- 1 - 5DIBENZOFURAN DERIVATIVES AS INHIBITORS OF PDE-4 AND PDE-10 10 15This
application claims priority to Indian patent application N0.1647/CHE/2006 filed on September 11,
2006, the contents of which are incorporated by reference in their entirety Field of Invention 20The
present invention relates to novel heterocyclic compounds that are useful as phosphodiesterase
inhibitors (PDES) in particular phosphodiesterase type 4 inhibitors (PDE-4) and type 10 inhibitors
(PDE10) represented by formula (1), their derivatives, analogs, tautomeric forms, stereoisomers,
bioisosters, diastereomers, polymorphs, enantio%pls, appropriate N-oxides, pharmaceutically
acceptable salts, pharmaceutically acceptable hydrates pharmaceutically acceptable solvates,
pharmaceutically acceptable 25compositions containing them and their use in treating allergic and
inflammatory diseases and for inhibiting the production of Tumor Necrosis Factor(INF-a). In
another aspect of the present invention, the compounds represented by general formula | are useful in

the treatment of varqus Alsigic.apshinflammatony.diseases incluging asthma, GEPD, allergic rhinitis,

allergic conjunctivitis, respiratory distress syndrome, chronic bronchitis, nephritis, rheumatoid 30
spondylitis, osteoarthritis, atopic dermatitis, eosinophilic granuloma, psoriasis, rheumatoid septic
shock, ulcerative colitis, parkinsoMs disease; multiple sclerosis, chronic inflammation, Crohn's
syndrome (Nature Medicine,E211-214(1995) and ibid., 244-248 herein incorporated by reference in
their entirety) also other inflammatory conditions of lungs, eyes, joints, bowels, skin, heart and central
nervous system(CNS). The present invention also relates to a process for the preparation of the novel
heterocyclic 35compounds of the generic formula (I) Background of the Invention

15 This application claims priority to Indian patent application No.1647/CHE/2006 filed on September 11,

2006, the contents of which are incorporated by reference in their entirety
Field of Invention

20 The present invention relates to novel heterocyclic compounds that are useful as phosphodiesterase
inhibitors (PDEs) in particular phosphodiesterase type 4 inhibitors (PDE-4) and type 10 inhibitors (PDE-
10) represented by formula (I), their derivatives, analogs, tautomeric forms, stereoisomers, bioisosters,
diastereomers, polymorphs, enantiomers, appropriate N-oxides, pharmaceutically acceptable salts,
pharmaceutically acceptable hydrates pharmaceutically acceptable solvates, pharmaceutically acceptable

25  compositions containing them and their use in treating allergic and inflammatory diseases and for inhibiting
the production of Tumor Necrosis Factor(TNF-a).

In another aspect of the present invention, the compounds represented by general formula I are
useful in the treatment of various allergic and inflammatory diseases including asthma, COPD, allergic
rhinitis, allergic conjunctivitis, respiratory distress syndrome, chronic bronchitis, nephritis, rheumatoid

30  spondylitis, osteoarthritis, atopic dermatitis, eosinophilic granuloma, psoriasis, rheumatoid septic shock,
ulcerative colitis, parkinson’s disease; multiple sclerosis, chronic inflammation, Crohn’s syndrome (Nature
Medicine,1,211-214(1995) and ibid., 244-248 herein incorporated by reference in their entirety) also other
inflammatory conditions of lungs, eyes, joints, bowels, skin, heart and central nervous system(CNS).

The present invention also relates to a process for the preparation of the novel heterocyclic

35  compounds of the generic formula (1) .
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Bronchial asthma is a complex multifactorial disease characterized by hyperactivity of the 5
respiratory tract to external stimuli. Airway inflammation leads to a number of severe lung diseases
including Asthma and chronic obstructive pulmonary diseases (COPD also known as Chronic
Obstructive Airway Disease, Chronic Obstructive lung Disease or chronic airflow limitation and chronic
airflow obstruction). The airflow limitation is usually progressive and associated with abnormal
inflammatory response of the lungs to noxious particles or gases. 10Many biological responses are
mediated by levels of cyclic nucleotides mainly. gAMP and cOMP which in turn are synthesized by
adenylyl cyclases (ACs) and g-uanylate cyciases ((Ks). To regulate levels of cAMP and cOMP, all cells
have Phosphodiesterases (PDESs) that hydrolyze cAMP and cGMP to 5'- AMP and 5'-GMP. In humans
there are 21 different PDE isoforms that are classified into 11 different groups. Basically these PDEs
fall into three categories: l.those that are specific to CAMP, 2 .Those that are 15 specific to cGMP and
3 those that act on both cAMP and cOMP. These Il groups of PDEs are classified according to their
nucleotide selectivity. PDE4 has 4 isofotPseE P LI AL 188f8rms upstream conserved regions
(UCRs) are present which appear to modulate dimerisation and may bind to signaling molecules such
as lipids. There arenatitcashh8d differenberlierManaris ofde OufREizA IspfayprsacBegavsamof the
criical rolgafGAild WRYANEHIRKARESIIREREARERES Alfialser BRIcalee My of the 20

mediators of inflammatory response such as T cells, B cells, monocytes, neutrophils, eosinophils and
macrophaBRLiR, o BRI OV SERTHE P AMARER, (SRR O AR AT HE HARTAIBIG oeases
that are imipietdtisppehelsenseMrarehed iarer iresasthiianie ity divstrtietivadehreinaifletseases
(COPD), deemmapie)idrasthirisy intamen atonyubiowebghsaas end asitlistel Sedis abanthinidiiplenselerosis.

Consequq&%&%ggyﬁ%pmg&&fs %g)tlfcéggp' ifars as therapeutic agents for these diseases has been
a major pharmaceutical 25 focus. PDE4 in weﬂl@y contrqls the degre,e of bronchodilation, In the.
r of

inflammatory ceMEeBARRSE S RGN & rdBRAAtEH Bt FYES TSy ARRRiSYy TR SAYS 418K W cytokine
release by mesdisumnisitishesirre iy FoEl | sBA9serdd o)t seapehde slanes (P etevateguwskNiPelevels and
consequedtt ¢aMtivadi oGMY, the il diave Rtosyhiaspensa. (IDagditd hyliirdye: direct maleoMAN P -in

inflammatgiogoelh{uneliens Pleyaled AV lovairalspisaddn SMaRIILSEIRIPIRICHORACaRseuently
Inhibition o activity le 0, igher c  levels cause bronchodilation therepy alleviating
symptom§r81u ?é’spﬁ?'ﬁ%ﬁ iwaﬁgéﬂggé%sb“é %%eacsattﬁ ()’g\'f)'rl éﬁf’ﬁiﬁ are S%\efslgclh i ﬁéﬁzo’{g%ﬁé%/\?%nzyme

incrdase lepgeifcor cRMIPaathe oy fiaiem Prrhei nadd amec G MRy i) e tHesrriestb PIPRs ersidamifietontribute
to the pathaphiisictogyiafualietdicastivina PERY adioniofcAMRIWoalldhpreduce beneificiadmeéfests, some

of which i_%‘é%ﬂ?&ﬁﬁé‘f Ta?_é%?séﬁ{ W@&Bﬁ&l’-ﬂd’%&ﬁl@té %l%ﬁ«%&u_mim!@@i@ @Qéﬁa@ﬁ_ﬁ m&@gpr release,
suppression of nfauaro L1I| degjrapulaglg) hlblthn ofS b sgphllfde Eglaﬂ nan |nh|bltpg of.

such as lipids, %]ere ar a{. east erent splice variants of the gjgé% 1ISOLOrmS. mecause the
monocyte and macrophage activation. The connection between activity an cognﬁlon has been

speculatetFiEgarelh o tAMRIBCHEENIh sy ke Avpensre GAME T B At AeneRirard-tdfTyeieodes a
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Nonselective PDE inhibitors like theophylline have been used for the treatment of bronchial asthma
and the side effects of which include cardiac dysarhythmias and nausea which are believed to be the
results of non selectivity among PDEs .0f the 1l known isozymes of the PDE family, PDE4 appears to
be the predominant in various inflammatory cells and hence the current research on selective PDE4
inhibitors. 95 First generation PDE4 inhibitors include Rolipram and Ro20-1724 which belong to the
catechol diether group. Because of side effects like nausea, vomiting and increased gastric acid
secretion their development as therapeutics has been halted. Rolipram Ro-20-1724 Current drug
discovery efforts involved the design of the PDE4 inhibitors with reduced side effects while maintaining
the anti inflammatory properties of rolipram. Compound like Cilomilast, roflumilast, Lirimilast and
AWD-12-281 belong to the second generation PDE4 inhibitors. A few showed less side effects and

roflumilast and ajlemilgisiioa\e PINSIeSaRIHe iRfALVAREES SRAPSAT dSURIONVE Blboduhids intYbIFO 0
Lirimilast activity of the most of the cells that contribute to the pathophysiology of allergic asthma. Elevation of
cAMP would produce beneficial effects, some of which includes apart from airway smooth muscle
relaxation, inhibition of mast cell mediator release, suppression of neutrophil degranulation, inhibition of
5 basophil degranulation and inhibition of monocyte and macrophage activation. The connection between
PDE4 activity and cognition has been speculated ever since the discovery that the cAMP -regulating dunce
gene of the fruit fly encodes a PDE4 homologue(Nature, 1981,289,5793,79-1,J mol.biol.,1991,222,3,553-
565). Another two important roles for PDE4D have recently been identified in cardiovascular tissue; one is
a correlation for PDE4 polymorphism with stroke and another is an involvement in vascular smooth muscle
10 cell proliferation (Mol Pharmacol.2005,68,3,596-605). Finally, there are reports linking between PDE4D
and osteoporosis. Specifically single nucleotide polymorphisms mapping to the PDE4D gene are linked to
variability in bone mineral density (BMC Med Genet, 2005, 6, 1, 9).

