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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 compositions containing them and to their use as inhibitors of the

catechol O—metllyltransferase (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 disease: Levodopa'is a dopamine precursor
which is converted to dopamme m the brain. However, only a small portlon of orally’
admlmstered levodopa reaches the brain, because levodopa i is metabohzed in the perrpheral
system by COMT as well as by dopa decarboxylase (DDC). COMT metabolizes levodopa
by converting it to 3-O-methyldopa, which is therapeutically ineffective and detrimental
when competmg wrth levodopa ‘COMT inhibitors have been shown to be effective in

cl1mca1 use for the treatment of Parkinson’s disease as an adjunct to levodopa therapy.

Itis generally thou ght that the levodopa concentration in plasma reﬂects the levodopa levels
in the bram It i is thus des1rable to achieve a hlgh levodopa concentration in plasma
However optlmal levodopa concentratron in plasma is not achieved, for example with the

currently used COMT inhibitor entacapone '

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
preventron of diabetic vascular dysfunctlons (WO 98/27973). COMT inhibitors have also
been disclosed as being useful for treatmg or controllmg paln (WO 01/68083) as well as for

treatmg 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 have been previously described 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 2007/063789, WO 2007/117165, JP 2008308493, JP 2008308494,
JP 2008308495, EP 2246338 A1, WO 2009/081892, EP 2305633 Al, JP 2011021010,

JP 2012051884, and JP 2012051885. 3-Hydroxypyridin-4(1H)-one derivatives,
3-hydroxypyridin-2(1H)-one derivatives, and 5-hydroxypyrimidin-4(3H)-one derivatives as
COMT inhibitors have been disclosed in WO 2011/109254, WO 2011/109261, and

WO 2011/109267, respectively. Flavone derivatives as COMT inhibitors have been disclosed
in CN 102755312 A.

SUMMARY OF THE INVENTION

An aspect of the present invention is to provide further inhibitors of the catechol
O-methyltransferase enzyme that can be used for the treatment of diseases or conditions
wherein inhibition of COMT is indicated to be useful. Accordingly, an aspect of the present
invention is to provide further compounds to be used as COMT inhibiting agents in the
treatment of mammals, including humans and animals. Furthermore, pharmaceutical

compositions containing the present compounds are provided.

The COMT inhibitors of the invention provide in levodopa therapy an improved levodopa

concentration in plasma.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to compounds having the general formula I,
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R,
wherein

R, is (C;-Cg)alkyl, (C,-Cg)alkenyl, (C,-Ce)alkynyl, (C3-C7)cycloalkyl, (C4-C10)cycloalkenyl,
aryl, (R2)2C=C-, halogen, hydroxy, (C;-Cg)alkoxy, (C;-Ce)alkyl-S-,
(C4-Cro)cycloalkenyloxy, (C4-Cyp)cycloalkenyl-S-, aryloxy, aryl-S-, heteroaryloxy,
heterc)arylisi- (R3)2N-, (Rg)2C=N-, heterocyclyl, heteroaryl, aryl(C;-Cg)alkyl, (1-amino-

1- carboxymethyl) -(C;-Cg)alkyl, halo(C,-Ce)alkyl, hydroxy(C;-Ce)alkyl,

(C1~C6)alkoxy(C1 C6)alkyl (C1-Ce)alkyl-S-(C;-Ce)alkyl, (R3)oN-(C;-Cg)alkyl,
heterocyclyl(C;-Cs)alkyl, carboxy(C,-Cg)alkenyl, (Cs3-C7)cycloalkyl(C,-Cg)alkenyl,
aryl‘(C§¢C6)alkenyl, (C,-Cg)alkoxy(C,-Cg)alkenyl, heterocyclyl(Cy-Ce)alkenyl,
heteroaryl(C,-Cs)alkenyl, carboxy(Ca-Ce)alkynyl, (C3-Cr)cycloalkyl(Co-Ce)alkynyl,
ary1(C;-Co)alkynyl, (C1-Cs)alkoxy(C,-Ce)alkynyl, heterocyclyl(Cy- C6)a1kynyl,
heteroaryl(Cz C6)alkyny1 halo(C;- C6)alkoxy, hydroxy(Cj- C6)alkoxy, R

(Ci- Cs)alkoxy(Cl C6)alkoxy, (C1 C6)a1kyl «(C= O) O-, Rs-(S=0)-, ,Rs- (O -S= 0)-,
hydroxy(C1-Cs)alkoxy(Cl-Cﬁ)alkyl (Cl-C6)alkoxy -(C=0)-(C»- Cs)alkenyl or (C;-Cg)alkyl-
(C—O) -O- -(Cy- C(,)alkyl ‘Wherein said (C4-C10)Cycloalkeny1 aryl, heterocyclyl, heteroaryl or
(C3 C7)cycloalky1 as ‘such ‘of as part of another group is unsubstrtuted or substrtuted with 1,
20r 3 subsntuent(s) Re ' ' A ' ‘ h ' ‘

R2 i, 1ndependent1y at each occurrence carboxy or aryl Wherem sald aryl is, 1ndependently
at each occurrence unsubstrtuted or substrtuted wrth 1,2 0or 3 substrtuent(s) R6,

R3 rs mdependently at each occurrence H (C1 C6)alky1 (C3-C7)cycloa1kyl aryl,

(C3 C7)cycloalkyl(C1 Cs)alkyl hydroxy(C1 C6)alky1 or (C;- Cg)alkoxy(Cl Ce)alkyl, wherem
said (C3-C7)cycloalkyl or aryl as such or as part of another group is, 1ndependently at each
occurrence unsubstltuted or substrtuted wrth 1 substltuent berng (CI-C6)a1kyl halogen,
hydroxy, (C1 Cﬁ)alkoxy or hydroxy(C;—Cﬁ)alkyl I |

Ry is, mdependently at each occurrence Hor aryl wherein said aryl is, mdependent]y at
each occurrence, unsubstltuted or substrtuted with 1 subsntuent bemg (C1 C6)a1kyl halogen

or (C1-C6)alkoxy,
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Rs is (C;-Cg)alkyl, aryl, hydroxy or (C1-C6)alkoxy, wherein said aryl is unsubstituted or
substituted wrth 1, 2 or 3 substituent(s) Rg;

 Regis, mdependently at each occurrence, (C-Cs)alkyl, (C,-Cg)alkenyl, carboxy, cyano aryl

halogen, hydroxy, (Cy-Cg)alkoxy, (Cy- C(,)alkyl -S-, (C4-Cyg)cycloalkenyloxy, ,
(C4-C10)cycloalkenyl S-, aryloxy, aryl-S-, heteroaryloxy, heteroaryl-S-, (R7):N-, heteroaryl
carboxy(C;-Ce)alkyl, aryl(C;-Cg)alkyl, halo(C;-Cg)alkyl, hydroxy(C,-Ce)alkyl,
(C1-Ce)alkoxy(C;-Cg)alkyl, heterocyclyl(C;-Cg)alkyl, (Cy-Cg)alkyl-(C=0)-, (C;-Ce)alkoxy-
(C=0)-, heterocyclyl—(C—O)- (R7);N-(C=0)-, halo(C;-Cg)alkoxy, Rs-(S=0)-,

Rs- (O S=0)-, (C;-Cg)alkoxy-(C=0)~(C,-Cg)alkyl, (R7),N-(C=0)-(C- -C¢)alkyl or

(Ci- Cﬁ)alkOX)’(C] C6)alk0xy (C=0)-, wherein said aryl, heteroaryl or heterocyclyl as such
or as part of another group is, mdependently at each occurrence, unsubstitutéd or substituted
w1th 1 substituent berng (Ci C6)alky1 ' | | |

or R6 and’ R6 both’ attached to the same carbon rmg ‘atom form, together wrth the ¢arbon’ ring
atom to which they are attached; a -(C=0)-'group; ' -

Ry'is, independently at each occurrence, H '(Cl-C6)alky1 (C3-Cy)cycloalkyl or

carboxy(C1 C6)alkyl wherein said (C3 C7)cycloalky1 is, indépendently at each occurrence,
unsubstituted or substrtuted with'1 substrtuent berng (Ci- C6)alkyl

Rg is, 1ndependently at éach’ occurrence (C1 C6)alkyl hydroxy, (C1 C6)alkoxy or (R9)2N-
Rg i, mdependently at each occurrence (C1 Cs)alkyl

or a pharmaceutrcally acceptable salt or ester thereof

In one embodrment of the 1nventron the mventron relates to compounds of formula I,
wherem ' ' i k | ' |

R‘ is (C1 C6)alkyl (C2-C6)alkenyl (Cz C6)alkynyl (C4-C10)cycloalkenyl aryl halogen, -
hydroxy, (C4fC10)cycloalkenylo_xy, aryloxy, aryl-S- ,heteroaryl -3+, (R3)2N-, (Rg)2C=N-,
heterocyclyl, heteroaryl; aryl(Ci-Ce)alkyl, hydroxy(C)-Cealkyl, (Re)N-(C1-Co)alkyl,
heterocyclyl(Cl-Cé)alkyl 'carb‘oxy(Cz‘-CQalkenyl" (C3-C7)cycloalkyl(CZ—C6)alkenyt;

aryl(Cz Cé)alkenyl (Cl C(,)alkoxy(Cz -Cg)alkenyl; heteroaryl(Cz C6)alkenyl
aryl(Cz-Cﬁ)alkynyl (Cy- Cs)alkoxy(Cz-Cg)alkynyl Rs- (S O) Rs-(0=S=0)- or

(Ci- Cﬁ)alkoxy (C= O) (C2—C6)alkeny1 wherem said (C4 Clo)cycloalkenyl aryl, heterocyclyl,
heteroaryl or (Cs- C7)cycloalkyl as such or as part of another group is unsubstituted or

substituted with" 1, 2 or3 substrtuent(s) Rs:
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R; is, independently at each occurrence, H, (Cy-Ce)alkyl, (C3-Cy)cycloalkyl, aryl,
(C3-Cy)cycloalkyl(C;-Ce)alkyl, hydroxy(C;-Ce)alkyl or (C;-Cg)alkoxy(C;-Ce)alkyl, wherein
said (C3-Cy)cycloalkyl or aryl as such or as part of another group is unsubstituted or
substituted with 1 substituent being (Cq-Ce)alkyl; -

R, 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
(Ci-Ce)alkoxy; '

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

Rg is, independently at each occurrence, (C;- Ce)alkyl, (C,-Cg)alkenyl, carboxy, cyano aryl
halogen hydroxy, (Cl-C6)a1koxy, (CI-C(,)alkyl -S- aryloxy, heteroaryl ' ' .
c‘arboxy(Cj-C(,)alkyl, aryl(C‘l‘-Cs)aIkyl, halo(C,-C'(,)alkyl, hydroxy(Ci-Cg)alkyl; .
(C;:Cq)alkox y(C;-Ce)alkyl, heterocyclyl(Ci:Ce)alkyl, (Ci-Cg)alkyl-(C=0)-, (Ci-Ce)alkoxy-
(C=0)-, heterocyclyl:(C=0)-; (R);N-(C=0)-; halo(C;-Cg)alkoxy, Rg-(0=S=0)-,
(C,-Co)alkoxy-(C=0)(C-Cg)alkyl, (R7),N-(C=0)-(C;-Cg)alkyl or "

(C1 -Cg)alkoxy(C;- C6)alkoxy-(C—O)- wherein said aryl, heteroaryl or heterocyclyl as such
or as part of another group 1s mdependently at each occurrence, unsubstrtuted or substltuted
wrth 1 substltuent bemg (C1 C6)a1kyl

or R6 and Rg both attached to the same carbon rmg atom form together with the carbon ring
atom to whrch they are attached a- (C 0)- group, ‘

R7 is, 1ndependent1y at each occurrence H, (C;-Cf,)alkyl (C3-C7)cycloa1kyl or
carboxy(C1 Cs)alkyl wherem sard (C3 C7)cycloa1ky1 is unsubstltuted .

Ry is, mdependently at each: occurrence, (Cy-Cg)alkyl or (Rg)zN-

Rg'lS, 1ndependently at each occurrence, (Cl—C6)alky1.

In one 'enibbdirhent of the invention, the invention relates to cornpounds of formula 1,
wherern - - | '

R; is (Ci- C6)alkyl (Cz-Cﬁ)alkenyl (Ca- C6)alkynyl (C4- Clo)cycloalkenyl aryl, halogen
(C4 Clo)cycloalkenyloxy, aryloxy, aryl -S-, heteroaryl-S-, (R3),N-, (R4)2C=N- heterocyclyl,
heteroaryl aryl(C1 C6)a1ky1 (R3)2N (C1 Cg)alkyl, carboxy(Cz—Cs)alkenyl

(C3 C7)cycloalkyl(C2 Cs)alkenyl or aryl(Cz-C6)a1kenyl wherein said (C4-Cjp)cycloalkenyl,
aryl heterocyclyl heteroaryl or (C3 C—,)cycloalkyl as such or as part of another group is

unsubstrtuted or substituted with 1, 2 or 3 substituent(s) Rg;
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Rj; is, independently at each occurrence, H, (Ci-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;-Ce)alkyl, halogen or
(Cy-Ce)alkoxy;

Rg is, independently at each occurrence, (C;-Cg)alkyl, cyano, aryl, halogen, hydroxy,
(Cy-Cy)alkoxy, (C1-Ce)alkyl-S-, carboxy(C;-Ce)alkyl, aryl(C;-Cg)alkyl, halo(C;-Ce)alkyl,
hydroxy(C;-Cs)alkyl, (C-Ce)alkoxy(C;-Ce)alkyl, heterocyclyl-(C=0)-, (R7).N-(C=0)-,
Rg-(0=8=0)- or (C;-Cg)alkoxy-(C=0)-(C;-C¢)alkyl, wherein said aryl or heterocyclyl as
such or as part of another group is ‘unsubstituted; ' S

R7 is, 1ndependent1y at each occurfence, H (C1-C6)alkyl or (C3-C7)cycloalkyl wherein said
(Cs- C7)cycloalkyl is unsubstrtuted : R DU

Ry i is, mdependently at each occurrence, (C;-Cg)alkyl or (Rg),N-;

Rg is, 1ndependently at each occurrence (C1 C6)alkyl

In one embodlment of the inverition, the invention relates to compounds of formula I
wherem | | PR e

R1 is (Ci- C6)alkyl (C2—C6)alkenyl aryl halogen aryloxy, aryl- -S- (R3)2N- (R4)2C—-N—
heterocyclyl heteroaryl, aryl(C1 C6)alkyl (Cs- C7)cycloa1kyl(C2 Cﬁ)alkenyl or” o
aryl(Cz-Cs)alkenyl wherein said’ aryl heterocyclyl heteroaryl or (C3 C7)cycloalky1 as such
or as part of another group is unsubstrtuted or substituted w1th l 2 or 3 subsntuent(s) Re;
Rsis, 1ndependently at each occurrence H or (Cl ‘Celalkyl; ‘ \

R is, mdependently at each occurrence H or aryl, wherein said aryl is, 1ndependent1y at
each occurrence substrtuted wrth 1 substrtuent belng (C1 C6)alkyl halogen of

(Ci- C6)alkoxy, ' '

R6 is, 1ndependently at each occurrence (Cl—Cé)alkyl cyano, aryl halogen hydroxy,
(Cr- Cﬁ)alkoxy, (Cy- C6)alkyl S- carboxy(C1 -Cg)alkyl, halo(C1 C6)alkyl

hydroxy(C1 Cﬁ)alkyl (C1 C6)alkoxy(C1 C6)alkyl heterocyclyl (C=0)-, (R7);N- (C O) or
Rg- (O S O) wherem sard aryl or heterocyclyl as such or'as part of another group is-
unsubstrtuted o ‘ '

R5 is, indep'endently at each occurrence, H or (Cl‘-CG)alkyl; S

Ry is, indepen‘dently"at each occurrenice, (Ci-Cealkyl.
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In one embodiment of the invention, the invention relates to compounds of formula I,
wherein |

R; is (Ci-Cg)alkyl, (C,-Ce)alkenyl, aryl, halogen, aryloxy, aryl-S-, (R3).N-, heterocyclyl
heteroaryl, aryl(C;-Cs)alkyl or aryl(C,-Ce)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) Re;

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

R is, independently at each occurrence, (C;- C6)alkyl halogen, hydroxy, (C1 Cs)alkoxy,
carboxy(C1 Ce)alkyl, halo(C; C6)alkyl or (R7);N-(C=0)-; ' '

R‘7 is, independently at each occurrence, H or (C;-Cg)alkyl.

In oié¢ embodiment of the invention, the invention relates to compounds of formula I
wherein " | '

R1 18 (Cs- Cg)alkenyl aryl, halogen, aryloxy, aryl-S-, (R3),N-, heteroaryl, aryl(C;-Cs)alkyl or
aryl(Cz -Cg)alkenyl, wherein said aryl or heteroaryl as such or as part of another group is
unsubstrtuted or substrtuted with 1 or2 substrtuent(s) R6, ‘

R3 is, 1ndependently at each occurrence Hor (C1-C6)alkyl

R6 1s 1ndependently at each occurrence; (Cl C6)alkyl halogen (C1 C6)alkoxy,

carboxy(C1 C6)alkyl or halo(C1 C6)alkyl |

In one embodrment of the invention, the 1nvent1on relates to compounds of formula I,
wherern ‘ " ' N |

R1 is (C2 C6)alkenyl aryl halogen aryl S- heteroaryl or aryl(C1 C6)alkyl whereln said aryl
or heteroaryl as such or as part of another group is unsubstituted or substituted with lor2
substrtuent(s) R6, , SR

R6 is, 1ndependently at each oc"curre'rice', (C;-Ce)alkyl, halogen or (Cl-Cﬁjalkoxy. _

In one embodiment of the invention, the invention relates to compounds of formula I
wherem | o -

Ry is (Cs- C6)alkenyl halogen aryl -S-or aryl(C1 C6)alkyl wherein said aryl as part of
another group is unsubstituted or substltuted with 1 or 2 ‘'substituent(s) R6,

R6 is, 1ndependently at each occurrence (Cl-Cﬁ)alkyl halogen or (Cl-Cs)alkoxy
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In one embodiment of the invention, the invention relates to compounds of formula I,
wherein

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

Rs is, independently at cach occurrence, (C1-Cs)alkyl or (C;-Cg)alkoxy.

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

R| is (Cy-Cg)alkenyl, aryl-S- ‘o‘ria"ryl(Cl‘-Cs)alkyyl, wherein said aryl as part of andther group
is substituted with 1 or 2 substituent(s) Rg;

R¢ is, independently at each GCéﬁrrenée,'_(Cl-Cé)alkyl‘or (Ci-és)‘élkdxy. o

In 6ne embodiment of the invention, the invention relates to compounds of formula I,

wherein R, is (C,-Cg)alkenyl.

In one embodiment of the invention, the invention relates to compounds of formu_la I,
wherein- R | - o |
R1 is aryl wherein sald aryl is unsubstltuted or substituted w1th 1 or2 substltuent(s) RG,

R6 is, mdependently at cach occurrence (C1 C6)alkyl halogcn or (C1 Cs)alkoxy

In one embodiment of the inventiot, the invention relates to compounds of formula I,
wherem '
R1 1s aryl-S-, wherem said aryl is unsubstltuted or substituted with 1 or 2 substltuent(s) Re;

R6 is, mdependently at each occurrence, (Cl-Cs)alkyl, halogen or_ (Cl-Cs)alkoxy.

In one embodxment of the mventlon the mventxon relates to compounds of formula I
whereln o | - '

R, is heteroaryl, wherem sa1d heteroaryl is unsubstltuted or substituted with 1 or 2
substltuent(s) Rg; ' '

R¢ 1s, mdependently at each occurrence, (C;-Ce)alkyl, halogen or (C;-Cg)alkoxy.
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In one embodiment of the invention, the invention relates to compounds of formula ],
wherein

R, is aryl(C,-Ce)alkyl, wherein ‘sa.id aryl is substituted with 1 or 2 substituent(s) Re;
Rs. is‘, indcpéndently at éach occurrencé, (C;-Cg)alkyl or (Cy-Cg)alkoxy.

In one embodiment of thé invention, the invention relates to compounds of forrhula 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-
yl)'is'ophthalonitrile, 2-(furan-2-yl)-4,5-dihydroxyisophthalonitrile, 3’,4’,5’-trifluoro-3,4-
dihydroxybiphenyl-2.6:dicarbonitrile; 4,5-dihydroxy-2-(naphthalen-1-yl)isophthilenitrile,
4’-tert-butyl-3;4-dihydroxybiphenyl-2,6-dicarbonitrile, 3,4-dihydroxy-4’-
(hydroxymethyl)biphenyl-2,6-dicarbonitrile, 4,5-dihydroxy-2-(naphthalen-2-
yl)lsophthalomtnle 3 4- dihydroxy-4’- '(1sopr0pylth10)b1phenyl 2,6~ dlcarbomtrlle 34
dlhydroxy 4’- (methylth10)b1phenyl 2 6- dlcarbomtrlle 3 4- dlhydroxy Wk
1sopr0p0xyb1phenyl 2 6 dlcarbomtrlle X (ethylthlo) -3.4- d1hydroxyb1pheny1 2,6
dlcarbomtrlle 34- d1hydr0xy-4’ 1sopr0poxy 3,5 d1methy]b1phenyl -2,6- dlcarbomtrlle 4’-
butyl 13,4- d1hydroxyb1phenyl 2, 6- d1carbomtr11e 3 A- dlhydroxy 2’ " 5 trxmethylblphenyl-
2; 6 dlcarbomtrlle 3.4 dlhydroxy X 5’ dlmethylblphenyl 2 6- dlcarbomtrlle 2
cyclohexenyl -4:5: dlhydroxylsophthalomtnle 3’-ethyl-3 4 d1hydroxyb1phenyl -2,6-
dlcarbomtrlle 3, 4- d1hydroxyb1phenyl 2,4°,6- trlcarbommle 3,4- dlhydroxy 4 -
(1sopropylsulfonyl)b1phenyl -2,6- dlcarbomtnle 2’ 6’- dlcyano 3 A dlhydroxy-N N-
d1methylb1pheny1 -4- sulfonamxde (E) 4 ,5- d1hydroxy -2- (pent I: enyl)lsophthalomtnle 2°,6’-
dlcyano -3’ 4 d1hydroxyb1phenyl -3- carboxyhc acid, 3,4- dlhydroxy 4’—(1- |
methoxyethyl)blphenyl 2,6 dlcarbomtrlle (E) 2- (3 3. dlmethylbut 1- enyl) -4,5- -
dlhydroxylsophthalomtrlle 3 4- dlhydroxy 2’?methylb1phenyl 2 ,6- dlcarbomtrxle (E) 2 (2-
cyclohexylvmyl) -4,5- d1hydr0xy1sophthalomtrlle (Z)-4 5 dlhydroxy -2- (prop 1-
enyl)lsophthalomtrlle 3- 2, 6 dlcyano 34 dlhydroxyblphenyl 4- yl)propan01c acid, 3,4-
d1hydroxy-3 (hydroxymethyl)blphenyl -2, 6- dlcarbomtrlle 3 4 d1hydroxy-3’
(methoxymethyl)blphenyl 2 6- dlcarbomtnle 2 6’-dlcyano 3’ A dlhydroxy N;N-
dxpropylblphenyl -4-carboxamide, (E) -4,5-dihydroxy-2-(prop-1- enyl)lsophthalomtrlle 34~
d1hydroxyb1phenyl -2,6- dlcarbomtrlle 3 A- dichloro- 3 4 d1hydroxyb1phenyl 2,6-
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dicarbonitrile, 3,4—dihydroxy—3’—(triﬂuoromethyl)biphenyl—2,6—Qicarbonitrile, 2-(furan-3-
y1)§4?5-dihydroxyisophthalonitrile, 3,4-dihydroxy-4’-(trifluoromethyl)biphenyl-2,6-
dicarbonitrile, 4,5-dihydyoxy-2-(thiophen—3-yl)isophthaloﬁitrile, 4,5-dihydroxy-2-(5-
methylfuran-2-yl)isophthalonitrile, 4,5-d_ihydfoxy—2-.(5-methylthiophen—2-
yDisophthalonitrile, 2-benzyl-4,5-dihydroxyisophthalonitrile, 2-(benzofuran-2-yl)-4,5-
dihydroxyisophthalonitrii_e, 2-(5—chlorot‘tlioph¢n—2-yl)-‘4,5—dihydroxyisophthalonitrile, 2-
(benzo[b]thiophen-2.-yl)-4,5~dihydr0xyisophthalonitrile, (E)-4,5-dihydroxy-2-
styrylisophthalonitrile 4’-ethyl-3,4- dihydroxyt;iphenyl 2,6-dicarbonitrile, 3,4-dihydroxy-
3.5 d1methylb1phenyl -2,6- dlcarbomtrlle 4, 5- -dihydroxy-2- (phenylthlo)lsophthalomtrlle
4,5- dlhydroxy -2-(p- tolylthlo)1sophtha10mtrlle 4,5- d1hydroxy 2-(4- ‘
methylbenzyl‘)lsophthalomtnle 2- 4- ﬂuo’robenzyl)-4 5'—dlhydroxylsophth'ailohitrilé, '4,5-
dxhydroxy 2- (4 hydroxybenzyl)lsophthalomtrlle 4,5- dlhydroxy 2:2- ¢
methoxybenzyl)1sophthalomtr11e 4 5-dihydroxy-2-(4- -
(triflioromethoxy)benzyl)isophthalonitrilé, 2:(3-fluoro-4 “methoxyberizyl)-4,5-"
d1hydroxy1sophthalomtrlle 2- (2 fluorobenzyl) 4 5- dlhydroxylsophthalomtrlle 4, 5-
dihydroxy- 0t (2- methylbenzyl)1sophthalon1tnle 2- (2 5- dlmethylbenzyl) 4,5-" '
‘dxhydroxylsophthalomtrlle 2- (3 ﬂuoro 5- methylbenzyl) -4,5- d1hydroxylsophthalomtnle 3-
@, 6- d1cyano 3,4- dlhydroxybenzyl)benzmc a01d 2- (4 ﬂuoro 3 methylbcnzyl) 4,5-
dlhydroxylsophthalommle 4 5- dlhydroxy 2 (3 methylbenzyl)lsophthalomtr1le 2-(5-fluoro-
dlhydroxylsophthalon1tr11e 4 5- dlhydroxy- (4 1sopropylbenzy1)1sophthalommle 2 (4-
'ethylbenzyl) 4, 5 d1hydroxy1sophthalomtnle 4,5- dlhydroxy -2+ (naphthalen 1-
ylmethyl)lsophthalomtnle 5-(2, 6 dlcyano 3 4- dlhydroxybenzyl) -2- hydroxybenioic acid, 2-
(2,4- dlmethylbenzyl) 4 5- d1hydroxy1sophthalomtrlle 2-(3,6- d1hydro -2H- pyran -4-yl)-4,5-
d1hydr0xy1sophthalomtrﬂe 2- cyclopentenyl 4 5- dlhydroxylsophthalomtnle (E) 32,6~
dlcyano 3 ,4- d1hydroxypheny1)acryhc a01d (E)-4,5-dihydroxy-2- (3 methoxyprop 1—
enyl)lsophthalomtnle 4,5- dlhydroxy -2-(5- (morphohnomethyl)thlophen 2-
yl)lsophthalomtrlle 3 4- dlhydroxy 4- (morpholme -4- carbonyl)blphenyl -2,6-dicarbonitrile,
2- (5 -hexyl -2,2’bithiophen-5-y1)-4,5- dlhydroxylsophthalomtrlle 2-(1- benzyl 1H- pyrazol—
4- yl) -4,5- d1hydroxy1sophthalomtrlle 2- (5 hexylthlophen -2-y1)-4, 5-
dlhydroxylsophthalomtrlle (Z)-2- (but 2-enyl)—4 5- d1hydroxy1sophthalomtrlle 4 5-
dlhydroxy 2- (3 methylbut -2- enyl)lsophthalomtrlle (E)-2- (but -2- enyl) -4, 5. '
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dihydroxyisophthalonitrile, 4,5—dihydroXy—2—methylisophthalonitrile, 4,5—dihydroxy—2—(2-
methylprop-1 —enyl)isophthalonitrile, 3,4-dihydroxy-3’-methylbiphenyl-2,6-dicarbonitrile,
4,5-dihydroxy-2-vinylisophthaloﬁitril_e? 4,5-dihydroxy-2-(prop-1—en—2-yl)isophthalonitriig,
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-tricérbonitrile, 2’,6’-dicyano-3’,4’-dihydroxy-N,N-
dipropylbiphenyl-3-carboxamide, 2’,6’-dicyano-N-cyclohexyl-3’,4’-dihydroxybiphenyl-4-
carboxamide, 2’ ,6"-dic'ya:no—N—cyclohexy1—3’ ,4’—‘dihydrdxybiphenyl-3¥carb0xamide, 2°,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, 27,6’ Jdicyaﬁd#3’ 4”:dihydroxy-N,N-dimethylbiphenyl-3-carboxamide, 4’-
fluoro-3,4-dihydroxybiphenyl-2:6-dicarbonitrile, 3’ ,4’-difluoro-3,4-dihydroxybiphenyl-2,6-
dicatbonitrile, 4’-fludro-3,3’ 4-trihydroxybiphenyl-2,6-dicarbonitrile, (E)-4,5-dihydroxy-2-
(3-phenylpr0p 1- enyl)lsophthalomtnle 4’“fluoro-3,4- d1hydroxy—3’-methoxyblphenyl -2,6-
dicarbonitrile, 5- (2 6- dlcyano 3 4- dlhydroxyphenyl)thlophene 2- carboxyhc acid, 3 4-
d1hydroxy-4’ (methylsulfonyl)blphenyl 2,6- dlcarbomtrlle 3,4-dihydroxy-4’-
propoxyblphenyl -2,6- dlcarbommle 2°,6- dlcyano 3.4 dlhydroxyblphenyl 4- carboxyhc
aC1d 4 'chloro 3, 4 d1hydroxy 3’-methylb1phenyl 2 ,6- dlcarbomtrlle 4,5- d1hydroxy -2- (5- |
phenylthlophen 2- yl)1sophthalon1trlle 3 4- dlhydroxy 4’-1sopropylb1phenyl -2,6-

vdlcarbomtrlle 3 4- d1hydroxy-4’-propylb1pheny1 :2,6- dlcarbonltnle 4, 5- d1hydroxy -2-(1-

