl, (R7);N-(C=0)-
(C;-Ce)alkyl or (C,-Cs)alkoxy(C.-C5)alkoxy-(C—0)- wherein said aryl,
hcteroaryl or hetcrocyclyl as such or as part of another group is, independently at
each occurrence unsubsmutcd or subsntuted thh 1 subsntuent being
(C;—Cs)alkyl o ‘

or R¢ and R5 both attached to the same carbon ring atom form together with the
carbon ring atom to which they are attached, a —(C-O) group,

Ry is, mdependently at each ‘occurrence; H, (C,—Cf,)alkyl (Cg-Cv)cycIoalkyl or
carboxy(Cl-Cs)alkyl wherem said (C3—C7)cycloalkyl is, independently at each
occurrence, unsubstxtuted or subsntutcd with 1 substituent bcmg (C -Cﬁ)alkyl
Rg is, mdcpendently at each occurrence, (C]‘Cﬁ)ﬂlk)’l hydroxy, (Cl-Cs)alkoxy or
(R9)2N~ ) '

Rg s, mdependently at each occurrence, (C1~C6)alkyl

ora pharmaceuttcally acceptable salt or ester thereof,

. A compound accordmg to clalm 1, wherein

R; is (C-Ce)alkyl, (Cp-Ce)alkenyl, (C;-Ce)alkynyl, (C4-C10)cycloalkenyl aryl



10

15

20

25

30

WO 2013/175053 , PCT/F12013/000026

134

halogen, hydroxy, (C4-Cro)cycloalkenyloxy, aryloxy, aryl-S-, heteroaryl-S-,
(R3):N-, (R4)2C=N-, heterocyclyl, heteroaryl, aryl(C,-Ce)alkyl, -
hydroxy(C,-Cs)alkyl, (Rg);N-(Cl-C5)alkyl, heterocyclyl(C,-Ce)alkyl,
carboxy(C,-Cs)alkenyl, (C3-Cy)cycloalkyl(Cz-Ce)alkenyl, aryl(C,-Cg)alkenyl,
(C1-Ce)alkoxy(C2-Cg)alkenyl, heteroaryl(C,-Ce)alkenyl, aryl(C,-Ce)alkynyl,
(C;-Ce)alkoxy(C,-Cs)alkynyl, Rs-(8=0)-, Rs-(0=5=0)- or (C;-Cg)alkoxy-
(C=0)-(C,-Cg)alkenyl, wherein said (C4-Cjo)cycloalkenyl, aryl, heterocyclyl,
heteroaryl or (C3-C7)cycloalkyl as such or as part of another group is
unsubstituted of substituted with 1, 2 or 3 substituent(s) Re; ‘

R3 is, mdependently at each occurrence H, (Cl-Cs)alkyl (C3-C7)cycloalkyl aryl,
(C3-C7)cycloalky1(C1-Cs)alkyl Tydroxy(C):Cojatkyl or
(C;-Cg)alkoxy(Cl-Cﬁ)alkyl wherein said (C3-C7)cycloa1kyl or aryl as'such or as
part of 2nother ; group is unsubsututed or substituted with 1 subsmuent being
(Cr-Copalkyl; = ‘

Ry is, independently at éach occurrence, H or aryl, wherein said aryl is,
independently at each occurience, substituted with 1 substituent being
(Cx—C.s)alkyl' halogén or (C{-Cg)alkoxy;

Rs is aryl; wherein said aryl is substituted with 1 substituent Rg;

Rg is, mdependently at each occurrence, (C,-Cs)alkyl '(C2-Ce)alkenyl, carboxy,
cyano, aryl halogen hydroxy, (C)-Cg)alkoxy, (C;-Cs)alkyl S-, aryloxy,
heteroaryl carboxy(Cl-Cs)alkyl aryI(C1-C6)alkyl halo(Cl—Cg)alkyl
hydroxy(C‘-Cf,)alkyl (C;—Cs)alkoxy(C,-Cg)alkyl heterocyclyl(C;-Cs)alkyl
(C,-Cs)alkyl—(C—O) (C;—Cs)alkoxy—(c 0)- heterocyclyl -(C=0)-, (R7)2N-
(C=0):, halo(C;- Cs)alkoxy, Rg-(O“'S—O)- (C1-Ce)alkoxy-(C=0)-(C;-Ce)alkyl,
(R7):N-(C= 0)- (C;—C(,)alkyl or (C;—Cg)alkoxy(Cl-Cg)alkoxy-(C-O)- wherein
sald aryl heteroaryl or heterocyclyl as such or as part of another group is,
mdependently at each’ occurrencc, ufisubstitited or subsmuted with 1 substituent
being (Ci-Cealkyl; - ' '

or Rg and Rs both attached to the same carbon ring atom form, togcther with the
ca:bon ring atom to which they are attached a +(C20): group;

R is, mdependently at'each occurrence, H, (C;-Cﬁ)alkyl, (C3-C7)'cycl'oalkyl or
carboxy(C;-Ce)alkyl, wherein said (C3-C)cycloalkyl is unsubstituted;
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Rg is, independently at each occurrence, (C;-Cg)alkyl or (Ro)2N-;
Ry is, independently at each occurrence, (C;-Ce)alkyl.