Inflammatory leukocytes infiltrate the airways of asthmatic patients in which eosinophils are the

major component and also they are accumulated more in the lungs. When activated they synthesize and
15  release inflammatory cytokines such as Interleukine-1, Interleukine-2 and Tumor Necrosis Factor- o (TNE-

a) as well as inflammatory mediators. Thus, the compounds of the present invention also inhibit the

production of Tumor Necrosis Factor, a serum glycoprotein, which is involved in the pathogenesis of a

number of autoimmune and inflammatory diseases. TNF-a production in pro-inflammatory cells becomes

attenuated by an elevation of intracellular cyclic adenosine 3’5’-monophosphate (¢CAMP) which in turn is
20  regulated by PDE family of enzymes.

Nonselective PDE inhibitors like theophylline have been used for the treatment of bronchial
asthma and the side effects of which include cardiac dysarhythmias and nausea which are believed to be the
results of non selectivity among PDEs .Of the 11 known isozymes of the PDE family, PDE4 appears to be
the predominant in various inflammatory cells and hence the current research on selective PDE4 inhibitors.

25 First generation PDE4 inhibitors include Rolipram and Ro20-1724 which belong to the catechol
diether group. Because of side effects like nausea, vomiting and increased gastric acid secretion their
development as therapeutics has been halted.
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Rolipram Ro-20-1724



PDE4 inhibitors can be divided into distinct classes based on structural motifs present in the molecules
for e.g. Xanthine, nitraquazone, catechol diethers etc. Examples of which are theophylline, arofylline,
nitraquazone, almirall, piclaminast, and filaminast, respectively. Several compounds have been
developed as PDE4 inhibitors that do not fall into any one particular class of compounds like Lirimilast
10 (BAY-19-8004), a novel sulfinate containing compound for the treatment of COPD. Tofimilast from
Pfizer is an indazole derivative which is currently under clinical development. The development of
ibudilast, a pyrazolopyridine compound, as a vasodilator and for the treatment of allergic ophthalmic
disease is in highest phase and for multiple sclerosis it is in phase It trials. BAY-61-9987 belongs to
imidazotriazinones under development by Bayer for the potential treatment of respiratory diseases
(0B2388594A1-2003). 15 PDEA4 inhibitors have been shown to relax airway smooth muscle and to

suppress the actiyationaf inflanararr ﬁeufsve&’t@ﬁu%s@mwﬁﬁamrﬁta% W%mmeseﬁé dinical
develop ﬁgjf" re C|Iom|Ia t, roflumilast, AWD-12- 28]f C(C-10004,0N0-6 nd GRC-3886, GRC3886

inhibits P |§n(%'zmrlrr1lerl Stypad” SR PP é"éj%”’a SraTRIE, aé%}“&ﬁ"o@g%??&s animal
species aﬁH‘Wéaé‘rﬂ’éhé%@Peh?t Fﬁa}dbﬁe’é& AdeacernresBEay 898 inhtetaeommbkghavse isagidas safe,
well toleraificand hasmeikceldent Bojika avapalgiagtc s Wil dealarg shatk bfeevelopdatent application WO
93119749 claims the compounds of formula | which are usefg} for aIIergy and inflammatory states. X
Where X4 is One of the representative exa
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Roflumilast

5 Cilomilast Lirimitast
PDE4 inhibitors can be divided into distinct classes based on structural motifs present in the
molecules for e.g. Xanthine, nitraquazone, catechol diethers etc. Examples of which are theophylline,
arofylline, nitraquazone, almirall, piclaminast, and filaminast, respectively. Several compounds have been
developed as PDE4 inhibitors that do not fall into any one particular class of compounds like Lirimilast

10 (BAY-19-8004), a novel sulfinate containing compound for the treatment of COPD. Tofimilast from Pfizer
is an indazole derivative which is currently under clinical development. The development of ibudilast, a
pyrazolopyridine compound, as & vasodilator and for the treatment of allergic ophthalmic disease is in
highest phase and for multiple sclerosis it is in phase II trials. BAY-61-9987 belongs to imidazotriazinones
under development by Bayer for the potential treatment of respiratory diseases (GB2388594A1-2003).

15 PDE4 inhibitors have been shown to relax airway smooth muscle and to suppress the activation of
inflammatory cells. PDE4 inhibitors that are at various stages of clinical development are cilomilast,
roflumilast, AWD-12-281,CC-10004,0NO-6126 and GRC-3886. GRC3886 inhibits PDE4 isozyme
subtypes A,B,C and D. It has a good oral bicavailability across various animal species and no emetic effect
had been noted at oral dosages of upto 100mg/kg. The drug was safe, well tolerated and has excellent

20 pharmacokinetics with a long half-life .

Patent application WO 93/19749 claims the compounds of formula I which are useful for allergy

and inflammatory states.

Where X, is



Patent US 5,712,298 claims the compounds of formula 1 which is a phosphodiesterase inhibitor for
Streating airway disorder and dermatitis. Rl R2 in which Ri is 1-4C-alkoxy which is completely or
partially substituted by fluorine, R2 is 3-50-cycloalkylmethoxy or benzyloxy and 10R3 is
2-bromophenyl, 2,6-dichioro-4-ethoxycarbonylphenyl, 2,6-dimethyoxyphenyl, 4-cyano-2- fluorophenyl,
2,4,6-trifluorophenyl, 2-chlom-6-methylphenyl, 2,6-dimethylphenyl, 2,6-difluorophenyl, 2,6-
dichlorophenyl, 3,5-dichloropyrid-4-yl, 3-methylpyrid-2-yl, 2-chloropyrid-3-yl, 3-5-dibromopyrid-2-yl,
2,3,5,6-tetrafluoropyrid-4-yl, 3-chloro-2,5,6-triflupropyrid-4-yl, 3,5-dichloro-2,6-difluoropyrid-4-yi or 2,6-
dichloropyrid-3-yl, a salt thereof, and the N-oxide of a pyridine or a salt thereof 15The claimed
compounds include CI 14-1- N ON FFCI Patent US 5,811,455 claims the compounds of formulae land
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One of the representative examples of this patent is as given below,
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Patent US 5,712,298 claims the compounds of formula I which is a phosphodiesterase inhibitor for
5 treating airway disorder and dermatitis.
R1

R2 R3

in which

R1 is 1-4C-alkoxy which is completely or partially substituted by fluorine,

R2 is 3-5C-cycloalkylmethoxy or benzyloxy and

10 R3 is 2-bromophenyl, 2,6-dichloro-4-ethoxycarbonylphenyl, 2,6-dimethyoxyphenyl, 4-cyano-2-

fluorophenyl, 2,4,6-trifluorophenyl, 2-chloro-6-methylphenyl, 2,6-dimethyiphenyl, 2,6-difiuorophenyl, 2,6-
dichlorophenyl, 3,5-dichloropyrid-4-yl, 3-methylpyrid-2-yl, 2-chioropyrid-3-yl, 3-5-dibromopyrid-2-yl,
2,3,5,6-tetrafluoropyrid-4-yl, 3-chloro-2,5,6-triflucropyrid-4-yl, 3,5-dichloro-2,6-difluoropyrid-4-yl or 2,6-
dichloropyrid-3-yl, a salt thereof, and the N-oxide of a pyridine or a salt thereof.

15 The claimed compounds include
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Patent US 5,811,455 claims the compounds of formulae [ and I!