phenylv1nyl)1sophthalomtr11e 2 6'- d1cyano 3 A- d1hydroxyb1phenyl -2- carboxyhc a01d 4-
(2, 6- dlcyano -3,4- dlhydroxybenzyl)benzow acid, (E)-4,5- dlhydroxy -2- (4- ' a
rnethoxystyryl)1sophthalomtrlle 3,4- d1hydroxy -3 4- d1methylb1phenyl 2, 6 dlcarbomtrlle
(B)- 4 ,5- dlhydroxy 2- (4 methylstyryl)lsophthalomtnle 4 5- dlhydroxy - (6- '
hydroxynaphthalen -2- yl)1sophthalomtr11e 4’-fluoro-3,4- d1hydroxy 3’—methylb1phenyl 2 6—
dlcarbomtrlle 4,5- d1hydroxy -2- -(3- methylbut -2-en-2- yl)lsophthalonltrlle 2- 2,5
dxmethylthlophen -3- yl) 4 5- d1hydroxylsophthalomtrlle 2-(2,3-difluoro- 4 methylbenzyl)
4,5- d1hydr0xylsophthalomtnle 2-(4- (2 6- dlcyano -3.4- dlhydroxybenzyl)phenyl)propan01c
amd (E) -2-(3- cyclopentylprop l-enyl) -4,5- d1hydroxylsophthalomtrlle 4,5- dlhydroxy -2-(1-
1sobutyl 1H-pyrazol-4- y1)1sophthalon1tr1]e 2-(4-(2, 6 -dicyano-3,4- dlhydroxyphenyl) 1H-
pyraz_ol-‘l-yl) acetic a01d, 4,5-‘d1hydroxy-2-( 1 —methyl-'l H-’pyrazol-4-yl)1sophthalomtrﬂe, 4,5-
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dihydroxy-2-(3-methoxyprop-1-ynyl)isophthalonitrile, (E)-4,5-dihydroxy-2-(2-(thiophen-3-
ylvinyl)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-(2,6-difluoro-3-methylbenzyl)-4,5-
dihydroxyisophthalonitrile, 4,5-dihydroxy-2- (4‘—
(trlﬂuoromethyl)phenylth10)1sophthalomtrlle 2-(2,4- dlmethylphenylthlo) -4, 5- '
dlhydroxylsophthalomtrlle methyl 3-(4-(2,6- dlcyano 3.4~ ' B C
dlhydroxyphenylthlo)phenyl)propanoate 4,5- d1hydroxy -2- (p—tolyloxy)lsophthalomtnle
(E)- 2 -2, 4: dlﬂuorostyryl) -4,5- dlhydroxylsophthalommle (E) -4 5 dxhydroxy 2 (3-
(trlﬂuoromethyl)styryl)1sophthalomtr11e (E)'4 5- dlhydroxy 2- -(4- me‘thylpent 1-
enyl)lsophthalomtrlle (E)-2-(3,5- dlﬂuorostyryl) -4,5- d1hydroxylsophthalomtrlle 2-(4-(2,6-
dicyano-3,4- d1hydroxybenzyl)phenyl)acetlc acid, 2-(4-chlorobenzyl)-4, 50
d1hydroxy1sophthalomtrlle 3,4- d1hydroxy -4’-methylbiphenyl-2,6- dlcarbomtrlle 3- (4 (2,6-
dlcyano -3,4- d1hydroxybenzyl)phenyl)propan01c ac1d 4,5- d1hydroxy-2 (4—
(trlfluoromethyl)benzyl)1sophthalomtnle (E) 4 5 dlhydroxy 2-(4-
(trlfluoromethyl)styryl)lsophthalomtrlle 4,5- dlhydroxy 2 -(p- tolylsulf1nyl)1sophthalomtrlle
4- (2 6 dlcyano -3,4- dlhydroxyphenylthlo)benzmc acid, 2-(4- ethylphenylthlo) -4,5-
dlhydroxylsophthalomtrlle 2 (4 chlorophenylthlo) -4, 5 dlhydroxylsophthalomtnle 4 ,5-
dlhydroxy -2- (o tolylthxo)lsophthalommle methyl 4- (2 6- dlcyano 3.4-
d1hydroxyphenylth10)benzoate 2- (2-chlorophenylthio)-4,5- d1hydroxy1sophthalomtnle
methyl 2-(2,6- dlcyano -3,4- dlhydroxyphenylthlo)benzoate 2-(4-(2, 6- dlcyano -34-
d1hydroxyphenylthlo)phenyl)acetlc ac1d 2+(2,6- -dicyano-3,4- dlhydroxyphenylthlo)benzom
ac1d 3- (4 (2,6-dicyano- 3 4- dlhydroxyphenylthlo)phenyl)propanmc acid, 4,5- dlhydroxy 2-
(4 methoxyphenylthlo)1sophthalomtr11e methyl 2-(4-(2,6-dicyano- 3 4 e
dlhydroxybenzyl)phenyl)acetate 4,5- dlhydroxy -2- (3 methoxyphenylthlo)lsophthalomtrlle
methyl 4-(2,6- dicyano- -3,4- dlhydroxyphenoxy)benzoate, 4,5 dlhydroxy 2-(pyridin-4-
ylthio)isophthalonitrile, 3-(2, 6;&icyano-3 4-dihydroxyphenylthio)benzoic acid, 2-(4-
cyanophenylthxo) -4, 5- d1hydroxy1sophthalomtnle 4, 5 dlhydroxy -2- (naphthalen 2-
ylthio)isophthalonitrile, 2- -(4- (2 6- dlcyano -3 4- dlhydroxybenzyl)phenyl) -N N-
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diethylaéetarhide, 2-(4-ethylphenoxy)-4,5-dihydroxyisophthalonitrile, 2—(4-acetylphenoxy)—
4,SV—dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(1-0x0-2,3-dihydro-1H-inden-5-
yloxy)isophthalohitrile, 2-(2’,6’-dicyano-3’,4’-dihydroxybiphenyl-4-yl)acetic acid, 2—(2;4—
dimethylphenoxy)—_4,5-dihydfoxyiéophthélonitrile, 2-(4-chlorophenoxy)-4,5-
dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(4-(trifluoromethyl)phenoxy)isophthalonitrile,
4,5-dihydroxy-2-(1H-inden-3-yl)isophthalonitrile, 4,5-dihydroxy-2-
(morph0lin0méthyl)isophthalonitrile, 2-((diethylamiho)methyl)—4,5—
dihydroxyisophthalonitrile hydrochloride, 4,5-dihydroxy-2-(((2—
hydroxyethyl)amino)methyl)ivs‘ophthalonitrile hydrochloride (1:1), 4,5-dihydroxy-2-(3-"
hydroxypropy1)1sophthalomtnle 2-amino- -4,5- dlhydroxylsophthalomtrlle 4;5- dlhydroxy -2-
(pyrrohdm l-yl)lsophthalomtrlle 2-(2,6- dlmethylmorphohno) -4, 5-
dlhydfoxylsophthalomtrﬂe 4,5-dihydroxy-2-morpholinoisophthalonitrile, 4,5- dlhydroxy -2-
(1sopropylam1no)lsophthalomtrlle 4, 5 dlhydroxy -2-(3- ' o S '
'methoxypropylammo)1s‘ophthalon1tr»11e', 2,4,5-tr1hydroxy1sophthalonitrile, 2-ethyl-4,5-
dihydroxyisophthalonitrile, 3,4-dihydroxy-4’-methokybiphenyl-2,6-dicarbonitrile, 3,4-
dihydroxy-3: (morpholme -4- carbonyl)b1pheny1 -2,6- dlcarbomtrxle N- butyl -2°,6°- dlcyano-
3 4’ dlhydroxyblphenyl -4- carboxamlde 2-(3, 3- -dimethylbutyl)- 4 5-
d1hydroxylsophthalomtrlle 4 5 dlhydroxy 2- (plperldm 1- yl)1s0phthalomtrlle 2-
(hexylammo) -4,5- d1hydroxylsophthalomtnle 2- (cyclohexylarmno) -4,5-
d1hydroxylsophthalomtrlle 4 5 d1hydroxy—2 -(2- methoxyethylammo)lsophthalomtrlle 2- (4-
benzylplperldm 1- yl) 4 5- dlhydroxylsophthalomtrlle 4, 5- dlhydroxy -2- (pentan -3-
ylammo)lsophthalommle (E) 2-(4- ethylbenzyhdeneammo) -4, 5- dlhydroxylsophthalonitrile,
(E) 4 5- d1hydroxy-2 -(4- methoxybenzyhdeneammo)1sophthalon1trlle (E)-2:(4- |
ﬂuorobenzyhdeneammo) -4,5- dlhydroxylsophthalorutrlle 4, 5- d1hydr0xy 2=
tosyllsophthalomtrlle 4-(2,6- d1cyano -3,4- dlhydroxyphenoxy)benzmc ac1d 2- v
(benzo[d]thlazol -2- ylthlo) -4,5- d1hydroxylsophthalomtrlle 2-(4—ﬂu0rophenylth10)-4 5-
d1hydr0xy1sophthalomtmle 2- (b1phenyl -4- ylmethyl) -4,5- d1hydr0xy1sophthalomtnle 2- (4-
chloro-2- methylbenzyl) -4,5- dlhydroxylsophthalomtrlle 2-(2- ethylbenzyl) 45
d1hydroxy1sophthalomtrlle 2-(2,3- dlhydro 1H- inden-5- yloxy) -4,5-
dlhydroxylsophthalomtrlle enantlomer A of 4, 5 dlhydroxy -2-(p-
tolylsulfmyl)lsophthalomtrlle enantlomer B of 4,5- dlhydroxy -2- (p-
tolylsulﬁnyl)lsophthalomtrlle 2- ((cyclohexylmethyl)ammo) -4.5- d1hydroxy1sophthalomtnle
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4,5-dihydroxy—2-(4-phenoxyphenylthio)isophthalonitrile, 4,5-dihydroxy-2-(pyridin-3-
yl)isophthalonitrile 4,5- dihydroxy-2-(4-(2 2 2-trifluoroethyl)benzyl)isophthalonitrile 4,5-
dihydroxy-2-(4-methyl-2- (trrfluoromethyl)benzyl)rsophthalonrtrrle 4,5-dihydroxy-2-((4-
(morpholme -4- carbonyl)phenyl)thro)1sopththalomtrrle 4,5-dihydroxy-2-(methyl(p-

tolyl)ammo)rsophthalomtnle or 4,5- drhydroxy -2-((6-methoxynaphthalen-2-
yl)methyl)isophthalonitrile.

The terms employed herein have the meanings indicated below. The term “at least one”
employed in the meamngs below refers to one or several, such as one. For example the
term “at least one hydroxy(C1 C6)alkoxy group * refers to one or sevéral '

h'ydroxy(Cl'-C6)alkoxy groups’,’ such as one hydr0xy(C1-C6)alk'OXy group.

The term “(C;-Ce)alkyl”, as employed hérein as such ot as part of another group, refers to a
straight or branched chain saturated hydrocarbon group having 1, 2, 3, 4, 5 or 6 carbon
atom(s). Representative examples of (C;-Ce)alkyl include, but are not limited to, methyl,

ethyl,"propyl', i-sopr‘o’p*yl,'butyl;‘isdbhfyr, te'rt*-butyl: pent-'s‘-yl', h'exyr, and 3,3-dimethylbutyl.

The term “(C2~C6)alkenyl” ‘as employed heréin as such or as part of another group, refers to
a stralght or branched charn hydrocarbon group havmg 2, 3 4 Sorb6 carbon atoms and at
least one carbon carbon double bond Representatlve examples of (Cz Cg)alkenyl include,
but are not llmrted to v1nyl prop 1—en 1- yl prop- 1-en-2- yl, allyl, but-2-en-1-yl,

2- methylprop 1 -en-1- yl pent l-en-1- -yl, 3- methylbut -2-en-1-yl, 3- methylbut -2-en-2- yl
4- methylpent—l en-1- -y, and 3 3 drmethylbut—l en-1- yl o e

The term “(Cy-Cg)alkynyl”, as employed herein as such or as part of another group, refers to
a strarght or branched chain hydrocarbon group having 2, 3,4, 5'or 6 carbon atoms and at
least one carbon carbon trrple bond. Representatrve examples of (Cx- Cﬁ)alkynyl include, but

are not limited to, ethynyl, prop-l-yn- 1.'-y1, and 3;3-dimethylbut-1-yn-1-yl.

The term “(C3-Cy)cycloalkyl”, as employed her'ei:n as such or as part of another grotip, |

refers to a saturated"cyclic"h'ydroczarbon group having 3,4, 5, 6 or 7 carbon atoms.
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Representative examples of (C3-Cy)cycloalkyl include, but are not limited to, cyclopropyl,

cyclopentyl, and cyclohexyl.

The term “(C4-Cqg)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 (C4-Cjp)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-C16)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 émployed herein as such or as part of another group, refers to an °
arbmaﬁc"‘mandcyenc hydrocarboni group having 6 carbon atonis or to an aromatic bicyclic
hydrocarbon 'group havmg '10 carbon atoms. Representative examples of ‘aryl include, ‘but

are not limited to, phenyl and naphthalen - yl

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

refers to ﬂuorme chlorme bromine or 1od1ne

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

group

The térm “(C1 C6)alkoxy as employed herein as such or as part of another group, refers to
an (C;- C6)alkyl group, as defined herem appended to the parent molecular morety through
an' oxygen atorn. Representatrve examples of (C;-Ce)alkoxy include, but are not limited to,

methoxy, ethoxy, pPropoxy, 1sopropoxy, tert—butoxy, and neopentyloxy.

The term ‘ (C4-C10)cycloalkenyloxy as employed herein, refers to a (C4—C10)cycloalkenyl '
group, as defined herein, appended to the parent molecular moiety through an oxygen atom.
Representatrve examples of (C4—C10)cycloalkenyloxy include, but are not limited to,

cyclopent l -en-1- yloxy and 2 3 d1hydro '1H-inden-5- yloxy
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The term “aryloxy”, as emplojred 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, I'H:’py'rrol 2-yl,
furan-2- yl throphen -2-yl, thiophen-3-yl, 1H-pyrazol-4-yl, thlazol 5- yl benzofuran-2- yl
benzo[b]thiophen-2-yl, and benzo[d][1,3]dioxol-5-yl." ' o

The term “heteroaryloxy”, as employed heréin, refers to a heteroaryl group, as defified
hierein, appended to the parent inolécular moiety throtigh an oxXygen atom. Representative
examples of heteroaryloxy mclude but are not llmlted to, pyrldm 4-yloxy and

benzo[d][l 3]d10xol 5- yloxy ) A '

The term “heterocyclyl” as employed herein as such or as part of another group, refers to. a
5,607 membered saturated or pamally unsaturated monocychc group containing 1 or 2
rmg heteroatom(s) each independently selected from N, O and S or to an 8 9 or 10
membered saturated or part1ally unsaturated blcychc group contalmng 1 or 2 ring’
heteroatom(s) each mdependently selected from N, O, and S. When the heterocyclyl group
is an‘8, 9 of 10 membered pamally unsaturated blcychc group, ‘one of the rmgs is optronally
aromatrc Representatrve examples of heterocyclyl include, but are not l1m1ted to,
pyrrol1dm 1- yl p1per1dm 1- yl 3, 6- d1hydro 2H- pyran -4- yl morpholmo and

2 3 d1hydrobenzofuran -5- yl FEE

The term “aryl(C1 -Cg)alkyl”, as employed herein, refers to an aryl group, as defined herein,
appended to the ‘parent molecular moiety through an (C1 Cﬁ)alkyl group, as defined herem
Representatwe examples of aryl(C1 Cs)alkyl 1nclude but are not limited to, benzyl

2 phenethyl and 3- phenylpropyl
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The term “halo(C;-Cg)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;-Ce)alkyl include, but are not limited to, trifluoromethyl and

3-bromopropyl.

The term “hydroxy(C,-Cs)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 défined herein. When there are several hydroxy groups, the hydroxy groups can be’*
attached 1o the same or different carbon atom. Representatlve examples of

hydroxy(C1 Cﬁ)alkyl include, but are riot limited to, hydroxymethyl 2- hydroxyethyl and
3-hydroxypropyl A S P e

The term “(C,-Cg)alkoxy(C;-C¢)alkyl”, as employed herein as such or as part of another
group,; refers to at least one (C;-Cg)alkoxy group, as defined herein, appended to the parent
molecular morety through an (Ci- C6)alkyl group, as défined herein. When there are several
(C1 C6)alkoxy groups the (C1 C6)alkoxy groups can be attached to the same or different
carbon atom and the (Cl-C6)alkoxy groups can be 1dent1cal or different. Representatlve
examples of (Cy: Cs)alkoxy(C1 C5)alkyl 1nclude but are not lrmrted to, methoxymethyl

i methoxyethyl 2- methoxyethyl 3—methoxypropyl and tert- butoxymethyl '

The term “heterocyclyl(C1-Cs)alkyl” as employed herem refersto a heterocyclyl group, as
deflned herem appended to'the parent molecular morety through an (Cs- C(,)alkyl group, as
deflned herem Representatlve examples of heterocyclyl(C1 C6)alkyl include, but are not

limited to, morpholmomethyl and 3‘ (pyrrolldln 1- yl)propyl.

The term * carboxy as employed herein as such or as part of another group, refers toa
'COOH group. R ' o

The term * carboxy(Cz—Cﬁ)alkenyl” as employed hereln refers’ to a carboxy group, as

deflned hereln appended to the parent molecular morety throu gh an (Cz-Cé)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-Cy)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)eycloalkyl(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,-Cg)alkenyl group, as
défiried herein. Reptesentative examples of aryl(C,-Cg)alkeny! ificlude, but are not limited

to, styryl; 1-phenylvinyl, and'3-phehylprop-1-en-1-yl.

The term “(C11C65alk0xy(Cz-Céjalke'nyl”, as employed herein, refers to at least one

(Ci -Cg)alkoxy group, as defined herein, appended to the parent molecular moiety throu gh
an (C»-Ce)alkenyl group, as defmed herein. When there are several (Cy-Cg)alkoxy groups
the (C1 C6)alkoxy groups ¢an be'attached to the same or different carbon atom and the
(C1 C(,)alkoxy groups can be 1dentrcal or dlfferent Representatlve examples of

(C1 C6)alkoxy(C2-C6)alkenyl mclude but are not 11m1ted to, 3- methoxyprop l-en- 1 ~yl and
3 ethoxyprop 1-en-2-yl. ‘ S

The term "heteroeyclyl(Cj—Cg)alkendl”,' as employed herein, refers to a heterocyclyl group,
as defined herein; appended to the parent molecular moiety through an (C-Ce)alkenyl”
group, as defined herem Representatrve examples of heterocyclyl(Cz C6)alkenyl include,
but are not limited to, 4- (pyrrohdm 1- yl)but -2-en-1- yl and 3- methyl-

4- morphohnobut -2-en-2- yl

The term “heteroaryl(Cz—Cg)alkenyl”, as erhployed herein, refers to a heteroaryl group, as
defined herein, appended to the parent molecular moiety through an (C;-Ce)alkenyl group,
as deflned herein. Representatwe examples of heteroaryl(Cz C6)alkenyl include, but are not

limited to, 2- (thlophen 3- yl)vmyl and 3- methyl -4- (lH -pyrazol-4- yl)but -2-en-2- -yl
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The term “carboxy(C,-Cs)alkynyl”, as employed herein, refers to a carboxy group, as
defined herein, appended to the parent molecular moiety through an (C,-Ce)alkynyl group,
as defined herein. Representative examples of carboxy(C,-Ce)alkynyl include, but are not

lirnited to, carboxyethynyl and 3-carboxyprop-1-yn-1-yl.

The term “(C3-C7)cycloalkyl(C2-C6)alkynyl”, as employed herein, refers to a '
(C3-Cy)cycloalkyl group, as defined herein, appended to the parent molecular moiety
through an (C,-Cs)alkynyl group, as defined herein Representative examples of -

(C3 C;)éycloalkyl(Cs- Cﬁ)alkynyl include, but aré not limited to, cyclopropylethynyl and
3- cyclopentylprop 1- yn 1- yl e o ‘ '

The térm “aryl(Cz'-CG’)alkynyl"’, as employed herein; refers to an aryl group, as defined
herein, appended to the parent molecular moiety through an (C,-Cg)alkynyl group, as
defiried herein. Representatrve examples of aryl(Cz C6)alkynyl include, but are not limited

to, phenylethynyl and 3- (naphthalen 1- yl)prop 1- yn 1- yl

The term “(C1 C6)alkoxy(Cz-Cs)alkynyl” as employed herern refers to at least one
(C1 Cs)alkoxy group, ‘as defined herem appended to the parent molecular moiety throu gh
an (Cz C6)alkynyl group, as defined herein. When there are several (C1-Cg)alkoxy groups,
the (C1 C6)alkoxy groups ‘can be attached to the samé or different carbon atom and the
(Cl-Cé)alkoxy groups can be 1dentrcal or different. Representatrve examples of

(C1 C5)alkoxy(C2 C6)alkynyl 1nclude but are not limited to, tert butoxyethynyl and L
3methoxyprop1yn1yl T

The term “heterocyclyl(Cz-CG)alkynyl” as employed herein, refers toa heterocyc]yl group,
as defined herein, appended to the parent molecular moiety through an (Cz -Cg)alkynyl
group, as defrned'herern. Representatrve exarnples of heterocyclyl(Cz-Cs)alkynyl include,

but are not limited to, 'rnorpholinoethynyl and 3-(piperidin-1 -yl)prop? 1 '-yn- 1-yL

The term “heteroaryl(Cg-'Cé)alkynyI”, as employed herein, refers to a heteroaryl group, as

defined herein, appended to the parent molecular moiety through an (C,-Cs)alkynyl group,
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as defined herein. Representative examples of heteroaryl(C,-Cs)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 include, but are not limited to, trifluoromethoxy and

1,1,2,2-tetrafluoroethoxy. =

The term “hydroxy(C;-Cs)alkoxy”, as employed herein as such or as part of another group,
refers to at least one hydroxy group,:as‘definéd hérein, appended-to thé parent molécular
morety through an (C;- C5)alkoxy group, as defined herein. When there ate several hydroxy
groups ‘the hydroxy groups can be attached to the same or different carbon ator.
Represent'atrve examples of hydroxy(Cl-CG)alkoxy‘1nclude, ‘but ate not limited to,

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

The term “(C1—Cﬁ)alkoxy(Cl-Cg)alkoky” as employed herein as such or as part of another
grOup, refers to at least one (C;- Cs)alkoxy group, as defined hérein, appended to the parent
molecular morety through an (C1 C6)alkoxy group, as defmed herein. The (C1 C6)alkoxy
groups can be identical or different. When there are séveral (Cl-Cﬁ)alkoxy groups appended
to the parent molecular morety through an (C1 Cﬁ)alkoxy group, the (C1-Cg)alkoxy groups
can be attached to the same or drfferent carbon atom. Representatrve examples of

(C1 C6)alkoxy(C1 C6)alkoxy 1nclude but are not limited to, 2-meth0xyethoxy and

3 methoxy -2,2- drmethylpropoxy

The term “hydroxY(Ci' Cg)all(ox‘y(cl' c5)51k'y1” as employed herein, refers to at least one' i
hydr0xy(C1 C6)alkoxy group, as defrned herein, appended to the parent molecular morety
through an (C1 Cﬁ)alkyl group, as defmed herem When there are several

hydroxy(C1 C6)alkoxy groups  the hydroxy(C1 Cs)alkoxy groups can be attached to the "

same_ or drfferent carhon atom and the hydroxy(Cl-Cs)alkoxy groups can be rdentrcal or
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different. Representative examples of hydroxy(C;-Cs)alkoxy(Ci-Ce)alkyl include, but are not
limited to, (3-hydroxy-2,2-dimethylpropoxy)methyl and 2-(hydroxymethoxy)prop-2-yl.

The term “(C5-C7)cycloalkyl(C;-Ce)alkyl”, as employed herein, refers to a (C5-Cy)cycloalkyl
group, as defined herein, appended to the parent molecular moiety through an (C;-Ce)alkyl
group, as defined herein. Representative examples of (C3-C7)cycloalkyl(Ci-Ce)alkyl include,
but are not limited to, cyclohexylmethyl and 2-cyclopentylethyl.

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

The term “carboxy(C;-Ce)alkyl”, as employed herein, refers to a carboxy group, as defined
herein, appended to the parent molecular moiety through an (C;-Cg¢)alkyl group, as defined
herein. Representative examples of carboxy(C;-Ce)alkyl include, but are not limited to,

carboxymethyl, 1-carboxyethyl, and 2-carboxyethyl.

The term “(C;-Cs)alkyl”, as employed herein, refers to a straight or branched chain saturated
hydrocarbon group having 1, 2, 3, 4 or 5 carbon atom(s). Representative examples of
(Ci-Cs)alkyl include, but are not limited to, methyl, ethyl, propyl, isopropyl, pentyl, and

neopentyl.

Pharmaceutically acceptable salts, e.g. metal salts and acid addition salts, with both organic
and inorganic acids, are well described in the field of pharmaceuticals. Representative
examples of pharmaceutically acceptable metal salts include, but are not limited to, lithium,
sodium, potassium, calcium, magnesium, aluminum and zinc salts. Representative examples of
pharmaceutically acceptable acid addition salts include, but are not limited to, chlorides,
bromides, sulfates, nitrates, phosphates, sulfonates, methane sulfonates, formates, tartrates,

maleates, citrates, benzoates, salicylates, and ascorbates.

Pharmaceutically acceptable esters of hydroxy groups may be prepared by previously
described methods using pharmaceutically acceptable carboxylic acids that are conventional in
the field of pharmaceuticals. Representative examples of pharmaceutically acceptable esters of
hydroxy groups include, but are not limited to, esters formed with butyric acid and pentanoic

acid.
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Pharmaceutically acceptable esters of carboxy groups may be prepared by previously
described methods using pharmaceutically acceptable alcohols that are conventional in the
field of pharmaceuticals. 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 scope 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. diastereomers and enantiomers, of the compounds. Furthermore, the invention includes in
its scope both the individual isomers and any mixtures thereof, e.g. racemic mixtures. The
individual isomers may be obtained using the corresponding isomeric forms of the starting
material or they may be separated after the preparation of the end compound according to
conventional separation methods. For the separation of optical isomers, €.g. enantiomers, from
the mixture thereof conventional resolution methods, e.g. fractional crystallization, may be

used.

The invention includes within its scope all the possible tautomers, or equilibrium mixtures
thereof, of the compounds. In tautomers a hydrogen migrates from one atom of the compound
to another atom of the compound. Representative examples of tautomers include, but are not

limited to, keto/enol and nitroso/oxime.

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

according to methods previously described in the literature using suitable starting materials.

While many general methods are available for the generation of a cyano group, most of them
are not directly usable in the field of catechol chemistry. For instance, the Sandmeyer reaction
provides an extremely reactive catecholic amine as an intermediate which creates serious

preparative 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 ére
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

In Scheme 1, 2-methoxy-5,—m¢§hylphenol is formylated with hexamethylenetetramine in a
suitable Solvcnt, e.g. acetic a01d ,4\—Hydroxy-5-mcthoxy-2;methylisophthalaldehyde is
cginverted_to 4-hydroxy-5-methoxy-2-methylisophthalonitrile with hydroxylamine
hydfochlo‘r:ide' iﬁ a suitable solvent, e.g. formic acid. 4-Hydroxy-5-methoxy-

2- methyllsophthalomtrlle is brominated with N-bromosuccinimide in a suitable solvent, e.g.
dlchloromethane to yield 2 (bromomethyl) -4-hydroxy- 5—methoxylsophthalomtrlle The -
bromine atom is then converted to the desned functional group and the desired product is -
obtained by carrying out a demethylatlon with a Lewis acid in a suitable solvent, . g. w1th

alummum chlorlde in acetomtnle or w1th boron trlbromlde in dlchloromethane

Scheme 2.'Starting from 2-bromo-4-hydroxy-5-methoxybenzaldehyde
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In Scheme 2, R is as defined above. 2—Br0mo—4-hydroiy-S-methoxybenzaldehyde is

formylated with hexamethylenetetramine in a suitable solvent, e.g. acetic acid. 2-Bromo-

5  4-hydroxy-5-methoxyisophthalaldehyde is_cqnverted_ to 2-bromo-4-hydroxy-

5-metho;yisophtjhalonitrile‘ with hydr_oxylamide hydrochloride in a suitable solvent, e.g.

formic acid. The bromine atom is replaced with substituent R;, for instance, by a Suzuki

cross-coupling reaction. 2—Bromo-4-hydroxy-5-mei_hoxyisophthalonitrile is reacted with a

suitable boronic acid derivative in a suitable solvent, e.g. 1,4-dioxane/water. Intermediate

10

IX obtained is then demethylated. Altérnatively, the demethylaﬁon 1s carried out before

replacing the bromine atom with substitient 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 dichloromethane. Intermediate IX is not necessarily isolated from the reaction

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

5-methoxyisophthalaldehyde to product I is depicted in Scheme 5.

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

o . .
/ D\
N HOT . N TR,
X1

CHO L0

R, HO

CHO . .
X1 XIIT

IX

In Scheme 3, R, is as defined above. Compound XI is diformylated, for example, with

10 hexamethylenetetramine in a séitable solvent such as acetic acid or trifluoroacetic acid, or
dibrominated, for example, with bromi»ne in a suitable solvent such as a mixture of
dichloromethane and ace'tic" acid. Di'éyaho derivative IX is obtained by reacting diformyl

derivative XII with hydroxﬁilanﬁné hydrochloride in a suitable solvent such as formic acid
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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.

Scheme 4. Starting from 3-benzyloxy-4-methoxybenzaldehyde
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In Scheme 4, Bn is benzyl, R’ is, for example, (C1-C5)alkyl 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 X VI is obtained by hydrogenating alcohol XV. When R’ is, for example,
(Cy-Cs)alkyl, compound X VI 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 diformyl derivative XVII with hydroxylamine '
Hydr‘ochl’dride in a suitable solvent such as formic acid or by reacting dibromo derivative
XVIIH with copper(I) cyanide in a suitable solvent such as N,N;dinﬁéthyl-forméinide. -
Dicyano derivative XIX is demethylated with a Lewis acid in a suitable solvent, e.g. with

aluminum chloride in acetonitrile or with boron tribromide in'dichloromethane.

Scherne 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-. Z-Bromo-
4-hydroxy-5-methoxyisophthalaldehyde, which can be prepared as depicted in Scheme 2, is
converted to (IE 1’E)-2-br0mo-6-hydrdxy—3-((E)-(hydrbxyimino)methyl)-S- -
methoxybenzaldehyde oxime with hydroxylamme hydrochlonde ina sultable solvem e.g.
tetrahydrofuran. Treating (1E,1’ E) -2-bromo-6- -hydroxy-3-((E)- (hydroxylmmo)rnethyl) -5-
methoxybenzaldehyde oxime w1th acetic anhydride yields 3-bromo-2,4- dlcyano 6-
methoxyphenyl acetate. Dicyano derivative IX is obtained by reacting 3-bromo-2,4-
dicyano-G-methoxybhenyl acetate with a suitable thiol in a suitable solvent, e.g.
N,N-dirnethylformamide. Dicyano derivative IX is démethylated with a Lewis acid in a
suitable solvent, €.g. with aluminum chloride in acetonitrile or with boron tribromide in- -

dichloromethane.
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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 previously described in
the chemical field. For instance, ethyl vanillin can be used instead of vanillin. Any protected

functionality can subsequently be deprotected in a manner previously described in the art.

Stepwise routes can be used. For instance, the dicyano target can be prepared from a suitable
starting compound in the following order: 1) monobromination, 2) monoformylation, 3)
conversion of CHO to CN, and 4) conversion of Br to CN. The order of all of these separate
steps of bromination, formylation, conversion of CHO to CN and conversion of Br to CN can
be optionally changed. For instance, one can start with a formylation. Likewise, if desired,

conversion of Br to CN can be carried out prior to conversion of CHO to CN.

The synthetic routes described above are meant to illustrate the preparation of the compounds
of formula I and the preparation is by no means limited thereto, i.e., there are also other
possible synthetic methods which are within the general knowledge of a person skilled in the
art. For instance, formylation can be accomplished also via lithiation of an aromatic methoxy
halogenide, e.g. an aromatic methoxy bromide, or an aromatic methoxy dihalogenide, e.g. an
aromatic methoxy dibromide, 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, into their pharmaceutically

acceptable salt or ester form using methods previously described in the art.

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

defined in the claims.

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-diazabicyclo[5,4 0]undec T-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

Pd(dppf)Cl,  (1,1°-bis(diphenylphosphino)ferrocene)palladium dichloride
Pd,(dba); Tris(dibenzylideneacetone)dipalladium(0) '

TFA trifluoroacetic acid

THF - tetrahydrofuran

Preparation of intermediates
;Iir.rte'r_rnediat'e. Al : 4'_;H');d_rioxye5-meth0xy-2-methylisophthalonitrile

4 Hydroxy 5 methoxy 2 methyhsophthalaldehyde |

2- -Methoxy-5- methylphenol ( 11 0 g) and: hexamethylenetetramrne (23.8 g) in AcOH (280
ml) were reﬂuxed for: 15 h. Concentrated HC1 (20 ml) was added and the mixture was
reﬂuxed for 3 h. The solvent volume was reduced to 40-50 ml. The mixture was cooled for
l h'in‘an ice bath. The pr"eei‘f)"i:tate‘Was filtered off and washed with ethanol. Water was
added to the filtrate and the mixture was extracted thrice with DCM. The combined organic
phas;es"Were dried (N4;SO4) and evaporated to dryness. The residue was triturated with
eth‘anol and cooled in an ice bath. The solid was filtered off and washed with ethanol.
Concentrated HCl 45 ml) was added to the solid and reﬂuxed for 1 h. The reaction mixture
was cooled in an ice bath, filtered and washed with ethanol (5 ml). Yield 2.9 g

1H NMR (400 MHz, DMSO ds) ppm 12.02 (s, 1 H) 10.48 (s 1 H) 10.28 (s, 1H)7. 56 (s 1
H) 2. 79 (s 3 H) |

4- Hydroxy 5 methoxy-2-methylrsophthalomtrlle

4-Hydroxy-5-methoxy- 2- methylrsophthalaldehyde (5 2g), hydroxylamrne hydrochloride
(5. 58‘g) and'anhydrous‘ s'odlum acetate (8.79 ) in formic acid (30 ml) were refluxed for 5 h.
The reaction mixture was cooled in an ice bath and the precrprtate was filtered offand
washed with water Yreld 4.6 g |

'H NMR (400 MHz, DMSO-de) ppm 11.47 (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-Bromo-4—hydroxy—5-methoxybenzaldehyde (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-dg) ppm 10.37 (s, 1 H) 10.24 (s, 1 H) 7.50 (s, 1 H) 3.90 (s, 3
H)

2-Btomo-4-hydroxy-5-methoxyisoplithalonitrile
2-Brotrio-4-hydroxy-5-methoxyisophthalaldehydé (11.6 g) and hydroxylamine
hydrochloride (93 g) were 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 refluxed for 2 hi* AGétic anhydride (18.2 g) was added “dropWi'se'to‘ the hot reaction
mrxture and reﬂuxed for 4 L. The mrxture was allowed to cool to room temperature '
overmght and then strrred in an ice bath The solid was frltered washed with ice cold water
(20 ml) and drred Yield 10.6 g

1H NMR (400 MHz DMSO- ds) ppm 12 10 (br s, 1 H) 7.75 (s, 1 H)3.91 (s,3 H)

Intermediate Ai&; 2-‘Br0mo-4 5- dihydroxyisophthalonitrilé

The preparatron of 2- bromo 4- hydroxy -5- methoxyrsophthalomtrlle is descrrbed above
Sleve dry acetonrtrrle (s ml) was cooled 1n an ice bath Alummum chlorrde (3 16 g) was
added slowly to the solvent 'so that temperature was kept below 30 °C. The mixture was
stirréd at room temperature for 10 min. Sodium iodine 4g was added and the solution -
W‘als’stirred for 15 min. 2- B‘r:omo 4-hydroxy-5- methoxyisophthalonitrile (2.0 g) was added
and the reactron ‘mixture was heated at 70 °C for 5 h after which it was stirred at room
temperature overmght 4M HCl (20 ml) and a solution of sodlum sulfate (1.3 g) in water
40 ml) were successively added to the cool reaction mixture: The mixture was extracted

thrice with EXOAC (50 ml) and the combined organic phases weré washed with 2 M HCI (50
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ml), water (50 ml) and brine (50 ml). The washed organic phase was dried (Na;SO4),
filtered and evaporated to dryness. Yield 1.89 g
'H NMR (400 MHz, DMSO-ds) ppm 11.15 (brs, 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 ul)
was stirred at room temperature overnight. The reaction mixture was poured slowly to ice
water (50 ml) stirring 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, chloroform-d) ppm 7.79 (s, 1 H) 243 (s, 3 H) 2.34 (s, 3 H)

Intermediate A5: 2:Bromo-4,5-diisopropoxyisophthalonitrile

The preparation of 2-bromo-4,5-dihydroxyisophthalonitrile is described above. To a warm
mixture of 2-bromo-4,5-dihydroxyisophthalonitrile (10.0 g) and potassium carbonate (231
g) in DMF (160 mil) was added 2‘jodopropané (16.7 ml) dropwise over 1 h. The reaction
mlxture was heatéd at 85 °Cfor 6 h after which it was poured into cold water and pH was
adjusted to 12 The prec1p1tate was flltered washed w1th water and drled in vacuum. Yield
93¢ ' | |

'H NMR (400 MHZ DMSO d6) ppm 8.00 (S 1 H) 4 85 (m 1 H) 4.82 (m, 1 H) 1.32 (s, 6 H)
1304, 6 H) ‘ |

Intermediate A6: 3-B'1:'0m6¥2,4Ldieyéno'-6-'meth0):(yphenyl acetate

(E, I’E) 2-Brom0 6- hydroxy-3 ((E) (hydroxylmmo)methyl) 5- methoxybenzaldehyde
oxime o

The preparatlon of 2 bromo-4- hydroxy -5- methoxylsophthalaldehyde is described above. 2-
Br_omo_-4—hydroxy-5-methoxy1sOpht_halaldehyde (15.9 g) and hydroxylamme hydrochlorlde"'
(17.0 g) were dissolved in THF (500 ml). Pyridine (19.9 ml) was added. The solution was
heatedvat 90 ‘.’Cvfor 3 h. After concentration to half of the original volume, ice and 4 M HC1
solutlon (40 ml) was added. The mlxture was stirred for 30 min. The solid 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-d) ppm 12.10 (br s, 1 H) 7.75 (s, 1 H) 3.91 (s, 3 H)

3-Bromo-2,4-dicyano-6-methoxyphenyl acetate
(1E,1’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

'H NMR (400 MHz, DMSO-d¢) ppm 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
The przeparation:off iéhrorn0>4-h'ydrdx§i5ﬁr’nethoxyi'so'phthzilo'nitr’ile is described above. To a
stirred solution of 2-bromo-4-kydroxy-S-methoxyisophthalonitrile (5.57 g) in acetonittile
(200 ml) was added in oné portionl DMAP (1.3 g) and di-tert-butyl dicarbonate (33.6 g):
After refluxing for 4 h the mixture was cooled in an ice bath, filtered and evaporated to
dryness EtOAC was ddded’and the'mixture was filtered through sﬂrca gel. The filtrate was
evaporated to dryness Yield 4.79 g : ' ' |

'H NMR (400 MHz, DMSO-dg) ppm 7.98 (s, 1 H) 3.88(s,3H) 1.42 (s, 9 H)

Intermedlate A8 5. (Benzyloxy) 2- bromo 4 hydroxylsophthalomtnle ﬂ
The preparatlon of 2-bromo-4 - drhydroxyrsophthalomtrlle is described above. 2 Bromo-
4, 5 d1hydroxy1sophthalon1trlle (450 mg) was dlssolved in DMF (7 ml) Cesium carbonate
(1.84 g) and benzyl chlorlde (0 46 ml) Were added and strrred at 70 °C for 1.5 h. The
reaction was quenched wrth 1ce water and the mixture was strrred for 10 min. The
precrprtated solid was fxltered, washed with water and drred under vacuum. Yield 520 mg
'H NMR (400 MHz, DMSO-ds) ppm 7.31-7.40 (m, 5 H) 6.78 (s, 1 H) 4.94 (s, 2 H)