. A compound according to claim 2, wherein

Ry is (C;-Ce)alkyl, (Cé-Ce)alkenyl, (C2-Ce)alkynyl, (C4-Cyp)cycloalkenyl, aryl,
halogen, (C;-Cxo)cycloalkenylox)r, aryloxy, aryl-S-, hetcroaryl-S-, (R3):N-,
(R4)2C=N-, heterocyclyl, heteroaryl, aryl(C;-Cs)alkyl, (R3)2N-(C,-Cg)alkyl,
carboxy(Cz-Ca)alkenyl, (C3-Cy)cycloalkyl(C,-Ce)alkenyl or aryl(C,-Cg)alkenyl,
wherein said (C4-Cyo)cycloalkenyl, aryl, heterocyclyl, heteroaryl or
(C3—C7)cycloalky1 as such or as part of another grong is unsubstituted or
substituted with 1, 2 or 3 substituent(S) Rs; A

R3 is, mdependently at each’ occurrcnce H (C.-Cs)alkyl or

(G -Cs)alkoxy(C; -C(,)alkyl

Ry is; mdependently dt each occurrence, H or aryl, wherein said aryl is,
mdependently at each occiirrence, substituted with 1 substituent bemg
(Ci-Co)alkyl, halogen or (Ci-Cg)alkoxy;

R¢ is, independently at each occurrence, (C;-Ce)alkyl, Gyano, aryl, halogen,
hydroxy, (C1-Cg)alkoxy, (Ci-Ce)alkyl-S-, carboxy(C,-Ci)alkyl, aryl(C;-Cs)alkyl,
halo(cl':cg)aiukyr h§droXY(C{~C6)alkyl (C1-Cg)alkoxy(C;-Cg)alkyl, heterocyclyl-
(C_O)~ (R7)2N (C—O) Rs (O—S—O)- or (Cx~C5)alkoxy-(C~O)-(C1-C(,)alkyl
wherem sa1d aryl or heterocyclyl as such or as part of another group is
unsubstituted; o o

Ry is, mdependently at each occurrence H, (C;-Cs)alkyl or (C3—C7)cycloalkyl
wherem said (C3—C7)cycloa1kyl i$ unsubstituted;

Ry s, mdependently at each occurrence, (C;—Cﬁ)alkyl or (Rg)zN-

Rg 1s mdependently at each occurrcnce (C,-Cs)alkyl

. A compound according to claim 3, wherein

Ry .is (C)-Cg)alkyl, (C21C6)alkeny1, aryl, halogen, aryloxy, aryl-S-, (R3)N-,
(R4)2C=N-, heterocyclyl, hereroaryl, aryl(C;-Ce)alkyl, -
(C3-Cry)eycloalkyl(Cy-Ce)alkenyl or aryl(C,-Cs)alkenyl, wherein said aryl,
heterocyclyl, heteroaryl or (C3-Cq)cycloalkyl as such or as part of another group
is unsubstituted or substituted with 1,2 or 3 substitnent(s) Re;
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Rj is, independently at each occurrence, H or (C,-Cg)alkyl;

R4 is, independently at each occurrence, H or aryl, wherein said aryl is,
independently at each occurrenoe, substituted with 1 substituent being
(C1-Cg)alkyl, halogen or (C;-Ce)alkoxy;

Re is, independently at each occurrence, (C;-Ce)alkyl, cyano, aryl, halogen,
hydroxy, (C;-Ce)alkoxy, (Cy-Ce)alkyl-S-, carboxy(C;-Cg)alkyl, halo(C,-Cg)alkyl,
hydroxy(C;-Ce)alkyl, (C)—Cg)alkoxy(C;-Cs)alkyl heterocyclyl-(C=0)-, (R7)2N-
(C=0)- or Rg-(0=S=0)-~, wherein said aryl or heterocyclyl as such or as part of
another group is unsubstituted;

R; is, independeritly at each occurrence, Hor (C;-Ce)alkyl;

Rj is, independently at eacli'occurrehce, (Ci-Celalkyl.”

A compound accordmg to claim 4, wherein

R;is (C,—Cs)alkyl (C2-Ce)alkenyl, aryl, halogen, aryloxy, aryl-S-,(R3):N-, .
heterocyclyl, heteroaryl, a;yl(Cl-Cs)allcyl or aryl(C,-Cg)alkenyl, wherein saxd _
aryl, heterocyclyl or heteroaryl as such or as part of another group is
unsubstituted or substituted with 1, 2 or 3 substituent(s) Re;

R; is, independently at each occurrence, H or (C;-Ce)alkyl;

Rs is, independently at each occurrence, (Cy-Cg)alkyl, halogen, hydroxy,
(C)-Co)alkoxy, carboxy(C;-Ce)alkyl, halo(C;-Ce)alkyl or (R7):N-(C=0)-;

R; is,'indepéndenﬂf'at' oach'océurrehcc, H or (C;-Cg)alkyl.