I One of the representative examples of this invention is International patent application WO
2006/011024 claims the compounds of generic formula 5 One of the representative compounds is
as given below and the application claims their use in the treatment of asthma and chronic obstructive
pulmonary disease apart from other disease states. 0 (ILNHOH OCH, Challenges that are facing the
PDE4 inhibitors are mainly nausea, vomiting, increased gastric acid 10 secretion which may be
because of selectivity towards binding sites. Based on the priorart reports compounds with selectivity
for the high-affinity rolipram binding site causesgide effects where as compounds with selectivity for
low-affinity rolipram binding site are expected to have better therapeutic effects compared to rolipram
GT Biol. Chem. 1992, 267 (3): 1798-1804; J. Blot Chem, 1999, 274(171:11796-11810). Other side

effects are cardiac dysarhythmias, vasculitis and osteoporosis. PDEIO sequences were first
identified by using bioinformatics and sequence information from other RDE gene families. Homology
screening of EST databases revealed PDEIOA as the first membg he PDE10 family of

phosphodiesterases. PDE1QA own by loBalizatic: gSta"have the most restricted
distribution of all the 11 known PIIE Tgmiljés, ®eh the PDE nfRNAIghly expressed only in 5 the
brain and testes (.1.BiotChem Q9¥274:18438-18445; xur.” I8iochem (1999)266:1118-1127). This
unigue distribution of PDEIOA in the Brain indicates a potential use of PDE1OA inhibitors for treating
neurological and psychiatric disorders. However, PDE1OA inhibitors have also been claimed to be

useful as %gggﬂggge@%s&ﬂggg%x%pegtoqgh%qgvga%%%ally obesity. PDE10A like all PDEs has a

conserved segment of -270 amino acids in the C-terminal end and
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International patent application WO 2006/011024 claims the compounds of generic formula

)

R1
R4 i R3
R X P—R?
5 )
One of the representative compounds is as given below and the application claims their use in the

treatment of asthma and chronic obstructive pulmonary disease apart from other disease states.
0

HLNHOH
N
@ OCN
o]
OCH,

Challenges that are facing the PDE4 inhibitors are mainly nausea, vomiting, increased gastric acid

10 secretion which may be because of selectivity towards binding sites. Based on the priorart reports

compounds with selectivity for the high-affinity rolipram binding site causes side effects where as

compounds with selectivity for low-affinity rolipram binding site are expected to have better therapeutic

effects compared to rolipram (J Biol Chem. 1992, 267(3):1798-1804; J Biol Chem. 1999,
274(17):11796-11810). Other side effects are cardiac dysarhythmias, vasculitis and osteoporosis.



10 this segment has been demonstrated to include the catalytic site. The human PDE10 gene is large,
over 200kb, with up to 24 exons coding for each of the splice variants. The amino acid sequence is
characterized by two GAF domains (which bind cGMP),a catalytic region and alternatively spliced N
and C termini. Numerous splice variants are possible because of at least 3 alternative exons encoding
the N and 2 for the C-termini. PDEIOA |, a splice variant of PDE10, is a 779 amino acid protein that
hydrolyses cAMP and 15 cGMP. The K", values for cAMP and cGMP are 0.05 and 3.0 micro molar
respectively. PDEIO is a unique cAlv1P-inhibiteg.cGMPase (.1.BiotChem (1999)274: 18438-18445).
PDEIOA has been identified in the islets of Langerhans. PDE1OA hydrolyses cAMP to AMP and
thereby decreases intracellular concentrations of CAMP. By inhibiting PDE1OA activity, intracellular
levels of CAMP are increased thereby the release of insulin-containing secretory granules and

therefore, 20'“”1@9@!6%&1:%}1'&@2 %Fer EHNdentifiel’ Pﬁ?s% BAHRIQIR Y G QNIR RIRY B QIS treating

cardlovasc%lllar dlsorders such as h %rtensmn ischemic heart disease, myocardial infarction and

ischemic SIPSke" EZBYeRORSoF BRIERY) CETE Hetalidr TRt EckeH ‘68%}% 3301158 1774 §9o:
Biochem. tB?d’@WO iRadly corpho@asBRIes BRE 1Goin bprishsty iy lnprlization tudies tedgerthnmegcond
messengessiibial siseitnucivedimine xegui@miolivascitah SAIIOUK2ERMA SeiR T exResiddadDiE 10 family
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and the actlyatlon ngéipolyg}%gg ﬁl%am ng fguan(}/rllzta,t csy gsesl ads totlncreased intracellular
COMP levEd AR a8 Y RSt b T A A S A6 P BT T8t G P RS (ISR i Eihiad

receptors eFiEigensasyeiaEe disordese dlaysinditR Sy bdibites s dlse dectriaigetvabiordtiadenylate
cyclases, ganesationoakentiasatuiad epddbljyamesiproduces vasodilation. Thus PDE10A likely 30plays a
g)tl)e in (t)he c%r?'qsf?é%%fxﬁtﬁﬁtstm? g%%&mmgsgstw NO780R0L2ASR ax @%ﬁ%&a&mrtﬁ; use of
inhjbitors for reatment of diabetes an compqunds dis are - uropean
patslné appt?f?:aS l%merﬁlgai%f % tra zt%f ro§ i‘ﬁ LS té) ?J[i’eqcl) saéllcélcgt?\?g ﬁfﬁéf& iRhibiors for the
treatment #OEINGR i%?c?é@‘%‘ﬁéﬁ‘i‘mﬁi@deb‘iﬁ pS{eplisis vartei S8 PAETS TS BrSRREF dethefefitiE®gnition as
symptom.byheoahFROEE@ itwhibit Ginexermphitieddytibispatent istpapiesrpicant dmdisctoses.5lcso

values of pgpaveL J@%LL%QE ,E@mﬂieﬁecause ofad 18RRI GRHRNIW O 20QHQRZARMDIN Ky Qyyg Hakko
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c¢GMP. The K, values for cAMP and cGMP are 0.05 and 3.0 mlcro molar respectively. PDE10 is a unique
cAMP-inhibited cGMPase (J. Biol. Chem (1999)274: 18438-18445).

PDEI10A has been identified in the islets of Langerhans. PDE10A hydrolyses cAMP to AMP and
thereby decreases intracellular concentrations of cAMP. By inhibiting PDE10A activity, intracellular levels
of cAMP are increased thereby the release of insulin-containing secretory granules and therefore,

20 increasing insulin secretion.

PDE10A inhibitors are known to play a role in treating cardiovascular disorders such as
hypertension, ischemic heart disease, myocardial infarction and ischemic stroke. Expression of PDE10 can
be detected in the heart (Gene 234.:109-117, 1999, Biochem. Biophy. Res. Comm, 261:551-557, 1999), and
c¢GMP and cAMP are important second messengers that are involved in the regulation of vascular smooth

25 muscle tone. The PDE10 family comprises enzymes that are responsible for the degradation of cAMP and
c¢GMP in various tissues and the activation of soluble and membrane bound guanylate cyclases leads to
increased intracellular cGMP levels and induces vasodilation. The stimulation of various GPCRs (G-
protein coupled receptors) which are expressed in vascular smooth muscle cells induces the activation of
adenylate cyclases, generation of intracellular cAMP, and produces vasodilation. Thus PDEIOA likely

30 plays arole in the cardiovascular system.

PCT application WO 2005/012485 by Bayer claims the use of PDE10 inhibitors for the treatment

of diabetes and the compounds disclosed are



10 restricted localization of PDE1OA in key brain areas. Inhibition of PDEIOA using the relatively
specific PDE1OA inhibitor, papaverine shows a reduction in activity and a reduced response to
psychomotor stimulants. Inhibition also reduces the conditioned avoidance response predictive of
clinical antipsychotic activity. PDE10 inhibitors are also shown to be potential targets in treating
Diabetes and complications thereof and only a few prior art references (WO 2002/048144, WO
2003/014117, WO 2003/014116, WO 15 2003/014115, WO 2003/051877) by Bayer pharmaceuticals
show that PDEIO inhibitors play a role in treating cancer. Due to the various roles that PDEIO
inhibitors show, they have become the most promising targets for future drug therapies for different
therapeutic areas. As described above, as regulation of intracellular signaling is coordinated by
PDFA, it has become a validated target for the development of therapeutics for inflammatory diseases
such as asthma and COPD. 20PDE4 also has shown to be a potential target for CNS related
diseases, depressidn, memory enhancem Int, cardiovascular dlséase and osteogenesis. Summary of
the Invention Pre eSS inhibitors, in particular
phosphodiesterasegtyfye ,\‘ NE-4) and ph erase type JORPDEL Q) inhibitors of general
formula () F21(R4)' 5¢ 2gS thereof, o qva Ives tautonﬁers Ste+ei [

relates to pharmaceutical 10comgositions containing these compounds.