Preparation of c'Ompo'_unds: of the invention
Example 1: 2-Bromo-4,5-dihydroxyisophthalonitrile

The preparation of the title compound is described above.
'H NMR (400 MHz, DMSO:dg) ppm 11.15 (br s, 2 H) 7.32 (s, 2 H)
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Example 2: 4,5-Dihydr0xy-2-(phenylethynyl)isophthalonitrile
2,6-Di-tert-butyl-4-methylphenol (13.6 mg) and tetrakis(triphenylphosphine)palladium
(28.6 mg) 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 HCl under cooling. The product was
filtered; washed with water and dried at 40 °C in'vacuum. Yield 45 mg

'H NMR (400 MHz, DMSO-ds) ppm 7.54-7.60 (m, 2 H) 7.47-7.53 (i, 3 H) 7.35 (s, 1 H)

Example 3: 4,5-Dihydroxy-2-(prop-1-ynyl)isoplithalonitrile -

The title compound was prepared from 4-bromo-3,5:dicyano-1,2-phenylene diacetate 5('200”
mg) by the method 6f Example 2 usmg trrbutylpropynylstannane (254 mg) instead of -
phenylethynyltn n-butyltin. Yreld 78 mg ‘ ' b

‘_H NMR (400 MHe, DMSO-dg) ppm 11.40 (br s, 2 H) 7.25 (s, 1H) 2'.‘1‘3 (s,3H)

Example 4 a, 5 Dlhydroxy -2- (1- methyl 1H-pyrrol 2- yl)lsophthalonltrlle ‘: R

The title compound was prepared from 4-bromo-3,5- drcyano 1,2- phenylene diacetate (500
mg) by the method of Example 2 USmg 1 methyl -2- (trrbutylstannyl) 1H pyrrole (716 mg)

mstead of phenylethynyltrr n-butyltm Yield 280 mg ‘ ; N s

1H NMR (400 MHz, DMSO- dﬁ) ppm 11. 39 (br s, 2H)7.33 (s, 1 H) 6. 94 6.97 (m 1 H) 6.20
(m,J—3 50, 1. 80Hz 1H)6 12 (m, J=3. 50 2.80 Hz, 1H)347 (s 3H)

Example 3: 4, 5. Dlhydroxy -2- (thlophen-z -yl)isophthalonitrile

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- (trrbutylstannyl)thlophene (462 mg) instead of
phenylethynyltn n- butyltm Yield 60 mg

'H NMR (400 MHz DMSO d6) ppm 1141 (br s, 2 H) 7. 80 (dd J=5.0,13 Hz 1 H) 7. 31—
736(m 2H)722(dd J-38Hz 1H)
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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

'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

To a solution of 4-bromo-3,5-dicyano-1,2-phenylene diacetate (500 mg) in acetonitrile (3
ml), water (4 ml) and ethanol (3'ml) in a vial, was added 3,4,5-trifluorophenylboronic acid
(354 mg), bis(triphenylphosphine)palladium(Il) chloride (61 mg) and sodium carbonate
(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
toluene (50 ml). The ‘aqueo'ns phase was then acidified with 4 M HCl 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 d6) ppm 11.38 (brs, 2 H) 7.58-7.69 (m, 2 H) 7.36(s, 1 H)

Example 8: 4,5-Dihydroxy-2-(naphthalen-1-yDisophthalonitrile

Thé title lcdmp()'un(i: Waé prepa're"d from 4"brofno 23,5 ’dicyan"o‘ 1,2-phenylene diacetate (200
mg) and naphthalene 1-boronic acid (149 mg) instead of 3,4; 5= trlﬂuorophenylboromc acid
as described in Example 7. YlCld 126 mg

'H NMR (400 MHZ DMSO- -ds) 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(s 1 H)7.37 (d, J=1.00 Hz, 1H) |

Example 9: 4’-tert Butyl -34- dlhydroxyblphenyl -2,6- dlcarbomtrlle

The t1t1e compound was prepared from 4-bromo-3,5- -dicyano- 1, 2 phenylene diacetate (300
mg) and 4-tert- butylphenylboromc ‘acid (248 mg) instead of 3,4,5- trlﬂuorophenylboromc
acid as described in Example 7. Reaction conditions: 20 min at 150 °C. Yield 115 mg-

'H NMR ‘(400"MHz, DMSO-ds) ppm 11.67 (brs, 1 H)bl 1.06 (brs, 1 H) 7.52-7.59 (m, 2 H)
7.39-7.43 (m, 2 H) 7.34 (s, 1 H) 1.34 (s, 9 H) | |
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Example 10: 3,4-Dihydroxy-4’-(hydroxymethyl)biphenyl-2,6-dicarbonitrile

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-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-dg) 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 (s, 2 H)

Examnple 11: 4,5-Dihydroxy-2-(naphthalen-2-yl)isophithalonitrile

The title coriipound was prepared from 4-bromo-3;5-dicyano-1,2-phenylene diacetate (200
mg)’ and naphthalene -2-boronic acid (138 mg) instead of 3.4,5- trlﬂuorophenylboromc a01d
as deséribed in Example 7. Yield 160 mg © | ' ‘ ’

'"H NMR (4OOMHZ DMSO-ds) ppm 11.77 (brs 1 H) 11.06 (brs 1 H)7 98 8. 11 (m 4H)
756767(m 3H)740(SIH) \ ' ' Y

Example 12: 3,4- Dihydroxy 4’- (isopropylthio)biphenyl-2 6-dicarbonitrile

The title compound was prepared from 4-bromo-3,5- dlcyano 1,2-phenylene diacetate (200
mg and 4- 1sopropylth1ophenylboromc acid’ (158 mg) instead of 3,4,5- trlﬂuorophenylboromc
a01d as described in Example 7. Reactlon conditions: 45 min at 150 °C. Yield 135 mg

1H NMR (400 MHz 'DMSO- d6) ppm 11.72 (br s, 1 H) 11.08 (brs, 1 H) 7.45-7. 49 (m, 2 H)
7-40,7:44 (m, 2H) 7.35 (s, 1 H) 3.64 (m, J=13.30, 6.70, 6.70 Hz, 1 H) 1.30 (d, J=6.78 Hz 6
mooo , :

Example 13: 3,4-Dihydroxy-4’:(methylthio)biphenyl-2,6-dicarbonitrile

The title compOiind was prepared frem 4-bromo-3 5-dic"yanov-1 i—phenylene diacetate (200

mg) and 4- (methylth1o)phenylboron1c acid (135 mg) instead of 3, 4,5- trlﬂuorophenylboromc
acid as descrrbed in Example 7. Yield ‘151 mg

'H NMR (400 MHz, DMSO- ds) ppm 11.32-12.19 (m 1 H) 10.74-11.28 (m 1 H) 7.36-7. 44

(m,4H)734(s1H)254(s 3H) o B L o

Example 14: 3,4-Dihydroxy-4’-isopropoxybiphenyl-2,6-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-dg) 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, /=5.77 Hz, 6 H)

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

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (200
mg) and 4-(ethylthio)benzeneboronic acid’ (146 mg) instead of 3 4, 5 trrﬂuorophenylboromc
acid as described in Example 7. Yield 143 mg - ' T I
1H NMR (400 MHz, DMSO- d6) ppm 11.76 (brs 1 H) 11.05 (brs 1 H) 7 41 (s 4 H) 7.34
(s 1H)307(m J=1.30, 7.30; 730Hz 2H) 1 29(t J-728Hz 3H)

Example 16: 3,4-Dihydroxy-4’-isopropoxy-3’,5’-dimethylbiphenyl-2,6-dicarbonitrile
The title compound was prepared from 4-bromo-3,5- drcyano 1,2- phenylene diacetate (200
mg) and 3,5:dimethyl-4- 1sopropoxyphenylboronlc acid (167 mg) mstead of 34,5-
trrﬂuorophenylboronrc acid as ‘described in Example 7. Yleld 109 mg’ ’ |

1H NMR (400MHz DMSO:- d6) ppm 11, 63 (br s, 1 H) 10. 08 (brs 1 H) 7 31 (s 1 H) 7 11
s, 2H)422430(m 1H)226(s 6H) 1 26 (d, J-627Hz 6H)

Example 17: 4’-Butyl 3.4 dihydroxybiphenyl 2, 6’ dicarbonitrile

The title compound was prepared from 4 bromo- 3 5- dlcyano 1,2- phenylene diacetate (200
mg) and 4-ni- butylbenzeneboromc acrd (143 mg) instead of 3,4 3= trlﬂuorophenylboromc :
acrd as described: i 1n Example 7 Reactlon conditions: 15 min at 150 °C: Yield 88 mg R

1H NMR (400 MHz, DMSO- dﬁ) ppm 11 28 (brs, 2 H) 7:29-7.41 (m, 5 H) 2.66 (t, J=7. 65
Hz 2H) 1. 61 (m J—770 770Hz 2H) 1.29- 140(m 2H)O92 (t, J—740Hz 3H)

Exumple 18: 34- Dih'ydroxvyv-2’ 4’;5’-trimethylbiphenyl 2,6-dicarbonitrile

The title compound was prepared from 4-bromo- 3 5-dicyano-1 2-phenylene dracetate (2()0
mg) and 2,4,5- trrmethylphenylboromc acid (132 mg) instead of 3 45-
trrﬂuorophenylboronrc acrd as descrrbed m Example 7. Reactlon condltrons 15 miin at 150
°C. Yield 122 mg
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'H NMR (400 MHz, DMSO-dq) 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, 3 H) 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-ds) ppm 10.37-12.37 (m, 2 H) 7.35 (s, 1 H) 7.23-7.27 (m, 1 H)
718723(m1H)700704(m1H)231(s 3 H)2.03(s,3H) :

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

The title compound was prépaféd‘frc’;m 4-bromo-3,5-dicyano-1,2-phenylene diacetate (200

mg) and cyclohexen 1 ylboromc acid (94 mg) instead of 3,4,5- trrﬂuorophenylboromc acrd

as-described in Example 7: Réaction conditions: 15 min at 150 °C. Yield 112 mg SR

1H NMR (400 MHz, DMSO- d6) ppm 10.57-11.63 (m, 2 H) 7.21 (s, 1 H) 5. 78 (brs, 1 H)
22(brs 2H)2 15 (brs 2H) 1. 72(m J_430Hz 2H) 1.63 (m J=450 Hz, 2 H)

Example 21: 3’-Ethyl-3,4- dihydrexybiphenyl 2,6-dicarbonitrile

The title compound was prepared from 4- bromo :3,5- d1cyano 1,2- -phenylene diacetate (250

mg) and 3- ethylphenylboromc acid (1 16 mg) instead of 3, 4,5- trrﬂuorophenylboromc acrd as
described i in Example 7. Reaction conditions: 15 min at 150 °C Yleld 204 mg -

'H NMR (400 MHz DMSO- d6) ppm 10. 86 11.94 (m 2H)7. 42 (s, 1 H) 7 29- 7 37 (m 3 H)
728(s1H)268(d J_753Hz 2H)122(t J—765Hz 3 H) '

Example 22: 3,4- Dihydrexyﬁiphenyl 2,4’,6- tricarbdnitrile

The title compound was prepared from 4-bromo-3,5- drcyano 1,2- -phenylene diacetate (200
mg) and 4- cyanophenylboromc acrd (109 mg) instead of 3,4,5- trlﬂuorophenylboromc acid
as described in Example 7. Reactlon conditions: 45 min at 150 °C. Yield 127 mg '
"H NMR (400 MHz, DMSO- d6) ppm 11 49 (br s, 2 H) 8.00-8.04 (m 2H) 7.69-7.74 (m, 2
H) 7.39 (s 1 H)

Example 23: '3,4-Dihydroxy-4’-(isopropylsulfonyl)biphenyl;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-(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-d¢) 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, J=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
ing) and N,N-dimethyl-4-boroniobenzénesulfonamide (170 mg) instead of 3,4,5-
trifluoropheriylboronic acid as desctibed in Example 7. Reaction conditions: 15 mih at 150
°C. Yield 159 mg

'H NMR (400 MHz, DMSO- d6) ppm 11.51 (brs, 2 H)7 88-7. 93 (m 2H) 7.75-7.80 (m, 2
H)740(slH)267(s 6H) '

Exampie 25: (E)-4,5-Dihydroxy-2-(pent-1-enyl)isophthalonitrile

The title compo'und was p‘répared from 4-bromo-3,5-dicyanc-1,2-phenylene diacetate (200
mg) and 1- pentenylboromc acid (85 mg) instead of 3 ,4,5-trifluorophenylboronic acid as
descrlbed in Example 7. Réaction conditions: 15 min at 150 °C. Yield 100 mg

1H NMR (400 MHz DMSO-ds) ppm 1. 18 (brs, 2 H) 7.25 (s, 1 H) 6. 44 6 50 (m 2 H)
221228(m 2H)149(m 2H)095(t]-740Hz 3 H) ' o

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

The title compound was prepared from 4-bromo- 3,5-dicyano-1. 2 phenylene diacetate (200
mg) and 3- carboxyphenylboromc acid (308 mg) instead of 3 4, 5 trlﬂuorophenylboromc
acid as described in Example 7. Reaction conditions: 30 min at 130 °C. Yield 388 mg

'H NMR (400 MHz, DMSO-dG) ppm 13.20 (br's, 1 H) 11.47 (br s, 2 H) 8.08 (d, J=7.78 Hz,
I'H)8.01 (s, 1 H)7.75 (d, J=7.80 Hz, 1 H) 7.67 (t, J=7.65 Hz; 1H) 737 (s, 1 H)

Example 27: 3,4-Dihydroxy-4’-(1-methoxyethyl)biphenyl-2,6-dicarbonitrile
The title cOmpou‘nd"Was ‘prepareczll from 4-bfomo-3,5-dicyano-1,2-pheny1‘ene diacetate (250
mg) and (4-(1-metoxyethyl)phenyl)boronic 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 (brs, 2 H) 7.45 (s, 4 H) 7.34 (s, 1 H) 3.18 (5, 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 mg

'H NMR (400 MHz, DMSO-dsj ppri 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 compoutid was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (250
me) and o-tolylboronic acid (105 mg) instead of 3,4,5-trifluorophenylboronic acid as
described in Example 7. Reaction conditions: 20 min at 150 °C. Yield 17 mg =

'H NMR (400 MHz, DMSO-ds) ppm 7.00-7.87 (m, 4 H) 7.27 (s, 1 H) 2.51 (s, 3 H)
Examiple 30: (E)-2-(2-Cyclohexylvinyl)-4,5-dihydroxyisophthalonitrile

The title compound was prepared from 4-bromo—3,5-dicyano-1,2-ph§:ny_lene diacetate (200
mg) and 2—'cyélohéxylethehylb;)roﬁié :ac;l‘dA(9£5 mg) instead of 3,4,5-triﬂuoroﬁhénylboronic
acid as described in Example 7. Rection conditions: 15 min at 130 °C. Yield 92 mg
'H NMR (400 MHz, DMSO4d6)"‘pprﬁ1'1 62 (brs, 1 H) 10.92 (br s, 2 H) 7.24 (s, 1 H) 6.43
(d J—226HZ 2H)2 17-2.27 (m IH) 1. 68 1.81 (m 4H) 1.63 (d J=11.54 Hz, lH) 1.13-
137(m5H) : S v v o S

Example 31: (Z)-4,5-Dihydroxy-2-(prop-1-enyljisophthalonitrile

The title compound was preparea from 4—Bromo-3,5-dicyano-1,2-phenylene diacetate (2 g)
and (Z)-prop-1-enylboronic acid (744 mg) instead of 3,4,5-trifluorophenylboronic acid as
described in Example 7. Reaction conditions: 20 min at 120 °C. Yiélld‘ 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, /=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 (8,4
H) 7.33 (s,'1 H) 2.91 (t, J=7.65Hz, 2 H) 2.61 (1, J=7.65 Hz, 2 H)

Example 33:3 4 Dlhydroxy -3 (hydroxymethyl)blphenyl-Z 6-dicarbonitrile

Thie title compound was prepared from 4-bromo- 3 5- dlcyano 1 \2- phenylene diacetate (500
mg) and 3-(hydroxymethyl)benzeneboromc acid (282 mg) instead of 3,4,5-
trifliorophenylboronic acid as desciibed in Example 7. Redction conditions: 30 min at 130
°C Y1eld 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 Hy
7.29- 736(m 2H)530(brs 1H)458(s 2H)

Example 34 3, 4 Dlhydroxy-3’ (methoxymethyl)blphenyl -2, 6 dlcarbomtrlle

The tltle compound was prepared from 4- bromo 3 5- d1cyano 1 2- phenylene diacetate (500
mg and 3- methoxyethylphenylboromc acid (308 mg) instead of 3,4,5-
trlﬂuorophenylboromc acid as described in Example 7. Reactlon condltlons 30 min at 150
°C. Yield 370 mg

1H NMR (400 MHz, DMSO d6) ppm 11. 35 (br s,2 H) 7.48-7. 54 (m, 1 H) 7.42-7.48 (m,
H)735 742(m 3 H)4.49 (s, 2'H)3.31 (s, 3 H)

Example 35: 2’ 6’-chyano-3’ 4’-d1hydroxy-N N-dlpropylblphenyl 4- carboxamnde _
The title compound was prepared from 4-bromo- 3,5-dicyano-1. 2- phenylene dlacetate (300
mg) and 4- (dlpropylcarbamoyl)phenylboromc acid (301 mg) instead of 3,4,5-
trlﬂuorophenylboromc acid as described in Example 7. Reaction condmons 10 min at 150
°C. Yleld 150 mg
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'H NMR (400 MHz, DMSO-dg) 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 (brs, 2 H) 3.11 (brs, 2 H) 1.62 (brs, 2 H) 1.49 (brs, 2 H) 0.92 (brs, 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-trifluorophenylboronic acid as
described in Example 7. Reaction conditions: 20 min at 150 °C. The produét was
recrystallized from ethaniol-water solution. Yield 564 mg

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

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
a01d 0. 15 g) in ethanol (1 ml) and water (5 ml) was added
tetrakls(trlphenylphosphme)palladlum (0.04 mg) ‘and 2 M sodium carbonate (1. 63 ml) The
stirred reaction was refluxed for 3 h. The hot reaction mixture was filtered over pall filter.
After coohng, the obtamed precipitate was acxdlfled with 2 M HCI (5 ml), filtered, washed
with water and drled to glve 3- hydroxy 4 methoxyblphenyl -2, 6 dlcarbomtrlle Yield0.14 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) }

- 34- Dlhydroxyblphenyl 2 6-dlcarbomtrlle

To a dry mlxture of 3-hydroxy -4- methoxybxphenyl -2,6-dicarbonitrile (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 mixture was poured into methanol (5 ml) / ice mixture. After evaporation of
the solvent,'watéf ('10 ml) was édd'ed and the mixture was stirred fot 1 h, followed by
filtration, washing with ‘Water and dryihg in vacuum to give the title compound. Yield 115

mg
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IH: NMR (400 MHz, DMSO-dg) 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 thé title
compound. Yield 96 mg

'"H NMR (400 MHz, DMSO-ds) ppm 11.38 (br s, 2 H) 7.84 (d, J=2.01 Hz, 1 H) 7.82 (d,
J=8.28 Hz, 1 H) 7.51 (dd, J=8.28, 2.26 Hz, 1 H) 7.35 (s, 1 H)

Example 39: 3, 4- Dlhydroxy 3. (trlﬂuoromethyl)blphenyl 2,6-dicarbonitrile

Usmg the procedure described i Example 37, 3- hydroxy “4-methoxy-3’-(trifluoromethyl)
b1pheny1-2,6-dlcarbomtrlle (320 myg), prepared from 3-(trlﬂuoromethyl)phenylboromc acid
and 2—brom0-4-hydr0xy-5;methoxyisophthalonitfile, was demethylated to give the title
comﬁduhd Yield 239 ing

]H NMR (400 MHz, DMSO- d6) ppm 11.19 (br S, 2H) 7.87-7.92 (m, 2 H) 7.75-7.85 (m, 2
H)736(slH) ' ’ S '

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

' methOxyisophthalonitrilé (.60 mg), prepared from furan-3-boronic acid and 2-bromo-4-

hydrdxy-5-methoxyisophthaloﬁitrile; was demethylated to give the title compound. Yield 56
'H NMR (400 MHz, DMSO-ds) ppm 11.68 (brs, 1 H) 11:15 (br s, 1 H) 8.00-8.12 (m, 1 H)
7.82-7.91 (m; 1 H) 7.33 (s, 1 H) 6.75-6.84 (m, 1 H)

Example 41: 3 4- Dlhydroxy-4’ (trnfluoromethyl)blphenyl 2 6-dicarbonitrile

Using the procedure descrlbed in Example 37, 3-hydroxy-4-methoxy-4’- (trlﬂuoromethyl)
b1phenyl-2,6-dxcarbomtrlle (145 mg), prepared from 4-tri(fluoromethyl)phenylboronic acid
and 2-brom'o‘-4-hydfdxy—S?methbfi&isophtﬁalonitrile, was demethylated to give the title
compound. Yield 139 mg
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'"H NMR (400 MHz, DMSO-ds) 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- -dg) ppm 11.56 (br's, 1 H) 11.12 (brs, 1 H) 7.83(dd, J=3.0, 1.2
Hz, 1 H)7.72 (dd, J=5.0Hz, 1 H) 7.33 (s, 1 H) 7.30 (dd, 1 H)

Exampleé 43: 4,5-Dihydroxy-2-(5-methylfuran-2-yl)isophthalonitrile

Using the procedure described in Example 37, 4-hydroxy-5-methoxy-2-(5-methylfuran-2-
yhisophthalonitrile (150 mg), prepared from 5-methylfuran-2-boronic acid and 2-bromo-4-
hydroxy-5-methoxyisophthalonitrile, was demethylated to give the title compound. Yield 90
g

'H NMR 400 MHZ DMSO- d5) ppm 11. 39 (brs, 2 H) 7. 31 (s, 1 H)6.88 (d, J=3.3Hz, 1 H)
621 648(m 1H)235(s 3H)

Example 44: 4 5 Dlhydroxy-2 (5 methylthlophen-Z yl)lsophthalomtnle

Using the procedure descrlbed in Example 37, 4-hydroxy-5-methoxy- 2- (5- methylthlophen—
2- yl)1sophthalomtr11e (250 mg) prepared from 5- methylthrophene—2—boron1c acid and 2-
bromo 4- hydroxy 5 methoxylsophthalomtrrle was demethylated to give the title
compound Yreld 130 mg

1H NMR (400 MHZ DMSO -dg) ppm 11 41 (brs,2 H) 7.31¢, 1 H) 7 13 (d, J=3.5Hz, 1 H)
6.88-6.95 (i, 1 H) 2.52 (brs, 3 H)

Example 45: 2-Benzyl—4,5-dihydroXYisophthalonitrile
2-Benzyl -4- hydroxy-S-methoxylsophthalomtrlle

To a mixture of 2-bromo-4- hydroxy 5- methoxyrsophthalomtrrle (1.0 g) and benzylboronrc
acid prnacol ester (0.53 ml) in 1,4-dioxane (5 mi) 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 precipitafe was acidified with 2 M HCI (5 ml), filtered,
washed with water and dried to give 2-benzyl-4-hydroxy-5-methoxyisophthalonitrile. Yield
077 g |

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

2-Benzyl-4,5-dihydroxyisophthalonitrile
2-Benzyl-4-hydroxy-5-méthoxyisophthalonitrile (1.5 g) was demethylated using boron
tribromide as described in Example 37 to give the title compound. Yield 0.77g

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

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

Usinig the procedure described in Example 37, 2-(benzofuran-2-yl)-4-hydroxy-5- '
methoxyisophthalonitrile (320 mg), prepared from 2-benzofuranboronic acid and 2-bromo-
4- hydroxy -5- methoxylsophthalomtrlle ‘was demethylated to glve the title compound Yield
200mg -. , _ e o : _

'H NMR (400 MHz, DMSO -dg) ppm 11.60 (br s, 2 H) 7. 80 (d J—7 8 Hz, 1 H) 7.68 (d J=8.
3Hz1H)740748(m,3H)732739(m1H) | ‘ ’

Example 47 2 (5 Chlorothlophen-Z-yl) 4 5- dlhydroxylsophthalonltrlle

Usmg the procedure described in Example 37 2-(5- chlorothxophen -2- yl) “4- hydroxy 5-
methoxylsophthalomtnle (27 mg) prepared from'5- chlorothlophene -2-boronic acid and 2-
bromo-4- hydroxy -5- methoxylsophthalomtrﬂe was demethylated to nge the tltle
compound Yield 20 mg '

' 1H NMR (400 MHz, DMSO-d6) ppm 11 35 (br 5,2 H) 7. 34 (s 1 H) 7 27 (d J=3. 9 Hz, 1 H)

724(d 1H)

Example 48: 2‘(Bexiio[b]thiophen;'z:yl) 4'5'dihydroxyisophthalonitrile
Using the procediire described in Example 37, 2- (benzo[b]thlophen -2- -yD)- 4 hydroxy -5-
methoxylsophthalomtnle (70 mg) prepared from 2- bromo 4- hydroxy -5-
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methoxyisophthalonitrile and thianaphthene-2-boronic acid, was demethylated to give the
title 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-35-
methoxyisophthalonitrile and trans-2-phenylvinylboronic acid, was demethylated to give
the"title"compour'ld Yield 79 mg

'H NMR (400 MHz DMSO d6) ppm 7. 61 (d J=7.28 Hz, 2 H) 7.41 -7.48 (m, 2 H) 7.21-7.41
(m, 4 H)

Example 50: 4’-Ethyl-3,4-dikydroxybiphenyl-2,6-dicarbonitrile

Using the procedure described in Exariipie 37, 4’-ethyl-3-hydroxy-4-methoxybiphenyl-2,6-
dicarbonitrile (150'mg), p'repared from '2‘-br‘orho-4"-hydroxy—5-methoxyisophthalonitrile and
4- erhylbénZeneboronic acid; was demethylated to give the title compound. Yield 100 mg
1H NMR (400 MHZ DMSO dﬁ) ppm 7 33 7.41 (m 5 H) 2. 70 (m ]—7 50, 7. 50 7 50 HZ 2
H)125(tJ—753Hz3H) A | :

Example 51: 34- Dihydroxy-3’ 5 ’-dimethylbiphenyl 2,6-dicarbonitrile

Usmg the procedure descrrbed in Example 37, 3- hydroxy -4- methoxy -3°,5-
dlmethylblphenyl 2 6 dlcarbonltrrle (115 mg), prepared from 2-bromo-4- hydroxy -5-
methoxylsophthalomtrrle and 3,5- drmethylbenzeneboronrc acrd was demethylated to grve "'
the titlé compound Yield 70 mg ' ' '

1H NMR (400 MHz DMSO d6) pprn 7. 32 (s, 1H)7. 14 (s, 1 H) 7.04 (s, 2 H) 2.33 (s 6 H)

Exampie 52: 4,5-Dihydroxy-2-(phenylthio)isophthalonitrile
4 Hydroxy-S methoxy 2- (phenylthlo)lsophthalomtrlle

To a mixture of 2-bromo-4- hydroxy -5- methoxyrsophthalomtnle 05g)i in THF (8 ml) was
added phenyl drsulflde (O 26 g) and Pd(dppf)Ch complex with CH2C12 (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 (5 ml), filtered, washed
with water and dried to give 4-hydroxy-5-methoxy-2-(phenylthio)isophthalonitrile. Yield
045¢ L : ,

'H NMR (400 MHz, DMSO-dg) 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 title compound Yield 164 mg

'H NMR (400 MHz, DMSO- d6) ppm 7.25-7.40 (m 6 H) | "

E)iémple 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 trlbromlde as described in Example 37 to give the title
ompound 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 J—828Hz 2H)227(s 3H)

Example 54: 4,5-Dihydroxy-2-(4-methylbenzyl)isophthalonitrile

4-Hydroxy-5- methoxy-2-(4- methylbenzyl)iSophthalonitrile

Toa mixture of 2-bromo-4- hydroxy 5. methoxylsophthalomtnle (1. 00 g) and 4,4,5,5-
tetramethyl -2-(4- methylbenzyl) 1, 3 ,2-dioxaborolane (1.38 g) in ethanol (2. 5 ml) and water
(22 ml) was added Pd(dppf)Clz complex W1th CH,CI, (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 cooling, the obtained precipitate was acidified with 2 M HCl
(10 ml), filtered, washed with Wafer‘and dried to give 4-hydroxy¥5—methoxy-2-(4-
methylbenzyl)isophthalonitrile. Yield 0.53 g | | |

'H NMR (400 MHz, DMSO- d6) ppm 7.66 (s, 1 H) 6.96-7.24 (m 4 H) 4.13 (s, 2 H) 3.90 (s,
3H)2: 26 (s,3H) ~
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4,5-Dihydroxy-2-(4- methylbenzyl)lsophthalomtrlle
4-Hydroxy-5-methoxy-2-(4-methylbenzyl)isophthalonitrile (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

'H NMR (400 MHz, DMSO- d6) ppm 7. 29 (s, 1 H) 6.92-7.21 (m 4 H) 4.10 (s, 2 H) 2.25 (s,
3 H) : _ L

Example 55: 2-(4-Fluorobenzyl)-4,5-dihydroxyisophthalonitrile

2-(4-Fluorobenzyl)-4-hydroxy-5-methoxyisophthalonitrile
2:(4-Fluorobenzyl)-4-hydroxy-5-methoxyisophthalonitrile was prepared from 2-bromo-4-
hydroxy-5-methoxyisophthalonitrile (1.00 g) and 2-(4-fluorobenzyl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (1.30 g) instead of 44,5,5-tetramethyl-2-(4-méthylbenzyl)-1,3,2- -
dioxaborolane using the procedure unalogous to Example 54. Yield 0. 53 g

1H NMR (400 MHZ DMSO d6) ppm 7.68 (S 1 H) 7.04-7.29 (m 4 H) 4.18 (s, 2 H) 3. 90 (s,

2- (4 Fluorobenzyl) 4 5- dlhydroxylsophthalomtrlle

2-(4- Fluorobenzyl) -4- hydroxy -5- methoxylsophthalomtnle (200 mg) was converted to the
title compound usmg the procedure analogous to Example 54. Yield 96 mg

'H NMR (400 MHz, DMSO- d6) ppm 7.29 (s, 1 H) 7.12-7. 23 (m 4H)4.14 (5,2 H)

Example 56: '4,5'-Dihydro'xy-z‘-(4-hydro'x‘ybenz'yl)iébphthalonitrﬂé

Using the procedure analogous to Example 54, 4-hydroxy-5-methoxy-2-(4-
methoxybenzyl)isophthalonitrile (250 mg), prepared from 4-methoxybenzylboronic acid
pihacol ester and 2-bromo-4-hydroxy-5-methoxyisophthalonitrile (1.00 g), was
demethylated to give 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)isophthalonitrilel (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

'H 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) 684 (t; 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)

Example 58: 4,5-Dihydroxy-2-(4-(trifluoromethoxy)benzyl)isophthalonitrile

Using the procedure analogous to Example 54, 4-hydroxy-5-methoxy-2-(4-
(trifluoromettioxy)benzyl)isophthalonitrilé (260 mg), prepared from 2-bromo-4-hydroxy-5-
methoxyrsophthalomtnle and 4- (trlﬂuoromethoxy)benzylboromc acid pmacol ester, was
demethylated to glve thc tltle compound. Yield 130 mg

IH NMR (400 MHz, DMSO-ds) ppih 7.25-7.36 (m, 5'H) 4.18 (s, 2H) =

Example 59: 2-3- Fluoro-4 methoxybenzyl)-4 5-dlhydroxylsophthalomtrlle

Usmg the procedure analogous to Example 54 2- (3 -fluoro- 4 methoxybenzyl) 4,5-
d1hydroxy1sophthalomtnlc (600 mg) prepared from 2 bromo 4- hydroxy -5-
methoxylsophthalomtrrle and 2- “(3- ﬂuoro 4- methoxybenzyl) -4,4.5,5- tetramethyl 1,3,2-
d1oxaborolanc was demethylated to grve the title compound Yleld 175 mg '

'H NMR (400 MHz, DMSO d6) ppm 7. 36 (s, 1H)7.11 @, J=8. 78 Hz, 1 H) 7. 01 (dd, J=1.00
Hz 1H)691 (brd, J=1. OOHz 1H)409(s 2H)380(s 3H) o

Example 60 2- (2 Fluorobenzyl) -4,5- d1hydroxylsophthalomtnle

Usmg the procedure analogous to Example 54, 2-(2- ﬂuorobenzy]) -4- hydroxy—5-
methoxyrsophthalomtrlle (200 mg) prepared from 2-bromo- 4—hydroxy 5=
methoxylsophthalomtrlle and 2-(2-fluorobenzyl)-4,4, 5 5- tetramethyl 1,3,2-dioxaborolane,
was demethylated to grve 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 MHz, DMSO-dg) ppm 7.33 (s, 1 H) 7.22 (d, J=7.07 Hz, 1 H) 7.12 (d, J=7.07
Hz, 1 H) 7.07 (d,J=7.58 Hz, 1 H) 6.47 (d, J=7.58 Hz, 1 H) 4.10 (s, 2 H) 2.38 (s, 3 H)

Example 62 2-(2,5-Dimethylbenzyl)-4,5-dihydroxyisophthalonitrile

Using the procediire analogouis to Example 54, (2,5-dimethylbenzyl)-4-hydroxy-5-
methoxyisophthalonitrile (578 mg), prepared from 2-bromo-4-hydroxy-5-
methoxyisophthalonitrile and 2-(2,5-dimethylbenzyl)-4,4,5,5-tetramethyl-1,3,2-
di‘oxaborol‘ahé*was déinéthylatéd to give the title compound. Yield 39 mg

1H NMR (400 MHZ DMSO-d6) ppm 7.33 (s, 1 H) 7:10 (d, J=7.28 HZ 1 H) 6.93 (d J=7.03
HZ,IH)628(brS lH)406(brS 2H)232(S 3H)2 13(S 3H)

Example 63: 2- (3- Fiuoi'o SQmethylbenzyl)-4 5- dihydroxyisophthalonitrile

Usmg the procedure analogous to Example 54, 2-(3-fluoro-5- methylbenzyl) 4-hydroxy- 5-
methoxylsophthalomtnle (600 mg), prepared from 2-bromo-4- hydroxy -5-
methoxyxsophthalomtrlle and 2- (3- fluoro-5- methylbenzyl) 4.4, 5 5- tetramethyl 1,3, 2-
d1oxaborolane was demethylated to give the title compound Yield 91 mg ‘
'"H NMR (400 MHz DMSO- de) ppm 7. 30 (s 1 H) 6.91 (d, J=9.79 Hz, 1 H) 6.80 (s, 1 H)
6.75d, J—979Hz 1 H) 4.13 (s,2H)227(s 3H)