. A compound accordmg to claxm 5 wherem ‘

R1 is (C2~Cg)alkenyl aryl halogen, aryloxy, aryl-S- (R3)2N- heteroaryl

a;yl(C 1= Cs)alkyl or axyl(Cgrcﬁ)alkenyl wherein said aryl or heteroaryl as such or
as part of another groqp is pnsubstitoted or substituted with 1 or 2 substituent(s)
Re; | .. . ' | | .

Rs is, independently ét each.occurrence, H or (C,-Cs)alkyl;

R is, independently at each occurrence, (C1-Cg)alkyl, halogen, (C;-Cs)alkoxy,
carboxy(Cl-Ca)alkyl or halo(Cl—C(,)alkyl ’

. A compound accordmg to clmm 6 wherem

Ryi is (C2-Ce)alkenyl, aryl, halogen, aryl-S heteroaryl or aryl(Cl-CG)alkyl

wherem said aryl or heteroaryl as such or as part of another group is
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unsubstituted or substituted with 1 or 2 substituent(s) Rs;
R is, independently at each occurrence, (C;-Ce)alkyl, halogen or (C;-Ce)alkoxy.

A compound according to claim 7, wherein

Ry is (C-Cg)alkenyl, halogen, aryl-S- or aryl(C;-Ce)alkyl, wherein said aryl as

part of another group is unsubstituted or substituted with 1 or 2 substituent(s) Re;
R is, independently at each occurrence, (C,-Cg)alkyl, halogen or (C;-Cg)alkoxy.

A compound accordmg to claim 7, wherein

R;i is (C;-Cﬁ)alkcnyl aryl aryl -S-, heteroaryl or aryl(C,-Cs)alkyl wherem said
aryl or heteroaryl as such or as part of another group is subsututed with 1 or 2
substituent(s) Rs; ..;. .

R5 is, independently at each ocgurrence, (CrCs)alkyl or (Cy-Ce)alkoxy:.

EUR R

10. A compound accordmg fo c1a1m 9 wherem

1L

12.

13.

R1 is (C2-C5)a1kenyl atyl S or aryl(CI-Cs)alkyl wherem said aryl as part of .
another group is substituted-with 1 or 2 substituent(s) Re;
Rs is, independently at each occurrence, (Cy-Cg)alkyl or (Ci-Cg)alkoxy.

A bompound a‘ccordiiig"t’o cléim 7, whérein Ry is (Co-C)alkenyl.

A compound according to c]alm 7, wherein .

R, is aryl, wherein saJd aryl is unsubsmuted or subsumted with 1 or.2
subsutuent(s) Rs;

R6 is, mdependently at each occurrence, (Cl-Cﬁ)alkyl halogen or (Cl-Cf,)alkoxy.

.

A compound accordmg to claim:7, wherein .

LS

R, is aryl-S-, wherem saxd aryl is unsubsmuted or subsututed with 1 or 2

' subsutuent(s) R6

14.

A'éompound'aééo}&ing fo clairh 7, wherein
R1 is heteroaryl wherein sald hcteroaryl is unsubstxtuted or substituted with 1 or
3 substituent(s) Rg; o o

-« Rg s, independently at each,,occurrence,,(Cl-Cs)a_lkyl, halogen or (C,-Cg)alkoxy.
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A compound according to claim 7, wherein

R, is aryl(Cl—Cs)alkyl, wherein said aryl is substituted with 1 or 2 substituent(s)
Re; . |

Re is, independently at each occurrence, (Ci-Cealkyl of (C;-Cg)alkoxy.

A compound according to claim 1, wherein the compound is 2-bromo-4,5-
dihydroxyisophthalonitrile, 4,5-dihydroxy—2-(phenylethynyl)isophthaionitrile,
4,5-dihydroxy-2-(prop- 1-ynyl)isophthalonitrile, 4,5-dihydroxy-2-(1-methyl-1 H-
pyrrol-2-yl)isophthalonitrile, 4,5-dihydroxy»Z—(thiophen—2-yl)isophthalonitrilc,
2—(fura§52;){l)-4,5ﬂ-di_hyd_rox yisophthalonitrile, 3°,4°,5°-trifluoro-3,4-
dihydroxybiphenyl-2,6-dicarbonitrile, 4,5-dihydroxy-2-(naphthalen-1-
yl)isopbthglogitrile,:4_’-tfc;'tebutyl-S,4-dihyd;o;cyhiphegyl—2,6—dicarbonitrile, 3,4-
dihydroxy-4’—(hydroxymethyl)biphenyl-2,6»dicarb6nitrile, 4,5-dihydroxy-2-
(naphthalén-2-yl)isophthalonitrile, 3,4-dihydroxy-4'-(isopropylthio)biphenyl-
2,6-dicarbonitrile, 34-dihiydroxy:4’-(méthylthio)biphenyl-2,6-dicarbonitrile, 3,4-
dihydroxy-4'-isopropoxybiphenyl-2,6-dicarbonitrile, 4'~(ethylthio)-3,4-
dihydroxybiphenyi-2,6-dicarbonirile, 3,4-dihydroxy-4"-isopropoxy-3°,5°-
dimethylbiphenyl-2,6-dicarbonitrile, 4'-butyl-3,4-dihydroxybiphenyl-2,6-
dicarbonitrilé, 3,4-dihydfoxy-2’ 4’ ,5’-trimethylbiphenyl-2,6-dicarbonitrile, 3,4-
dihydroxy-2’,5"-dimethylbipheny}-2,6-dicarbonitrile; 2-cyclohexenyl-4,5-
dxhydroxyxsophthalomm]e 3’-ethyl-3 4-d1hydroxybxphenyl -2,6- d:carbommle