European patent application EP 1 250 923 by Pfizer broadly claims the use of selective PDE10
inhibitors for the treatment of CNS disorders exemplified by psychosis and disorders comprising deficient
cognition as symptom. The only PDE10 inhibitor exemplified in this patent is papaverine and it discloses

5 ICs values of papaverine for all PDE families.

PCT application WO 2004/002484 by Kyowa Hakko kogyo Co., claims the compounds of

following formula as PDE10 inhibitors.

R1
( 4 6/5 = Rz
R}———"’\s -

PDEIOA is emerging as a particularly interest target for CNS disorders. This is due to the very

10 restricted localization of PDE10A in key brain areas. Inhibition of PDE10A using the relatively specific

PDEI0A inhibitor, papaverine shows a reduction in activity and a reduced response to psychomotor

stimulants. Inhibition also reduces the conditioned avoidance response predictive of clinical antipsychotic

activity. PDE10 inhibitors are also shown to be potential targets in treating Diabetes and complications

thereof and only a few prior art references (WO 2002/048144, WO 2003/014117, WO 2003/014116, WO

15 2003/014115, WO 2003/051877) by Bayer pharmaceuticals show that PDEIO inhibitors play a role in

treating cancer. Due to the various roles that PDE10 inhibitors show, they have become the most promising
targets for future drug therapies for different therapeutic areas.

As described above, as regulation of intracellular signaling is coordinated by PDE4, it has become

a validated target for the development of therapeutics for inflammatory diseases such as asthma and COPD.

20 PDEA4 also has shown to be a potential target for CNS related diseases, depression, memory enhancement,

cardiovascular disease and osteogenesis.



Whereby in formula (I) X represents 0, S or NR5 and Y represents O or S; Rlis 15Xl is selected from
hydrogen, optionally substituted alkyl, optionally substituted N,N- dimethylaminoalkenyl, carboxy,
=CH-NR5R6, COORE6; X2 is selected from optionally halo, cyano, carboxy, COORS6, substituted
alkyl, NR5R6, - NR5S(0)R6; le is selected from cyano, carboxy, alkyl, amido or tetrazolyk 20X’
represents 0, S, NR5, N-OR5, =N-OCH2COOH, N-O-Me; X5 represents hydrogen, halo, hydroxyl,
cyano or alkyl; or When two XI groups are ortho to each other, they may together form a 4 to 7
membered ring system selected from alicyclic.@r-heterocyclic ring which may be saturated, partially
saturated or - 10 - unsaturated, atyl, or heteroaryl. The heterocyclic or heteroaryl may have one or
more heteroatoms selected from 0, NRs or S; or

Summary of the Invention

The present invention relates to novel phosphodiesterase inhibitors, in particular phosphodiesterase

type 4 (PDE-4) and phosphodiesterase type 10 (PDE-10) inhibitors of general formula (I)
1
R (R,
R O O
X
Y\R2
)
and analogs thereof, derivatives, tautomers, stereoisomers, enantiomers, diastereomers, polymorphs,
pharmaceutically acceptable salts, pharmaceutically acceptable hydrates, pharmaceutically acceptable
solvates, N-oxides and bioisosteres. Additionally, the present invention relates to pharmaceutical
10 compositions containing these compounds.
Whereby in formula (I)

X represents O, S or NR® and Y represents O or S;
R'is

,___,
prom—

X% o (X,

X3 X3

15 X' is selected from hydrogen, optionally substituted alkyl, optionally substituted N,N-
dimethylaminoélkenyl, carboxy, =CH-NR’R®, COOR®;
X* is selected from optionally halo, cyano, carboxy, COOR’, substituted alkyl, NR’R®, -
NR’S(0)mR%;
X3 is selected from cyano, carboxy, alkyl, amido or tetrazolyl;
20 X* represents O, S, NR?, N-OR®, =N-OCH,COOH, =N-O-Me;
X® represents hydrogen, halo, hydroxyl, cyano or alkyl; or
When two X' groups are ortho to each other, they may together form a 4 to 7 membered ring

system selected from alicyclic or heterocyclic ring which may be saturated, partially saturated or



When XI and X2 are ortho to each other, they may together form a 4 to 7 membered ring system
selected from alicyclic or heterocyclic ring which may be saturated, partially saturated or unsaturated,
aryl 5 or heteroaryl having one or more heteroatoms selected from 0, NR5 or S. The 4 to 7 membered
ring system may optionally be mono- or di-substituted with oxo (=0), carboxy, R'COOR6, R'NR5126,
ORs, alkyl or aryl. Representative examples of the 4 to 7 membered rings with optional substitutions
include but not limited to NOEt,NR5 NNNCOOEt N \CNN/R6 10 r is an integer represented by 0, 1,2 or
3; s is an integer represented by 0, 1 or 2; - 10R2 represents optionally substituted groups selected
from alkyl, haloalkyl, alkenyl, alkynyl, optionally substituted cycloalkyl, optionally substituted aryl,
optionally substituted heteroaryl or optionally 15substituted heterocyclyl; R3 and RA
independently represent hydrogen, hydroxy, halo, cyano, amino, alkyl, alkoxy, alkenyl, alkynyl,
alkylaminQndam, GRIDGPKALE PANRYL R TERr RSSRER MU AgR LRIk R&LRQRE saptignally
substltutegmalkgl ﬁ{zpé?téana”y substituted aryl; 5R6 represents hydrogen, optionally substituted alkyl or
optionally substitute af)ﬂ; or, R5 and R6 together may form a 3 to 12 membered mono or
polycyclic ring Wit rajPheé satied, sy e RshanSaurdtédTanemisesd spgisrsisty contain
one more sakterd ftonalpebdicte ddiersryjcNing yaikl magpeospticinal) pdiinenored di-aubstisdesy|

5 or heteroaryl having one or more heteroatoms selected from O, NR® or S. The 4 to 7 membered ring system
may optionally be mono- or di-substituted with oxo (=0), carboxy, R’”COOR6, R’NR’R®, OR’, alkyl or

aryl. Representative examples of the 4 to 7 membered rings with optional substitutions include but not

limited to
Ph
N | H
N NN CO0R N Ph. N o N _o
\ | N N7 X N N
= \ /) _ v/ \
1 ' \ / ) \ / ' \ / '\ / )
2 \td N
N7 “NH NT N N7 N NP NH N~ Xy, COOH
Ty Y Y v
NH, HN” COOH
NN N)\N NZ>N"cooet N7 N7 COOH 4]\

10

r is an integer represented by 0, 1, 2 or 3;
s is an integer represented by 0, 1 or 2;
R® represents optionally substituted groups selected from alkyl, haloalkyl, alkenyl, alkynyl,
optionally substituted cycloalkyl, optionally substituted aryl, optionally substituted heteroaryl or optionally
15 substituted heterocyclyl;



R' represents a direct bond or an optionally substituted alkylene; 10n is an integer represented by 0,
1,2 or 3; mis an integer represented by O, | or 2; In another aspect of the present invention, when
two 124 groups are ortho to each other, they may join together to form a saturated, unsaturated or
partially saturated ring which may optionally include upto 2 heteroatoms selected from 0, S and NR5
15In another aspect of the present invention, when X is NR5, then R2 and R5 may join together to
form a saturated or unsaturated 5 to 7 membered ring which may optionally contain one or two
additional heteroatoms and may be optionally sybstituted; In yet another aspect, the present
invention relates to a process for the preparation of the novel heterocyclic compounds of general
formula (I). 20In yet another aspect, the present invention relates to the pharmaceutical compositions
using compounds of general formula (I). The compounds of the present invention inhibit or

regulate the TNFalpharagclion Aud s usellin ihedieaimentof lsimandinlonmatery
diseases including asthma, inflamratory diséases, af/lerg c COI‘]CfI lons, allergic conjunctivitrs,

eosinophifYrarliBia H Lot PREUSh RSP S¥thritis, diabetes, 25 crohn's disease allergic rhinitis
endotoxic shock Rirrdraadents resivieatopjkdistrBYEOSR d potiorall¥ sebstimysonling srofntresibntuirsiemtion are
particularly-useful for the treatment of asthma and chronic obstructive pulmonary disease (CORD). -

12 - Dtalled deserighion. e hiionuy suLhESHm, o Rle/sia Ay or branched chai

saturated aliphatic hydrpcarbon that may be optionally substituted with multiple de%rees of substitution

being allowed. EXafibied 8F PSR IRTR ithD it BRPEHIRIMARERP R HEHE “EH0 M- Br sy opropyl,
n-butyl, t-ratjalinsperid, dsutsatyrisd dhadikeriondlitheostalb st morseieznatbe sidetedddrirémMadlogens,
hydroxy, adk@iy agydnaaigniamonitror aneibdsrutddnless specified by for example, the phrase"Cx-Cy alkyl"

which refers to aﬁ’%F%L&'%?!ﬂHh‘é’&fﬂo%ﬁ%i:gﬂ%tfbﬁimpﬁfb&fﬁéﬁ%&ﬁn@ the entire specification the term

"alkylé;roup" refers to CI-C6 and a similar terminology will apply for other preferred ranges as well.
nis an integer represented by 0, 1, 2 or 3;

m is an integer represented by 0, 1 or 2;

In another aspect of the present invention, when two R* groups are ortho to each other, they may
join together to form a saturated, unsaturated or partially saturated ring which may optionally include upto
2 heteroatoms selected from O, S and NR’

15 In another aspect of the present invention, when X is NR’, then R? and R’ may join together to
form a saturated or unsaturated 5 to 7 membered ring which may optionally contain one or two additional
heteroatoms and may be optionally substituted;

In yet another aspect, the present invention relates to a process for the preparation of the novel
heterocyclic compounds of general formuia (I).