Example 64: 3-(2,6-Dicyano-3,4-dihydroxybenzyl)benzoic acid ,

Using the procéduro analogou's fo Example 54, 3-(2,6-dioyaho-3-hydroxy-4- ’
methoxybenzyl)benzoic acid (300 mg), prepared from 2-bromo-4-hydroxy-5-
mcthoxyiSophthalonitrile and ‘metﬂhyl 34((4;4,5,5—tétramethyl- 1 ,3,2—”cvlioxabo;rolan-2- |
yl)methyl)benzoate, was démethylated:to give the title compound. Yield 43 mg
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'H NMR (400 MHz, DMSO-ds) 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, 2'H) 2/19 (br s, 3 H) " o ' ‘

Example 66: 4,5-Dihydroxy-2-(3-methylbenzyl)isophthalonitrile =

Using the procedure analogous to Example 54, 4-hydroxy-5-methoxy-2-(3-

n ’ethylben’z"y'l);isophthalonifrile"(600 mg), prepared from 2-bromo-4-hydroxy-5-
methoxylsophthalomtrrle and 4,4 5 5: tetramethyl- 22- -(3- methylbenzyl) 1,3,2-dioxaborolane,
was demethylated to give the title compound. Yield 43 mg

'H NMR (400 MHz, DMSO-ds) | ppm 11.57 (brs, 1 H) 10.93 (br's, 1 H) 7.29 (brs, 1 H)7.19
(brs, 1H)679709(m 3H)4.11 (s, 2 H) 2.26 (s, 3 H)

Example 67: 2- (5-Fluoro 2-meth0xybenzyl) -4, 5- dlhydroxylsophthalomtrlle

Usmg the procedure analogous to Example 54,2- (5- ﬂuoro 2- methoxybenzyl) -4- hydroxy -5-
meth0xylsophthalon1tr11e (400 mg) prepared from 2-bromo-4- hydroxy -5-
methoxyrsophthalomtrrle and 2-(5-fluoro-2- methoxybenzyl) -4,4,5,5- tetramethyl 1, 3 2-
droxaborolane was demethylated to give the title compound Yield 7 mg

1H NMR (400 MHz, DMSO- ds) ppm 11.09 (brs, 1 H) 10.95 (br s, LH) 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, 3 H)

Example 68: 2-(3,5-Dimethylbenzyl)-4,5-dihydroxyisophthalonitrile " s

Usiug the procedure analogous to Example 54, 2-(3,5-dimethylbenzyl)-4-hydroxy-5-
methoxyisophthalonitrile (578 mg), prepared from 2-bromo-4-hydroxy-5-
methoxyisophthalonitrile and 2—(3;S-dimethylbenzyl)-4,4,5,S-tetramethyl-1,3,2-

dioxaborolane, 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-isopropylbenzyl)isophthalonitrile v

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)

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

2-(4-‘Ethylbenzﬂ)44’-hydroxy-'5-'methoxyisophthalonitrile

To a mixture of 2-bromo-4-hydroxy-5-methoxyisophthalonitrile (2.57 g) and 2-(4-
éfhylbenzy1)44,4,5;5-tetrah1ethyl4 1,3,2-dioxaborolane (3.75 g) in ethanol (5 ml) and water
(40 ml) was added Pd(dppf)Cl, complex with CH;Cl, (1:1) (0.67 g) and sodium hydrogen
carbonate .(3.40 g). The stirred reaction was refluxed for 3 h. The hot reaction mixture was
filtered over pall filter. After cooling, the obtained precipitate was acidified with 2 M HCl
(20 ml), .filt.ered, washed; W‘it’h‘watéf and dried to give 2-(4-ethylbehzyl)-4-hydroxy—5-
methoxyisophthalonitrile. Yiéld 2.31 g

'H NMR (400 MHz,‘ DMSO-ds) ppm 7.41 (s, 1 H) 7.08-7.17 (m, 4 H) 4.08 (s, 2 H) 3.82 (s,
3H) 2.5 (q, J=7.61 Hz, 2 H) 1.14 (1, J=7.53 Hz, 3 H) R |

2-(4-Ethylbenzyl)-4,5-dihydroxyisophthalonitrile
Using the procedure described in EXamplé 54, 2-(4-ethylbenzyl)-4-hydroxy-5-
ihethoxyisophthalonitrile"(2.31 g)‘was 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)

Example 71: 4;5-Dihydr0xy-2A(naphthalen-1-ylmethyl)isophthalonitrile
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Using the procedure analogous to Example 54, 4-hydroxy-5-methoxy-2-(naphtalen-1-
ylmethyl)isophthalonitrile (100 mg), prepared from 2-bromo-4-hydroxy-5-
methoxyisophthalonitrile arrd 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)-2-hydroxybenzoic acid

Using the procedure analogous to Example 54, 5—(2,6-dicyémo—3-hydroxy-4—
methoxybenzyl)-2-hydroxybenzoic acid (300 mg), prepared from 2-bromo-4-hydroxy-5-
meéthoxyisophthalonitrile and 2-hydroxy-5 -((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)benzoic acid, was demethylated to give the title compound. Yield 38 mg

"H NMR (400 MHz, DMSO:dg) ppin 11.29-11.80 (m, 1 H)'10.95 (br §, 1 H) 7.33 (s, 1 H)
7.10 (d, J=7.78 Hz, 1 H) 6.93(d, J£7.78 Hz, 1 H) 6.27 (s, 1 H)4.06 (s, 2 H)

Example 73: 2:(2,4-Dimethylbenzyl)-4,5-dihydroxyisophthalonitrile ~ =

2;(2,4-Diniethylbeﬁzyl)'-'4'-hy'droXy‘-S-'methokyisophthalonitrile e

Toa mix’tu‘re of 2-bromo-4- h')}dro'x‘y 5- fnethokyisophthalOnitrile (0.86 g) and 2- (2 4-
dlmethylbenzyl) 4.4, 5 5- tetramethyl 1,3, 2 dioxaborolane (1 13 g) m ethanol (2. 5 ml) and
water (22 ml) was added Pd(dppf)Cl?_ complex Wlth CH2C12 (1 1) (0. 21 g) and sodium
hydrogen carbonate (1 10 g). The stirred reaction was refluxed for 3 h. The hot reaction
mrxture was filtered over pall frlter After coohng, the obtamed precipitate was acidified
wrth 2 M HCI (10 ml), frltered washed with Water and dried to grve 2- (2 4- '
dlmethylbenzyl) -4- hydroxy-S methoxyrsophthalomtrrle Yield 0.43 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)
634(d J—778Hz 1H)408(s 2H)393 (s 3H)234(s 3H)222(s 3H)

2- (2 4- Dlmethylbenzyl)-4 5- dlhydroxylsophthalomtnle

Using the procedure described in Example 54, 2-(2,4- -dimethylbenzyl)-4-hydroxy-5-
methoxylsophthalomtrrle (0. 43 g) was converted to the title compound. Yield 0.40 g

H] NMR (400 MHz, DMSO- dﬁ) ppm 7.31(s, 1 H) 7.02 (s 1H)6.86 (d J=8.03 Hz, 1 H)
6.34 (d, J=7.78 Hz, 1 H) 4.Q4 (s;2H) 2.33 »(s, 3'H) 2.21 (s,3 H)
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Example 74: 2-(3,6-Dihydro-2H-pyran-4-yl)-4,5-dihydroxyisophthalonitrile
3,6-Dihydro—2H—pyran—4-boronic acid pmacol ester (156 mg),
bis(triphenylphosphine)palladium(ﬁ) 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
diacetate (200 mg), ethanol (2 ml) and acetonitrile (2 ml). The reaction 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 half an
hour. The water phase was washed with toluene (20 ml) and then made acidic by addition of
4 M HCI1 (10 ml) under cooling. The product was filtered, washed with water and dried to
give the title compound. Yield 133 mg’ o

'H NMR (400 MHz, DMSO- -dg) | ppm 7.26 (s, 1 H) 5.95 (br s, 1 H) 421 (d J=251 Hz, 2 H)
381(t J=5.14Hz, 2H)230237(m 2H) ' '

Example 75: 2-Cyclopentenyl-4,5-dihydroxyisophthalonitrile

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (200
mg) by the procédure analogous to Example 74 using as reactant 1-cyclopentenylboronic *
acid pinaéoi 'e's'ter'(‘144 mg) instead of 3,6:dihydro- 2H-pyran-4lboronic acid pinacol ester.
Reactlon conditions: 0.4 h at 130 °C. Yleld 114 mg |

1H NMR (400 MHz, DMSO- de) 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- chyano 3 4- dlhydroxyphenyl)acryhc acid

The title compound was prepared from 4- bromo 3,5-dicyano- I \2- phenylene dracetate (500
mg) by the procedure analogous to Example 74 using as reactant 2- o
(ethoxycarbonyl)vmylboromc acid pmacol ester (420 mg) instead of 3,6- dlhydro 2H pyran-
4-boronic acid pmacol ester. Reaction conditions: 0.4 h at 150 °C. Yield 260 mg

'H NMR (400 MHz, DMSO- a'6) ppm 7.65 (d J=16.31Hz, 1 H) 7.32 (s, 1 H) 6. 74 (d,
J=16.06 Hz, 1 H) |

Exampie 77: (E)—4,5-Dihydroxy-z-’(3-methOXyprop-1Qenyl)isophfhalonitrile
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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 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 5-(morphollnomethyl)-2-
thiopheneboronic acid pinacol éster (249 mg) instead of 3,6-dihydro-2H-pyran-4-boronic
acid pindcol ester. Reaction conditions: 10 min at 150 °C. Yield 80 ing

'H NMR (400 MHz, DMSO-dg) ppin 7.48 (d, J=3.51 Hz, | H) 7.45 (s, 1 H) 7.36 (d, J=3.76
Hz, 1 H) 4.64 (s, 2 H) 3.87 (br s, 4 H) 3.18 (br s, 4 H)

Example 79: 3,4-Dihydroxy-4’-(morpholine:4-carbonyl)biphiényl-2,6-dicarbonitrile
The title compound was prepared from 4-bromo-3,5- -dicyano-1,2-phenylene diacetate (300
mg) by the procedure analogous to Example 74 usmg as reactant (4 (morphohne 4-
carbonyl)phenyl)boromc acid pmacol ester (383 mg) mstead of 3, 6- dlhydro 2H-pyran -4-
boronic acid p1nacol ester Reactlon condmons 10 min at 140 °C Yleld 120 mg

'H NMR (400 MHz, DMSO- d6) ppm 7.99-8.12 (m 2H) 7. 58- 7 68 (m, 2 H) 7.37 (s 1 H)
3.16-3.74 (m, 4 H)

Example 80 2- (5’-Hexyl 2 2’-b1th10phen-5 -yh)-4, 5- dihydroxyisophthalonitrile |
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 5 ’—hexyl-2 2’—b1thlophene-
5-boronic ac1d pinacol ester (303 mg) 1nstead of 3,6-dihydro-2H- pyran -4-boronic acid
pmacol ester. Reaction conditions: 10 min at 140 °C. Yield 22 mg

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

" Hz, 1H)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,
2 H)

Example 82: 2-(5-Hexylthiophen-2-yl)-4,5-dihydroxyisophthalonitrile

The title compound was prepared from 4-bromo- 3,5-dicyano-1 2-phenylene dracetate (300
mg) by the procedure analogous to Example 74 using as reactant 5- -hexyl- 2- '
thropheneboromc acid pinacol ester (355 mg) instead of 3,6- d1hydro -2H- pyran 4-boronrc
acid plnacol ester. Reaction conditions: 10 min at 140 °C. Yield 40’ mg

'H NMR (400 MHz, DMSO-de) | ppm 7.31 (s; 1 H) 7.14 (d, J=1.00 Hz, 1 H) 6.93 (br s, 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 (br s, 3 H)

Example 83: (Z)-2-(But-2- eny)):4,5- dihydrbkyisbphthalomtrile' e

cis- Crotylboromc acid pmacol ester (99 mg) b1s(trrphenylphosph1ne)pallad1um(II) chloride
(29 mg) and sodium carbonate (133 mg) was added 2- bromo 4 5 drhydroxylsophthalomtrrle
(100 mg) solution contammg ethanol (1 ml) acetonitrile (1 ml) and water (1 ml) asa
solvent The reactron mrxture wads strrred and mrcrowave 1rrad1ated for 45 min at 120 °C.
The reaction mixture was filtered through celite and poured in‘ice water 2M NaOH (15 ml)
and toluene (20 ml) was added. The mixture was stirred for half an hour. The water phase
was washed twice with toluene (20 ml) and made acidic by addmg 4 M HCI keeping the
temperature at 0-5 °C The sohd product was frltered washed w1th water and toluene and
dried. Yield 36.6 mg - | | | |
'H NMR (400 MHz, DMSO-d6) ppm'7.5 (s, 1 H) 5.92 (dd, J=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, J=5.02 Hz, 3 H)

Ekample 84: 4,5-Dihydr0xy-'24_(_34m’ethylbut-2-enyl)isophthalonitrile
3-Methyl-2-butenylboronic acid pinacol ester (392 mg), ’
bis(triphenylphosphine)palladium(II) 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-dg) d ppm 7.23 (s, 1 H) 5.09 (t, J=7.03 Hz, 1 H) 3.49 (d,
J=7.03 Hz,2 H) 1.75 (s, 3 H) 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 mg) as
described in Example 83 using trans-crotylboronic acid pinacol ester (99 mg) instead of s
crotylboronic acid pinacol ester. Reaction conditions: 60 min at 120 °C. Yield 30 mg
'H'NMR (400 MHz, DMSO-dg) 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 (4, J=5.02 Hz, 3H)

Example 86: 4,5-Dihydroxy-2- methyllsophthalomtrlle

To a tixture of 4- hydroxy -5- methoxy 2- methyhsophthalomtrrle (565 mg) DCM (30 ml)
and acetomtrrle (30 ml) utider mtrogen atmosphere was added 1™ boron tribromide _
solutron in DCM 6.0 ml) at 20 °C The reactlon mrxture was allowed to Warm overmght to
room temperature Water (0.3 ml) was added to the reactron mrxture followed by addition
of methanol until clear reaction mixture was achleved. The mixture was evaporated to
dryness and the remainder vl/as ohrOmatogr'aphed over silica gel with EtOAc/AcOH solvent
mixture, Yield027¢

'H NMR (400 MHz, DMSO-ds) ppm 10.97 (br s, 2 H) 7.17 (s, 1 H) 2.44 (s, 3 H)

Example 87: 4,5- Dlhydroxy-Z (2-methylprop 1 enyl)lsophthalomtnle _

The title compound was prepared from 4-bromo- 3 5- drcyano 1,2-phenylene dracetate (395
mg) by the method of Examp]e 2 using 2- methylpropene 1- trrbutylstannane (528 mg)
instead of phenylethynyltri- n-butyltln Yield 198 mg o

'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, J=1.00 Hz, 3 H)
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Example 88: 3,4-Dihydroxy-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-dg) ppm 11.31:(br s, 2 H) 7.37-7.44 (m, 1 H) 7.29-7.36 (m, 2
H) 7.21-7.29 (m, 2 H) 2.38 (s, 3 H) '

Example 89: 4,5-Dihydroxy-2-vinylisophthalonitrile

The title compound was prepared from 4-bromo-3,5- dlcyano 1, 2 phenylene diacetate (200
mg) by the method of Example 2 using tr1buty1(vmyl)stannane (255 mg) instead of
phenylethynyltn -n- butyltm Yield 50 mg ’ ’ BEE

'H NMR (400 MHz, DMSO- ds) ppm 11:30 (brs, 2 H) 7.28 (s, 1 H) 6.83 (dd J=17.57,
1154Hle)603(dJ—1757Hz1H)578(d J—154Hle) '

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

The title compound was prepared from 4-bromo- 3,5- -dicyano-1,2- phenylene diacetate (500
mg) by the method of Example 2 using 2- (mbutylstannyl)propene (641 mg) mstead of
phenylethynyltrl n-butyltm Yleld 210 mg -

'H NMR (400 MHz, DMSO dﬁ) ppm 11 35 (brs, 1 H) 7.26 (s, 1 H) 5.49 (s 1 H) 5.09 (s, 1
H) 2. 07 (s 3 H) - '

Examplo 91: 2-(2-Ethoiyﬂiiazol 5-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 usmg 2- ethoxy -5- (tr1buty1stannyl)thlazole (3 11 mg) ’
instead of phenylethynyltn n- butyltm Yield 60 mg ‘ :
'H NMR (400 MHz, DMSO- ds) ppm 11.36 (br s, 1 H) 7.40 (s, 1 H) 7.34 (s, 1 H) 4.50 (m,
J=7.00,7.00, 7.00 Hz, 2 H) 1.40 (t, J=6.90 Hz, 3 H) |

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-ds) ppm 10.7-11.8 (br, s, 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-butoxymethyl)phenyl)boronic acid (322 mg) instead of 3,4,5-"
trifluorophenylboronic acid ds described in Example 7. Reaction conditions: 30 min at 150
°C.Yield 250mg "

'H NMR (400 MHz, DMSO-ds) ppm 11.27 (br s, 2 H) 7. 41-7.53'(m, 2’ H) 7.29-7.41 (m,3
H) 4.49 (s, 2H) 1. 24(s 9H)

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

The title compound was prepa_red from 4-bromo- 3,5-dicyano- 1 2-phenylene diacetate (500
mg) and 3- tert- butoxycarbonylphenylboromc acid (344 mg) instead of 3, 4 5.
mfluorophenylboromc a01d as descrlbed in Example 7. Reactlon conditions: 30 min at 150
°C. Yield 67 mg -

'H NMR (400 MHz DMSO d6) ppm 11 43 (brs, 2 H) 8.03 (d, J=8.03 Hz, 1 H) 7.96 (s 1
H) 7.74 (d, J=7.28 Hz, 1 H) 7.67 (t,J=7.53 Hz, 1 H) 7.36 (s, 1 H) 1.56 (s, 9 H)

Example 95: 3 4- Dlhydroxyblphenyl 2,3°,6- tricarbonitrile

The t1tle compound was prepared from 4-bromo-3, 5- -dicyano-1,2- phenylene diacetate (500
mg) and 3-cyanophenylboronic a01d (227 mg) instead of 3,4, 5 trlﬂuorophenylboronlc acid
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, J=8.03 Hz, 'H) 7.76 (t, J=7.91 Hz, | H) 739 s, 1H)

Example 96: 2°,6’-Dicyano-3’,4’-dihydroxy-N,N -dipropylbiphenyl 3-carboxamide
The title compound was prepared from 4-bromo-3, 5 dxcyano 1,2-phenylene diacetate (300

mg) and 3- (dlpropylcarbamoyl)phenylboromc 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 (brs,
2H) 1.60 (brs, 2 H) 1.45 (brs, 2 H) 0.91 (br s, 3 H) 0.65 (brs, 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) instead of 3,4,5-
trlﬂuorophenylboromc acid as described in Example 7. Reaction condltlons 5 min at 150
°C. Yield 190 mg - S

'H NMR (400 MHz, DMSO-dg) ppm 11.38 (br s, 2 H) 8.36 (d, J=7.78 Hz, 1 H) 7.95 (d,
J=1.00 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 (br s, 2 H) 1.76
(brs,2 H) 1.62 (d, J/=12.05 Hz, 1 H) 1.30-1.40 (m, 4 H) 1.14 (m, J=8.50 Hz, 1 H)

E‘Xample 98:: 2’,6’-Dicyand-N-‘cy'cthexyl-3’,4’-dihydroxybiphenyl43-carboxamide

The title compbund was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (300
mg) and 3- (cyclohexylammocarbonyl)phenylboromc acid (275 mg) instead of 3.4, 5
trlﬂuorophenylboromc a01d as descrlbed in Example 7. Reaction conditions: 5 min at 150
°C. Yield 120 mg - -

'H NMR (400 MHz DMSO- d6) ppm 11 35 (brs,2 H) 8.29 (d, J—7 78 Hz, 1 H) 7.99 (brs, 1
H)7.94 (s, 1 H) 7.61 (d, J=4.52 Hz, 2'H) 7.37 (s, 1 H) 3.78 (b_r s, 1 H) 1.83 (brs,2 H) 1.74
(brs, 2 H) 1.61 (d, J=12.05 Hz, 1 H) 1.31 (m, J=9.50, 9.50 Hz, 4 H) 1.14 (br s, 1 H)

Example 99 _2",6’-Dif:yaho’-'N,N-diethyl-3’;4"-dihydroxybiphenyl'-4-carboxamide '

The title Cbmpound'Wés prepared from 4-bromo-3,5-di¢yano-l1,2-phenylene diacetate (300
mg) and 4-(I\f N—diethylaminocafbonyl)phenylboronic acid (246 mg) instead of 3,4,5-
tnﬂuorophenylboromc a01d as descrlbed in Example 7. Reactlon condltlons 10 min at 140
°C. Yield 100 mg I ) '

'H NMR (400 MHz DMSO- dﬁ) ppm 7. 42-7.62 (m, 4 H) 7.36 (s 1 H) 3.44 (t, J=1.00 Hz, 4
H) 1.15 (brq,J—l 00, 1 00, 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, J=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 compouind was prepared from 4-bromo-3,5- -dicyano-1, 2- phenylene diacetate (300
mg) and 3 -(N- ethylam1nocarbonyl)phenylboromc acid (215 mg) instead of 34,5
trlﬂuorophenylboromc ac1d as described in Example 7. Reactlon conditions: 10 min at 140
°C. Yield 100 mg- | | ‘ S

'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 1 H)7.94 (s, 1 H) 7.62 (d, J—477Hz 2H)738(s 1H)325 335(m 2 H) 1.14 (1,
J—7 15 Hz, 3 H)

Example 102: 2’ 6’-D1cyano-3’ 4’-dlhydroxy-N N-dlmethylblphenyl 3-carb0xam1de '
The tltle compound was prepared from 4-bromo- 3,5-dicyano-1,2-phenylene dlacetate (300
mg) and N N- dlmethylbenzamxde 3-b0romc acid (215 mg) instead of 3, 4,5- ' .
trlﬂuorophenylboromc ac1d as descrlbed in Example 7. Reactxon condmons 10 min at 140
°C. Y1eld60mg o | o o '
"H'NMR (400 MHz, DMSO-ds) ppm 7.57-7.63 (m, 1 H) 7.51-7.57 (m, 2 H) 748 (s, 1 H) "
7.36 (s,‘_‘l H) 300 (brs, 3H)2.95 (brs, 3 H)

Example 103: 4'-Fluoro-3,4-dihydroxybiphenyl-2,6-dicarbonitrile *

The title cor‘rip.oi‘ind was prepared from 4-brofn0-3,5-dicyan'o-1,2-pheﬁyiene diacetate (100
mg) and 4- ﬂuorobenzenebofonie-"aeid (43'mg) in’steéd of 3,4,5 triﬂuofbphenylboronic acid
as descnbed in Example 7.Reaction condmons 20 min at 130 °C. Yield 50 mg |
'H NMR (400 Mz, DMSO-dg) ppm 7.50-7.57 (m, 2 H) 7.37 (1, J=8.78 Hz, 2 H) 7.32 (s, 1
H
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Example 104: 3’,4’-Difluoro-3,4-dihydroxybiphenyl-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 (br s, 1 H)
7.33 (s, L H)

Example 105: 45-Fluoro-3,3’,4-trihydroxybiphenyl-2,6-dicarbonitrile

The title compound was prepared from 4-bromo-3,5-dicyano-1;2-phenylene diacetate (100
mg) and 4-fluoro-3-hydroxyphenylboronic acid (48 mg) instead of 3,4,5- o
trrﬂuorophenylboromc acid as described in Example 7. Reaction condltlons 20 min at 130
°C.Yield 32 mg ' ' N . |
'H NMR (400 MHz, DMSO-ds) ppm 7.23-7.31 (m, 3 H) 7.00 (d, J=8.28 Hz, 1 H) 6.86 (br
s, 1 H)

Example 106 (E)-4,5- Drhydmxy-Z (3-phenylprop l-enyl)lsophthalomtrlle

The title compound was prepared from 4-bromo-3,5-dicyano-1, 2 phenylene dracetate (100
mg) and (E) 3- phenylpropen 1- yl boromc acid (65 mg) instead of 3 A5
trrﬂuorophenylboromc acrd as described in Example 7. Reaction condrtrons 20 min at 150
°C. Yreld 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 drhydroxy-3’-methoxyblphenyl 2,6-dicarbonitrile

The title compound was prepared from 4-bromo-3, 5 -dicyano-1,2- phenylene dracetate (106
mg) and 3-fluoro-4- methoxyphenylboromc acid (72 mg) instead of 3 4.5- _
trrﬂuorophenylboromc acid as described in Example 7. Reaction conditions: 45 min at 150
°C. Yield 63.5 mg

'H NMR (400 MHz, DMSO- -dg) ppm 7.41 (d, J=10.79 Hz, 1 H) 7.24-7.35 (m, 3 H) 3. 92 (s,
3H)
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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-Z;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-dg) ppm 7.79 (d, J=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-2,6-dicarbonitrile

The title compotind was prepated from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (108
mg) and 4-(m'ethahesulfo’nyl)phenylborOnic acid (87 mg) instead of 3,4,5- ’
trifluorophienylboronic acid as described in Example 7. Reaction conditions: 45 min at 150
°C. Yield 60 mg" |

'H NMR (400 MHz, DMSO-dg) ppmi 10.72-12.36 (m, 2 H) 8.08 (br d, 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- Dlhydroxy-4’-propoxyblphenyl 2,6- dlcarbomtnle

The title compound was prepared from 4-bromo-3,5- -dicyano-1, 2- -phenylene diacetate (200
mg) arid 3- propoxyphenylboronrc acid (167 mg) 1nstead of 3.4,5- trlﬂuorophenylboromc
acid as described in Example 7. Reaction conditions: 20 min at 150 °C. Yield 30 mg

'H NMR (400 MHz DMSO-ds) ppm 7.38 (d, J=1.00 Hz, 2 H) 7.34 (s, 1 H) 7.06 (d, J—l 00
Hz, 2H)400(t J—653 Hz, 2H) 1. 71 1.81 (m, 2H) 1.01 (t, J=7.40 Hz, 3 H)

Example 111: 2°,6’-Dicyano-3’ 4’-dihydroxybiphenyl-4 carboxylic acid

The title compound was prepared from 4-bromo-3,5- drcyano 1,2- phenylene diacetate (400
mg) and 4- carboxyphenylboromc acid (247 mg) instead of 3,4,5-trifluorophenylboronic
acid as described in Example 7. Reaction conditions: 30 min at 140 °C. Yield 270 mg
'HNMR (400 MHz, DMSO ds) ppm 8.07 (d J=1.00 Hz, 2 H) 7.61 (d, J=1.00 Hz, 2 H)
738(s,1H)

Example 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-chIoro—3-methylphenyl)boronic acid (127 mg) instead of 3,4,5- '
triﬂudrophenylboronic acid as described in Example 7. Reaction conditions: 45 min at 150
°C. Yield 54 mg

'H NMR (400 MHz, DMSO-dg) 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-(5-phenylthiophen-2-yl)isophthalonitrile

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phienylene diacetate (200
mg) and 5-phenyl-2-thienylboronic acid (164 mg) instead of 3,4,5-trifluorophenylboronic
acid as described in Example 7. Reaction conditions: 45 min'at 150 °C. Yield 71 mg
'H NMR (400 MHz, DMSO-dg) ppm 7. 72 (d,J=7.28Hz,2H) 7. 63 (d J=3.51Hz, 1 H)
744750(m2H)734740(m 3H) ' I '

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-isopropylphenylboronic acid (152 mig) instead of 3,4,5-trifluorophenylboronic
a'c'ici as 'desc'r.ibe‘d;iﬁ.Exalﬂﬁle 7. Reaction conditions: 20 min at 150 °C. Yield 66 mg

'H NMR (400 MHz, 'DMSO- dﬁ) ppm 7.39 (S 4 H) 7. 34 (S 1 H) 2.92-3.03 (m 1H) 1. 26 (d
J-703Hz6H) R ‘ | |

Example 115: 3,4-Dihydroxy-4’-propylbiphenyl-2,6-dicarbonitrile

The title cornpound was prepared from 4-bromo-3,5- dlcyano 1 2 phenylene diacetate (200
mg) and 4- propylphenylboromc acid (152 mg) instead of 3;4,5- trifluorophenylboronic acid
as descrlbed in Example 7. Reaction conditions: 20 min at 150 °C. 'Yield 80 mg

'H NMR (400 MHz, DMSO-ds) ppm 7.31-7.40 (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-bfdmo-3,5-dicyano-1,2¥phenylene diacetate (500
mg) and l-phenylvinylbordnic aqid (3214 mg) instead of 3,4,5-triﬂUbrophenylboronic acid as
described in Example 7. Reaction éonditions: 45 min at 130 °C. Yield 370 mg
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'H NMR (400 MHz, DMSO-dg) 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-z-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, 1 H) 775 (d, J=1.78
Hle)767(mJ—77O 770 Hz, 1 H) 7.38 (s, 1 H) '

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

2:((4-(Chloromethyl)benzyl)oxy)tetrahydro-2H-pyran |

A mixture of (4-(chlofomethyl)phenyl)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 agueous $olution of sodium hydrogen carbonate (250 ml) and
DCM (550 ml) were added to the mixture and the layers were separated. The organic phase
tvas extracted with saturated aqueous solution of sodium hydrogen carbonate (250 ml) and
brine (250 ml), drred (NaZSO4) frltered and concentrated Toluene (350 ml) was added to
the resrdue and the solutron was concentrated to grve the title compound Y1e1d 43, 0 g

'H NMR (200 MHz DMSO d6) ppm 7.32-744 (m, 4H) 4, 75 (s, 2H) 4.67-4.73 (m lH) 4 56
(dd 2H)373384(m 1H)342352(m 1H)147179(m 6H) ' ’

4 4, 5 S- Tetramethyl 2- (4 (((tetrahydro 2H-pyran-2 yl)oxy)methyl)benzyl) 1,3 2-
dioxaborolane’ o ‘ S '
B1s(trrphenylphosphme)palladrum(II) chloride (1.75 g), N-ethyl-N-isopropylpropan-2-
amine (30 95 g) and 4, 4 5,5- tetramethyl 1,3,2- droxaborolane (17.5 ml) were added to a
solution of 2- ((4 (chloromethyl)benzyl)oxy)tetrahydro -2H-pyran (21.2 ) in 1 2-
d1chloroethane (320 ml) under n1tr0gen atmosphere ‘The mixture was heated under reflux
for 10 h. Toluene (1000 ml) was added at réom temperature. The reaction mixture was
washed with brine (1150 ml), dried (Na,SO,), filtered and concentrated. The crude product

wastdisbsolved in n-heptane (800 ml). The precipitate formed 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-
yhoxy)methyl)benzyl)isophthalonitrile

A;mi‘xture of '4,4',5:,5ltetr'amethyl-25(4-(((tetrahydro-ZH-pyran—2-y1)oxy)rn’ethyl)benzyl)é
1,3,2-dioxaborolarie (5.03 g); 2-bromo-4-hydroxy-5-methoxyisophthialonitrile (3.06 g),
Pd(dppf)Clz complex with CH2C12 (1: 1) (1.11 g), sodium hydrogen carbonate (5.09 g)
water (84 ml) ‘and ethanol (7 5 mly #as buibbled with n1trogen gas at'foom temperature ‘The
mixture was heated under reflux under mtrogen atmosph‘ere 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 ml) and pH of the combined filtrates was
adjusted to 7 with 0.5 M HCI sol'ut’i’on The layers were separated and separation was eased
wrth addltron of water (200 ml). The aqueous phase was extracted with’ DCM (2 x 100 ml, 2
X 50 ml) and the combined orgamc phases were dried (Na,S0,), filtered and coricentfated.
The crude product was purlfred by srlrca columr chromato graphy (DCM/methanol 100 0—
90:10 + 0. 5% triethylamine). Yleld 3688 o . S
'H NMR (200 MHz, DMSO- d6) 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 1H) 3 65 (s, 3H) 3. 61 (s 1H) 3.39-3.50 (m lH) 1.45-
177(m6H) , L . C S

4 (2 6 chyano 3- hydroxy-4 methoxybenzyl)benzonc acid

A mixture of 4- -hydroxy-5- methoxy—z (4- (((tetrahydro-ZH-pyran 2.
yl)oxy)methyl)benzyl)1sophthalomtr11e (4.70 g) in acetone (96 ml) was cooled in ice bath
and Jones reagent (24. 0 ml) was added in'small portions. The mixture was stirred at room
temperature for 2 h. Isopropanol (5 ml) was added to the mixture and the solution was
filtered to remove chromlum salts. The' chromlum salts were washed with acetone (150 ml)
and acetone was combmed with the filtrate. Water (200 ml) was added to the solution and

the solution was concentrated untll the product started to precrpltate The concentrate 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 HCI solution (2 x 40 ml) and brine (20 ml). 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 aqueous solutions was adjusted to 1-2 with 4 M HCl
solution. The precipitate was filtered, washed with water (30 ml) and DCM (20 ml) and
dried in vacuum at 50 °C. Yield 1.47 g

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

4-(2,6;Dic“yano¥3;4-dihydroxrybenzyl)b'en'zoic acid

1'M boron tribromide solution (5.6 ml) was added slowly to 4-(2,6-dicyano-3-hydroxy-4-
methoxybenzyl)benzmc acid (1.45 g) in DCM (36 ml) under nitrogen atmosphere at0°C.
Stirring was coritinued at toom temperature and more 1 M boron tribromide solution was
added six times [after 1. Sh (5. 6 ml) after 2.5 h (5.6 ml), after 4 h (5.6 ml), after 5.5 h (5.3
ml), ‘after 22 h (5 3 ml) and after 25 5h (5 3 ml)]. After total of 47 h strrrmg, the reaction
mrxture was poured 1nto ice water (140 ml) and stirred for 1.5 h. The mixture was filtered
and the precrprtate was washed with water (100 ml) and n-heptane (20 ml) The precrprtate
was dissolved i in 1M NaOH solutron (60 ml) and the solution was extracted thrrce with
EtOAc (35 ml) The pH of the aqueous solution was adjusted to 1-2 with 4 M HCl solutron_
and the solutlon was extracted twrce with EtOAc (30 ml). The comblned organrc phases '
were washed wrth water (30 ml) and brine (30 ml), dried (Na2804) filtered and
concentrated to glve the t1tle compound Yield 1.55 g

IHNMR (200 MHz, DMSO d6) ppm 12.9 (br s, IH) 11.4 (br s, 1H) 7.2-8.0 (m, 5H) 4.25
(s, 2H) '

Example 119: (E)44,5-Dihydroxy-Z-(4-meth0xystyryl)isophthalonitrile

Usiug the procedure described in Example 37, (E)-4-hydroxy-5 -methoXy-Z-"(.4-
methoxystyryl)isophthalonitrile' (117 mg), prepared from 2‘—bromo-4~hydroxy-5-
methoxyis'ophthalonitrile' and trans-24(4—methoxyphenyl)vinylboronic acid, was
demethylated to give the title compound. Yield 56 mg |

IVH'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, 1 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)-4,5-Dihydroxy-2-(4-methylstyryl)isophthalonitrile

Usi'ng the procedure described in Example 37, (E)-4-hydroxy-5-methoxy-2- (4-
ethylstyryl)lsophthalonltnlc (95 mg) prepared from 2- bromo-4- hydroxy-5-

methoxylsophthalomtrlle and trans-2- (4- methylphcnyl)vmylboromc acid, was demethylated

to give the title compound. Yield 71 mg

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

1725 (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- Dihydfox‘y-z (6- hydroxynaphthalen-2- yl)isoplithalonitrile ‘

Using the procedure described in Example 37, 4-hydroxy-5- methoxy -2- (6—
methoxynaphthalen 22- yl)xsophthalomtrlle (105 mg) prepared from 2- bromo 4 hydroxy-S-
methoxylsophthalomtnle and 6- methoxy -2- naphthalcneboromc ac1d was demethylated to
glvc the title compound Yleld 45 mg

'H NMR (400 MHz DMSO d6) ppm 7.88 (s, 1 H) 7. 86 (d, J=8.78 Hz, 1 H) 7.81 (d, J=8.53
Hz, | 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’-Fluor0-3,4¥dihydroxy-3’F-me'thylbiphenyl-2,6-_dicarbonitrile

Using the procedure described in Example 37, 4’ -fluoro-3-hydroxy-4-methoxy-3’-
methylbiphenyl-2,6-dicarbonitrile (215 mg), prepared from 2-bromo-4-hydroxy-5-
methoxyisophthalonitrile and 4- ﬂuoro 3- mcthylphenylboromc acxd was demethylated to

give the title compound Yield 140 mg
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'H NMR (400 MHz, DMSO-ds) 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)isophthalonitrile

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 stirred
oi}ernfght 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 drred The product was
récrystallized from toluene-isopropanol solution. Yield'6 mg ™~~~ = "

'H NMR’ (400 MHz, rethandl- d4) ppm 7.15 (s 1 H) 1 95 (s, 3 H) 1.88 (s 3 H) 1.48-1.55
(m3H) T S : Cn
Example 125: 2-(2,5-Dimethylthiophen-3-yl)-4,5-dihydroxyisophthalonitrile *
22,5 'Dimééhylthi’-ophen -2-yl)-4-hydroxy-5 'm‘éth’ox'yi's~0phthalonitrile (65 mg), which was
prepared as descrrbed in Example 54, except that potassrum 2,5- drmethylthrophene 3.
trrfluoroborate was used instead of 4.4, 5 5- tetramethyl -2- (4 methylbenzyl) 1 3,2-
droxaborolane was conVerted to 'the trtle compound usrng the procedure analogous to
Example 54. Yield 36 mg | | | | .