h 3,4- d1hydroxyb1phenyl-2 4’ 6-tricarbonitrile, 3 [4-dihydroxy-4’-

(1sopropylsulfonyl)bzphenyl-z 6-dxcarbommle 2 6’-d1cyano -3’ 4‘-d1hydroxy-
N N—dlmethylblphcnyl :4-sulfonamide, (E)- -4 5-d1hydmxy—2 (pent-1-
enyl)xsophthalommle, 2’,6’-dicyano-3’ 4’-dlhydroxybxphenyl-3-carboxylic acid,
3 4—d1hydroxy-4’ (1—methoxyemyl)blphcnyl-2 6-d1carbomtnle (E)—2 -(3,3-
dxmethylbut 1—eny1)-4 5- d1hydroxyxsophthalommle, 3 4-dmydroxy-2’ '
methylbxphenyl—Z 6-dlcarbomtnle, (E)- 2—(2-cyclohexy}vmyl)-4 5-
dlhydroxylsophthalomtnle, (Z)-4 5- dxhydroxy~2—(prop-l-cnyl)xsophthalonitrilc
3~ (2’ 6’-d1cyano—3 4’—dlhydroxybxphenyl~4-yl)propanmc acid, 3,4- -dihydroxy-
3- (hydroxymcthyl)b1phcnyl -2,6:dicarbonitrile, 3 4-d1hydroxy—3 -
(methoxymethy])bxp_henyl-2,6-d1carbomtnle, 2',6’-d1<;yano—3’,4'—d1hydroxy-
NN -diprop‘)iibiphehyl-4-carboxan{ide, (E)-Z,S-&ihy'ci'roiy-'Z-('prdp; 1-
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enyl)isophthalonitrile, 3,4-dihydroxybiphenyl-2,6-dicarbonitrile, 3’,4’-dichloro-
3,4-dihydroxybiphenyl-2,6-dicarbonitrile, 3,4-dihydroxy-3’-
(trifluoromethyl)biphenyl-2,6-dicarbonitrile, 2-(furan-3-yl)-4,5-
dihydroxyisophthalonitrile, 3,4-dihydroxy-4’-(trifluoromethyl)biphenyl-2,6-
dicarbonitrile, 4,5-dihydroxy-2-(thiophen-3-yl)isophthalonitrile, 4,5-dihydroxy-
2-(5-methylfuran-2-yl)isophthalonitrile, 4,5-dihydroxy-2-(5-methylthiophen-2-
yl)isophthalonitrile, 2-benzyl-4,5-dihydroxyisophthalonitrile, 2-(benzofuran-2-
yl)-4,5-dihydroxyisophthalonitrile, 2-(5-chlorothiophen-2-yl)-4,5-
dihydroxyisophthalonitrile, 2—(Henzo[b}thiophen-2-yl)-4;5- -
dihydroxyisophthaloriitrile, (E)-4,5-dihydroxy-2-styrylisoptithalonitrile, 4’-ethyl-
3 4-dihydroxybiphenyi-2,6-dicarbonitrile, 3,4-dihydroxy-3’,5’-
dimethylbiphenyl-2,6-dicarbonitrile, 4,5-dihydroxy-2-
(phenylthio)isophtHalonitrile, 4,5-dihydroxy-2-(p-tolylthio)isophthalonitrile, 4,5-
dihydréx'y'—2-'(4‘-'methylbénzyl)isdphthalonitﬁlé,' 2-(4-fluorobenzyl)-4,5-
dihydroxyisophthalonitiile, 4,5-dihydroxy-2-(4-hydroxybenzyl)isophthalonitrile,
4,5-dihydroxy- 2—'(2—méthdxybénizyl)iSophﬂaalonitrilé; 4,5-dihydroxy-2-(4-
(tnﬂuoromethoxy)benzyl)xsophthalonltnle 2-(3-ﬂuoro-4 -methoxybenzyl)-4,5-
mhydroxylsophthalomtrﬂe 2-(2- ﬂuorobenzyl)—4 Smhydroxyxsophthdonltrlle, '
4,5-dihydroxy-2-(2- methylbenzyl)lsophthalomtnle, 2-(2, Sﬁdlmethylbcnzyl) -4,5-
dxhydroxyxsophtha]omtrﬂe 2- (3-ﬂuoro-5-methylbenzyl)—4 5-
dlhydroxylsophthalomtnle 3. (2,6 dlcyano -3, 4—dxhydroxybenzyl)bcnzoxc acid, 2-
(4-ﬂuoro 3-mcthylbenzyl)-4 5- dxhydroxylsophthalomtnle 4 S-dihydroxy-2-(3-
methylbenzyl)1sophthalommle, 2- (5~fluoro-2-methoxybenzy])—4,5~
dnhyd:oxylsophthalommle, 2-(3 5-d1mcthylbenzyl)-4 5-
thydroxyxsophthalomtnle, 4 5-d1hydroxy-2—(4-
1sopropylbenzyl)1sophthalomtnlc, 2—(4—cthy1benzyl)-4 5-
dxhydroxyxsophthalommle 4 S-dxhydroxy-z-(naphthalen-1-
ylmcthyl)xsophthalomtnle, 5- (2,6 d1cyano-3,4-d1hyd:oxybenzyl)-2—
hydroxybenzoic acid; 2-(2 4-dimethylbenzyl)-4, 5-dibydroxyisophithalonitrile, 2-
G, 6-d1hydro-2H—pyran-4-yl)-4 5- dxhydroxyxsophmalommle, 2-cyclopentenyl-