20 In yet another aspect, the present invention relates to the pharmaceutical compositions using
compounds of general formula ().

The compounds of the present invention inhibit or regulate the TNF alpha production and are
useful in the treatment of allergic and inflammatory diseases including asthma, inflammatory diseases,
allergic conditions, allergic conjunctivitis, eosinophilic granuloma, psoriasis, rheumatoid arthritis, diabetes,

25 crohn’s disease allergic rhinitis endotoxic shock and adult respiratory distress syndrome. The compounds
of present invention are particularly useful for the treatment of asthma and chronic obstructive pulmonary
disease (COPD).



10The term "alkenyl" used herein, either alone or in combination with other radicals, denotes a straight
or branched C2-C6 aliphatic hydrocarbon chain containing one or more carbon to carbon double
bonds that may be optionally substituted with multiple degrees of substitution being allowed. The term
"alkenyl" includes dienes and trienes of straight and branched chains and are selected form vinyl allyl,
2- butenyl, 3-butenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 2-hexenyl, 311exenyl, 4-hexenyl, 5-hexenyl,
2- 15heptenyl, 3-heptenyl, 4-heptenyl, 5-heptenyl, 6- heptenyl The term "alkynyl" used herein,
either alone or in combination with other radicalg; denotes a, straight or branched chain aliphatic
hydrocarbon containing two to eight carbons with one or more triple bonds which may be optionally
substituted with multiple degrees of substitution being allowed. The term "alkynyl" includes di-and
tri-ynes, such as ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 3- 20butyny1,1-pentynyl,

2-pentynyl, 3-pentynyl, 4-pentynyl, 1&%@3&@19@&55’&&%&9&(" 5-hexynyl, and the like. The
term "alkylene", refers to a divalent alkyl linking group. Examples of alkylene groups include, but are

not limited to, ethan-1,2-diyl, propan-1,3-diyl, propan-1,2-diyl, butan-1,4-diyl, butan-1,3-diyl,
butan-1,2-diyl, 2T#eamw-poparirsdodiyraishicivenmsd visiatusried 2Hnbetis/hyesserdn themsupe-Oalky!
where alkybisraiysebeinidé fiid dhuRipprégentativereaimplendndinga . [Bxrbasesnathimiteddadaethoxy,
ethoxy anghdhe: likfted 1o AR/ LN RRRBKYOFRISISHBuENE BRUP, G QGB R NREE. ik S alifyl defined
as above aurg)(sjt.glﬁ!)o en i essee&g&t(eihrfggﬁwkf)luosriQedrchIoeg)l(ﬁé-;(,ybarorlnirrlrtlel andtrlodinf ag%l} can h Qaloalkyl,
dihaloalkyl or trihaloakyl or poFy aloa yﬁﬂ(é %e%’ﬁﬂ’llene chfdride, CFs, < “OFZBE 30The
term "ha|dwr@re'?§lfwlﬂ1%?iﬁ‘éﬁ%h%ﬁné{kts‘fbvﬁiﬁ%fefﬁﬁwiﬁ%fﬂkyl SRl sReciis ity ofaabes - 012
aromatic rimthsysterspeeiiichionaye lenmieikpicyroli’; eieyscheloiOp ahdcy slitlaf reviesivgineltidesiyifag (S)
optionally sbstitted withsnultinle degrees of substitution being - 13 - allowed and the substitutions

mayliaclude halo[%gqgﬂnnitr barfznino Ikoxybﬂrl[éyh%g(l:f%pyl amino, alkylc rlotginylz%{i’gg1 0,.carboxy, alkyl

carbonoyl, hydroxy, and a y?y fé?%p%%/n aryl groups mcl]uc&f-:-mpl héﬁ?/l,w rlltap?h ry’i?ln %lﬁ%ﬁ?%?f)ﬁenyl and

the like. THEESHPT REGRIBES) KypiCn 2ERatE A OBHIRE CHAFh ECBRIANE RO ARASH SRR SRrarradieddls, denotes

a bonds that may be optionally substituted with multiple degrees of substitution being allowed. The term
“alkeny!" includes dienes and trienes of straight and branched chains and are selected form vinyl allyl, 2-
butenyl, 3-butenyl, 2-pénteny1, 3-pentenyl, 4-pentenyl, 2-hexenyl, 3hexenyl, 4-hexenyl, 5-hexenyl, 2-

15 heptenyl, 3-heptenyl, 4-heptenyl, 5-heptenyl, 6- heptenyl

The term “alkyny!" used herein, either alone or in combination with other radicals, denotes a,
straight or branched chain aliphatic hydrocarbon containing two to eight carbons with one or more friple
bonds which may be opticnally substituted with multiple degrees of substitution being allowed. The term
"alkynyl" includes di-and tri-ynes, such as ethynyl, 1-propynyl, 2-propynyl, l-butynyl, 2-butynyl, 3-

20 butynyl,1-pentynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 1-hexynyl, 3-hexynyl, 4-hexynyl, 5-hexynyl, and
the like. '

The term "alkylene", refers to a divalent alky! linking group. Examples of alkylene groups include,
but are not limited to, ethan-1,2-diyl, propan-1,3-diyl, propan-1,2-diyl, butan-1,4-diyl, butan-1,3-diyl,
butan-1,2-diyl, 2-methyl-propan-1,3-diyl, and the like.

25 The term “alkoxy” refers to a group —Oalky! where alky! is as herein defined. Representative
examples include but are not limited to methoxy, ethoxy and the like

The term “haloalky!” refers to the group ‘R.-halogen’ where R is alkyl defined as above and
halogen is selected from fluorine, chiorine, bromine and lodine and it can be haloalkyl, dihaloalkyl or
trihaloalky! or polyhaloalky! like methylene chloride, CF;, CHF,, CF,-CF; etc.

30 The term “halo” refers to fluorine, chlorine, bromine or iodine;
The term “aryl” refers to a Cs — C;; aromatic ring system which may be monocyclic, bicyclic or

polycyclic. The term includes ring(s) optionally substituted with multiple degrees of substitution being



5 mono, bicyclic or polycyclic saturated, partially saturated hydrocarbon ring system of about 3 to 12
carbon atom which may be optionally substituted with halogens, nitro, amino, alkoxy, alkyl sulfonyl
amino, alkylcarbonylamino, carboxy, alkyl carbonoyl, hydroxy, and alkyl. Exemplary "cycloalkyl"
groups include but are not limited to cyclopopyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl,
perhydronapthyl, adamantyl, noradamantyl or spirobicyclic groups such as spiro (4,4)non-2-yl. 10The
term "heteroaryl "refers to monocyclic aromatic ring system or a fused polycyclic aromatic ring systems
comprising two or more aromatic rings preferabhy two to three ring systems, These heteroaryl rings
contain one or more nitrogen, sulfur and or oxygen atoms where N-oxides, sulfur oxides and dioxides
are permissible heteroatom substitutions .The term includes rings optionally substituted with halogens,
nitro, amino, alkoxy, alkyl sulfonyl amino, alkylcarbonylamino, carboxy, alkyl carbonoyl, hydroxy, and