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

Example 126: 2- (2 3-Difluoro-d- sethylbenzyl)-4,5- dihydroxyisophthalonitrile S
Usrng the procedure analogous to Example 54, 2- (2 3 drﬂuoro 4- methylbenzyl) -4- hydroxy-
5-methoxyisophthalonitrile (200 mg), prepared from 2-bromo-4-hydroxy-5- .
methoxyrsophthalomtrrle and 2-(2,3-d1ﬂuoro-4—methy1benzyl)‘-4,4,5,S-tetram'ethyl'-1,3,2-
dioxaborolane, was demelfhylated to give the title compound. Yield 30 mg

'H NMR (400 MHz, DMSO-dg) ppm 7.29 (s, 1 H) 7.02 (t, J=7.40 Hz, 1 H) 6.65 (t, J=7.28
Hz, 1 H) 4.16 (s, 2 H) 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-ds) 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)-2-(3-Cyclopentylprop-1-enyl)-4,5-dihydroxyisophthalonitrile

The title compound was prepared from 4-bromo-3,5- dlcyano 1,2- phenylene dracetate (300
mg) by the procedure analogous to Example 74 using as reactant trans-3-
cyclopentylpropen-l—ylboromc acid pinacol ester (285 mg) instead of 3;6-d1hydroi2H- o
pyran-4-boronic acid pinacol ester. Reaction conditions: 10 min at 140 °C. Yield 25 mg

'H NMR (400 MHz, DMSO-ds) ppm 7.24 (s, 1 H) 6:47 (s, 2 H) 2.21-2.32 (m, 2 H) 1:95 (m,
J=14.70,7.30, 730Hz 1H)170 186(m 2H) 1.56- 166(m 2H) 1.42-1. 54(m 2H)
1.13-1.27 (m 2 H)

E‘xarﬁple 129: 4 5’-"1")’ihyd'rm£y-2' (1:isobutyl-1H-pyrazol-4-yDisophthalonitrile

The tltle compound was prepared from 4-btomo- 3,5- dlcyano 1, 2 phenylene dlacetate (300

‘mg) by the procedure analogous to Example 74 using as reactant 1- -isobutyl- 4- -(4,4 5 5-

tetramethyl-1,3,2- droxaborolan 2- yl) lH-pyrazole 279 mg) instead of 3,6-dihydro-2H-
pyran-4-boronicacid pmacol ester Reactron condltrons 10 min at 140 °C. Yield 70 mg
'H NMR (400 MHz, DMSO- d6) 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, J=13.60, 6.90, 6.90 Hz, 1 H) 0.86 (d, J=6.53 Hz, 6 H)

Example 130: 2}(4;(i,6-Di'cyano-3,4-diliydroxyphenyl)-1H4pyraz01#1-yl)t acetic acid
The title compound was prepared from 4?bromo-3,5-dicyano-1,2~phenylene diacetate (310
mg) by the procedure anaiogous to Example 74 using as reactant (4—(4,4,5,5—tatramethyl—
[1,3,2]dioxaborolan-Z-yl)—pyraiol-1-y‘l‘)-acetic acid ethyl ester (121 mg) instead of 3,6-

dih_ydrof2H4pyrén-4-boronic acid pinacol ester. 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-ds) 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 Example 74 using as reactant 1-methyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolari-2-yl)-1H-pyrazole (90 mg) instead of 3,6-dihydro-2H- -
pyran-4-boronic acid pinacol ester. Redction conditions: 20 min at 150 °C. Yield 51 mg
1H NMR (400 MHz DMSO d6) ppm 8 08 (s 1 H) 7. 71 (s, 1 H)7.30 (s 1 H) 3.92 (s 3 H)

R I
L . ' R L '.-“, \"‘;

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 Example 74 using as reactant 3- -methoxy-1- propyn 1--
ylboromc acid prnacol ester (80 mg) 1nstead of 3,6- drhydro :2H-pyran-4- boromc acrd
pmacol ester. Reaction’ condmons 20 min at 150 °C Yield 36 mg

1H NMR (400 MHz DMSO d6) ppm 7.28 (s 1 H) 4 44 (s,2 H) 3.33 (br s, 3 H)

Er(arnpl.ev13.3- (E) 45 Hihydroxy-Z (2-(thiophen- 3-yl)vinyi)isophthalonitrile |

The title compound was prepared from 4-bromo-3,5- -dicyano-1,2- phenylene diacetate (100
mg) by the procedure analogous to Example 74 using as reactant trans-2- (throphen 3-
yl)Vlnylboronlc acid plnacol ester (95 mg) instead of 3,6- dlhydro 2H pyran 4- boronic acid
pinacol ester. Reactron condrtrons 20 min at 150 °C. Yield 59'mg"

'H NMR (400 MHz DMSO- ds) ppm 7. 74 (d, J=2.26 Hz, 1 H) 7. 62 (m J=4. 90 2. 90 Hz, 1
H)749(d J—502Hz 1H)726737(m 2H)708(d J=16.56 Hz, 1H) o

Example 134: (E)-2-(2-Cyclopropylvinyl)-4,5-dihydroxyisophthalonitrile
The title cor_npound was prepared from 4¥b'r0mo-3,5-dicyan0—1,2-phenylene diacetate (100

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 tl). The feaction mixture was stirred and microwave-irradiated for 60 min at 130
°C. 2 N NaOH was added and the reaction mixture was washed with toluene. The aqueous
phasé"Was ‘made ‘acidic by ‘adding HCL. The solid product was filtered, washed with water
and dried. Yield 166 mg |

'"HNMR (DMSO -dg) ppm 11. 0-11.8 (brs,2H)8.13 (br s, lH) 7.98 (d J=8. 28 Hz, IH) 7.56
(d J=8:36 Hz, IH) 7.52 (br s, lH) 7.36 (s IH) “ ‘ '

Example 136 34- Dlhydroxy -3 4’-d|methoxyb1phenyl 2,6- dlcarbomtrlle

3,4- Dlmethoxyphenylboromc acid (152 mg), palladlum(II) acetate (7 5 mg) and DBU (166
mg) were added t0 2- bromo 4,5- d1hydroxy1sophthalommle (200 mg) dissolved in ethanol
(r ml) and water (1 ml). The reactlon mixture was stlrred and microwave- 1rradlated for 10
min at 150 °C. The reactlon mixture was flltered through celite and the organic solvent was
evaporated 0.1M NaOH was added and the mlxture was washed with toluene and EtOAc.
The aqueous phase was made acxdlc by addmg HCL. The sohd product was flltered washed
with water and drled Yleld 100 mg .

'H NMR (DMSO d6) ppm 10:8-11.7 (br s, 2 H) 7 33 (s, IH) 7. 09 G J-8 36 Hz, 1H) 7. 09
(d J=2.04 Hz lH) 7.01 (dd J=8.28, 2. 04 Hz 1H) 3.93 (s, 3H) 3.79 (s, 3H)

Eiamble 137: 3;4-Dihydroxy-3’-iSopropylbiphenyl-2,6-dicai‘bonitrile

The title compound was prepared from 4-bromo-3,5-dicyano-1,2-phenylene diacetate (200
mg) and 3-isopropy1phenylborohic acid (122 mg) instead of 3,4,5-trifluorophenylbororic*
acid as described in Exa'mple 7:.'>Reactio:n 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

'H NMR (400 MHz, DMSO-de) 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, /=8.28 Hz, I H) 4.61-4.67 (m, 2 H) 3.21-3.27 (m, 2 H)

Example 139: 4,5-Dihydroxy-2-(6-methokynaphthalen-2-yD)isophthalonitrile

The title compound was prepared from 4-bromo-3;5-dicyanio-1,2-phenylene diacetate (200
mg) and 6-meth0)r)i-2¥naphthalenehorOnic acid (150 mg) instead of 3,4,5-
trifluorophenylboronic acid as described in Example 7. Reaction conditions: 45 min at 150
°C. Yield 64 mg- | |

'H NMR (400 MHz, DMSO-de) ppm 1.9 (5, 3 H) 6.96-8.22 (m, 7 H)

Example 140: 4,5fDihydroxy-2-(4-(hydroxymethyl)benzyl)isophthalonitrile

4-Br0mo-3 S- dlcyano 1, 2-phenylene dimethanesulfonate

Tnethylamme (17 0 ml) Was added to 2- bromo 4,5- dlhydroxyrsophthalonrtrlle (10 1g)in
1:1 mrxture of DCM and THF (100 ml) at 0 °C under nitrogen atmosphere.
Methanesulfonyl chloride (12. 92 g) was added slowly to the rnrxture followed by addition
of DMAP (O 52 2). Strrrmg was contmued at room temperature for 21 h and the mixture |
was concentrated 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 ml) and brine (150 ml), dried (Na2804) filtered and
concentrated. Yreld' 15.2 g The crude product was purrfled by flash chromatography
(EtOAc/n heptane) ‘The combrned fractions were concentrated to smaller volume and the
prec1prtate was frltered The precipitate was recrystallized from EtOAc and n-heptane |

(added to hot solutron)'and dried in vacuum at 50 °C.



10

15

20

25

30

WO 2013/175053 PCT/F12013/000026

75

'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-
yDoxy)methyl)benzyl)-1,3,2-dioxaborolane is described in Example 118. A mixture of
4.4.5,5-tetramethyl-2-(4-(((tetrahydro-2H-pyran-2-yl)oxy)methyl)benzyl)-1,3,2-
dioxaborolane (8.00 g), 4-bromo-3,5—dicyano-1,2-phenylene 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 under nitrogen atmosphere for 2 h. DCM (240 ml) 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 mi) and EtOAc (150 ml)
was added to ihie aqueous phase before adjusting pH to 7 with 15% HCI solution. The layers
were separated and the aquieous phase was extracted thrice with EtOAc (150 ml). The
combined organic phases were dried (Na,SO,), filtered and concentrated. The crude‘product
was recrystalhzed from ethanol (75 ml all d1d not dissolve). The prempltate was drled in
vacuum at 25 °C overmght Yield 2.74 g ' o

'H NMR (200 MHz, DMSO- ds) ppm 7.10-7:40 (m, SH) 4.50-4.70 (m, 2H) 4.30-4.45 «,
1H)398(s 2H)370385(m 1H)320355 (m, 5H)130 1.85 (m, 6H)

4,5-Di'ﬁydrd'xy:-2-(4;(hydrdxymethyl)ﬁénzyl)isophthalonitrilé

The pH-of a solution of 3 5-d}éyﬁnoé44(4‘-((’(tétrahydr0-2ﬁ-pyran-2—yl)oxy)methyl)benzyl)-
1,2- phenylene dlmethanesulfonate (4.60 g) in methanol (100 ml) was ad]usted to about 2 by
addltlon of 25% HCl solutlon in 1s0propanol (2 25 ml). More methanol. (50 ml) was added
but 3 5- dlcyano -4-(4- (((tetrahydro 2H- pyran—2 yl)oxy)methyl)benzyl) 1,2-phenylene |
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 aqheous solutioh
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
IH NMR (200 MHz, DMSO-dg) ppm 11.2 (br s, 1H) 6.9-7.3 (i, SH) 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), prepared from 2-bromo-4-hydroxy-5- _
methoxyisophthalonitrile and 2-(2,6-difluoro-3-methylbenzyl)-4,4,5,5- tetramethyl 1,3,2-
dioxaborolane, was demethylated to give the title compound. Yield 20 mg

'"H NMR (400 MHz DMSO d6) ppm 7 41 (s 1 H) 7.12-6.85 (m 2 H) 4.32 (s 2 H) 2.17 (s,
3 H) : . - - . o :

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

4,5-Diisopropoxy-2-(4- (triflubromethyl)phenylthio)isdphthaldr‘iit’rile “

4- (Trrﬂuoromethyl)thxophenol (0.28 g) was added to a mixture of 2-bromo- 4,5-
dnsopropoxylsophthalomtrlle (0.51 g) and cesium carbonate (2 equlv ) in DMF followed by
strrrmg at room temperature overmght ‘The reactron mixture was poured into cold water
and pH was adjusted to 12. The precipitate was flltered washed with water and dried in
vacuum. Yield 0.67 g

1H 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 1H)136(d 6H) 1. 31 (d 6H)

4 S-Dlhydroxy-Z -(4- (trlﬂuoromethyl)phenylthlo)lsophthalomtrlle ‘

To a mlxture of 4 5- dusopropoxy 2- (4 (trlfluoromethyl)phenylthro)lsophthalomtrlle (0. 3 g
1n DCM under mtrogen atmosphere was added 1 M boron tribromide solution in DCM (2-5
equlv.) 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; 2 M NaOH solution was added and the mixture was stirred for 30 min, washed with
EtOAc cooled and a01d1f1ed with HCI to give solid product whrch was filtered, washed
w1th water and dried in vacuum. Yield 0.16 g

'H NMR (400 MHz, DMSO-ds) ppm 7:68 (d, 2 H) 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-ds) 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, 3 H) 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-
diisopropoxyisophthalonitrile instead of 4,5-diisopropoxy-2-(4~ =~
'(triﬂil6fdﬁlethy1)pheny1thvid)’i'sx’dphth'al‘onitrile as described in Example 142. 2:(2.4-
Dlmethylphenylthlo) 4,5- dlhydroxylsophthalomtrlle was purlfled by chromatography Yxeld
80mg‘ L R S ‘ . o . .

1H NMR (400 MHz DMSO d6) ppm 734 (s, 1 H) 7. 09 (s 1 H) 6.94 (dd, 1 H) 6.70 (d, 1 H)
234(s 3H)223(s 3H) o

Eiamplé 144: Methyi 3-'(4k(Z,ﬁédiéyano’;3,4¥dihy(_ir0xyphéﬁylfﬁio)phenyl)propanoate

3-(-(2,6-Dicyano-3,4-diisopropoxyphenylthio)phenyl)propanoic acid

3- (4 42,6~ Dicya'no' 3.4- diisoproppxyphenylthiO)phenyl)propahOic aCid was prepared from 2-
bromo 4,5- dusopropoxylsophthalomtrlle (0 75 g) and 3- (4- mercaptophenyl)propanmc acid
(O 43 2 instead of 4- (tnﬂuoromethyl)th1ophenol as descnbed in Example 142. Yield 0.99 g
'H NMR (400 MHz DMSO ds) ppm 12.12 (br s, 1 H) 7.99 (s 1 H) 7.19-7.27 (m, 2 H)

7. 107 18(m 2H)482486(m 1H)474-483(m 1H)279(t 2H)251 256(m 2H)
132(d 6H)129(d 6H) S ‘ ’

Methyl 3:(4-(2,6-dicyano-3,4-diisopropoxyphenylthio)phenyl)propanoate
To a mixture of 3-(4-(2,6-dicyano-3,4-diisopropoxyphenylthio)phenyl)propanoic acid (1.0
g) in méthanol (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
(Na,SOy), 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-dicyane-3,4-dihydroxyphenylthio)phenyl)propanoate

The title compound was prepared from methyl 3-(4-(2,6-dicyano-3,4- |
diisopropoxyphenylthio)phenyl)propanoate (0.8 g) instead of 4,5-diisopropoxy-2- (4-
(trrﬂuoromethyl)phenylthro)rsophthalomtrrle as described in Example 142. Methyl 3-(4-

(2 6- drcyano 3; 4 drhydroxyphenylthlo)phenyl)propanoate was purlfred 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, 3 H)
2.81(t,2H) 2.61 (t,2 H)

Example 145: 4,5-Dihydro'Xy-21(p-tolyloxy)isophthalonitrile :

4 S-Dusopropoxy-z (p-tolyloxy)rsophthalomtrlle o

4 5- Dusopropoxy -2- -(p- tolyloxy)1sophthalomtrrle was prepared from 2- bromo 4,5-
dusopropoxylsophthalomtrrle (0.5 g) and p ~cresol (0.18 g) instead of 4- |
(trrfluoromethyl)thlophenol as described in Example 142. After addition of water, 4,5-
dusopropoxy—2 (p tolyloxy)lsophthalomtrrle was collected by filtration, washed with water,
and dried in vacuum. Yield 0.54 g ’

'H NMR (400 MHz DMSO- d6) ppm 7.97 (s, 1 H) 7.13-7.23 (m 2 H) 6.81-6. 91 (m, 2 H)

‘488(m 1H)479(m 1H)228(s 3H)132(d 6H)130(d 6H)

4 5- Dlhydroxy-2 (p- tolyloxy)lsophthalomtnle o
The trtle compound was prepared from 4,5- dusopropoxy -2-(p- tolyloxy)lsophthalonrtrlle
(0.3 g) instead of 4,5- -diisopropoxy-2-(4- (trrﬂuoromethyl)phenylthro)lsophthalomtnle as
described in Example 142. The product was further purified by extraction with EtOAc and
water Yield0.16 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)-4,5- dlhydroxylsophthalomtrlle

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 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-dg) ppm 7.81-7.90 (m, 1 H) 7.27-7.46 (m, 4 H) 7.20 (t, J=8.03
Hz, 1 H

Example 147: (E)44;5‘3D‘ih§droxy"-'2-‘(3-(tr'i'ﬂ.uoromethyl)styryl)isophtlralonitrile

Thie title comipound was prepared from 4-bromo-3,5-dicyano-1,2-phenylerie diacetate (200
iiig) by the procedure analogous to Example 74 lising as reactant tranis-2-(3-
triﬂuOrOmethylphenyl)vinylborohic acid pinacol ester (240 mg) instead of 3,6-dihydro-2H-
pyran 4-boron1c acid pmacol ester Reaction conditions: 30 min at 130 °C. Yield 46 mg

1H NMR (400 MHz, DMSO- -dg) ppm 7:93-8.01 (m, 2 H) 7. 65-7.77 (m, 2 H) 7.42 (s, 2 H)
7.37 (S, 1 H)

Example 148 (E) 4,5- Dlhydroxy 2- (4-methylpent- -enyl)lsophthalomtnle

The title compound was prepared from 4- bromo 3,5- dlcyano 1, 2- phenylene dlacetate (300
mng) and trans-4-methyl-1- pentenylboronrc acid (154 mg) instead of 3,4,5-
trrﬂuorophenylboromc acid as descrrbed in Example 7 Reaction condrtrons 10 min at 140
°C. Yield 40 mg ' |

1H NMR (400 MHz, DMSO-d6) ppm 11.19 (br s,2H) 7. 25 (s, 1H)6. 44 6.49 (m, 2 H)
2.14-2.19 (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- leluorostyryl) -4, 5. dlhydroxylsophthalomtrnle

The title compound was prepared from 4 -bromo-3,5- drcyano 1,2-phenylene diacetate (200
mg) by the procedure ‘analogou‘s to Example 74 using as a reactant trans-'2 -(3,5-
drﬂuorophenyl)v1ny1boromc acid prnacol ester (214 mg) instead of 3,6-dihydro- 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-ds) 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-

yl)methyl)phenyl)acetic acid, was demethylated to give the title co'mpound. Yield 490 mg

"H NMR (400 MHz, DMSO-ds) ppm 7.28 (s 1H)7. 19 (d J=8.03 Hz, 2 H) 7.10 (d, J=8.03
Hz, 2H)411 (s, 2H)3.51 (s, 2H)

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

Using the procediire analogous to Example 54, 2-(4-chlorobenzyl)-4-hydroxy-5-
methoxyisophithaloritrile (580 mg); prepared from 2-bromo-4-hydroxy-5-
methoxyisopﬁthaidnitrile and 2-(4-chlorobenzyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane,
was demethylated to' give the title compound. Yield 280 mg |

'H NMR (400 MHz, DMSO d6) ppm 7.36-7.43 (m 2 H) 7. 29 (S 1 H) 7.18 (d J=8.53 Hz, 2
H) 4.15 (s, 2 H) s

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

The title compound was prepared from 4-bromo-3,5- dlcyano 1,2- phenylene diacetate (1.63
g) and 4,4,5,5- tetramethyl -2- p tolyl- 1 3,2-dioxaborolane (1.10 2) instead of 3, 4 5-
mfluorophenylboromc acid as descrlbed in Example 7. Reaction condmons 120 min at 130
°C. Yleld021g - | | |
1H NMR (400 MHz DMSO -ds) 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 proceduréahaldgdtis to EX'ainple'54 3-(4-(2, 6§dicyano-3-hydroxy—4-
methoxybenzyl)phenyl)propanmc acid (100 mg), prepared from 3-(4-((4,4,5,5-tetramethyl-
1,3,2- dioxaborolan-2- yl)methyl)phenyl)propanmc acid and 2-bromo-4-hydroxy-5-
methoxylsophthalomtnle, was demethylated to give the title compound. Yield 12 mg

'"H NMR (400 MHz, methanol-ds) ppm 7.10-7.24 (m, 5 H) 4.20 (s, 2 H) 2.82-2.94 (m, 2 H)
251-2.65 (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-
(trifluoromethyl)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-dy) 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-2 (4-(trrfluoromethyl)styryl)1sophthalomtnle
Using the procedure described in Example 37 (E)-4-hydroxy-5-methoxy-2-(4-
(trrfluoromethyl)styryl)rsophthalonrtrrle (43 mg), prepared from 2-bromo-4- hydroxy 5:
methoxyrsophthalonrtrrle and trans 2- (4- (trrﬂuoromethyl)phenyl)vmylboronrc acrd was
demethylated to give the 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-D1hydroxy 2 (p-tolylsulfinyl)1s0phthalomtrlle o

The preparation of 4,5- drhydroxy -2:(p- tolylth10)1sophthalonrtrrle is described in Example
53.Toa mlxture of 4,5- drhydroxy -2:(p- tolylthro)lsophthalonrtrrle (O 15 g) in DCM was
added mCPBA (0 08 g) at0 °C After 2 h; the solvent was evaporated Chromatographlc
purrfrcatron gave the title' compound Yield 0. 1 g

lH NMR (400 MHz, DMSO- d6) pprn 7. 52 (m, 2 H) 7.37 (m, 2 H) 6.78 (s, 1 H) 2.35 (s, 3 H)

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

426- Dicyano-3- hydroXy-4'metn0xyphenylthio)benzoic acid

To a mixture of 3—bromo 2,4- drcyano -6- methoxyphenyl acetate (1.0 g) zinc (1.2 equiv.)
and p mercaptobenzom acid (0.62 g) i in DMF (20 ml) was added Pd(dppf)Clz complex with
CH,Cl, (1: 1) (0.9 equrv‘.). The stirred reaction was microwave-irradiated at 160 °C for 30
min after which water was added and solvents were evaporated. SM NaOH solution was

added to the residue and the nrir(ture was stirred for 30 min, extracted with EtOAc, filtered
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over pall filter, cooled and acidified with HCI 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 HCI to give solid product which was filtéred, washed -
with water and dried in vacuum. 4-(2,6- Drcyano -3.4- drhydroxyphenylthro)benzorc acid was
purrfred by chromatography Yield 0.2 g - '

'H NMR (400 MHz, DMSO-dj) ppm 7.87 (m, 2 H) 7.42 (s, 1 H) 7.19 (m, 2 H)

Example 158: 2-(4-Ethylp'he'rrylthio)-4,5-dihydr‘oxyisoph'thal(initrile

2- (4 Ethylphenylthlo) 4- hydroxy-S methoxylsophthalomtrlle

2 (4 Ethylphenylthro) 4- hydroxy -5 methoxyrsophthalomtrrle was prepared from 3 bromo-

2,4 drcyano -6- methoxyphenyl acetate (1 0 g) and 4- ethylthlophenol (0.5 ml) instead of p-
mercaptobenzorc acid as described i in Example 157. Yield 1.01 g

'H NMR (400 MHz DMSO -dg) ppm 7.26- 6.90 (m, 5 H) 3.71 (s 3 H) 2. 56 (g2 H) 1.15 (t,

3 H)

2-(4- Ethylphenylthlo) -4, 5. dlhydroxylsophthalomtrlle

The title compound was prepared from 2-(4- ethylphenylthro) 4- -hydroxy- 5-
methoxylsophthalomtrrle (0. 7 g) mstead of 4-(2,6- drcyano -3-hydroxy-4-
methoxyphenylthro)benzo_rc acid as described in Example 157. Yield 0.213 g |

'H NMR (400 MHz, DMSO-dg) pprﬁ 7.35 (s, 1 H) 7.20 (m, 2 H) 7.14 (m, 2 H) 2.57 (q, 2 H)
115 (6 3 H) o ) - : 5 S ,

Example 159: 2-(4-Chlorophe‘nylthio)-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-
methoxyphénylthio)benzoic acid as described in Example 157. Yield 0494 g
'H NMR (400 MHz, DMSO-ds) ppiti 7.34 (m, 2 H) 7.02 (m, 2 H) 6.40 (s, | H)

Example 160: 4,5-Dikiydroxy-2-(o-tolylthio)isophthalonitrile
The title compound was prepared from 3-bromo-2,4-dicyano-6-methoxyphenyl acetate (1.0
g) and 2-methylthiophenol (0.42 g) instead of p-mercaptobenzoic acid as described in
Example 157 followed by demethylatlon as described in Example 157. 4;5- :Dihydroxy-2-(o-
tolylth1o)lsophthalonltrlle was purlﬁed by chromatography Yield 0.31 g

'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
H) 2. 39 s, 3 mn

Errampie 1’61: Methyl 4‘-'(2,6-dicyano‘-3,4-dihydroXyp'henylthio)benzoate

The preparation of 4-(2,6-dicyano 3,4- dihydroxyphen’ylthio)bénzoio' acid is described in
Example 157. To 4- -(2,6- dlcyano -3,4- dlhydroxyphenylthro)benzow acid (1.0 g) 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 brine and water. The
organic phase was drled (Na,SOy), filtered and evaporated Yield0.73 g

1H NMR (400 MHz, DMSO- -dg) ppm 7.88 (m, 2 H) 741 (s, 1H)7. 21 (m, 2 H) 3.83(s,3H)

Example 162: 2-(2iChlorophénylthio)-4,5-dihydroxyiSOthhalonitrile -
To a mixture of 2-bromo-4,5-dihydroxyisophthalonitrile (0.4 g), zinc (1.2 equiv.) and 2-
ohlorothiophenol (0.19 ml) in DMF (20 ml) was added Pd(dppt)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 S M
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
022¢g

"H NMR (400 MHz, DMSO-ds) ppm 7.74 (m, 1 H) 7.41 (s, 1 H) 7.26 (m, 2 H) 6.70 (m, 1
H)

Examplé 163: Methyl 2-(2,6-dicyano-3,d-dihydroxyphenylthio)benzoate

The title compound wasprepared from 2-bromo-4,5-dihydroxyisophthalonitrile (0.9 g) and
ethyl thiosalicylate (0.63 g) instad of 2-chlorothiophenol as described in Exaimple 162.
Methy! 2-(2,6-dicyano:3,4-dihydroxyphenylthio)benzoate was purified by chromatography.
Yield 0.43 g

'H NMR {400 MHz, DMSO-dg) ppm 7.96-8.07 (m, 1 H) 7.45-7.51 (m, 1 H) 7.43 (s, 1 H)
7:.28-7.37 (m, 1 H) 6.57-6.68 (m, 1 H) 3.92 (s, 3 H)

Example 164: 2: (4 (2 6 chyano-3 4- dlhydroxyphenylthlo)phenyl)acetlc acid

The title compound was prepared from 2-brorio-4 5 dlhydroxyrsophthalomtrrle (0 9 g) and
4- mercaptophenylacetlc acid (0.63 g) 1nstead of 2- chlorothlophenol as descnbed in
Example 162. 2- (4 (2,6- Drcyano 3 4- dlhydroxyphenylthro)phenyl)acetrc acid was purrfred
by chromatography Yrcld 0. 36 g

1H NMR (400 MHZ DMSO ds) ppm 7.37 (s 1H)7.24 (m, 2 H) 7. 14 (m, 2 H) 3.55 (s, 2 H)

Example 165 2- (2 6- chyano 3 4- dlhydroxyphenylthro)benzonc acid

The preparatlon of methyl 2-(2, 6 dlcyano -3,4- dlhydroxyphenylthlo)benzoate is described in
Example 163. A mixture of methyl 2-(2,6-dicyano-3,4- drhydroxyphenylthlo)benzoate (O 3
g)and 2.5 M NaOH was stirred for 30 min aftér which solid materlal was filtered: The
flltrate was collected and made ac1d1c with 37% HCI to give solid product which was
filtered, washed with water and dried in vacuum. Yield O. 103 g

'"H NMR (400 MHz, DMSO- dﬁ) ppm 8. OO (m 1 H) 7.45 (s, 1 H) 7.38-7.48 (m 1H)7. 28
(m, 1H)657(d 1 H) |
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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)

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

The title compound was prepared from 2-bromo-4,5-dihydroxyisophthalonitrile (0.9 g) and
4- xﬁethoxyb'enzenethi-or (0.53 ) instead of 2-chlorothiophenol as described in Examplé 162.
4,5- Drhydroxy -2-(4- methoxyphenylthlo)rsophthalomtrrle was purified by chromatography

Yield 0.42 g

‘H NMR (400 MHz, DMSO ds) 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- dicyano 3.4- dihydroxybenzyl)phenyl)acetate

The preparatron of 2- -(4- (2 6- drcyano -3,4- drhydroxybenzyl)phenyl)acetrc acid is described
in Example 150 2- (4 (2, 6- Drcyano -3,4- drhydroxybenzyl)phenyl)acetrc acid (100 mg) was
esterrfred usrng thronyl chloride and methanol to give the title compound Yield 38 mg |
1H 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
,3H)

Example 169: 4,5-Dihydroxy-2-(3-methoxyphenylthio)isophthalonitrile

The title compound was prepared from 2 -bromo-4,5- d1hydroxy1sophthalomtrrle (1.0 g) and

3- methoxybenzcnethrol (0 64 2) 1nstead of 2- chlorothrophenol as dcscrrbed in Example 162.