4 5-d1hydroxylsophtha!omtnle (E)-3-(2,6-dicyano-3 4-d1hydroxyphenyI)acryllc
acid, (E)-4,5-dxhydroxy-2 -(3-methoxyprop-1-enyl)isophthalonitrile, 4,5-

073
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dihydroxy-2-(5-(morpholinomethyl)thiophen-2-yl)isophthalonitrile, 3,4-

dihydroxy—4’-(rnorpﬁoline-4-carbonyl)biphenyl~2,6-dicarbonitrile, 2-(5’-hexyl-

2,2’-bithiophen-5-yl)-4,5-dihydroxyisophthalonitrile, 2-(1-benzyl-1H-pyrazol-4-
yl)-4,5-dihydroxyisophthalonitrile, 2-(5-hexylthiophen-2-yl)-4,5-
dihydroxyisophthalonitrile, (Z)-2-(but-2-enyl)-4,5-dihydroxyisophthalonitrile,
4,5-dihydroxy-2-(3-methylbut-2-enyl)isophthalonitrile, (E)-2-(but-2-enyl)-4,5-
dihydroxyisophthalonitrile, 4,5-dihydroxy-2~mcthylisophthalonitrile, 4,5-
dihydroxy-2-(2-methylprop-1-enyl)isophthalonitrile, 3,4-dihydroxy-3’-
methylbiphenyl-2,6-dicarbonitrile, 4,5-dihydroxy-2-vinylisophthalonitrile, 4,5-
dihydroxy-2-(pfop-1-en-2-yDisoptithalonitrile, 2-(2-ethoxythiazol-5-yl)-4,5-
dxhydroxyxsophthalomtnle ‘2-allyl-4, S-dlhydroxyxsophthalomtnle, 3’-(tert- o
butoxymethyl) 234- dxhydroxybxphcnyl-Z 6—d1carben1mle tert-butyl 2 6’
dxcyano -3 4’-dxhydroxyb1pheny1 3-carboxylate, 3 4-dlhydr0xyb1phenyl—2 3°,6-
tricarbonitrile, 2’ 6’-d1cyano -3’ 4’-d1hydroxy~N INE dxpropylblphenyl 3-
Caﬂ)oxanude,- 2’,6’-dicyano-N -cyclohcxyl—3’,4’—d1hydroxyb1phenyl-4-
carboxamide, 2,6’ -dicyano-N-cyclohexyl-3’,4’-dihydroxybiphenyl-3-
carboxamide, 2 ,6’~dicyano-N,N-diethyl-3’ 4’ -dihydroxybiphenyl-4-
carboxamide; 2" 6’-dicyano-EN N-diethyl-3’,4’ dihydfbxybiphcnyl 3.
carboxamxde, 2 6’-d1cyano—N—ethyI~3’ 4‘—dxhydroxybprenyl -3-carboxamide,

2’ 6’—d1cyano-3’ 4’-dxhydroxy-N N-dxmethylbxphenyl—B-carboxamlde 4’ -fluoro-
3; 4—d1hydroxyb1phenyl ) ,6-dicarbonitrile, 3’ 4’-dxﬂuoro-3 4-dihydroxybiphenyl-
2 6- dlcarbomtrxle 4’-ﬂuoro-3 3 4-tr1hydroxybxphcnyl~2 6-dicarbonitrile, (E)-

4 5-d1hydroxy—2 (3-phenylprop-l-enyl)xsophthalomtrﬂe 4’-ﬂuoro-3 A-
dlhydroxy -3’-methoxybiphenyl-2, 6-dicarbonitrile, 5-(2, 6—d1cyano—3 4-
dlhydroxyphenyl)thlophene-z -carboxylic acid, 3,4-dihydroxy-4'-
(methylsulfonyl)biphenyl-2,6- dlcarbomtrlle, 3,4-dihydroxy-4’-propoxybiphenyl-
2, 6-dxcarbomtnle 2 '6’-'d1cyano-3 4’-dlhydroxybxphenyl-4-carboxyhc acxd 4’-