15 alkyl. ExawmRlesPiRetGRanbaroRs ingkde.fyan:, thiephens.PYikals; imidazale, pysaggle, triazole,
tetrazole, gn(l zorge, oxazole, |§oxazlglg, OFadl zgl , thiadia olle,Elsothllazok—:-l,%)Xrldlnel, gyrgja ine,
pyrazine, pyﬁrcﬁl ?ﬁ ,aré’hrﬁ?iocﬁﬁé)f%’sgqﬁiﬁ% IRe. benzoturan, benzo %r?gﬁﬁ’eanr\‘é, nddieTindazsiE,
chromanyP2régiehrafayriahiaiadike live term "heterocyclyl” refers to a stable 3 to 15 membered

ring that is eithermsatanattgibakytineeorh2dnither degeee Inafounsatisration ohdsratiiedi daiae. al hese
heteracyclicsiNgRRAPRIBLIBRIY MR NpirIasamsselssied -Jamdh e arur £30sIH19 Qfnjfrogen,
sulfur andé%rmog%g??nm%toggsov%pegﬁ I\Is(gﬁllgﬁesd stﬂlflér gxei:ggsn%rgd a%%éldzs are (_jﬁl{miﬁsib e heteroatom
substitutions. Such a ring mgyoﬂe Y)p ionally fuse t6%he or mére of another etsellrooc?%lfémr?ﬁ’g(s), aryl
ring(s) or eYlehepy Mg caesmplieb Bttt Bréiaps byl Sumetay Trorealiy gFoup dstrising
azetidinyt patcardimy! lipjted 2o [yt lpoggz ofylo iz ofyloyeyty O lyy cikiniey henlytycRbethya zehildexagbly)
iioxazolyrllaéa&f@lwl; M&W&#l@éﬁ#?@é@&%@?&?@iﬂéhB%R?&%ﬁ‘,)dn&i@?}ﬁzénw, ml?rphcr)]"nyl, ; |
thiomgrphonilyl, pyride.zinyl, indolyl,.isoindo inolyl, chromanyl and the like, The term "carbamoyl"
referISBto the groﬁge-g?&) I@thrfa ¥ é‘e‘?[fgrrsmto"g]é”r%é )?yﬁ F‘é}%‘?g%“}%g%gﬁﬂf—ﬁﬂ?gmg qgfécrg%%%rpﬁtécrs" refers

to certain EBRTHOUTRISBRERHRE Heraih ARFEEOME MaiRe Y Mid ke o ERgraiskartEssMsrRPatherwise
be capablengt exigimgras mutiglestesdisendersxfeopend therpresaddsi nviéntaildnoludesifure
stereoisom@raeasnidlieit AsriibH asueteiere Olse RakSIRHURsam U Bl anamiameisigiasiasgamers or
enantiomer'{cal%diast&reomﬁrilcalf}/ enriched rQixtulées. -14 - The lt(e m "biois’ogt res" refers to
iiro, amino, alkoxy, a suifony! amind, alkylearbopylamino, carboxy, al carbono y%ro an
compouno?s or groups tﬂzi/t possess r‘Year molec far shapes and vo umeys, appro%dma efilythe same

distribttioA'6f efSamBls AnbFRRTEH Esamsitaiviraf ity SRR TR dtcheals. e StieRy:
Bioisostergiczdmipouanidsoatfelt hraagalmexbiteblenticdlyds sotit@it gystdnsmsagonistrari@ntagonists

and therebyrpradidce pindngicalpronsities thalarenelaieddneash oth@leS ilhedermnpharmaceutically
acceptabl%gc%lrto%gr%m}igg‘pﬁg of this invention include salts derived from inorganic bases such as Li,
Na, K, Ca, Mg, Fe, Cu, Zn, Al Mn; salts of organic bases such as N,N1- diacetylethylenediamine,
2-dimethylaminoLthABI; TEERFEPYiaffeehErpRdins® PRIRsATe HiBdtiEihe SHctsines afstylamine,
trietrdfammeretdigrethyfamateatiop po pylastingedr Shassthetemeeia dagn eortiiraemére ndiethegrodmine,
ethylenediarine sbkiNnb @yl ohenamieshylasmiteuholinhygmridenmsioxsiohaxdaning: ddqmetformin,
benzylamig pensamIng. dalliaming, Halotaming, Samins. aminoRMimidie, apinopyridine.
purine, pyrimidine, sPerml Ine, and the m<e; chiral bases like zﬂki’/I h nylamine, glycinol, p%enyl

glycinol arfd AMEMAKE LRSS G APARNHS Strideliehrise GrfRmmpis ohieh g befstciebicucine,
norleucineTayr dsirgsoay stmeristys tingidimdt hioiding, prokiokl, hpdtioxlyprokrdyhistiding, toiopitkivie, lysine,
arginise, serpgyitheeeaing, RbeaykalaningyUNnRaLAg], arHar aeislssHaLAS BelRMer $ipisimstituted
morpholinyl, thiomorphonilyl, pyridazinyl, indolyl, isoindolyl, quinolyl, chromany! and the like,
The term “carbamoyl” refers to the group ~C(O)NH2.
The term “carboxy” refers to —~COOH.
The term “stereoisomers” refers to certain compounds described herein that contain one or more
30  chiral centres or may otherwise be capable of existing as multiple stereoisomers. Scope of the present
invention includes pure stereoisomers as well as mixtures of stereoisomers such as puriﬁe;d

enantiomers/diastereomers or enantiomerically/diastereomerically enriched mixtures.



15 amino acids; salts of acidic amino acids such as aspartic acid, glutamic acid; guanidine,
substituted guanidine wherein the substituents are selected from nitro, amino, alkyl, alkenyl, alkynyl,
ammonium or substituted ammonium salts. Where appropriate, the salts may include acid addition
salts which are sulphates, nitrates, phosphates, perchlorates, borates, hydrohalides, acetates,
tartrates, maleates, citrates, succinates, palmoates, methanesulfonates, benzoates, salicylates,
hydroxynaphthoates, benzenesulfonates, 20ascorbates, glycerophosphates, ketoglutarates and the
like. The term "pharmaceutically acceptable spjvates” may be hydrates or comprising other solvents
of crystallization such as alcohols. The term "suitable pharmaceutically acceptable carriers"
includes solid fillers or diluents and sterile aqueous or organic solutions. The active ingredient will be
present in such pharmaceutical 25 compositions in the amounts sufficient to provide the desired

dosage in the range as d%scribed ab(%ve. Thus, for oral adming)stration, the comggéjr s can be
0

n
combined with a Suitable 20 ?(%Is,t?lrasuir ceésrrtfé%ngﬁaﬁr&desn?rtgr%??nt & SUTSS, TAbIEtS, pEvi é’%,agyrups,
solutions, YI¥PEn 2REFX BAE YHES Reme THE piomeh cleaions BWnthisBiguit palaripesishlerorssiifgain
additional moimgonenisheicty aBiflsnseantsysivelteffershe xaipieiishanidatiyeatioeiaB0 Figebarm
"compoungls, g hadayenion: MlereseRl-INaBLen prefatetadhecompaynds gidhe present invention
represented by formuia. (.25 hefeib:defined. 5 deryaives, Analods, taulamenig lome,,
stereoisomers, .i0|so§ters, msteréom rs,poﬁymornﬁs,%ﬁan |omers,apprdpr|‘faeeﬁ-%xfl’é“s:, 5 -
pharmacelTEaIy f&e Stabie $a1la gharmmdbedtichlly dbctbMBletydaeesenisharehacauticily-acceptable
solvates adie-ghathylecgiatided]y2alioepibiaetmp sitipnsprianisnmgrthdine, pipelhagreipentisavention
relates to pR¥ghDhesAhadiRsiarasadribitpisHihRRiGHiRsRhasRhodigsterase MRGAPRE4) and
phosphodigsiergas hpe . (ERERONRNDIGIS ol gencralormula (1), B (0. apd analods thereof,
derivatives, tautomers, Stgremsome’rs,’enan omer ) |_)éstere’omers, pyc()ilrymofp 3 pharmaceutically
accePlabl&@SHHBiHnbFHRABINt AR UEEEpTMe HYbyaBe fialkyetticRificc sptiaphyrimidine,

aminopyridine, purine, pyrimidine, spermidine, and the like; chiral bases like alkylphenylamine, glycinol,
phenyl glycinol and the like, salts of natural amino acids such as glycine, alanine, valine, leucine,
isoleucine, norleucine, tyrosine, cystine, cystine, methionine, proline, hydroxy proline, histidine, ornithine,
lysine, arginine, serine, threonine, phenylalanine; unnatural amino acids such as D-isomers or substituted
15 amino acids; salts of acidic amino acids such as aspartic acid, glutamic acid; guanidine, substituted
guanidine wherein the substituents are selected from nitro, amino, alkyl, alkenyl, alkynyl, ammonium or
substituted ammonium salts. Where appropriate, the salts may include acid addition salts which are
sulphates, nitrates, phosphates, perchlorates, borates, hydrohalides, acetates, tartrates, maleates, citrates,
succinates, palmoates, methanesulfonates, benzoates, salicylates, hydroxynaphthoates, benzenesulfonates,
20  ascorbates, glycerophosphates, ketoglutarates and the like. '
The term “pharmaceutically acceptable solvates” may be hydrates or comprising other solvents of
crystallization such as alcohols.
The term “suitable pharmaceutically acceptable carriers” includes solid fillers or diluents and
sterile aqueous or organic solutions. The active ingredient will be present in such pharmaceutical
25  compositions in the amounts sufficient to provide the desired dosage in the range as described above, Thus,
for oral administration, the compounds can be combined with a suitable solid, liquid carrier or diluent to
form capsuies, tablets, powders, syrups, solutions, suspensions and the like. The pharmaceutical
compositions, may, if desired, contain additional components such as ﬂa?ourants, sweeteners, excipients
and the like.
30 The term “compounds of the invention” or “present invention” refers to the compounds of the
present invention represented by formula (I) as herein defined, its derivatives, analogs, tautomeric forms,