4,5- Drhydroxy -2- (3-methoxyphenylthro)1sophthalomtr11e was purrfred by chromatography

Yreld 034 ¢ -

'H NMR (400 MHz, DMSO-dg) ppm 7.38 (s 1H)7.27 (m, 1 H) 6 84 (m, 1 H) 6.74 (m, 1
H) 6.67 (m, 1 H) 3.73 (s, 3 H)

Example 170: Methyl 4-(2,6-icyano-3,d-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, l'H) 3.85(s,3H) 1.34 (d, 6 H) 1.32 (d, 6 H)

Methyl 4-(2;6-dicyano-3;d-dihydroxyphenoxy)benzoate " *

The title compound was prepared from methyl 4-(2,6-dicyano-3,4-°
diisopropoxyphenoxy)benzoate (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-dg) ppm 7.98 (m, 2 H) 7.31 (s, 1 H) 7.09 (m, 2 H) 3.84 (s, 3 H)

Example 171: 4,5-Dihydroxy-2-(pyridin-4-ylthio)isophthalonitrile

4 5 Dusopropoxy-z (pyndm-4-ylthlo)lsophthalomtrlle

4, 5 Dnsopropoxy 2- (pymdm -4- ylthxo)xsophthalommle was prepared from 2-bromo 4, 5-
dnsopropoxyxsophthalomtrlle (0.25 g) and 4-mercaptopyr1d1ne (0.095 g) instead of 4-
(tfiﬂliorom"eth‘yl)thiophe'ﬁol as described in Example 142. After addition of wate, 4,5-
dnsopropoxy -2- (pyndm -4- ylthlo)lsophthalomtrlle was collected by flltratlon washed with
water, and dried i in vacuum Yield 0.22 g

'H NMR (400 MHz, DMSO-dg) ppm 8.43 (m, 2 H) 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-4-ylthio)isophthalonitrile
The title compound was prepared'from 4;5-diisopropoxy-2-(pyridin-4-
ylthlo)lsophthalomtrlle (0.21 g) instead of 4 \5- dusopropoxy -2-(4-

. (tr1ﬂuoromethy1)phenylthlo)lsophthalomtnle 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 (m, 1 H) 7.36-7.54 (m, 3 H)

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

The title compound was prepared from 2-bromo-4,5-diliydroxyisophthalonitrile (1.0 g) and
4-mercaptoberizonitrile (0.62 g) instéad of 2-chlorothiophienol as described in Example 162.
2-(4- Cyanophenylthlo) -4, 5 dlhydroxylsophthalomtrrle was purlfred by chromatography
Yield0.03g ' :

'H NMR (400 MHz, methanol-d) 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 4,5- drhydroxylsophthalomtrrle (0.8 g) and

2- naphthalenethlol (0.59 g) instead of 2- chlorothlophenol as described in Example 162. 4,5-
Drhydroxy 2 (naphthalen 2 ylthlo)rsophthalomtrlle was purrfred by chromatography Yleld

0.04 g ' R ‘

'H NMR (400 MHz, methanol-d) ppm 7.71-7.86 (m, 5 H) 7.42-7.52 (m, 2 H) 7.31 (m, 1 H)

Example 175: 2-(4~(2,6-Dicyano-3,4-dihydroxybenzyl)phenyl)-N,N-diethylacetamide
The preparatron of 2- (4 (2 6-dicyano-3, 4- drhydroxybenzyl)phenyl)acetrc acid 1s described
in Example 150. The title compound was prepared from 2-(4-(2,6- dicyano-3,4-
d1hydroxybenzyl)phenyl)acetrc acid (120 mg) and drethylamme in the presence of thronyl
chlorlde Yield 36 mg B

'"HNMR (400 MHz, methanol ds) pprn 7.12-7.29 (m SH)4.21,2 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-Ethylphenoxy)-4,5-dihydroxyisophthalonitrile
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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-ethylphenol (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-dg) 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-Ethylpheioxy)-4,5-dihydroxyisophthalonitrile |

The title compound was prepared from 2-(4-ethylphenoxy)-4,5-
diisopropoxyisophthalénitrile (0.29 g) instead of 4,5-diisopropoxy-2-(4-
(tr'iﬂu'oromethyl)phenylthio-)isdphthailonitrile as desctibed in Example 142. Yield 0.18 g

'H NMR (400 MHz, DMSO- d(,) ppm 731 (s 1) 7.19 (m, 2 H) 6.85 (m 2H)2.58 (q, 2 H)
1.17 (t 3 H) " : ’ a o ‘

Example 177 2- (4-Acetylphenoxy) 4,5- dlhydroxylsophthalomtrlle '

Thie title compound was prepared from 2-bromo-4,5- d11sopropoxylsophthalomtrrle (250 mg)
and 4 -hydroxyacetophenone (1 16 mg) mstead of 4- (trrﬂuoromethyl)throphenol as
descrrbed in Example 142 followed by demethylatlon as described in Example 142.
Reactron conditions for the reactlon of 2-bromo- 4,5- dnsopropoxyrsophtha]omtrrle with 4’
hydroxyacetophenone 1 d at room temperature and 1 d at 50 °C. 2- (4- Acetylphenoxy) 4 5-
dlhydroxyrsophthalomtrlle was purlﬁed by preparatrve reversed phase HPLC Yield 23 mg
‘H NMR (400 MHz, methanol ds) ppm 8. 03 8. 09 (m, 2 H) 7.26 (s, 1 H) 7 OO 7 06 (m, 2 H)
259G, 3H)

Eiémple ‘178:. 4,5-Dihydr0Xy-‘2-'(1-0Xo42,3-dihydro-1H-indenQS-lexy)isOphthalonitrile
The title cempound was prepared from 2-bromo-4,5- diisopropexyisophthalonitrile (250 mg)
and 5- hydroxy-l-mdanone (155 mg) instead of 4-(trifluoromethyl)thiophenol as descrrbed
in Example 142 followed by demethylation as descrrbed in Example 142. Reaction ’

conditions for the reaction of 2-bromo-4,_5-dusopropoxy1sophthalommle with 5-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 19mg ,

'H NMR (400 MHz, methanol- d4) 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 S-dicyano-'l ,2-phenylene diacetate (1.63
g) and ethyl 2-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetate (2. 19 g)
instead of 3 4, 5- trlfluorophenylboromc acid'as described in Example 7. Reaction
conditions: 120 min at 130 °C. Yield 1.12 g

' NMR (400 MHz; DMSO-d) ppm 7.26-7.49 (m, SH)3.68 (s;2H) '~~~ '

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

2:(2,4-Dimethylphenoxy)-4,5- dii;c;-op'ro'pbxyis‘ophthélonitrile |

2-(2, 4- Dlmethylphenoxy) -4,5- dusopropoxylsophthalomtrlle was prepared from 2- bromo—
4 5- dusopropoxylsophthalomtrrle (. 50 g) and 2,4- drmethylphenol 0.19 ml) instead of 4-
(trrﬂuorOmethyl)thlophenol as described in Example 142, except that the reaction mlxture
was heated at 60 °C for addmonal 2 h After evaporatlon of solvents and addition of 2M
NaOH solutlon 2-(2, 4- drmethylphenoxy) -4 5 dnsopropoxy1sophthalomtrlle was collected
by filtration, washed with watér; and dr1ed invacuum. Yield 0.52 g

'H NMR (400 MHZ DMSO- d6) ppm 7. 95 (s 1 H) 7 12 (m 1 H) 6. 94 (m 1 H)6.49 (m, 1
H)485493 (m 1H)475482(m lH)250(s 3H)225(s 3H)132(d 6H) 1.31(d, 6
H) s

2- (2, 4- Dlmethylphenoxy) -4,5- dlhydroxylsophthalomtrlle

The title compound was prepared from 2- (2,4- dlmethylphenoxy) 4 5-
dnsopropoxylsophthalomtrrle (0.529) instead of 4,5- dnsopropoxy 2- (4-
(trlfluoromethyl)phenylth10)1sophthalomtnle as described in Example 142. Yield 0.35 g
'H NMR (400 MHz, DMSO d6) ppm 7.30 (s 1 H) 7:10 (m; 1 H) 6.92 (m 1 H) 6 42 (m,
H)230(s 3 H)2.24 (s, 3H) '
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Example 181: 2-(4-Chlorophenoxy)-4,5-dihydroxyisophthalonitrile

2-‘(4-Chlorophenoxy)-4,5-diisopropoxyisophthalonitrile' ,
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-
d11sopropoxy1sophthalomtrrle (0.54 g) was collected by filtration, washed with water, and
dried in vacuum. Yield 0.54 g ' ,
'"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) 4.76-4.84 (m, 1'H) 1.33 (d, 6 H) 1.31 (d, 6 H)

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

The title compotind Was prepared from 2-(4-chlorophenoxy)-4,5-
diisopropoxyisoptithalonitrile (0.25 g) instead of 4,5-diisopropoxy-2-(4-
(trrﬂuoromethyl)phenylthlo)lsophthalomtrlle as described in Example 142. Yield 0.070 g
1H NMR (400 MHZ DMSO d6) ppm 7.40-7.45 (m 2 H) 7.30 (s 1 H) 6.98-7.04 (m, 2 H)

Example 182:4,5- Dlhydroxy -2- (4 (trlﬂuoromethyl)phenoxy)lsophthalomtnle
The title compound was prepared from 2-bromo-4,5- dusopropoxylsophthalomtrrle (500 mg)
and p- hydroxybenzotrrfluorrde (276 rng) instead of 4- -(trifluoromethyl)thiophenol as
described in Example 142 followed by demethylatron as described in Example 142.
Reaction conditions for the teaction of 2-bromo- 4,5 dusopropoxyrsophthalomtrlle with p-
hydroxybenzotrrfluorrde 4d at room temperature and 5 h at 50 °C 4,5- Dlhydroxy 2- (4—
(trrﬂuoromethyl)phenoxy)1sophthalon1tr11e 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) 7.33 (s, 1 H)
7.14:7.22 (m, 2 H)

Example 183: 4;5-'Dihydroky-'2_-(lH-’inden;3-yl)isr)phthalonitrile
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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-d,) 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:(Bromomeéthyl):4-hydroxy-5-methoxyisophthalonitrile

4-Hydroxy-5- méthéxy'*z' m"eth'ylis‘spﬁtharorﬁtrﬂe-(1 32 g), NBS (2:48 g), and AIBN (164
mg) in DCM (50 ml) were refluxed for 6 h 30 min. The reaction was allowed to cool
overmght to room temperature ‘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 pre01p1tate was frltered off. The filtrate was evaporated to dryness The crude product
Was chromatographed over srhca gel (EtOAc/heptane/AcOH) The compound was used
without further punfrcatron Yield 646 mg - ' N
'H NMR (400 MHz DMSO d6) ppm 11. 05 (br s, 1 H) 7.74 (s 1 H) 4.73 (s 2H)394 (s, 3
H)

4- Hydroxy-S methoxy -2- (morpholmomethyl)lsophthalomtrlle

Sodium hydride (60% in 011 116 mg), morpholine (0.25 ml), DMF ( 1 ml) were cooled in an
ice bath. 2- (Bromomethyl)-4 hydroxy -5- methoxyrsophthalomtrrle (365 mg) was added
dropw1se in DMF o ml) The mrxture was stitred for 15 min in an ice bath and 2 h 30 min
at room temperature The reaction was quenched with few drops of water. The mixture was
evaporated to dryness.’ EtOAc (25 ml) was added and insoluble materral was filtered off.
The filtrate was evaporated to dryness and the resulting residue was chromatographed over
silica gel (EtOAc/heptane/AcOH) Yield 148 mg

"H NMR (400 MHz, DMSO ds) ppm 11.79 (br s, 1 H) 7.62 (s, 1 H) 3. 90 (s,3H)3.61(s,2
H)351 -3.56 (m, 4 H) 2.40-2.46 (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 to room temperature. Ethanol was slowly evaporated by stream of air
until precrpltate formed. The mixture was Stirred in an ice bath filtéred and washed with -
few drops of ethanol; Yield 45 mg : |

'H NMR (400 MHz, DMSO-ds) ppm 9.98 (br 5,2 H) 7.07 (s 1 H) 443 (s,2 H) 3.69-3.98
(m 4H)339(brs 4H) | o | |

Example 185: 2:((Diethylamino)methyl)-4,5-dihydroxyisophthalonitrile hydrochloride

2- ((Dlethylammo)methyl) 4 hydroxy 5- methoxylsophthalomtrlle hydrochloride -

4: Hydroxy 5 methoxy -2- methyhsophthalonltrrle (188 mg) NBS (354 mg) and AIBN (41
mg) in EtOAc (10 ml) were refluxed for 2 h. The reactron was cooled i in an ice bath and
drethylamme (O 52 ml) i in mcthanol (10 ml) was added The rmxture was stlrred overmght at
room temperature and evaporated to dryness The resrdue was mixed with toluene and
evaporated to dryness The resultmg material was dissolved in EtOAc and cooled in an ice
bath: HCl in EtOAc was added dropwrse The precipitate was frltered and washed with cold
EtOAc. The crude product was recrystalhzed from EtOAc/ethanol Yield 180 mg

1H NMR (400 MHz DMSO- d6) ppm 8.69 (br s, 1 H) 7.81 (s, 1 H) 439 (s, 2 H) 3.96 (s 3
H)321 (q,4H) 1.33 (t 6H)

2-((Diéthylamino)methyl)-4,5-dihydeyis'ophthalonitrilé hydrochloride
2 '((Diethylamino)methyl’)‘4 hydr0xy‘5 metho:xyisophthalonitrile hydrochloride (170 mg)
and- acetonitrile (20 ml) were cooled to -20 °C. Boron tribromide (1.7ml, 1 M in DCM) was

added dropwise to the mixtire. The reaction was allowed to warm overmght 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. 1 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 HCI in EtOAc was added dropwise. The precipitate was
filtered and washed with cold EtOAc. Yield 20 mg

'H NMR (400 MHz, DMSO-dg) 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 S-Dlhydroxy-z ((2- hydroxyethyl)ammo)methyl)lsophthalomtrlle
hydrochlorlde (1 1) '

4-Hydroxy-2-((2-hydroxyethyl)amino)methyl)-5-methoxyisophthalonitrile
4-Hydroxy-5-methoxy-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.
Ethanolalnine (0.18 ml) was dissolved in methanol (10 ml)'and added to the mixture. The
reactlon mixture was stlrred for 2 h at room temperature and evaporated to dryness The
res1due was trlturated w1th EtOAc and methanol Yield 47 mg '

1H NMR (400 MHz, DMSO -de) ppm 8.68 (brs, 1H)7.14 (s, L H) 5. 04 (brs, 1 H) 4.63 (5, 2
H)363(s 3 H) 3.57- 365(m 4H)

4 5QDihydroxy-i;(((2-hydroﬁ(yethyl)ahine)methyl)isophthalonitrile hydrochloride
(1:1)

4- Hydroxy -2- (((2-hydroxyethyl)ammo)methyl) -5- methoxylsophthalomtrxle (47 mg),
aluminum chlonde (76 mg) and sodlum iodide (57 mg) in acetomtrlle were reﬂuxed for 2 h.
The reaction was cooled and quenched with 2 N HCI (1ml). The organic 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 solntion was treated with 1 M HCI in EtOAc in an ice bath. The

product was filtered. Yield 18 mg
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lHi NMR (400 Msz, DMSO-ds) ppm 11.21 (brs, 1 H)9.94 (brs, 1 H) 9.29 (brs, 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-hydroxypropyl)isophthalonitrile

4-Hydroxy-2-(3-hydroxypropyl)-5-methoxyisophthalaldehyde -
5-(3—Hydroxypropyl)-2-methoxyphenol (4.51 g) and hexamethylenetetramine (7.29 g) in
AcOH (50 ml) were refluxed for 8 h. Concentrated HCI (9.1 ml) was added and the mixture
was refluxed for 2 h. Brine (50 ml) was added and the mixture was extracted thrice with
DCM (75 ml). The combined or'ganiciphaSes were dried (Na,SO,) 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

4-Hydroxy-2-(3-hydroxypropyl)-5-methoxyisophthalonitrile
4-Hydroxy-2-(3-hydroxpropyl)-5-methoxyisophthalaldehyde (8.86 g), hydroxylamine
hydrochloride (1.75 g) and anhydrousisodium acetate (12.20 g) in formic acid (50 ml) were
refluxed for 5 b, The feaction mixture was evaporated to dryness. Acetone (100 ml) was
added to the residue and insoluble material was filtered off. The filtrate was evaporated to
dryness. THF (100 ml), dcetic anhydride (18.99 g) and triethylamine (51.9 ml) was added.
The réaction 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 adjusted to about 1 with concentrated HCI. The aqueous phase
was extracted thrlce with' EtOA¢ (100 ml) and the combined organic phases were washed
wrth brine (25 ml). “The organlc phase was extracted twrce with 2N NaOH (75 ml). The
combrned aqueous phases were cooled i in an ice bath and pH was ad]usted to about 1 with
concentrated HCL. The precrprtate was frltered and washed with cold water. Yield 870 1 mg
1H 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 -2.87 (m, 2 H) 1.68-1.77 (m, 2 H) -

4,5-Dihydroxy-2-(3-hydroxypropyl)isophthalonitrile
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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
HCl 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 s, 1 H) 3.45 (t,
J—632Hz 2H)271294(m 2H)155180(m 2H) '

Example 188: 2-Amino-4,5-dihydroxyisophthalonitrile

3.(Benzylamino)-2,4-dicyanc:6-methoxyphenyl tert-butyl carbonate

Sodium hydride (248 g) and benzylamine'(11.29'ml) in toluene (50 ml) were heated at 70
°C for 15 min under nitrogen atmosphere. The mixturé was cooled in an ice bath and
sz(dba)j(O 14'g), rac-2,2’-bis(diphenylphosphino)-1, 1’-binaphthalene (0.23 g) and 3-
bromo 2,4- dlcyano -6- methoxyphenyl tert- buty] carbonate (3.65 g) were added The mlxture
was heated at 85 °C for 3 h and then cooled in an ice bath. 4 N HCI was added to the
mlxture and the mlxture was extracted thrice with EtOAc The combined orgamc phases
were washed thrlce w1th brine, drled (Na,SOy), filtered and evaporated to dryness The
resxdue was triturated W1th hot 75% ethanol ‘and cooled it an ice bath The product was
fxltered off and washed Wlth 50% ethanol Yield 2.96 g : l 2
'H NMR (400 MHz DMSO ds) ppm 7.47 (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 (s 9H) '

27(Benzylamino){4-hydi'OXyQS-inethokyisephthalonitrile _
34kBerizylaﬁljno)-2,4-dicyah0-6:-meich6)syphehyl tert-butyl carbonate and DCM (40 ml)
were Stirred'at rdom temperature; Phdspherie acid (2:1 g, 85%, aq.) was added and the
reaction mixture stirred at 40 °Czluhtil"th'e' reaction was 'compieted. The mixture was cooled
in an ic’elbath‘ The solvent Was’decanted and’ the residue was Washed with cold DCM The
remainder was triturated with 10% ethanol and cooled 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-dg) 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, J=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 o color change was seen. The organic phase was separated. The aqueous phase
was extracted thrice with EtOAc. The organic phases were combined, washed with brine,
dried (Na;SO,), filtered and evaporated to dryness. Heptane (9 ml) and EtOAc (1 ml) was |
added'and heated to reflux; The cride product was flltered from the hot solutron and
chromatographed over silica gel. Yield 160 mg - |

'H NMR (400 MHz, DMSO-ds) pprmi 10.98 (br s, 1 H) 9.7 (br s, 1 H) 6.97 (5, 1 H) 5.85 (s, 2

Example 189: 4,5-Dihydroxy-2-(pyrrolidin-1-yDisophthalonitrile

tert-Butyl 2 4‘dicyan'o" 6-methoxy-3-(pyrrolidin- -1-yl)pheny! carbonate

Usmg the procedure analogous to Example 188, 3-bromo 2, 4 -dicyano-6- methoxyphenyl
tert—butyl ‘carboniate (l .06 g) was converted to tert-butyl 2,4- dlcyano -6- methoxy -3-
(pyrrolldm 1 yl)phenyl carbonate The crude product was trrturated with hot ethanol Yleld
1.03 g

'H NMR (400 MHz DMSO- d6) ppm 7. 53 (s, 1 H) 3. 77 (s 3 H) 3. 68 3.73 (m, 4 H) 1. 88-
196(m4H)140(s 9H) :

4-Hydroxy- S-methoxy-Z"'(pyrrolid‘i:n-l yl)isophthalonltrile

Us1ng the procedure analogous to Example 188 tert- butyl 2,4-dicyano-6-methoxy- 3-

(pyrrohdm—l yl)phenyl carbonate (530 mg) was converted to 4-hydroxy-5- methoxy-2- |

(pyrrolidin-1- yl)rsophthalonrtnle Yield 260 mg

1H NMR (400 MHz, DMSO-dg) ppm 11.48 (br s, 1 H) 7.34 (s 1 H) 3.80¢(s,3 H) 3.70 (t,
640Hz4H)188193(m 4H) ' ‘ ‘
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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-
ylisophthalonitrile was converted to 4,5-dihydroxy-2-(pysrolidin-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 HCI 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-Dimethylmorpholino)-4,5-dihydroxyisophthalonitrile

tert-Butyl :2,'4-'dic‘yano4'3'-(2;6-‘dimétliylrnorpholino)-6-methoXyphenyl carbonate
Using the procedute analogous to Example 188, 3-bromo-2,4-di¢yano-6-methoxyphenyl
tert-butyI carbonate (706 mg) was converted to tert-butyl 2,4-dicyano-3-(2,6-
dimethylmorpholino)-6:methoxyphenyl carbonate. Yield 159 mg ~

'H NMR (400 MHz, DMSO-dg) ppm 7.69 (s, 1 H) 3.82 (s, 3 H) 3.67-3.77 (m, 2 H) 326 (4,
J—ll 29HZ 2H) 294 (dd J—ll 80 10.04 Hz, 2H) 1. 40(S 9H) 1.11 (d J-'6 27 Hz, 6H)

2- (2 6 Dlmethylmorpholmo) 4 hydroxy-S methoxylsophthalomtrrle

Usrng the procedure analogous to Example 188, tert butyl 24- drcyano -3- (2 6-
drmethylmorphohno)-6-methoxyphenyl carbonate (159 mg) was converted to 2-(2,6-
dimethylnrorpholino)44‘ih'ydroxy 5- rnethorryisophthalonitrile To‘isolate the crude product
from the reaction mixture, brine was ‘added. The mixture was extracted thrice with EtOAc.
The comblned organrc phases were dned (Na2804) filtered end evaporated to dryness
Yield 139 mg B o

1H NMR (400 MHz, DMSO- d6) 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-Dimethylmorp'holin('))'-il,s-dihydroﬁ(yisophthalonitrile
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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-d) ppm 11.41 (brs, 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‘analog0us to Example 188, 3-bromo'-2,4-dic3rano-6-methoxyphenyl
tert-buty] carbonate (706 mg) was converted to tert-butyl 2,4-dicyano-6-methoxy-3-
morpholinophenyl carbonate. The crudé product was crystallized from ethanol. Yield 312
'H NMR (400 MHz, DMSO-ds) ppm 7.70 (s, 1 H) 3.83 (S 3 H) 3.69-3.77 (m, 4 H) 3.28-
334(m4H)140(S9H) » L A

4- Hydroxy -5: methoxy 2- morpholmorsophthalomtrlle

Using the procedure analogous to Example 188, tert-butyl 2,4- dtcyano -6- methoxy—3-
morphohnophenyl carbonate (3 12 mg) was converted to 4-hydroxy-5-methoxy-2-
rnorpholmmsophthalonltrlle The crude product was triturated with diethyl ether Yield 109
mg

'H NMR (400 MHz DMSO-dg) ppm 11. 76 (brs 1 H)7. 49 (s, 1 H)3.85 (s, 3 H) 3.71 (t,
J=4.02 Hz, 4 H) 3.28 (t, J=4.52 Hz, 4H) |

4 5-Dihydroxy-2-rnorpholin‘()isophthalonitril'e

Usmg the procedure analogous to Example 188, 4- hydroxy -5-methoxy-2-
morpholmmsophthalonltnle (109 mg) was converted to 4.5- d1hydroxy -2-
morpholmorsophthalomtrlle 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 concentrated HCl The precipitate was filtered and washed thrice with

cold water. Yield 26 mg
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'H NMR (400 MHz, DMSO-dg) ppm 10.91 (brs, 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—brom0-2,4-dicyano-6-mcthoxyphenyl
tert-butyl carbonate (1.41 g) was converted to tert-butyl 2,4-dicyano-3-(isopropylamino)-6-
metﬁoxyphenyl carbonate. The crude product was chromatographed over silica gel using
heptane/EfOAc $olvent 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)376(s 3H)1.40 (s, 9 H) 1. 21 (d, J=6.27 Hz, 6 H) "’

4-Hydroxy-2-(isopropylanino)-5-methoxyisophthalonitrile

Using the procedure analogous to EXampIe 188, tert- butyl 2,4 ’di‘cya'n'o 3-(isopropylamino)-
6- methoxyphenyl carbonate (535 mg) was converted to 4- hydroxy-2 (1sopropylam1no) 5-
methoxyrsophthalomtrrle Yield 265 mg o ‘ '

"H NMR (400 MHz, DMSO-ds) ppm 11. 57 (brs, 1 H) 7.39 (s 1 H) 4.94 (d J—9 29 Hz 1
H)409(rn1H)379(s 3H)120(d J=6.27 Hz, 6H) | ' C

4, 5 Dlhydroxy 2- (1sopropylammo)lsophthalomtrlle

Usmg the procedure analogous to Example 188, 4- hydroxy 2 (1sopropylamrno) -5-
methoxyrsophthalomtnle (250 mg) was converted to 4 5- drhydroxy 2-
(1sopropy1armno)rsophthalomtrrle The crude product was chromatographed over silica gel
usmg heptane/EtOAc solvent mrxture contamlng 0.05% TFA. Yield 175 mg

lH NMR (400 MHz, DMSO dﬁ) ppm 11 29 (brs, 1 H) 9.98 (brs, 1'H)7.04 (s, 1 H)471 (d,
J—903Hz 1H)394406(m IH) 1. 18(d J-627Hz 6 H)

Example 193: 4,5-Dihydrox'y"-'Z_-(3Q'rnetlioxyf)ropylamino)isophthalonitrile

tert-Butyl 2,4-dicyano-6-methoxy-3-(3-methoxypropylamino)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, J=5.90 Hz, 1 H) 3.74 (s, 3 H)
3.58 (q, /=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)

21-Hydfoxy-S-methoxy-2-(3-methoxypropylamino)isophthalonitrile

Using the procedure analogous to Example 188, tert-butyl 2,4-dicyano-6-methoxy-3-(3-
methoxypropylamino)phenyl carbonate (320 mg) was converted to 4-hydroxy-5-methoxy-
2:(3-methoxypropylaminio)issphthalonitrile. Yiéld 188 mg

' NMR (400 MHz, DMSO-ds) ppm 11.51 (C: 6. 1H)7.34 (s, 1 H) 5.89'(t, J=5.90 Hz, 1 H)
376(8 3H)357(q,1—653HZ 2H)342(t J—602HZ 2H)323 (s, 3H) 1. 81 (m, 2H)

4,5-Dihydroxy-2-(3-methoxypropylamino)isophthalonitrile

Us’i"ng' the prdcedlife analogbljs to' Exarnple 188, 4- h'ydrole 5-methoxy-2-(3-
methoxypropylammo)1sophthalomtnle (188 mg) was converted to 4,5-dihydroxy-2-(3-
methoxypropylam1no)1sophthalomtnle The product was triturated with toluerie/EtOAc

(1: 1) mlxture Yield 57 mg o

1H NMR (400 MHz, DMSO dg) ppm i1. 20 (br 5, 1 H) 9. 82 (br s, 1 H) 6 99 (s 1 H) 5. 68 (br
s, 1 H) 3.53 (q, J=6.02 Hz, 2 H) 3.41 (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- methoxylsophthalaldehyde

4- Methoxybenzene 1 \3- diol (2.00 g) was dissolved in TFA (50 ml).
Hexamcthylenetetramme (8.00 g) was added and the reactlpn mixture was heated under
reflux for 6 h. TFA was evaporated and 4 M HCI (60 ml) was added. The mixture 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 (brs, 1 H) 10.30 (s, 1 H) 10.10 (s, 1 H) 7.50 (s,
1H)3.84 (s,3 H)

(1E,1’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. Yield0.41 g

'H NMR (400 MHz, DMSO-dq) ppm 11.68 (s, 1 H) 11.11 (s,'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-methoxyisophthalonitrile
(1E,1’E)-2,6-Dihydroxy-3-((E)-(hydroxyimino)methyl)-5-methoxybenzaldehyde oxime
(0.41 g) was dissolvéd in acetic anhydride (20 ml). The mixture was refluxed for 4 h after
which it was allowed to cool to roofn temperature. Toluene and water were added and
solvents were evaporated. After stirring with ice, the solid was filtered, washed with water
and dried. The solid was dissolved in methanol (10 ml). Sodium methylate (1.68 ml, 21%
solution in methanol) 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 w1th concentrated HCL
The mlxture was extracted w1th EtOAc washed with water and brme The orgamc phase |
was drled (Na2804) flltercd and evaporated Yield 0.32 g o '

1H NMR (400 MHZ DMSO ds) ppm 11.69 (bl’ s, 1 H) 11. 52 (br s, 1 H) 7 45 (s 1 H) 3 81
(s 3 H)

2 4, 5-Trlhydroxylsophthalomtrlle

Sleve dry acetonitrile (20 ml) was cooled in an ice bath Aluminum chloride (210 mg) was
added slowly to the solvent so that ter‘nperature was kept below 30 °C. The mixture was :
strrred at room temperature for 10 min. Sodium iodine (158 mg) was added and the solution
was stirred for 15 min. 2 4—Drhydr0xy -5- methoxyxsophthalomtrrle (100 mg) was added and
the reaction mixture was‘ heated at 50 °C for 45 mrn‘after which it was allowed to cool to
room temperature 2 M HCI (10 ml) and sodium sulfate (50 mg) were successively added to

the reaction mrxture The mixture was extracted with EtOAc. The organic phase was
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washed twice with 2 M HCI, twice with water and once with brine. The organic phase was
dried (Na,SOy), 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 % catridge. The solution was filtered and pumped twice
through H-Cube system with a flow rate of 1 ml/min. The collected solution was
evaporated. Yield 30 mg '

'H NMR (400 Mz, DMSO-dj ppm 11.09 (br s, 2 H) 7.23 (s, 1 Hy 2.78'(q, 2 H) 1,19 (t, 3
H)

Lo

Example 196 3,4-Dihydroxy-4’-methoxybiphenyl-2,6-dicarbonitrile

To a mixture of 2- br'o’mO'-:4" 5‘-'dih‘ydrb):(yisdphthalenitrile (200 mg) and 4-
methoxyphenylboromc amd (127 mg) in ethanol (1 ml) and water (1 ml) was added
palladium(II) acetate (7 5 mg) and DBU (120 mg). The stirred reaction was microwave-
irradiated for 10 mm at 150 °C. The hot reaction mixture was flltered After cooling, the
ﬁltrate was acidified w1th 1 MHCI (1 'ml). Recrystalhzatlon was carried out with ethanol (1
ml) The solid was filtrated and washed with water-ethanol 2:1. Yield 72 mg

'H NMR (400 MHz, DMSO-ds) ppm 11 23 (br s,2 H) 7.37-7.45 (m 2 H) 7.33 (s 1 H)
702712(m2H)383(s 3H) o | | '

Exdmple 197: 3,4-Dihydroxy-_3’-'(morphoiine-4-carb0nyl)‘biphenyl-2,6-dicérbonitrile

2’ 6’-D1cyano 3’-hydroxy-4’-methoxyblphenyl -3-carboxylic acid v

To a mixture of 2-bromo-4- hydroxy-S methoxylsophthalomtrlle (500 mg) and 3-
carboxyphenylboromc acid (426 mg) in ethanol (3 ml) and acetonitrile (6 ml) was added
bls(trxphenylphosphme)palladmm(II) chloride (76 mg) and 2 M sodium carbonate (3 ml).
The reaction mixture was microwave-irradiated for 10 min at 150 °C. 1 M NaOH (30 ml)

was added and the mixture was stirred er 2 h. Ethanol and acetonitrile were evaporated.



10

15

20

25

30

WO 2013/175053 PCT/F12013/000026

103

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 0vemight at room temperature. The reaction mixture was poured
into icé (50 8) and 1 M 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- Dihydioxy'3’ (morpholine-4-carbonyl)biphenyl-2,6-dicarbonitrile

To a dry mixture of 3- hydroxy -4- methoxy -3 (moxpholme -4- carbonyl)b1phenyl 2,6-
dlcarbOnltnle (70 mg) in DCM (5 ml) under nitrogen atmosphere was added 1 M boron
trlbromlde solution in DCM (0.96 ml) at -10 °C. The reaction mixture was warmed slowly
to room temperature with stlrrmg for'3 h. The reaction mixture was poured into methanol (1
ml)/ice mixture. The solid was filtrated and washed with water. Yield 30 mg

'H NMR (400 MHz, DMSO-dg) ppm 11.26 (bt s, 2 H) 7.447.70 (m, 4 H) 7.37 (s, 1 H)
3.453.75(m,8H) |

Example 198: N-Butyl-2",6'-dicyano-3",4’-dihydroxybiphenyl-d-carboxamide

2" ,6’-Dicyano- 3’-hydroxy-4’-methoXybiphenyl-4-carboxylic acid

To a mixture of 2-bromo-4- -hydroxy-5-methoxyisophthalonitrile (500 mg) and 4-
carboxyphenylboromc ac1d (329 mg) in ethanol (3 ml) and acetonitrile (6 ml) was added
bls(trlphenylphosphme)palladlum(II) chloride (76 mg) and 2 M sodium carbonate (3 ml).
The reaction mixture was microwave-irradiated for 10 min at 150 °C. 1 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
HCIl 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, 1 H) 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 h at room 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 HC], 1 M sodium
hydrogen carbonate, water and brine. The washed organic phase was dried (Na,SOy),
filtered and evaporated to dryness: Yield 100 mg '

'H NMR (400 MHz, DM-SO;ds) ppm 8.58 (m, 1 H) 7.88-8.03 (m, 2 H) 7.75 (s, 1 H) 7.51-
7.65 (m, 2 H) 3.96 (s, 3 H) 3.25:3.28 (m, 2 H) 1.47-1.59 (m, 2 H) 1.35 (m, 2 H) 0.91 (¢, 3
N-Butyl-‘z’,6"-dicyan'os’,4"-diiiydrbxybipheny1-4';carboxamide |

To a dryv mixture of N-butyl-2’,6’-dicyano-3’-hydroxy-4’-methoxybiphenyl-4-carboxamide
(90 mg) in DCM (5 ml) under nitrogeri atmosphere was added 1 M boton tribromide
so‘lutien in DCM (1.23 ml) at —’10 °C. The’reaCfion mixture was warmed slowly to room
temperature with stirring for 3 h. The reactron mixture was poured into methanol

(1 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)749770(m 2H)737(s 1H)326 332(m 2 H) 1.46- 164(m 2H)127 144(m 2
H) 0. 92 (t 3 H) '

Example 199: 2-(3,3-Dimethylbutyl)-4,5-dihydroxyisophthalonitrile

‘The prep‘aration of (E)-2-(3,3-dimethylbut- 1-enyl)-4,5-dihydroxyisophthalonitrile is

described in Example 28. ‘(E)-2-’(3‘,3-Dimethylbut- 1-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-dg) 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 coriverted to tert-butyl 2,4-dicyano-6-methoxy-3-
(piperidin-1- yl)phenyl carbonate. The crude product was trrturated with hot 90% ethanol
Yield 145 mg e ‘ ' '

'H NMR (400 MHz, DMSO-ds-chloroform-d) ppm 7.43 (s, 1 H) 3.83 (s, 3-H) 3.23-3.42 (m,
4 H) 1.70-1.80 (m, 4H)160 1 70(m 2H)143(s 9H)

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

Using the procedure analogous to Example 188, tert- butyl 2,4- drcyano -6-methoxy-3-
(plperrdm 1-yl)phenyl carbonate (140 mg) was converted to 4- hydroxy -5-methoxy- 2-
(piperidin 1-yl)isophthalonitrile. To isolate the crude product from the reaction mixture, |
water was added. The mixture was extracted thrice with EtOAc. The orgamc phase was B
dried (NaZSO4) filtered end evaporated to’ dryness Yield 54 mg

'H NMR (400 MHz, DMSO=dg) | ppm 11.62 (s, 1H) 744 (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-Dihydroxy-2-(piperidin-1-yl)isophthalonitrile

Using the proceddre anaiogous'to Example 188, 4-hydr0xy-S-methoXy-Z-(piperidin-1-
yl)isophthaionitrile was converted to‘4,5-dihydroxy-Z-(piperidin—1 -yDisophthalonitrile. The
erude ‘product was dissolved in 2 M'NéiOH and washed with EtOAc. Concentrated HCl was
added and the aqueous phase evaporated to dryness. The residue was triturated with
toluerie/EtOACc/AcOH (8/3/3) and CDCls. Yield 10 mg | "

'H NMR (400 MHz, methanol-ds) ppm 7.05 (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-methoxypheny! 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 (t, 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-(Hexylamino)-4-hydroxy-5-methoxyisophthalonitrile

Using the procedure'analogous to Examiple 188, tert-butyl 2,4-dicyano-3-(hexylamino)-6-
methoxyphenyl carbonate (320 mg) was converted to 2-(héxylamino)-4-hydroxy-5-
methoxyisophthalonitrile. Yield 251 mg

1H NMR (400 MHz, DMSO-dg) ppm 11.49 (br's, 1 H) 7.3 (s, 1 H) 5.81'(t, J=5.90 Hz. 1 H)
3.77 (s, 3 H) 3.48 (q. J=6/69 Hz, 2 H) 1.49-1:59 (m, 2 H) 1.26 (br 5,6 H) 0.85 (t, J=6.53
Hz, 3 H)

2- (Hexylammo) 4 5- dlhydroxylsophthalomtrlle B

Using the procedure analogous to Example 188, 2- (hexylammo) -4- hydroxy 5-
methoxylsophthalomtrrle (251 mg) was converted to 2- -(hexylamino)-4,5-
d1hydroxy1sophtha1omtrlle The crude product was triturated wrth heptane/EtOAc (5/2)
solvent mrxture Yield 36 mg _ ‘ ,,
1H NMR (400 MHz, DMSO- ds) ppm 11.24 (brs 1 H)9.81 (brs, 1 H) 6.97 (s 1 H) 5.61 (t.
J=6.32Hz, 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-(Cycl()hexylamino)-‘4,5'-.dihydroxyisr')phthalonitril'e '

tert-Butyl 2,4-dicyano-3-('cy‘cvlohexylénﬁvh())-6-meth0xyphenyl‘ cérbonéte :
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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, J=10.54 Hz, 2 H) 1.66-1.74 (m, 2 H) 1.56 (d, J=12.30 Hz, 1 H)
1.39 (s, 9 H) 1.13-1.37 (m, 5 H)