chloro-3 4—d1hydroxy-3’-methylbxphenyl -2,6-dicarbonitrile, 4,5-dihydroxy-2-(5-

phenylthlophen-Z yl)xsophthalommle 3 4-d1hydroxy-4’-1sopropy1b1phcnyl 2,6-
dicarbonitrile, 3,4- dxhydroxy—4’-propylbxphenyl— ,6-dicarbonitrile, 4,5-
dihydroxy-2- (1—phenylvxnyl)xsophthalomtnle 2',6’-dicyano-3’ 4’ '
dlhydroxyblphenyl 2-carboxyhc acid, 4-(2 6-dicyano-3,4-
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dihydroxybenzyl)benzoic acid, (E)-4,5-dihydroxy-2-(4-
methoxystyryl)isophﬂlalonitrilc, 3,4-dihydroxy-3’,4’-dimethylbiphenyl-2,6-
dicarbonitrile, (E)-4,5-dihydroxy-2-(4-methylstyryl)isophthalonitrile, 4,5-
dihydroxy-2-(6-hydroxynaphthalen-2-yl)isophthalonitrile, 4’-fluoro-3,4-
dihydroxy-3’ —methylbiphenyl-2,6-dicarbonitrile, 4,5-dihydroxy-2-(3-methylbut-
2-en-2-yDisophthalonitrile, 2-(2,5-dimethylthiophen-3-yl)-4,5-
dihydroxyisophthalonitrile, 2-(2,3-difluoro-4-methylbenzyl)-4,5-
dihydroxyisophthalonitrile, 2-(4-(2,6-dicyano-3,4-
dihydroxybenzy!)phenyl)propanoic acid, (E)-2-(3-cyclopentylprop-1-enyl)-4,5-
dihydroxyisophthalonitrile, 4.5-dihydroxy-2-(1-isobutyl-1H-pyrazol-4-
yDisophthalonitrile, 2-(4-(2,6-dicyano-3,4-dihydroxyphenyl)- 1H-pyrazol-1-yl)
acetic acid, 4,5- dlh))droxy-2 (1-methyl- 1H-pyrazol—4-y1)1sophthalommle 4,5-
dxhydroxy -2- (3-metho>(yprop l-ynyl)lsophthalomtnle, (E)-4,5-dihydroxy-2-(2-
(thmphen—3 yl)vmyl)xsophthalomtnle, (E)-2-(2-cyclopropylvinyl)-4,5-
dxhydroxyxsophthalomtnlc, 2’, 6’-'thcyano-3 ,4"-dihydroxybiphenyl-4-
carboxamide; 3 4- dxhydroxy—3’ ;4’-dimethoxybiphenyl-2,6-dicarbonitrile, 3,4-
dxhydroxy-3’—1sopropylbxphcnyl -2,6-dicarbonitrile, 2- (2 3- dlhydrobenzofuran-S-
yl)-4 5-d1hydroxyisophthalommlc, 4 5-dxhydroxy-2—(6-methoxynaphthalen-2-
yl)lsophthalomtnle, 4, 5. dxhydroxy-2 -(4-
(hydroxymethyl)benzyl)lsophthalommlc 2-(2,6-difluoro- 3-methylbenzyl) 4,5-
dlhydroxyxsophthalommlc, 4, 5 d1hydroxy-2-(4—
(tnﬂuoromethyl)phcnylthxo)lsophthalomtnlc, 2-(2, 4—d1methylphenylthxo) 4,5-
dlhydroxyxsophthalomtnle methyl 3-(4-(2,6-dicyano-3,4-
dxhydroxypheny]thlo)phenyl)propanoatc 4,5-dihydroxy-2-(p-
tolyloxy)lsophthalonlmle, (E)-2-(2 ,4-difluorostyryl)-4, 5.
dxhydroxymophthalomtnlc (E)~4 S-dlhydroxy—Z—(B-
(tnﬂuoromethyl)styryl)1sophthalomtnle, (E)-4, 5~d1hydroxy~2 (4-methylpent-1-
enyl)lsophthalommle (E)—2—(3 5-difluorostyryl)-4, 5—dxhydroxy1sophthalommle
2:(4-(2, 6-dxcyano -3 4-dlhydroxybcnzyl)phenyl)acetxc acid, 2-(4—chlorobenzyl)-
4,5- dlhydroxyxsophthalomtnle, 3,4-dxhydroxy—4’-methylblphenyl-z,ﬁ- '
dicarbonitrile, 3-(4-(2,6-dicyano-3,4-dihydroxybenzyl)phenyl)propanoic acid,
4,5-dihydroxy-2-(4-(trifluoromethyl)benzyl)isophthalonitrile, (E)-4,5-dihydroxy-
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2—(4—(triﬂuoromethyl)styryl)isophthalonitrile, 4,5-dihydroxy-2-(p-
tolyisulﬁnyl)isophtha]onitrile, 4-(2,6-dicyano-3,4-dihydroxyphenylthio)benzoic
acid, 2-(4-ethylphenylthio)-4,5-dihydroxyisophthalonitrile, 2-(4-
éhlofophenylihio)_-4,5-dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(o-
tolylthio)isophthalonitrile, methyl 4-(2,6-dicyano-3,4-
dihydroxyphénylthib)benzoate, 2-(2-chlorophenylmio)—4,5-
dihydroxyisophthalonitfile, methyl 2-(2,6-dicyano-3,4-
dihydroxyphenylthio)benzoate, 2-(4-(2,6-dicyano-3,4-
dihydroxyphenylthio)phenyl)acetic acid, 2-(2,6-dicyano-3,4-
dihydroxyphénylthio)benzoic acid, 3-(4-(2,6-dicyaiio-3,4-