stereoisomers,  bioisosters, diastereomers, polymorphs, enantiomers, appropriate N-oxides,



solvates, N-oxides and bioisosteres. Additionally, the present invention relates to pharmaceutical
10compositions containing these compounds. Whereby in formula (I) X represents 0, S or NR3 and Y
represents 0 or S; Rl is 15Xl is selected from hydrogen, optionally substituted alkyl, optionally
substituted N,N- dimethylaminoalkenyl, carboxy, =CH-NR526, and COORG6; X2 is selected from
optionally halo, cyano, carboxy, C0026, substituted alkyl, NR326, -NR3S(0)mR6; X3 is selected from
cyano, carboxy, alkyl, amido or tetrazolyk 20X4 represents 0, S, N23, N-023, ---N-OCH2COOH,
=N-O-Me; Xs represents hydrogen, halo, hydroxyl, cyano or alkyl; or -16-

pharmaceutically acceptable salts, pharmaceutically acceptable hydrates, pharmaceutically acceptable

solvates and pharmaceutically acceptable compositions containing them.
The present invention relates to novel phosphodiesterase inhibitors, in particular phosphodiesterase

type 4 (PDE-4) and phosphodiesterase type 10 (PDE-10) inhibitors of general formula (I)
1
R (R,
R O O
X
Y\Rz
@

and analogs thereof, derivatives, tautomers, stereoisomers, enantiomers, diastereomers, polymorphs,
pharmaceutically acceptable salts, pharmaceutically acceptable hydrates, pharmaceutically acceptable

solvates, N-oxides and bioisosteres. Additionally, the present invention relates to pharmaceutical

10 compositions containing these compounds.

Whereby in formula (I)
X represents O, S or NR® and Y represents O or S;
R'is
) 4
X
[ XD o [ X,
X3 X3
15 X' is selected from hydrogen, optionally substituted alkyl, optionally substituted N,N-

dimethylaminoalkenyl, carboxy, =CH-NR’R®, and COOR;
X* is selected from optionally halo, cyano, carboxy, COORé, substituted alkyl, NR® R(’,
-NR’S(0)nR";
X is selected from cyano, carboxy, alkyl, amido or tetrazolyl;
20 X* represents O, S, NR®, N-OR’, =N-OCH,COOH, =N-O-Me;

X’ represents hydrogen, halo, hydroxyl, cyano or alkyl; or



When two X1 groups are ortho to each other, they may together form a 4 to 7 membered ring system
selected from alicyclic or heterocyclic ring which may be saturated, partially saturated or unsaturated,
aryl, or heteroaryl. The heterocyclic or heteroaryl may have one or more heteroatoms selected from 0,
NR5 or S; or 5When X1 and X2 are ortho to each other, they may together form a 4 to 7 membered
ring system selected from alicyclic or heterocyclic ring which may be saturated, partially saturated or
unsaturated, aryl or heteroaryl having one or more heteroatoms selected from 0, NR5 or S. The 4to 7
membered ring system may optionally be mong;gt di-substituted with oxocarboxy, R'COORG6,
R'NR.5126, OR5, alkyl, aryl. Representative examples of the 4 to 7 membered rings with optional
substitutions include but not limited to r is an integer represented by 0, 1,2 or 3; s is an integer
represented by 0, 1 or 2; R2 represents optionally substituted groups selected from alkyl,

haloalkyl, alkenymmwxﬂgfapggomlwgsm%@,&yﬁlw,t9§%p%mu?%'wm%h qptionaly

substituted heteroaryl On[.;)'[l naIP/ substltuted heteroc 3 and R4 independently
represent Hydr oéeeﬁc ehycfrox S5, & dS5T RIS o kY kIBS’({/ bﬁllféwteglwnélm?ﬁﬂlé’r formyl,
carboxy, CapBAHes ay or hetefﬁﬁénTﬁﬁlbeREP@Féj& ﬁgha%%mh@%@mwmrqﬁeyrm@wfome@@gether to

form a satiwvatodNRfisastisated or partially saturated ring which may optionally include upto 2

hetergatoms selggigo:irarm & §&ﬂ(b@d¥%}?§h@?%@?ﬁﬁ§&&¥9{e@9% ARV mBHLPRE QRtignally
substituted 1aLl§éél orop tlo aII rﬁubst itute

1cyc ic eterocycltxc ring which may be saturated, partially saturated or unsaturated, aryl
or heteroaryl having one or more heteroatoms selected from O, NR® or S. The 4 to 7 membered ring system
may optionally be mono or di-substituted with oxo (=O), carboxy, R?”COOR6, R°’NR’R®, OR®, alkyl, aryl.

Representative examples of the 4 to 7 membered rings with optional substitutions include but not limited to

N H
N; ; N COOEt N/,L Phe 0 N__o
| w )—l S\_Z M
: XY , XY
2
N7 NH NZNT NZN N%NH N COOH

ris an integer represented by 0, 1, 2 or 3;
s is an integer represented by 0, 1 or 2;
R’ represents optionally substituted groups selected from alkyl, haloalkyl, alkenyl, alkynyl,

15 optionally substituted cycloalkyl, optionally substituted aryl, optionally substituted heteroary! or optionally
substituted heterocyclyl;



aryl; R.6 represents hydrogen, optionally substituted alkyl or optionally substituted aryl; or 125 and R6
together form a 3 to 12 membered mono or polycyclic ring which may be saturated, 10partially
saturated or unsaturated and may optionally contain one more heteroatom selected form 0, N, S, and
may optionally be mono or di-substituted; R' represents a direct bond or an optionally substituted
alkylene; n is an integer represented by 0O, 1, 2, or 3; m is an integer represented by O, | or 2;or
15when X is N125, then R2 and R."' may join together to form a saturated or unsaturated 5 to 7
membered ring which may optionally contain one or two additional heteroatoms and may be optionally
substituted. Preferred is a compound of general formula (1) wherein X is S; Further preferred is where
Xis 0; 20Further preferred is where X is Nit', wherein le is hydrogen, optionally substituted alkyl or
optionally substituted aryl; Further preferred is where fe is hydrogen; Further preferred is where le is

optionally substitiitech @raLRSseleGiechikam Mathvh, fmspraRybymdthehfratorradis whera,V is S;
alkynyl, alkylamino, formyl, carboxy, carbamoyl; or
when two R* groups are ortho to each other, they may join together to form a saturated,
unsaturated or partially saturated ring which may optionally include upto 2 heteroatoms selected from O, S
5 andNRY
R’ represents hydrogen, alkoxy, R’COOR®, optionally substituted alkyl or optionally substituted
aryl;
R represents hydrogen, optionally substituted alkyl or optionally substituted aryl; or
R® and R® together form a 3 to 12 membered mono or polycyclic ring which may be saturated,
10 partially saturated or unsaturated and may optionally contain one more heteroatom selected form O, N, S,
and may optionally be mono or di-substituted;
R’ represents a direct bond or an optionally substituted alkylene;
n is an integer represented by 0, 1, 2, or 3;
m is an integer represented by 0, lor 2;or
15 when X is NR’, then R? and R’ may join together to form a saturated or unsaturated 5 to 7
membered ring which may optionally contain one or two additionél heteroatoms and may be optionally
substituted.
Preferred is a compound of general formula (I) wherein X is S;
Further preferred is where X is O;
20 Further preferred is where X is NR®, wherein R’ is hydrogen, optionally substituted alkyl or
optionally substituted aryl;
Further preferred is where R’ is hydrogen;
Further preferred is where R’ is optionally substituted groups selected from methyl, ethyl, propyl;
Further preferred is where Y is S;
25 Further preferred is where Y is O;
Further preferred is where X' is carboxy;
Further preferred is where X' is COOR® wherein R® is alkyl preferably methyl or ethyl;
Further preferred is where X' is N,N-dimethylaminoalkeny!;
Further preferred is where X is carboxy;
30 Further preferred is where X is COOR® wherein R® is alkyl preferably methyl or ethyl;
Further preferred is where X% is NRSS(O),,,RG, wherein R’ is hydrogen, m is integer 2 and R® is
methyl;