2-(Cyclohexylamino)-4thdronyS-methoxyisophthalbnitrilé

Using the procedure analogous to Example 188, tert-butyl 2,4-dicyano-3-
(cyclohexylamino)-6-methoxyphenyl carbonate (257 mg) was converted to 2=
(cyCIO‘heXylamino)—4‘—hydroxy-5-methoxyisophthalonitrile. To isolate the crude product
from the reaction'mixture, the mixture was évzipdrated to dryness. Water was added. The
mixture was extracted thrice with EtOAc. The organic phases were dried (NaiS‘O4), filtered
end evaporate'd to drynéss. Thé crude product was chromatographed over silica gel
(toluene/EtOAc). Yield 94 mg

'H NMR (400 MHz, DMSO-ds) ppm 11.58 (br's, 1 H) 7.37 (s, 1 H) 4.99 (d J=8.78 Hz, 1
H)378(s 3H)366 375(m 1H)186 196(m 2H)165 174(m 2H)156(d J=10.29
Hle)111141(m5H) A

2- (Cyclohexylammo) 4, 5 dlhydroxylsophthalomtrlle

Usmg the proccdure analogous to Example 188, 2- (cyclohexylammo) -4- hydroxy-S-
ethoxylsophthalomtrlle (85 mg) was converted to 2- (cyclohexylamino)-4,5-

dlhydroxylsophthalomtnle "The crude product was triturated w1th heptane/EtOAc (3/1)

solvent mixture Yield 19 mg ' ’

'H NMR (400 MHz, DMSO- d6) ppm 11 27 (br s, 1 H)9.95 (br s, 1 H) 7.03 (s; 1 H) 4 78 (d

J—903Hz 1H)365 (brs,lH)190(m 2H)165 1.73 (m, 2 H) 1. 56(d J=11.80 Hz, 1 H)

1.19-1.35 (m, 5 H)

Example 203: 4,5-Dihydroxy-2-(2-methoxyethylamino)isophthalonitrile

tért-Butyl 2,4-dicyan0-6-rﬁethoxyA3-(Z-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, J=6.27 Hz, 1 H) 3.75 (s, 3 H)

3.65 (q, J/=5.60 Hz, 2 H) 3.51 (t, J=5.63 Hz, 2 H) 3.25 (s, 3 H) 1.39 (5, 9 H)

4-Hydr0xy-5-methoxy-24(2-methoxyethylamin0)isophthalonitrile ‘

Using the procedure analogous to Example 188, tert-butyl 2,4-dicyano-6-methoxy-3-(2-
methoxyethylamino)phenyl carbonate (400 mg) was converted to 4-hydroxy-5-methoxy-2-
(2-methoxyethylamino)isophthalonitrile. 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, 1 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)

4,5-Dihydrdxy-2-(2-methdxyethylamino)isophthalonitrile

Using the pf0cedﬁre analogo{ié 0 Example 188, 4-hydroxy-5-methoxy-2-(2-
methoxyethylam1no)1sophthalomtrlle (40 mg) was converted to 4,5- dlhydroxy -2- (2-
methoxyethylam1no)1sophthalomtrlle The crude product was triturated with toluene/EtOAc
(4/1) solvent mixture. Yleld 18 mg

'H NMR (400 MHz, methanol a'4) ppm 6 99 (s 1 H) 3.71 (t, J—l 00 Hz, 2 H) 3.59 (t, J-l 00
Hz,2H)3.39(s,3H) '

Example 204: 2-(4-Benzylpiperidin-1-y))-4,5-dihydroxyisophthalonitrile

3A(4-Benzylpiperidin-1-yl)-2,4-di¢yano;6-methoxyphenyl tert-butyl carbonate

Using the procedure analogoiis to EXample 188, 3-bromo-2,4-dicyano—6-methoxyphenyl

te-rt-butyllcarbon'ate (706 mg) was converted to 3-(4-benzylpiperidin-1-yl)-2,4-dicyano-6-
methoxyphenyl 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-5-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 water was added. The product was filtered and washed with ice cold water. Yield 267
mg

'H NMR (400 MHz, DMSO-dj) ppm 11.64 (brs, 1 H) 7.44 (s, 1 H) 7.26-7.32 (m, 2 H)

1. 18723(m 3 H) 3.83 (s, 3H)333339(m 2H)3093 19(m 2H)257 (d J=6.78 Hz,
2 H) 1.66 (m, 3H)134(m 2H) :

2-(4-Benzylpiperidin-1-yl)-4,5-dihydroxyisophthalonitrile

Using the procedure analogous to Example 188, 2-(4- benzylplpendln 1-y1)-4- hydroxy 5—
methoxylsophthalomtrlle (269 mg) was converted to 2- (4 benzylplperldln 1-yl)-4, 5-
dlhydroxylsophthalomtnle The crude product was crystallized from heptane/EtOAc (10/1).
Yield 80 mg B '

'H NMR (400 MHZ DMSO d6) ppm 11. 31 (br 5, 1 H) 10.60 (brs, 1 H) 7.25-1.33 (m, 2 H)
7. 16-7.25 (m, 3H)708(s 1H)330(d J=1. OOHZ 2H)3 12 (t, 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-(p¢htam3-ylamino)isophthélldnitrile

tert-Butyl 2,4-di¢yano-6-meth0xy-3-(pentan-3-ylamino)phenyl carbonate

Using ’the: procedufe ahalogous to‘Example 188, 3;bromo—2,4-dicyano-6—meth0xyphenyl
tert-butyl carbonate ('706' mg) was converted to tert-butyl 2,4-dicyano-6-methoxy-3-(pentan-
3-ylamiho)phehy1 carbonate. The crude product was Chfomatographéd over silica gel- using

heptane/EtOAc solvent mixtue. Yield 709 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, 1
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)isophthalonitrile

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 -

'H NMR (400 MHz, DMSO-dg) 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-(pentan-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-dihydrOXy—Z-(pentan%-
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 dg) ppm 11.29 (br s, 1 H) 10. 28 (br s, 1 H) 7.02 (s, 1 H)4.73
(d, J=10.04 Hz; 1 H) 3.75 (dt, J=10.16, 5.96 Hz, 1 H) 1.46-1.59 (m, 4 H) 0.88 (t, J=7.40 Hz,
6 H)

Ethple 206: (E)-2-(4AEthylbenzylideneamino)-4,5-dihydroxyisophthalonitrile

The preparation of 2- amino-4,5- dihydroxyisophthalonitrile is described in Example 188. 2-
Amino- 4 5- d1hydroxy1sophthalommle (100 mg) 4- ethylbenzaldehyde (306 mg) and ethanol
(4 ml) were mlcrowave 1rrad1ated for 15 min at 125 °C. The mlxture Was evaporated to
dryness and the residue was tnturated with heptane The product was filtered and washed
with heptane Yield 4mg =~ = = |

'"H NMR (400 MHz, chloroform-d) ppm 8.52 (s, 1 H) 7.88 (d, J=7.78 Hz, 2 H) 7.33 (d,
]: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)

Example 207: (E)-4,5;Dih’ydroxy-z-(4-methoxybenzylideneamind)isophthal(mitrile
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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-Fluorobenzylideneamino)-4,5-dihydroxyisophthalonitrile
The preparation of 2-amin6-4,5-dihydroxyisophthalonitrile is described in Example 188. 2-
Amino-4.5-dihydroxyisophthalonittile (100 mg), 4-fluorobenzaldehyde (283 mg) and
ethanol (4 ml) Were microwave-irradiated for 30 min at 130 °C; The mixture was
evaporated to dryness and the remainder was triturated with heptane/EtOAc (3/1) The
product was crystallrzed from heptane/EtOAc 3/1). Yield 56 mg | ‘ '

'H NMR (400 MHz, DMSO-de) ppm 11;03‘(br 5,2 H) 8.71 (s, 1 H) 8.05 (dd, J=8.66, 5.65
Hz, 2 H) 7.48 (t, /=9.03 Hz, 2 H) 7.28 (s, 1 H)

Exainple 209: 4,5-Diliydroxy-2-tosylisophthalonitrile

4 S-Dusopropoxy 2 (p tolylthlo)rsophthalomtnle

4 5-Dnsopropoxy-2 (p-tolylthlo)1sophthalomtr11e was preparéd from 2 brorno 45- .
dnsopropoxylsophthalomtrrle (0 25 g and 4- methylbenzenethlol (0 11 g) 1nstead of 4-
(trlﬂuoromethyl)throphenol as descrrbed in Example 142, except that the reaction mixture
was heated at 60 °C for addrtronal 2'h: After addition of water, 4,5- dnsopropoxy -2- (p-
tolylthro)1sophtha10n1tr11e was collected by frltratron washed with water and drred in
vacuum. Yield0.28 g o _ |

'H NMR (400 MHz, DMSO-dg) ppm 7.99 (s, 1 H) 7'.'08‘-‘7.'24’(11'1, 4 H) 4.82-4.93 (m, 1 H)
4.72-4.85 (m; 1 H) 2.27 (s, 3H) 133(d, 6H)1.29 (d, 6 H)

21';5.-DiiSoprop'oxy-Z-tosylis'ophthaloni'tri‘le‘
To a mixture of 4,5-diisopropoxy-2-(p-tolylthio)isophthalonitrile (0.27 g) in DCM (4 ml)
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 title compound was prepared from 4,5- diisopropoxy-2-tosylisophthalonitrile (0.29 g)
mstead of 4,5- dusopropoxy -2- (4 (tnﬂuoromethyl)phenylthlo)1sophtha10mtrlle as descrxbed
in Example 142. Yield 0.08 g I ‘ B

1H NMR (400 MHz DMSO- -dg) ppm 7. 90 (m 2'H)7.53 (m 2H)7. 33 (s, 1 H) 241 (s3 H)

EXample 210: 4-(2,6-Dicyano-3,4-dihydroxyphenoxy)benzoic acid

4-(2, 6- chyano 3 4- dnsopropoxyphenoxy)benzonc acid

4- (2,6- chyano -3.4- dnsopropoxyphenoxy)benzmc acid was prepared from 2- bromo 4, 5-
dl;‘SOpropoxy1sophthalommle (0.25 g) and 4-hydroxyben201c acld (0.11 g) instead of 4-
(friﬂuoromethyl)thioi)héno:]' as deséribed in Examp]_e 142, except tﬁat 3 equivalents of | ‘
éesium carbonate Was uéed and the reaction mixture was heated:at‘éO °C for 35 h. After
addition of water and 37% HCl until pH was acidic, 4-(2,6-dicyano-3,4-
diisopropoxyphenoxy)bénzoic acid was collected by filtration, washed with water, and
dried in vacuum. Yield 0.24 g

'H NMR (400 MHz, DMSO- dﬁ) ppm 12.5-13.3 (br s, 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,-l H) 4.77-4.85 (m, 1 H) 1.34 (d, 6H)131(d,6H)

4-(2,6-Dicyaﬁb-3,4-dihydroxyphénoxy)benzoic acid ‘
The title compound was prepared from 4-(2,6—dicyano-3,4-diisopropoxyphenoxy)benzoic
acid (0.24 g) instead of 4,5-diiSopr'opox.y-Z-(4-(triﬂuoromethyl)phenylthio)isophthalonitrile
as described in Example 142. 4-(2,6-Dicyano-3,4-dih‘ydroxyphenoxy)bénzbic acid was
purified by chromato graphy. Yield 0.050 g

' 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-ylthio)-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-mercaptobenzothiazole (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% HCI until pH was acidic, 2-
(benzo[d]thiazol-2-ylthio)-4,5-diisopropoxyisophthalonitrile was collected by filtration,
washed with water, and dtied in vacuum: Yield 0.27 g .

'H NMR (400 MHz, DMSO-dg) ppm 8.19 (s, 1 H) 7. 96-8.08 (m, 1 H) 7.82-7.91 (m, 1 .H)
750(m 1H)741 (m 1H)492501 (m 1H)483 489(m IH) L. 35(d 6H) 1.33 (d 6

2-(Benzo[d]thiazol-2-ylthio)-4,5-dihydroxyisophthalonitrile

The title compotnd was prepared frém 2-(Benzo[d]thiazol-2-ylthio)-4,5-
dusopropoxy1sophthalomtnle (0.26 g) instead of 4,5- dnsopropoxy -2- (4-
(trlﬂuoromethyl)phenylthlo)lsophtha]omtrlle as described in Example 142. 2-
(Benzo[d]thlazol -2- ylthxo) -4,5- dlhydroxylsophthalomtnle was purlfxed by chromatography
Yleld 0. 035 g e ' ' ‘
1H NMR (400 MHZ CD3OD) ppm 7 85 (m 2 H) 7 49 (m, 1 H) 742 (s, 1 H) 7 39 (m 1 H)

Example 212: 2-(4-Fluorophenylthio)-4,5-dihydroxyisophthalonitrile

2-(4- Fluorophenylthio)' 4,5- d'iiskoprop’oxyis"()phthaloni'tri.le

2-(4- Fluorophenylthlo) 4,5- dusopropoxy1sophthalomtrlle was prepared from 2-bromo-4,5-
dusopropoxy1sophtha]on1trlle (0. 30 g) and 4-fluorobenzenethiol . 10 ml) 1nstead of 4--
(tnﬂuoromethyl)thlophenol as described in Example 142. After addition of water, 2-(4-
ﬂuofophenylthio)-4,5-diisoproﬁoxyisoohthaloniiriie was collected by filtration, washed ’
with water, and dried in vacuum. Yield 0.33 g

3 | NMR (400 MHz, DMS'O-d6)’ppm 8.00 (s, 1 H) 7.29-7.39'(m, 2 H) 7.16-7.29 (m, 2 H)
4.84-4.89 (m,v 1 H)4.71-4.84 (m, »1‘ H) 1.32(d, 6 H) 1.29 (d, 6 H)
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2-(4-Fluorophenylthio)-4,5-dihydroxyisophthalonitrile 4

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-
Fluorophenylthio)-4,5-dihydroxyisophthalonitrile was purified by chromatography. Yield
0.11g

'H NMR (400 MHz, DMS'O-d6) ppm 11.0-12.2 (brs 2 H) 7.35 (s, 1 H) 7.26-7.32 (m, 2 H)
7.18-7.25 (m, 2 H)

Example 213: 2-(Biphenyl-4-ylmiethyl)-4;5-dihydroxyisophthalonitrile
2.(Biphenyl-4-ylmethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolarie (655 mg), Pd(dppf)Cla
complex with CH,Cl, (1:1) (0.09 equiv.)-and sodium hydrogen'carbonate (4 equiv.) were
successively added to a mixture of 2-bromo-4,5-diisopropoxyisophthalonitrile (650 mg) in
acetonitrile, ethanol and water. The reaction mixture was microwave-irradiated for 3-4 h at
130 °C. Af‘ter'cooling‘,"E‘tO‘rAclwas added and the mixture was filtered through celite. The
orgamc phase was washed wrth 1 M NaOH solution, water and brine, dried (Na,SO,),
frltered and evaporated to dryness The resrdue was purrfred by reversed phase column
chromatography to yield 2- (brphenyl -4- ylmethyl) -4,5- dnsopropoxyrsophthalomtrrle Toa
mrxture of 2- (brphenyl 4- ylmethyl) -4,5- drrsopropoxyrsophthalomtrrle in DCM under
nrtrogen atmosphere was added 1 M boron trrbromrde solutron in DCM 2.5 equrv )at0°C.
The reaction mixture was stirred at 0 °C for 1-2 h and poured into methanol After
evaporatron of the solvent, 4 M HCI solution was added and the mixture was strrred for 30
min at 0 °C to’ give solid product whrch was' frltered washed with water and dried in =~
vacuum. Yield 217 mg o | | .

'H NMR (400 MHz, DMSO ds) ppm 1151 (brs 1H) 11.02 (brs, 1 H) 7.59-7.66 (m 4 H)
742748(m 2H)732 738(m 1H)731 (s 1H)724729(m 2H)420(s 2H) o

Example 214: 2 (4 Chloro-2-methylbenzyl) -4,5- dlhydroxylsophthalomtrlle '
The title compound was prepared from 2—brom0 4,5- dnsopropoxyrsophthalomtrrle (650 mg)
and 2-(4-chloro-2- methylbenzyl) 4.4.5,5-tetramethyl-1,3,2- dioxaborolane (1072 mg)



10

15

20

25

30

WO 2013/175053 PCT/F12013/000026
115

instead of 2-(biphenyl-4-ylmethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane as described in
Example 213. Yield 187 mg

"H NMR (400 MHz, DMSO-ds) 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-
(biphenyl-4- ylmethyl) 4 4,5,5- tetramethyl 1,3,2-dioxaborolane as described in Example B
213 Yield 111° mg ’

'H NMR (400 MHz, DMSO=dg) ppm 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) 643 (dd, 1'H) 4.16 (s, 2 H) 2.75 (g, 2 H) 1.22 (t, 3 H)

Example 216: 2-(2;3-Dihydro-1H:inden-5-yloxy)-4,5-dihydroxyisophthalonitrile

The title compound was prepared from 2-bromo-4,5-diisopropoxyisophthalonitrile (400 mg)
and 5-indanol (183 mg) instead of 4-(trifluvoromethyl)thiophenol as described in Example
142 followed by demethylati‘(')n'ai“s described in Example 142, Reaction conditions for the
reactlon of 2 bromo 4,5- dusopropoxyrsophthalomtrlle with 5-indanol: 3 d at room
temperature 2- (2 3-Drhydro 1H-inden-5- yloxy) -4,5- drhydroxyrsophthalonrtrrle was
purrfred by reversed phase columin’ chromatography Yield 150 mg

'H NMR (400 MHz, DMSO- d6) ppm 10.97 (br s, 2 H) 7.27 (s, 1 H) 7.17 (d 1H)6.77(d, 1
H)667(dd1H)282(q,4H)197207(m 2H) ‘

Example 217 Enantlomer A and enantromer B of 4, 5 dlhydroxy -2- (p-
tolylsulfinyl)rsophthalomtrlle ' ‘

The preparation of 4,5- drhydroxy -2- (p tolylsulfmyl)1sophthalomtrlle is described in
Example 156. Sulphoxrde enantlomers of 4,5-dihydroxy-2- (p-tolylsulfrnyl)lsophthalonltrrle
were separated using preparatrve chrralpak IC column with isoctatic elution 25% ethanol
(0.2% TFA) in n-hexane_ (©. 1% TFA) wrthv a flow rate of 20 rnl/rmrr. Retentron time of

enantiomer A: 9.99 rrrin'.-Retentron'time of enantiomer B: 21.03 min.

Exaimple 218: 2-((Cyclohexylimethyl)amino)-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)

2-((Cyclohexylmethyl)amino)-4-hydroxy-5-methoxyisophthalonitrile

Using the procedute analogous to Examiple 188; tert-butyl 2,4-dicyano-3-
((cyclohexylmethyl)arinio)-6-methioxyphenyl carbonate (355 mg) was converted to 2-
((cyélohexylmethyl)arﬁiho)-4'—hydroxy-5-methoxyisophthalonitrile. Yield 156 mg

'H NMR (400 MHz, DMSO-ds) ppm 11.50 (br s, 1 H) 7.32 (s, 1 H) 5.84 (t, J=6.02 Hz. 1 H)
377 (s, 3 H) 3.36 (t, J=6.53 Hz, 2 H) 1.70 (1, J=12.92 Hz, 4 H) 1.51:1.64 (m, 2 H) 1.09:
1.25 (m, 3 H) 0.82-0.97 (m, 2 H)

2- ((Cyclohexylmethyl)ammo) 4 5. dlhydroxylsophthalomtrlle

Usmg the procedure analogous to Example 188 2 ((cyclohexylmethyl)ammo) 4- hydroxy-
5- methoxyxsophthalomtrlle (156 mg) was converted to 2- ((cyclohexylmethyl)ammo) 4, 5-
d1hydroxylsophthalomtrlle The crude product was trlturated w1th toluene/EtOAc (3 2)
Yield 65 mg o '
'H NMR (400 MHz, DMSO-dg) ppr 11.19'(br s, 1 H) 9.81 (br s, 1 H) 6.98 (s, 1 H) 5.60 (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, 2H)105 125(m 3H)082 0.98 (m, 2H)

MS—ES m/z 272 (M+1) '

Example 219: 4;5-Diﬁydro§y-‘2-(4;phénoxyphenylthio)isophthalcnitrile' :

2-(4;Hyd'rOXyphe'nyl'thio)-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- d11sopropoxy1sophthalomtrrle was collected by filtration, washed
with water, and dried in vacuum. Yield 0.27 g

'H NMR (400 MHz, DMSO-ds) ppm 9.81 (br s, 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 mixture of 2-(4- hydrbxypﬁe'n§1tﬁio) “4,5-diisopropoxyisophthalonitrile (0.1'g),’
copper(II) acetate (0. 05 £2), trrethylamme (0 19 ml)'in DCM (2 5 ml) contammg 47
molecular sievers (0.1 g) was‘added phenylboromc acid 0.21 g) in portlons ‘After stlrrmg
for 14°d at room tempe‘ratu're‘, the pr'oduct was extracted to EtOAc and washed with 1 M
HCI, 1 M NaOH, briné, and water: The organic phase was collected, dried (Na;SOy), and -
filtrated. The solvent was évaporated to yield 4,5-diisopropoxy-2-(4-

_ phenoxyphenylthro)1sophthalon1tr11e (0.090 g). The title compound was prepared from 4,5-

dusopropoxy-Z (4 phenoxyphenylthlo)1sophthalon1tr11e mstead of 4 5 -diisopropoxy-2- (4-
(trrﬂuoromethyl)phenylthlo)rsophthalomtnle as described in Example 142.4 5—D1hydroxy—
2- (4-phen0xyphenylthro)1sophthalomtrrle was purrfred by chromatography Yreld 0.1 1 g
1H NMR (400 MHz DMSO- d6) ppm7 36- 7 43 (m 2 H) 732 (s 1 H) 7. 25 7 31 (m 2 H)
7 12720(m 1H)695 705(m 4H) o

E'xample 220: 4',5-Dihydrax"y;'z-(pyridih-3;y1)isophthalonitrile |

4, 5 Dnsopropoxylsophthalomtrlle , ,

A flask was charged with 4,5- d1hydroxy1sophthalomtnle (1 29 g) potassrum carbonate '
(3 34 g), 2- 10dopropane (2. 41 ml) and DMF (20 ml). The mixtare was stirred at 85 °C for
6.5 h. The mrxture was stirred overmght at room temperature. Another portion of 2-
1odopropar1e (0.80 ml) was addéd and the mrxture was stirred at 85 °C for 6 h. The mixture
was allowed to cool to room ter_nperature. Water and EtOAc were added. The aqdeous

phase was extracted with EtOAc. The combiried organic phases were washed with 1 M
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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(Il) acetate (0.011 g), 2-
ethylhexanoic acid (0.016 ml), xylenes (3 ml) and 3-bromopyridine (0.12 ml). Air
atmospherc was femoved and the sealed reaction vessel was heated to 130 °C and stirred for
22 I The réaction rixture was allowed to cool to room temperature and then diluted with
EtOAc. The mixture was filtered through a pad of celite and solvents were removed in
reduced pressure. The crude product was purrflcd with column chromatography (SiO,, 20-
50% EtOAc/heptane). Yield 0.14 g

'H' NMR (400 MHz, chloroform-d) ppm’ '8.70-8.80 (m, 27 H) 7. 83 (m, 1 H) 7.47 (m, 1 H)
737(d1H)495(m1H)465(m1H)l45(d 6H)1.42(d, 6 H) ‘

4 5 Dlhydroxy 2- (pyrldm 3-yl)1sophthalomtrlle '

The title compound was prepared from 4, ,5- dusopropoxy -2- (pyndm -3- yl)rsophthalomtrrle
(O 14 g) instead of 4, 5 dnsopropoxy -2-(4-(trifluoromethyl)phenylthio)isophthalonitrile as
descrrbed in Example 142. 4 S- Dlhydroxy 2 (pyrrdm -3-yl)isophthalonitrile was purrf;ed by
chromatography Yield 0.039 g o

'H NMR (400 MHz DMSO d6) ppm 11.0-12.0 (brs, 2 H) 8 70 (m, 2 H) 7.97 (m 1 H) 7.58
(mlH)739(slH) ' '

Example 221: 4,5-Dihydroxy-2-(4-(2,2,2-trifluoroethybenzyl)isophthalonitrile

Methyl 4-(2,2,2-trifluoroethylbenzoate

1,1,1-Trifluoro-2-iodoethane 55 ), xantphos (1.6 ), Pdy(dba); (1.3 g) and cesium
carbonate (36.2 g) were added to a solution of 4- (methoxycarbonyl)phenylboromc acid (5 g)
in 1 4- dxoxane (75 ml) and water © ml) under argon atmosphere. The reaction mixture was

heated at 80 °C for 24 h. The reactlon was quenched with water and the mixture extracted
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with EtOAc. The organic layer was washed with brine, dried (Na,SO4) and concentrated
under reduced pressure. The crude product was purified by flash chromatography. Yield
456 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 (q, J=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
suspension' of lithium aluminum hydride (2.3 g) in THF (100 ml) at 0 °C. The reaction
mixture was stirred for 1 h'at room temperature and then the reaction was quenched with
saturated aqueous sodium sulfate solution. The reaction mass was filtered through celite.
The filtrate was evaporated td“remove THE extracted with EtOAc and washed with water.
The orgdnie 15y'ef ’was’dried (FN'aZS(f);;) 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- (Chloromethy])-4 2,2 2-tnﬂuoroethyl)benzene

Phosphorus pentachlorrde (8.2 g) was added in portions to a solutlon of (4-(2, 2, ,2-
trlﬂuoroethyl)phenyl)methanol (5 g) in chloroform (100 rnl) at 0 °C. After stirring for 1 hat
0 °C the reactron mixture was ‘pouted into cold’ Water and extracted with DCM. The organic
layer was dried (NazSO4) and concentrated under vacuum. Yield'5.2' g o

'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,]—104Hz 2H) ‘

44,5 5-Tetramethyl 2 (4 (2 2 2- trlfluoroethyl)benzyl) 1,3,2- dioxaborolane

A flask containing magnesrum (9.0 g) 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 4,4,5,5- tetramethyl 1,3,2-dioxaborolane
(16.3 ml) was added slowly A solution of 1-(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 temperature 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 (q, J=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-trifluoroethyl)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 to a solution of 2-bro‘mo-4-hyd‘roxy-5-methoXyisophthaiOnitrile (210 rng) in
ethanol (1 ml) and water (10 ml) under nitrogen atmosphere and refluxed for 4 h. The
reaction mixture was filtered through celite, The filtrate 'was evapotated to drynéss: The
ctude reaction mass was acidified with 1 N HCI and extracted with DCM. The organic layer
was dried (Na;SO,) and concentrated under reduced pressure. The product was purified by
flash chromatography. Yield 88 mg® “ '

' NMR (400 MHz, chlotoform-d) ppm' 7.35 (d, J=8.0 Hz, 2 H) 7.23 (d, J=8.0 Hz, 2 H)
'7‘.‘21?-(s," 1 H)'6.70 (br s, 1 H) 4.31 (s, 2 H) 3.97 (s; 3 H) 3.33 (4, /=10.8 Hz, 2 H)' |

4 5- Dlhydroxy-Z (4 2, 2 2-tnfluoroethyl)benzyl)lsophthalomtrlle o

A solution of boron tribromide in DCM (3 M, 2.5 ml) was added to a solution of 4- -hydroxy-
5-methoxy-2- (4-(2,2,2- tr1ﬂuoroethyl)benzyl)1sophthalomtr11e (88 mg) inDCM (10 ml) atQ
°C. The reaction mixture was stlrred at room temperature for 3 h The reaction was
quenched wrth methanol and the mixture evaporated to dryness The crude product was
treated w1th water and extracted with EtOAc. The orgamc layer was drled (Na;;_SO4) and
concentrated under reduced pressure Yield 60 mg '

'H NMR (400 MHz, DMSO- d6) ppm 7 28-7.33 (m, 3 H) 7 17 (d J=8.0 Hz 2 H) 4.14 (s

H) 3. 59 (q, J-IO 8 Hz, 2 H) '

Example 222: 4,5-Dihydroxy”-z-(4;inethyl-2-(triﬂuo'romethyl)benzyl)isbphthalonitrile |

Methyi 4:-br'0m'(’)'-2-'(triﬂuoromethyl)benante
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4-Bromo-2-trifluoromethyl benzoic acid (25 g) was dissolved in methano! (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, /=8.0 Hz, 1 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-’(triﬂuoromethyl)benz'oate
(20.0'g) in'1,4-dioXane (500 ml) under argon atmosphere. Thé reaction mikture was heated
at 120 °C for 18 h. The mixture was diluted with water and extracted with EtOAc. The
organic' layer was washed with water, dried (Na;SOy) and ‘concenfrated at 40 °C under
vacuum The crude product was‘purified by column chromatography. Yield 12.4 g

'H NMR (400 MHz, chloroform-d) ppm 7.71 (d, J=8.0 Hz, 1 H) 7.55 (s, 1 H) 7.40 (d, J=8.0
Hz,1H)3.92(s,3H)245(s,3H) "~

(4-Methyl 2- (tnﬂuoromethyl)phenyl)methanol

(4 Methyl -2 (trrfluoromethyl)phenyl)methanol was prepared usmg the procedure descrrbed
in Example 221 startmg from methyl 4- methyl 2- (trrﬂuoromethyl)benzoate (24 0 g) Yleld
17 9 g '

TH NMR (400 MHz chloroform—d) ppm 7.56 (d, J=8.0 Hz, 1 H) 7 45 (s 1 H) 71435 (d ]—8 0
Hz, 1H)481 (s, 2H)240(s 3H) 1. 82(brs lH) o

1- (Chloromethyl) 4- methyl 2- (trlfluoromethyl)benzene

1- (Chloromethyl) -4- methyl 2 (trrﬂuoromethyl)benzene was prepared using the procedure
descrlbed in Example 221 startmg from (4 -methyl-2- (trlﬂuoromethyl)phenyl)methanol
(289 g) and phosphorus pentachlorrde (79 0 g2). Yield24.1g

'H NMR (400 MHz, chloroform-d) ppm 7.50 (d, J=8.0 Hz 1 H) 7. 47 (s, 1 H) 7.37 (d J—8 0
Hz,lH)472(s 2H)272(s 3H)

4,4,5,5-T_etramethyl-Z-(4-methyl-2-(triﬂuoromethyl)benzyl)-1,3,2-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
g). 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 (s, 3 H) 1.17 (s, 12 H)

4-Hydroxy-5-methoxy-2-(4-methyl-2-(trifluoromethyl)benzyl)isophthalonitrile
4-Hydroxy-5-methoxy-2-(4-methyl-2-(trifluoromethyl)benzyl)isophthalonitrile was
prepared using the procedure described in Example 221 starting from 2-bromo-4-hydroxy-
5-methoxyisophthalonitrile (0.40 2 and 4,4,5,5- tetramethyl-2-(4- “methyl-2-(trifluoromethyl)
benzyl)-1,3;2-dioxaborolane (O 71 g) The crude product was purrfled by ﬂash
chromatography. Yield 33 mg o B o "

'"H NMR (400 MHz, DMSO-ds) ppm 7.54 (s, 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, 2 H) 3.63 (s, 3 H) 2.34 (s, 3 H)

4 5-D1hydroxy-2 (4-methyl -2- (tnfluoromethyl)benzyl)lsophthalomtrlle

The tltle compound was prepared usmg the procedure described in Example’ 221 startlng'
from 4- hydroxy -5- methoxy-2 (4 methyl 2 (trrﬂuoromethyl)benzyl)1sophthalon1tr11e (33
mg). Y1eld22mg S L _
1H NMR (400 MHz, DMSO d6) ppm 7.60 (s, 1 H) 7 34 (d J=8.0 Hz 1 H) 7 28 (s 1 H) |
656(d J=8.0 Hz, 1H)427 (s 2H)235 (s, 3H)

Example 223: 4,5-Dihydroxy-2-((4-(morphbline-4-
carbonyl)phenyl)thio)iso;)ththalohi_trile ‘

(Dlsulfanedlylbls(4 1-phenylene))bls(morpholmomethanone)
Oxalyl chloride (0.7 ml) and catalytic DMF were added to a solution of 4,4’-

’ d1’sulfaned1yld1benzmc acid (0 5g)in THF (10 ml) at 0 °C. The reaction mlxture was stirred

at room temperature for 1 h under mtrogen atmosphere The solvent was evaporated under
reduced pressure. The crude product was dissolved in DCM (10 ml) and cooled to 0 °C.
Trlethylamlne (2.26 ml) and morphohne (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

'HNMR (400 MHz, DMSO-ds) ppm 7.60 (d, /=8.4 Hz, 4 H) 7.44 (d, J/=8.4 Hz, 4 H) 3.57
(brs, 16 H)

(4-Mercaptophenyl)(morpholino)methanone

Sodium borohydride (139 mg) was added to a solution of (disulfanediylbis(4,1-
phenylene))bis(mo'rpholvin()methanone) (0.65 g) in ethanol (10 ml) under nitrogen
atmosphere and stirred at room teiniperature for 6 h. The reaction was quenched with
saturated aqueotjs ammonium chloride solution. Ethanol was removed by distillation and
the acjlieoué solution was extracted with EtOAo. The organio' layer was washed with brine,
dried (Na,S0O,) and concentrated under vacuum. Yield 300 mg (crude)

'H NMR (400 MHz, chloroform-d) ppm 7.30 (br s, 5 H) 3.68 (br s, 8 H)

4,5-Diisopropoxy-2-((4- (morpholme 4- carbonyl)phenyl)thlo)lsophthalomtrlle
2—Bromo 4, 5- dnsopropoxylsophthalomtrrle (270 mg) and (4- :
mercaptophenyl)(morpholmo)methanone (187 mg) were dissolved in dry toluene (10 ml)
under mtrogen atmosphere Dusopropylamme (0 23 ml) DPEPhos 34 mg) and sz(dba)3
(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 brine, dried (NaZSO4) and concentrated under vacuum. The crude product was
purlfled by flash chromatography Yield 200 mg

'H 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)479492 (m 2H)357 (brs 8H) 1 34 (d, J=6.4 Hz, 6H) 1. 30(d J—60Hz 6 H)

4;5-Dihydroxy-Z-((4-(morpholinee4-cérbohyl)phenyl)thio)isopththalonitrile

The title compound was prepared from 4,5—diisopr'op0xy-2¥((4l(morpholihe-4-
carbonyl)phenyl)thio)isophthalo‘httriie (160 mg) instead of 4-hydroxy-5-methoxy-2-(4-
(2,2,2~triﬂUor0ethyl)benzyl)is.ophthalonitrile as described in Example 221. Yield 60 mg