dikiydroxyphenyithic)phenyl)propanoic acid, 4,5-dihydroxy-2-(4-

methoxyphérylthio)isophithalonitrile, methyl 2-(4-(2,6-dicyanc-3,4-
dihydroxybénzyl)phenyl)acetate, 4,5-ditiydroxy-2-(3-
methbxyj)lienjiithid)isdphthalonit’rile, methyl 4#(2,6§dicyaﬁo-3,4-
dihydroxyphenoxy)benizoate, 4,5:dihydroxy-2-(pyridin-4-
ylthio)isophthalonitrilé, 3-(2, 6-dicyano-3,4-dihydroxyphenylthio)benzoic acid,
2—(4—cyanophenylthxo)-4 S-dxhydroxyxsophthalomtnle 4 5- dxhydroxy -2-
(naphthalen-Z ylthxo)lsophthalommle, 2-(4-(2, 6-d1cyano-3 4-
dlhydroxybenzyl)phcnyl)-N N- dncthylacetaxmde 2u(4-ethylphenoxy) 4,5-
dlhydroxyxsophthalomtnle 2- (4-acety1phenoxy)—4 5—dxhydroxy1sophthalon1tr1lc
4,5~ dxhydroxy-?. (l-oxo-2 3-d1hydro 1H—mden-S-yloxy)lsophthalommle 2-
@, 6’-d1cyano 3 4’-dxhydroxybnphenyl-4-yl)acctxc acid, 2-(2,4-
dxmethylphenoXy)—4 5- dlhydroxylsophthalommle, 2-(4-chlorophenoxy)—4 5—
dlhydroxynsophthalomtnle 4,5- d1hydroxy-2-(4- S
(tnﬂuoromcthyl)phcnoxy)stphthalommlc 4 S-dlhydroxy—2 (1H—mden—3-
yl)xsophthalomtnle 4.5- dxhydroxy-Z (morpholmomethyl)1sophthalorutnle 2-
((dlethylammo)methyl)-4 5-d1hydroxy1sophtbalomtnle hydrochlonde 4.5-
d1hydroxy—2 (((2—hydroxyethyl)almno)methyl)lsophmalomtnle hydrochloride
(1:1), 4,5-d1hydr_oxy—2-(3—hydroxypropyl)1sophthalommle, 2-amino-4,5-
dihyd'rdxyisophmaionit'rné 4,5-dihydroxy-2-(pyrrolidin-1-ylisophthalonitrile, 2-
(2, 6-d1methylmorphohno)-4 5- dlhydroxylsophthalommle 4,5:dihydroxy-2-
morpholmoxsophthalomtnle 4,5- dlhydroxy-z-(xsopropylammo)1sophthalommle,
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4,5-dihydroxy-2-(3-methoxypropylamino)isophthalonitrile, 2,4,5-
trihydroxyisophthalonitrile, 2-ethyl-4,5-dihydroxyisophthalonitrile, 3,4-
dihydroxy-4’-methoxybiphenyl-2,6-dicarbonitrile, 3,4-dihydroxy-3’-
(morpholine-4-carbonyl)biphenyl-2,6-dicarbonitrile, N-butyl-2’,6°-dicyano-
3’,4’-dihydroxybiphenyl-4-carboxamide, 2-(3,3-dimethylbutyl)-4,5-
dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(piperidin-1-yl)isophthalonitrile, 2-
(hexylamino)-4,5-dihydroxyisophthalonitrile, 2-(cyclohexylamino)-4,5-
dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(2-
methoxyethylamino)isophthalonitrile, 2-(4-benzylpiperidin-1-y1)-4,5-
dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(pentan-3-
ylamino)isophthalonitrile, (E)-2-(4-ethylbenzylideneamino)-4,5-
dihydroxyisophthalonitrile, (E)-4,5-dihydroxy-2-(4-
methoxybenzylideneamino)isophthalonitrile, (E)-2-(4-fluorobenzylideneamino)-
4,5-dihydroxyisophthalonitrile, 4,5-dihydroxy-2-tosylisophthalonitrile, 4-(2,6-
dicyano-3,4-dihydroxyphenoxy)benzoic acid, 2-(benzo[d]thiazol-2-ylthio)-4,5-
dihydroxyisophthalonitrile, 2-(4-fluorophenylthio)-4,5-
dihydroxyisophthalonitrile, 2-(biphenyl-4-ylmethyl)-4,5-
dihydroxyisophthalonitrile, 2-(4-chloro-2-methylbenzyl)-4,5-
dihydroxyisophthalonitrile, 2-(2-ethylbenzyl)-4,5-dihydroxyisophthalonitrile, 2-
(2,3-dihydro-1H-inden-5-yloxy)-4,5-dihydroxyisophthalonitrile, enantiomer A of
4,5-dihydroxy-2-(p-tolylsulfinyl)isophthalonitrile, enantiomer B of 4,5-
dihydroxy-2-(p-tolylsulfinyl)isophthalonitrile, 2-((cyclohexylmethyl)amino)-4,5-
dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(4-
phenoxyphenylthio)isophthalonitrile, 4,5-dihydroxy-2-(pyridin-3-
yDisophthalonitrile, 4,5-dihydroxy-2-(4-(2,2,2-
trifluoroethyl)benzyl)isophthalonitrile, 4,5-dihydroxy-2-(4-methyl-2-
(trifluoromethyl)benzyl)isophthalonitrile, 4,5-dihydroxy-2-((4-(morpholine-4-
carbonyl)phenyl)thio)isopththalonitrile, 4,5-dihydroxy-2-(methyl(p-
tolyl)amino)isophthalonitrile or 4,5-dihydroxy-2-((6-methoxynaphthalen-2-
yl)methyl)isophthalonitrile.