'H NMR (400 MHz, DMSO-ds) ppm 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), palladium(II) 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 (N'aQSO4) and concentrated under reduced pressure. The crude 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) 486-4.92 (m, 1 H) 4.53-4.58 (m, 1 H) 3.39 (s, 3 H) 2.26 (s; 3 H) 1.34-1.41 (m, 12

4,5-Dihydroxy-2-(methyl(p-tolyl)amino)isophthalonitrile

The title compound was prepared from 4,5- dnsopropoxy -2- (methyl(p—
tolyl)ammo)lsophthalomtrlle (120 mg) 1nstead of 4-hydroxy- :5- methoxy “2-(4-(2;2,2-
trlﬂu0roethyl)benzyl)lsophthalomtnle as described in Example 221. 4,5-Dihydroxy-2-
(methyl(p tolyl)ammo)lsophthalonltrlle was purified by flash chromatography Yield 35 mg
'H NMR (400 MHz 'DMSO- d6) ppm 7 29 (s, 1 H) 7 00 (d,J=8.4 Hz,2 H) 6.46 (d,J=84
Hz, 2 H) 3.23 (s, 3H)220(s 3H)

Example 225: 4,5-Dihydroxy-2-((6-methoxynaphthalen-2-yl)methyl)isophthalonitrile

6-Methoxy-2-naphthaldehyde

n—Blityllithium (18.5'rhi)' was added slowly to a solution of 2-bromo-6-methoxynaphthalene
(10.0 g) in diethyl ether (200 ml) at -78 °C. The reaction mixture was stirred at -78 °C for 1
h. DMF (3.25 ml) was added d‘ropwiSe‘ and the mixture was stirred again for 30 min. The
reaction mixture wds 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,SO4) 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, /=84 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 solutior. Methanol was removed under vacium and the aqueous
solution was extracted with EtOAc. The organic layer was washed with water, dried
(N2,SOy) and concentrated 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, J=6.0 Hz, 2 H) 3.93 (s, 3 H) 1.70 (1, J=6.0 Hz, 1 H)

2 (Chloromethyl)-G-methoxynaphthalene

2 (Chloromethyl) 6- methoxynaphthalene was prepared using the procedure described in

Example 221 startmg from (6- methOXynaphthalen -2- yl)methanol 6.0 g) and phosphorus
pentachloride (9:95 g). Yield5.0g

'H NMR (400 MHZ chloroform-d) ppm 7. 71 7.79 (m, 3 H) 7 47 (d J=8.8 Hz, 1 H) 7.12-
7.18 (m, 2H)474(s 2H)393(s 3H) | |

2-((6-Methoxynaphtharlen-2-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
2-((6—Methoxynaphthalen¥2¥yl_)methyl):4;4,5 5-tetramethyl-1,3,2-dioxaborolane was
prepared using tlre procedure deseribed in Ex‘ample 221 stértirrg from 2-(chloromethyl)—6-
methoxynaphthalene (15 2 g) and 4, 4 5,5- tetramethyl 1,3,2-dioxaborolane (16.0 ml). Yield
1898 AR

'H NMR (400 MHZ chloroform—d) ppm 7.60-7. 68 (m, 2 H) 7.55 (s, 1 H) 7. 30 (d, J=8. 0 Hz
1 H) 7.07-7.10 (m, 2 H) 3.90 (s, 3 H) 2.42 (s, 2 H) 1.23 (s, 12 H)

5-(Benzyloxy)-4-hydroxy-2-((6-methoxynaphthalen-2-yl)methyl)isophthalonitrile
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" 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 HC1 and extracted with DCM. The organic layer
was dried (Na,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, 1 H)
7.08-7.14 (m, 2 H) 6.86 (br s, 1 H) 5.15 (s, 2 H) 4.43 (5,2 H) 3.90 (s, 3H) =

4,5-Dihydroxy-2-((6-methoxynaphthalen-2-j)methyl)isophthalonitrile

Palladium o’ carbon (10%: 300 mg) Was added to a solution of 5-(benzyloxy)-4-hydroxy-2-
((6-methoxynaphthalen-2-yl)methyl)isophthalonitrile (450 mg) in ethanol (20 ml) and
stirred under hydrogén atmosphere (1 atm) for 30 min. The reaction mixture was filtered
thrOugh celite. The filtrate was concentrated under reduced pressure. The crude product was
purified by reverse phase HPLC. Yield 75 mg | '

1H NMR (400 MHZ DMSO da) ppm 7.72-7.79 (m;2 H) 7. 50 (S 1 H) 7. 26 7.33 (m, 3 H)

7. 13(dd J—84 1.6 Hz, 1H)428(S 2H)385(S 3H)

As already mentioned hcrembefore the compounds of formula I show mterestmg
pharmacologlcal propertles namely they exhibit COMT inhibiting activity and prov1de in
levodopa therapy an 1mproved levodopa concentration in plasma. Said properties are

demonstrated with the 'p»harmacdlogiéal' tests presented below.
Experiment 1: Determination of COMT inhibiting activity in vitro

The inhibitory potency was deterﬁlined by measuring recombinant human soluble COMT
(S—CO.MT) activity at various cofnpound concentrations. COMT activity measurements
were performed according to the method published in Kdrkela, M. et al. Analytical
Biochemistry, 331 (2004) 198 with slight modifications according to Assay 1or 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,HPO, 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 uM 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 Pharmacologzsts John Wlley & Sons, Inc
Hoboken NJ, 2005, pp 185-187): o '

"v'i';l (E+I+K) J(E+I+K) —4EI
vy 2E '

wherein v and v;are the Teaction velocities in the absence and presence, respectively, of the
inhibitor, E is the active enz‘ym'e concentration, and I is the inhibitor concentration. The data
were analyzed with GraphPad Prism version 4.00 software (GraphPad Software, San Diego,

CA, USA): ' R B

Assay 2 o | | | |
Recombinant human S-COMT © 8 nM) was incubated with the COMT inhibitor and 200
p,M S- adenosyl -L-methionine in 100 mM NazHPO4 buffer pH 7.4, containing 5 mM MgCl,
for 30 min at 37 °C. The react1on was started with the addition of esculetin for a final
concentration of 0.5 uM and the reactlon mixture with total volume of 200 ptl was incubated
for 30 min at 37 °C. The reactlon was stopped with 20 pl of 4 M HCIO; and the precipitated
pretein v{fas removed by Sitocco pretein pfecipitatiOn plate (centrifuged at 4 °C for 10 min
at 3000g). O-Methylated esculetin was detected by Waters HT Alliance HPLC setup with
Waters 474 ﬂuore‘scencedetector' (Ex 460 nm, Em 460 nm, Gain 100). The analytes were
separated isocratically using 0.1 M Na,HPOj, 20 mM citric acid, 0.15 mM EDTA, pH 3.2,
in 40% thethanol as mobile phase and Waters Spherisorb ODS2 (3 um, 4.6 mm x 100 mm)
column. O-Methylated'esculetin coneeritratibns were calculated based on the standard curve

and the K; values were calculated using the Morrison equation 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 S ' 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 2.0 Assay 1
Compound of Example 38 9.5 Assay 1
Compound of Example 45 82 ‘ Assay 1
Compound of Example 74"+ - ' " - 20 B S " Assay 1
Compound of Example 76 . 33 _ _ . - Assayl
Compound of Example 89 "~~~ 20 ' 7 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 - . .15 o Assay 1
Compound of Example 144 . 0.7 _ , 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 Assay 2
Compound of Example 164 ~ ' 0.2 o 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 0.8 _ ' 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: Determination of levodopa concentration in rat plasma

Levodopa concentration in rat plasma was determined substantially as described in e.g.
Kim, T K. et al. Eufopean Journal of Pharmaceutical Sciences, 38 (2009) 525. The studies
were perforrhed in adult male Wistar rats. fThe COMT inhibitor was dosed orally over a
range of doses and sévcral sampling time points were chosen between 0 min and 300 min

after drug administration (levodopé + carbidopa and COMT inhibitor); Blood samples were
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collected by cardiac puncture nndef CO; anaesthesia into pre-cooled K, EDTA tubes and
kept on ice until the separation of plasma by centrifugation. For levodopa analysis, 75 pl of
aeparated plasma was pipetted without delay into pfe-cooled polypropylene tubes
containing a conserving agent. All the éamples 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 modeling. The analyses were performed using WinNonlin®

Professional v. 5.0.1.

The results of 'the.:det'err"ni"nation\of'jl'evoiiopa concéntration in rat plasma are shown in
Table 2. The results show that the compounds of formula I prov1de an improved levodopa

concentratlon in plasma

Compound =~ Relative levodopa concentration
Compound of Example 1 R G : 1.65
Compound of Example 6 1.64
Compound of Example 23 1.34
Compound of Example 28 2.69
Compound of Example 55 1.31
Compound of Example 60 S S _ 1.13
Compound of Example 87 < * "7 om0t 5]
Compound of Example 92 . S U 1.42
Entacapone o ' ' '1.00

Table 2. Relative levodopa concentration in rat plasma (entacapone = 1.00).

The compounds of formula I exhibit COMT inhibiting activity. The present invention thus
prOVides compounds for use as a medicament. Compounds for use in the treatment of a
disease or COndition' where a COMT inhibiting agent is indicated to be useful are also
prov1ded Furthermore a method for the treatment of a dlsease or condition where a COMT
mhlbltmg agent is indicated to be usefulis provided. In said method-a therapeutically
effective amount of at least one compound of formula I is administered to a mammal, e.g.
human,’in néed of such tfeatmeni. Use of the compounds of formula I for the manufacture
of a medicament for the treatment of a disease or condition where a COMT inhibiting agent

is indicated to be useful is also provided:

In one embodiment of the invention the disease where a COMT inhibiting 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, €.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
comprising 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 previously described in the art.

The therapeutic dose to be given to a patient in need of the treatment will vary depending on
the compound being administered, the age and the sex of the subject being treated, the
particular condition being treated, as well as the route and method of administration, and is
easily determined by a person skilled in the art. Accordingly, the typical dosage for oral

administration is from 5 pg/kg to 100 mg/kg per day and for parenteral administration from

0.5 ng/kg to 10 mg/kg for an adult mammal.

The compounds according to this invention are given to a patient as such or in combination
with one or more other active ingredients and/or suitable pharmaceutical excipients. The latter
group comprises conventionally used excipients and formulation aids, such as fillers, binders,
disintegrating agents, lubricants, solvents, gel forming agents, emulsifiers, stabilizers,

colorants and/or preservatives.

The compounds of formula I are formulated into dosage forms using previously described
pharmaceutical manufacturing methods. The dosage forms can be e.g. tablets, capsules,
granules, suppositories, emulsions, suspensions or solutions. Depending on the route of
administration and the galenic form, the amount of the active ingredient in a formulation can

typically vary between 0.01% and 100% (w/w).

For the treatment 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
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
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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 once a day and the composition comprising a

dopamine precursor and a DDC inhibitor can be administered three times a day.

The DDC inhibitor and the dopamine precursor, such as levodopa, are typically administered

in a ratio of from 1:1 to 1:40, e.g. from 1:4 to 1:10.

The daily dose of lazabemide is typically from 100 mg to 800 mg, e.g. from 100 mg to

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

A person skilled in the art will appreciate that the embodiments described in this application
can be modified without departing from the inventive concept. A person skilled in the art also
understands that the invention is not limited to the particular embodiments disclosed but is
intended to also cover modifications of the embodiments that are within the spirit and scope of

the invention.

Where the terms "comprise”, "comprises”, "comprised" or "comprising" are used in this
specification (including the claims) they are to be interpreted as specifying the presence of the
stated features, integers, steps or components, but not precluding the presence of one or more

other features, integers, steps or components, or group thereof.

The discussion of documents, acts, materials, devices, articles and the like is included in this
specification solely for the purpose of providing a context for the present invention. It is not

suggested or represented that any or all of these matters formed part of the prior art base or
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were common general knowledge in the field relevant to the present invention as it existed

before the priority date of each claim of this application.
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The claims defining the invention are as follows:

1. A compound of formula I,

OH
HO
I
N N
Ry
wherein

R is (C1-Ce)alkyl, (Co-Ce)alkenyl, (Co-Ce)alkynyl, (C4-Co)cycloalkenyl, aryl, halogen,
(C4-Cyp)cycloalkenyloxy, aryloxy, aryl-S-, heteroaryl-S-, (R3)2N-, (R4),C=N-,
heterocyclyl, heteroaryl, aryl(C;-Ce¢)alkyl, (R3),N-(C;-Cg)alkyl, carboxy(C,-Ce)alkenyl,
(C3-Cy)cycloalkyl(Cy-Ce)alkenyl or aryl(C,-Cg)alkenyl, wherein said
(C4-Cip)cycloalkenyl, aryl, heterocyclyl, heteroaryl or (C3-C7)cycloalkyl as such or as
part of another group is unsubstituted or substituted with 1, 2 or 3 substituent(s) Re;

Rj is, independently at each occurrence, H, (C1-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;-Ce)alkyl, halogen or
(C1-Ce)alkoxys;

Re is, independently at each occurrence, (C;-Cg)alkyl, cyano, aryl, halogen, hydroxy,
(C1-Cg)alkoxy, (C1-Cg)alkyl-S-, carboxy(C;-Ce)alkyl, aryl(C;-Ce)alkyl,
halo(C;-Ce)alkyl, hydroxy(C;-Ce)alkyl, (Ci-Ce)alkoxy(C;-Ce)alkyl, heterocyclyl-
(C=0)-, (R7)2N-(C=0)- Rs-(0O=S=0)- or (Ci-Ce)alkoxy-(C=0)-(C;-Ce)alkyl, wherein
said aryl or heterocyclyl as such or as part of another group is unsubstituted;

R7 is, independently at each occurrence, H, (C;-Cg)alkyl or (C3-C7)cycloalkyl, wherein
said (Cs-Cy)cycloalkyl is unsubstituted;

Ry is, independently at each occurrence, (C-Ce)alkyl or (Rg)2N-;

Ry is, independently at each occurrence, (C;-Ce)alkyl;

or a pharmaceutically acceptable salt or ester thereof.

2. A compound according to claim 1, wherein
R is (Ci-Co)alkyl, (C2-Ce)alkenyl, aryl, halogen, aryloxy, aryl-S-, (R3)>N-,
(R4)2C=N-, heterocyclyl, heteroaryl, aryl(C;-Ce)alkyl,
(C3-Cy)cycloalkyl(Cy-Ceg)alkenyl or aryl(C,-Cg)alkenyl, wherein said aryl,
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heterocyclyl, heteroaryl or (Cs-C7)cycloalkyl as such or as part of another group is
unsubstituted or substituted with 1, 2 or 3 substituent(s) Re;

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 occurrence, substituted with 1 substituent being (C;-Ce)alkyl,
halogen or (C;-C¢)alkoxy;

Re is, independently at each occurrence, (C;-Cg)alkyl, cyano, aryl, halogen,
hydroxy, (C;-Cg)alkoxy, (C;-Cg)alkyl-S-, carboxy(C;-Ce)alkyl, halo(C;-Cg)alkyl,
hydroxy(C;-Ce)alkyl, (C;-Ce)alkoxy(C-Ce)alkyl, heterocyclyl-(C=0)-, (R7)2N-
(C=0)- or Rg-(0O=S=0)-, wherein said aryl or heterocyclyl as such or as part of
another group is unsubstituted;

R7 is, independently at each occurrence, H or (C;-Cg)alkyl;

Ry is, independently at each occurrence, (C;-Ceg)alkyl.

. A compound according to claim 2, wherein

R is (Ci-Co)alkyl, (C,-Ce)alkenyl, aryl, halogen, aryloxy, aryl-S-, (R3),N-,
heterocyclyl, heteroaryl, aryl(C;-Cg)alkyl or aryl(C,-Ce)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) Re;

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

Re is, independently at each occurrence, (C;-Cg)alkyl, halogen, hydroxy,
(C1-Ce)alkoxy, carboxy(C-Ce)alkyl, halo(C;-Cg)alkyl or (R7).N-(C=0)-;

R7 is, independently at each occurrence, H or (C;-Cg)alkyl.

. A compound according to claim 3, wherein

R, is (Cy-Cg)alkenyl, aryl, halogen, aryloxy, aryl-S-, (R3),N-, heteroaryl,
aryl(Ci-Ce)alkyl or aryl(C,-Ce)alkenyl, wherein said aryl or heteroaryl as such or as
part of another group is unsubstituted or substituted with 1 or 2 substituent(s) Re;
Rj is, independently at each occurrence, H or (C;-Cg)alkyl;

Re is, independently at each occurrence, (C;-Cg)alkyl, halogen, (C;-Cg¢)alkoxy,
carboxy(C;-Ce)alkyl or halo(C;-Ce)alkyl.

. A compound according to claim 4, wherein

R is (Cy-Ce)alkenyl, aryl, halogen, aryl-S-, heteroaryl or aryl(C;-Ce¢)alkyl, wherein

said aryl or heteroaryl as such or as part of another group is unsubstituted or
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substituted with 1 or 2 substituent(s) Re;

Re is, independently at each occurrence, (C;-Ceg)alkyl, halogen or (C;-Cg)alkoxy.

A compound according to claim 5, wherein
R, is (C,-Ce)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;

Re is, independently at each occurrence, (C;-Ceg)alkyl, halogen or (C;-Cg)alkoxy.

A compound according to claim 5, wherein

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

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

A compound according to claim 7, wherein
R is (Cy-Ce)alkenyl, aryl-S- or aryl(C;-Ce)alkyl, wherein said aryl as part of
another group is substituted with 1 or 2 substituent(s) Re;

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

A compound according to claim 5, wherein R; is (C,-Cg)alkenyl.

A compound according to claim 5, wherein

R is aryl, wherein said aryl is unsubstituted or substituted with 1 or 2 substituent(s)
Re;

R¢ 1s, independently at each occurrence, (C;-Cg)alkyl, halogen or (C;-Cg)alkoxy.

A compound according to claim 5, wherein
R is aryl-S-, wherein said aryl is unsubstituted or substituted with 1 or 2
substituent(s) Rg;

Re is, independently at each occurrence, (C;-Cg)alkyl, halogen or (C;-Cg)alkoxy.

A compound according to claim 5, wherein
R is heteroaryl, wherein said heteroaryl is unsubstituted or substituted with 1 or 2
substituent(s) Rg;

Re is, independently at each occurrence, (C;-Cg)alkyl, halogen or (C;-Cg)alkoxy.
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A compound according to claim 5, wherein
R, is aryl(C;-Ce¢)alkyl, wherein said aryl is substituted with 1 or 2 substituent(s) Re;
R¢ is, independently at each occurrence, (C;-Cg)alkyl or (C;-Cg)alkoxy.

A compound according to claim 1, wherein the compound is 2-bromo-4,5-
dihydroxyisophthalonitrile, 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-yl)isophthalonitrile, 2-(furan-2-yl)-4,5-dihydroxyisophthalonitrile,
3’4’5 -trifluoro-3,4-dihydroxybiphenyl-2,6-dicarbonitrile, 4,5-dihydroxy-2-
(naphthalen-1-yl)isophthalonitrile, 4’-tert-butyl-3,4-dihydroxybiphenyl-2,6-
dicarbonitrile, 3,4-dihydroxy-4’-(hydroxymethyl)biphenyl-2,6-dicarbonitrile, 4,5-
dihydroxy-2-(naphthalen-2-yl)isophthalonitrile, 3,4-dihydroxy-4’-
(isopropylthio)biphenyl-2,6-dicarbonitrile, 3,4-dihydroxy-4’-(methylthio)biphenyl-
2,6-dicarbonitrile, 3,4-dihydroxy-4’-isopropoxybiphenyl-2,6-dicarbonitrile, 4’-
(ethylthio)-3,4-dihydroxybiphenyl-2,6-dicarbonitrile, 3,4-dihydroxy-4’-isopropoxy-
3’,5’-dimethylbiphenyl-2,6-dicarbonitrile, 4’-butyl-3,4-dihydroxybiphenyl-2,6-
dicarbonitrile, 3,4-dihydroxy-2’,4’,5’-trimethylbiphenyl-2,6-dicarbonitrile, 3,4-
dihydroxy-2’,5’-dimethylbiphenyl-2,6-dicarbonitrile, 2-cyclohexenyl-4,5-
dihydroxyisophthalonitrile, 3’-ethyl-3,4-dihydroxybiphenyl-2,6-dicarbonitrile, 3,4-
dihydroxybiphenyl-2,4’ 6-tricarbonitrile, 3,4-dihydroxy-4’-
(isopropylsulfonyl)biphenyl-2,6-dicarbonitrile, 2°,6’-dicyano-3’,4’-dihydroxy-N,N-
dimethylbiphenyl-4-sulfonamide, (E)-4,5-dihydroxy-2-(pent-1-
enyl)isophthalonitrile, 3,4-dihydroxy-4’-(1-methoxyethyl)biphenyl-2,6-
dicarbonitrile, (E)-2-(3,3-dimethylbut-1-enyl)-4,5-dihydroxyisophthalonitrile, 3,4-
dihydroxy-2’-methylbiphenyl-2,6-dicarbonitrile, (E)-2-(2-cyclohexylvinyl)-4,5-
dihydroxyisophthalonitrile, (Z)-4,5-dihydroxy-2-(prop-1-enyl)isophthalonitrile, 3-
(2°,6’-dicyano-3’,4’-dihydroxybiphenyl-4-yl)propanoic acid, 3,4-dihydroxy-3’-
(hydroxymethyl)biphenyl-2,6-dicarbonitrile, 3,4-dihydroxy-3’-
(methoxymethyl)biphenyl-2,6-dicarbonitrile, 2°,6’-dicyano-3’,4’-dihydroxy-N,N-
dipropylbiphenyl-4-carboxamide, (E)-4,5-dihydroxy-2-(prop-1-
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-
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yDisophthalonitrile, 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-(benzo[b]thiophen-2-yl)-
4,5-dihydroxyisophthalonitrile, (E)-4,5-dihydroxy-2-styrylisophthalonitrile, 4’-
ethyl-3,4-dihydroxybiphenyl-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-dihydroxy-2-(4-
methylbenzyl)isophthalonitrile, 2-(4-fluorobenzyl)-4,5-dihydroxyisophthalonitrile,
4,5-dihydroxy-2-(4-hydroxybenzyl)isophthalonitrile, 4,5-dihydroxy-2-(2-
methoxybenzyl)isophthalonitrile, 2-(3-fluoro-4-methoxybenzyl)-4,5-
dihydroxyisophthalonitrile, 2-(2-fluorobenzyl)-4,5-dihydroxyisophthalonitrile, 4,5-
dihydroxy-2-(2-methylbenzyl)isophthalonitrile, 2-(2,5-dimethylbenzyl)-4,5-
dihydroxyisophthalonitrile, 2-(3-fluoro-5-methylbenzyl)-4,5-
dihydroxyisophthalonitrile, 2-(4-fluoro-3-methylbenzyl)-4,5-
dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(3-methylbenzyl)isophthalonitrile, 2-
(5-fluoro-2-methoxybenzyl)-4,5-dihydroxyisophthalonitrile, 2-(3,5-
dimethylbenzyl)-4,5-dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(4-
isopropylbenzyl)isophthalonitrile, 2-(4-ethylbenzyl)-4,5-
dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(naphthalen-1-
ylmethyl)isophthalonitrile, 2-(2,4-dimethylbenzyl)-4,5-dihydroxyisophthalonitrile,
2-(3,6-dihydro-2H-pyran-4-yl)-4,5-dihydroxyisophthalonitrile, 2-cyclopentenyl-
4,5-dihydroxyisophthalonitrile, (E)-3-(2,6-dicyano-3,4-dihydroxyphenyl)acrylic
acid, 3,4-dihydroxy-4’-(morpholine-4-carbonyl)biphenyl-2,6-dicarbonitrile, 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-methylisophthalonitrile, 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-(prop-1-en-2-yl)isophthalonitrile, 2-(2-ethoxythiazol-5-yl)-4,5-
dihydroxyisophthalonitrile, 2-allyl-4,5-dihydroxyisophthalonitrile, 3°-(tert-
butoxymethyl)-3,4-dihydroxybiphenyl-2,6-dicarbonitrile, 3,4-dihydroxybiphenyl-
2,3’ 6-tricarbonitrile, 2°,6’-dicyano-3’,4’-dihydroxy-N,N-dipropylbiphenyl-3-
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carboxamide, 2’,6’-dicyano-N-cyclohexyl-3’,4’-dihydroxybiphenyl-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-N,N-
diethyl-3’,4’-dihydroxybiphenyl-3-carboxamide, 2’,6’-dicyano-N-ethyl-3",4’-
dihydroxybiphenyl-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-dihydroxybiphenyl-2,6-dicarbonitrile, 4’-fluoro-
3,3’,4-trihydroxybiphenyl-2,6-dicarbonitrile, (E)-4,5-dihydroxy-2-(3-phenylprop-1-
enyl)isophthalonitrile, 4’-fluoro-3,4-dihydroxy-3’-methoxybiphenyl-2,6-
dicarbonitrile, 3,4-dihydroxy-4’-(methylsulfonyl)biphenyl-2,6-dicarbonitrile, 3,4-
dihydroxy-4’-propoxybiphenyl-2,6-dicarbonitrile, 4’-chloro-3,4-dihydroxy-3’-
methylbiphenyl-2,6-dicarbonitrile, 4,5-dihydroxy-2-(5-phenylthiophen-2-
yDisophthalonitrile, 3,4-dihydroxy-4’-isopropylbiphenyl-2,6-dicarbonitrile, 3,4-
dihydroxy-4’-propylbiphenyl-2,6-dicarbonitrile, 4,5-dihydroxy-2-(1-
phenylvinyl)isophthalonitrile, (E)-4,5-dihydroxy-2-(4-
methoxystyryl)isophthalonitrile, 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-dihydroxybenzyl)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-dihydroxy-2-(1-methyl-1H-pyrazol-4-yl)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-(2,6-difluoro-3-methylbenzyl)-4,5-
dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(4-
(trifluoromethyl)phenylthio)isophthalonitrile, 2-(2,4-dimethylphenylthio)-4,5-
dihydroxyisophthalonitrile, methyl 3-(4-(2,6-dicyano-3,4-
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dihydroxyphenylthio)phenyl)propanoate, 4,5-dihydroxy-2-(p-
tolyloxy)isophthalonitrile, (E)-2-(2,4-difluorostyryl)-4,5-
dihydroxyisophthalonitrile, (E)-4,5-dihydroxy-2-(3-
(trifluoromethyl)styryl)isophthalonitrile, (E)-4,5-dihydroxy-2-(4-methylpent-1-
enyl)isophthalonitrile, (E)-2-(3,5-difluorostyryl)-4,5-dihydroxyisophthalonitrile, 2-
(4-(2,6-dicyano-3,4-dihydroxybenzyl)phenyl)acetic acid, 2-(4-chlorobenzyl)-4,5-
dihydroxyisophthalonitrile, 3,4-dihydroxy-4’-methylbiphenyl-2,6-dicarbonitrile, 3-
(4-(2,6-dicyano-3,4-dihydroxybenzyl)phenyl)propanoic acid, 4,5-dihydroxy-2-(4-
(trifluoromethyl)benzyl)isophthalonitrile, (E)-4,5-dihydroxy-2-(4-
(trifluoromethyl)styryl)isophthalonitrile, 2-(4-ethylphenylthio)-4,5-
dihydroxyisophthalonitrile, 2-(4-chlorophenylthio)-4,5-dihydroxyisophthalonitrile,
4,5-dihydroxy-2-(o-tolylthio)isophthalonitrile, 2-(2-chlorophenylthio)-4,5-
dihydroxyisophthalonitrile, 2-(4-(2,6-dicyano-3,4-
dihydroxyphenylthio)phenyl)acetic acid, 3-(4-(2,6-dicyano-3,4-
dihydroxyphenylthio)phenyl)propanoic acid, 4,5-dihydroxy-2-(4-
methoxyphenylthio)isophthalonitrile, methyl 2-(4-(2,6-dicyano-3,4-
dihydroxybenzyl)phenyl)acetate, 4,5-dihydroxy-2-(3-
methoxyphenylthio)isophthalonitrile, 4,5-dihydroxy-2-(pyridin-4-
ylthio)isophthalonitrile, 2-(4-cyanophenylthio)-4,5-dihydroxyisophthalonitrile, 4,5-
dihydroxy-2-(naphthalen-2-ylthio)isophthalonitrile, 2-(4-ethylphenoxy)-4,5-
dihydroxyisophthalonitrile, 2-(2’,6’-dicyano-3’,4’-dihydroxybiphenyl-4-yl)acetic
acid, 2-(2,4-dimethylphenoxy)-4,5-dihydroxyisophthalonitrile, 2-(4-
chlorophenoxy)-4,5-dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(4-
(trifluoromethyl)phenoxy)isophthalonitrile, 4,5-dihydroxy-2-(1H-inden-3-
yDisophthalonitrile, 2-((diethylamino)methyl)-4,5-dihydroxyisophthalonitrile
hydrochloride, 2-amino-4,5-dihydroxyisophthalonitrile, 4,5-dihydroxy-2-
(pyrrolidin-1-yl)isophthalonitrile, 2-(2,6-dimethylmorpholino)-4,5-
dihydroxyisophthalonitrile, 4,5-dihydroxy-2-morpholinoisophthalonitrile, 4,5-
dihydroxy-2-(isopropylamino)isophthalonitrile, 4,5-dihydroxy-2-(3-
methoxypropylamino)isophthalonitrile, 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-
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(hexylamino)-4,5-dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(2-
methoxyethylamino)isophthalonitrile, 2-(4-benzylpiperidin-1-yl)-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, 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, 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 or 4,5-dihydroxy-2-((6-methoxynaphthalen-
2-ylD)methyl)isophthalonitrile.

A compound according to claim 9, wherein the compound is (E)-4,5-dihydroxy-2-
(pent-1-enyl)isophthalonitrile, (E)-2-(3,3-dimethylbut-1-enyl)-4,5-
dihydroxyisophthalonitrile, (Z)-4,5-dihydroxy-2-(prop-1-enyl)isophthalonitrile,
(E)-4,5-dihydroxy-2-(prop-1-enyl)isophthalonitrile, (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-(2-methylprop-
I-enylyisophthalonitrile, 4,5-dihydroxy-2-vinylisophthalonitrile, 4,5-dihydroxy-2-
(prop-1-en-2-yl)isophthalonitrile, 2-allyl-4,5-dihydroxyisophthalonitrile, 4,5-
dihydroxy-2-(3-methylbut-2-en-2-yl)isophthalonitrile or (E)-4,5-dihydroxy-2-(4-
methylpent-1-enyl)isophthalonitrile.

A compound according to claim 11, wherein the compound is 4,5-dihydroxy-2-
(phenylthio)isophthalonitrile, 4,5-dihydroxy-2-(p-tolylthio)isophthalonitrile, 2-(2,4-
dimethylphenylthio)-4,5-dihydroxyisophthalonitrile, 2-(4-ethylphenylthio)-4,5-
dihydroxyisophthalonitrile, 2-(4-chlorophenylthio)-4,5-dihydroxyisophthalonitrile,
4,5-dihydroxy-2-(o-tolylthio)isophthalonitrile, 2-(2-chlorophenylthio)-4,5-
dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(4-
methoxyphenylthio)isophthalonitrile, 4,5-dihydroxy-2-(3-
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methoxyphenylthio)isophthalonitrile or 2-(4-fluorophenylthio)-4,5-
dihydroxyisophthalonitrile.

A compound according to claim 13, wherein the compound is 4,5-dihydroxy-2-(4-
methylbenzyl)isophthalonitrile, 4,5-dihydroxy-2-(2-
methoxybenzyl)isophthalonitrile, 4,5-dihydroxy-2-(2-
methylbenzyl)isophthalonitrile, 2-(2,5-dimethylbenzyl)-4,5-
dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(3-methylbenzyl)isophthalonitrile, 2-
(3,5-dimethylbenzyl)-4,5-dihydroxyisophthalonitrile, 4,5-dihydroxy-2-(4-
isopropylbenzyl)isophthalonitrile, 2-(4-ethylbenzyl)-4,5-
dihydroxyisophthalonitrile, 2-(2,4-dimethylbenzyl)-4,5-dihydroxyisophthalonitrile,
2-(2-ethylbenzyl)-4,5-dihydroxyisophthalonitrile or 4,5-dihydroxy-2-((6-
methoxynaphthalen-2-yl)methyl)isophthalonitrile.

A compound according to claim 9, wherein the compound is (E)-2-(3,3-

dimethylbut-1-enyl)-4,5-dihydroxyisophthalonitrile.

A compound according to claim 9, wherein the compound is (E)-4,5-dihydroxy-2-

(prop-1-enyl)isophthalonitrile.

A compound according to claim 9, wherein the compound is 4,5-dihydroxy-2-(2-

methylprop-1-enyl)isophthalonitrile.

A compound according to claim 9, wherein the compound is 4,5-dihydroxy-2-

vinylisophthalonitrile.

A compound according to claim 9, wherein the compound is 4,5-dihydroxy-2-

(prop-1-en-2-yl)isophthalonitrile.

A compound according to claim 9, wherein the compound is 2-allyl-4,5-

dihydroxyisophthalonitrile.

A compound according to claim 11, wherein the compound is 2-(4-

ethylphenylthio)-4,5-dihydroxyisophthalonitrile.

A compound according to claim 11, wherein the compound is 4,5-dihydroxy-2-(o-

tolylthio)isophthalonitrile.
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A compound according to claim 11, wherein the compound is 4,5-dihydroxy-2-(4-

methoxyphenylthio)isophthalonitrile.

A compound according to claim 13, wherein the compound is 4,5-dihydroxy-2-(4-

methylbenzyl)isophthalonitrile.

A compound according to claim 13, wherein the compound is 4,5-dihydroxy-2-(2-

methoxybenzyl)isophthalonitrile.

A compound according to claim 13, wherein the compound is 2-(3,5-

dimethylbenzyl)-4,5-dihydroxyisophthalonitrile.

A compound according to claim 13, wherein the compound is 2-(4-ethylbenzyl)-

4,5-dihydroxyisophthalonitrile.

A compound according to claim 13, wherein the compound is 2-(2-ethylbenzyl)-

4,5-dihydroxyisophthalonitrile.

A compound according to any one of claims 1 to 31 when used in the treatment of a

disease or condition where a COMT inhibiting agent is indicated to be useful.
A compound according to claim 32, wherein the disease is Parkinson’s disease.

Use of a compound according to any one of claims 1 to 31 for the manufacture of a
medicament for the treatment of a disease or condition where a COMT inhibiting

agent is indicated to be useful.
Use according to claim 34, wherein the disease is Parkinson’s disease.

A method for the treatment of a disease or condition where a COMT inhibiting
agent is indicated to be useful comprising administering to a mammal in need of
such treatment an effective amount of at least one compound according to any one

of claims 1 to 31.
A method according to claim 36, wherein the disease is Parkinson’s disease.

A method according to claim 37, wherein levodopa therapy is potentiated.



2013265119 20 Feb 2017

142
39. A pharmaceutical composition comprising as active ingredient at least one
compound according to any one of claims 1 to 31 and a pharmaceutically

acceptable carrier, diluent, excipient or a mixture thereof.

40. A pharmaceutical composition according to claim 39, wherein the composition

further comprises at least one other active ingredient.

41. A pharmaceutical composition according to claim 40, wherein the composition

comprises levodopa and carbidopa.
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