17. A compound according to claim 1, wherein the compound is 4,5-dihydroxy-2-(1-

methyl-1H-pyrrol-2-yl)isophthalonitrile.
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18. A compound according to claim 1, wherein the compound is 4’-tert-butyl-3,4-
dihydroxybiphenyl-2,6-dicarbonitrile.
19. A compound according to claim 1, wherein the compound is 3,4-dihydroxy-

2°,5’-dimethylbiphenyl-2,6-dicarbonitrile.

20. A compound according to claim 1, wherein the compound is (E)-2-(3,3-

dimethylbut-1-enyl)-4,5-dihydroxyisophthalonitrile.

21. A compound according to claim 1, wherein the compound is (E)-4,5-dihydroxy-

2-(prop-1-enyl)isophthalonitrile.

22. A compound according to claim 1, wherein the compound is 4’-ethyl-3,4-

dihydroxybiphenyl-2,6-dicarbonitrile.

23. A compound according to claim 1, wherein the compound is 4,5-dihydroxy-2-(4-

methylbenzyl)isophthalonitrile.

24. A compound according to claim 1, wherein the compound is 4,5-dihydroxy-2-(2-

methoxybenzyl)isophthalonitrile.

25. A compound according to claim 1, wherein the compound is 2-(3,5-

dimethylbenzyl)-4,5-dihydroxyisophthalonitrile.

26. A compound according to claim 1, wherein the compound is 2-(4-ethylbenzyl)-

4,5-dihydroxyisophthalonitrile.

27. A compound according to claim 1, wherein the compound is 4,5-dihydroxy-2-(2-

methylprop-1-enyl)isophthalonitrile.

28. A compound according to claim 1, wherein the compound is 4,5-dihydroxy-2-

vinylisophthalonitrile.

29. A compound according to claim 1, wherein the compound is 4,5-dihydroxy-2-

(prop-1-en-2-yl)isophthalonitrile.
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30. A compound according to claim 1, wherein the compound is 2-(2-ethoxythiazol-

5-yl)-4,5-dihydroxyisophthalonitrile.

31. A compound according to claim 1, wherein the compound is 2-allyl-4,5-

dihydroxyisophthalonitrile.

32. A compound according to claim 1, wherein the compound is 3,4-dihydroxy-4°-

isopropylbiphenyl-2,6-dicarbonitrile.

33. A compound according to claim 1, wherein the compound is 3,4-dihydroxy-4’-

propylbiphenyl-2,6-dicarbonitrile.

34. A compound according to claim 1, wherein the compound is 3,4-dihydroxy-

3’,4’-dimethylbiphenyl-2,6-dicarbonitrile.

35. A compound according to claim 1, wherein the compound is 2-(2,5-

dimethylthiophen-3-yl)-4,5-dihydroxyisophthalonitrile.

36. A compound according to claim 1, wherein the compound is 4,5-dihydroxy-2-(1-

isobutyl-1H-pyrazol-4-yl)isophthalonitrile.

37. A compound according to claim 1, wherein the compound is 3,4-dihydroxy-4’-

methylbiphenyl-2,6-dicarbonitrile.

38. A compound according to claim 1, wherein the compound is 2-(4-

ethylphenylthio)-4,5-dihydroxyisophthalonitrile.

39. A compound according to claim 1, wherein the compound is 4,5-dihydroxy-2-(o-

tolylthio)isophthalonitrile.

40. A compound according to claim 1, wherein the compound is 4,5-dihydroxy-2-(4-

methoxyphenylthio)isophthalonitrile.

41. A compound according to claim 1, wherein the compound is 3,4-dihydroxy-4’-

methoxybiphenyl-2,6-dicarbonitrile.
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42. A compound according to claim 1, wherein the compound is 2-(2-ethylbenzyl)-

4,5-dihydroxyisophthalonitrile.

43. A compound according to any one of claims 1 to 42 for use as a medicament.

- 44, Use of a compound according to any one of claims 1 to 42 for the manufacture

of a medicament for the treatment of a disease or condition where a COMT
inhibiting agent is indicated to be useful, wherein the disease is Parkinson’s

disease.

45. A pharmaceutical composition comprising as active ingredient at least one
compound according to any one of claims 1 to 42 and a pharmaceutically

acceptable carrier, diluent, excipient or a mixture thereof.

46. A pharmaceutical composition according to claim 45, wherein the composition

further comprises at least one other active ingredient.

47. A pharmaceutical composition according to claim 46, wherein the composition

comprises levodopa and carbidopa.