25Further preferred is where Y is O; Further preferred is where Xl is carboxy; Further preferred is
where Xl is COOR6 wherein R6 is alkyl preferably methyl or ethyl; Further preferred is where Xl is
N,N-dimethylaminoalkenyl; Further preferred is where X2 is carboxy; 30Further preferred is where X2
is COORG6 wherein R6 is alkyl preferably methyl or ethyl; Further preferred is where X2 is
NR5S(0),nR6, wherein R5 is hydrogen, m is integer 2 and R6 is - 18 - Further preferred is where
X1 and X2 when Who to each other, forms a 4 to 7 membered ring system selected from alicyclic or
heterocyclic ring which may be saturated, partiafly saturated or unsaturated, aryl or heteroaryl having
one or more hethroatoms selected from 0, NR5 or S. The 4 to membered ring system may optionally
be mono or di-substituted with Oxo (-0), carboxy, R'COOR6, 5R'NR51-2.6, ORS5, alkyl, aryl; Further
preferred is where X3 is cyano; Further preferred is where X4 is O; Further preferred is where X4 is S;

Further preferregig,WheseX4 is B3 whereimBihatknmriaierahiy metoxyekaEuther preferred

is where )s()grtgn"s-élélc\:lté Oiér'gmc Qi 1c|}_/|d.lilguo"rt eelie J(:e)'fc%gergnés \/Wll?c r?na)lng ges I;]zxgrl;l?gi,erf).hnially saturated or

unsaturated, aryl or heteroary! having one or more heteroatoms selected from O, NR® or S. The 4 to 7
membered ring system may optionally be mono or di-substituted with Oxo (=0), carboxy, R’COOR’,
5  R'NR’R® OR’, alkyl, aryl;
Further preferred is where X is cyano;
Further preferred is where X* is O;
Further preferred is where X*is S;
Further preferred is where X* is N-OR® wherein R’ is alkoxy preferably methoxy;
10 Further preferred is where X* is =N-OCH,COOH;
Further preferred is where X° is hydrogen;
Further preferred is where R? is alkyl preferably methyl or ethyl;
Further preferred is where R? is hydrogen;
Further preferred is where R* is hydrogen;
15 Further preferred is where when X is NR’, then R? and R® may join together to form a saturated or
unsaturated 5 to 7 membered ring which may optionally contain one or two additional heteroatoms and can
be optionally substituted ,
In yet another aspect the present invention also relates to a process for the preparation of the novel
heterocyclic compounds of general formula (I).
20 In yet another aspect the present invention also relates to the pharmaceutical compositions using
compounds of general formulia (I).
Representative compounds of the present invention listed below are illustrative in nature only and
do not limit to the scope of the invention.
1. Methyl5-cyano-5-(4-methoxydibenzo[b,d)furan-1-yl)-2-oxocyclohexane carboxylate
25 2. 1-<{(4-Methoxydibenzo[b,d}furan-1-yl)-4-oxocyclohexanecarbonitrile
3. 4-Cyano-4-(4-methoxydibenzo[b,d]furan-1-yl)cyclohexanecarboxylic acid
4, 5-(4-Methoxydibenzo[b,d]furan-1-y1)-4,5,6,7-tetrahydro-2H-indazole-5-carbonitrile
5.  N-[4-Cyano-4-(4-methoxydibenzo{b,d]furan-1-ylcyclohexyllmethanesulfonamide
6. (3E)-3-[(Dimethylamino)methylene}-1-(4-methoxydibenzo[s,d}furan-1-yl)-4-
30 oxocyclohexanecarbonitrile
7. Ethyl 6-cyano-6-(4-methoxydibenzo{b,d]furan-1-yl)-2-methyl-5,6,7,8-tetrahydro quinoline-3-

carboxylate



Further preferred is where R2 is alkyl preferably methyl or ethyl; Further preferred is where 123 is
hydrogen; Further preferred is where R4 is hydrogen; 15Further preferred is where when X is NR5,
then R2 and R5 may join together to form a saturated or unsaturated 5 to 7 membered ring which may
optionally contain one or two additional heteroatoms and can be optionally substituted In yet
another aspect the present invention also relates to a process for the preparation of the novel
heterocyclic compounds of general formula (1), 20In yet another aspect the present invention also
relates to the pharmaceutical compositions using compounds of general formula (1).

Representative compounds of the present invention listed below are illustrative in nature only and do
not limit to the scope of the invention. 1.
Methy15-cyano-5-(4-methoxydibenzo[b,djfuran-l-y1)-2-oxocyclohexane carboxylate 252.

1-(4- Methoxydlb? E C/If {l%n 1@&%@ rano?(o ylglgh )f%r}%?{% Itc{}':lé ?H?’ md zole 5-carbonitrile

4-Cyano-4- (4 met c 0 exanecar

5-(4- Methoxy'ﬁlbé'ﬁf‘zb’{ﬁr’@ffmﬁﬁlﬂwiﬂﬁ”@% @tr%ﬁ%r%séf’l7lt"lﬁﬁﬁﬂi9r§%“&§?8%r?“t‘f?F@“:‘S“mle
N44-Cyano-4-{4émgthoxydinehzatibcfiafaaighd pdlohestiiihteti drnesbifdn anmidioe3-carboxylic
(3E)-3-RDimethylagn ino)methylene)-1-(4-methoxydibenzo[b,d1furan-I-y1)-4-

300x%cyc|ohqxag§£§£boryg|lﬁazo7 b m&n-l- l)-}S 6 7-tet h dro 2 ben21soxazole 5-carbonitrile

6-cyano-6-(4-met dibenzo d Ifuran-1- 3y tetrah)édro g uinai ine-3- carboxylate
12. 5-(4- ethoxydlbenzo[b dlfuran-T- -oxo—3 a,4 5 6,7- hexahydro

13. 6-(4-Methoxydibenzo[b,d]furan-1-yl)-4-0x0-3,4,5,6,7,8-hexahydroquinazoline-6-carbonitrile
14. 6-(4-Methoxydibenzo[b,d]furan-1-yl)-3-methyl-4-0x0-3,4,5,6,7,8-hexahydroquinazoline-6-

carbonitrile

H-indazole-5-carbonitrile

10 15. 6-(4-Methoxydibenzo[b,d]furan-1-yl)-5,6,7,8-tetrahydroquinazoline-6-carbonitrile
16. 2-Amino-6-{(4-methoxydibenzo[b,d}furan-1-yl)-4-0xo-3,4,5,6,7,8-hexahydroquinazoline-6-
carbonitrile ‘
17. 2-Amino-6-(4-methoxydibenzo[b,d]furan-1-yl)-5,6,7,8-tetrahydroquinazoline-6-carbonitrile
18. {[6-Cyano-6-(4-methoxydibenzo[b,d]furan-1-y1)-5,6,7,8-tetrahydroquinazolin-2-yljamino} acetic
15 acid
19. Ethyl [6-cyano-6-(4-methoxydibenzo[b,d]furan-1-yl)-4-0x0-5,6,7,8-tetrahydroquinazolin-3(4 H)-
yljacetate
20. [6-Cyano-6-(4-methoxydibenzo[b,d]furan-1-yl)-4-0x0-5,6,7,8-tetrahydroquinazolin-3(4 H)-
yl]acetic acid
20 21. 6-(4-Methoxydibenzo[b,d]furan-1-yl)-2-methyl-4-oxo0-3,4,5,6,7,8-hexahydroquinazoline-6-
carbonitrile
22. Ethyl [6-cyano-6-(4-methoxydibenzo[b,d]furan-1-yl)-2-methyl-4-0x0-5,6,7,8-
tetrahydroquinazolin-3(4H)-yljacetate
23. Ethyl {[6-cyano-6-(4-methoxydibenzo[b,d]furan-1-yl)-2-methyl-5,6,7,8-tetrahydroquinazolin-4-
25 yljoxy}acetate
24. 1-{(4-Methoxydibenzo[b,d}furan-1-yl)-4-(methoxyimino)cyclohexanecarbonitrile
25. ({[4-Cyano-4-(4-methoxydibenzo[b,d]furan-1-yl)cyclohexylidene]amino}oxy)acetic acid

or a pharmaceutically acceptable salt thereof.,
30 Another embodiment of the present invention is a method of treating an inflammatory disease,
disorder or condition associated with undesirable inflammatory immune response or a disease or condition

induced by or associated with an excessive secretion of TNF-a and Phosphodiesterase 4 (PDE 1V) in



- 19 - 8. 5-(4-Methoxydibenzop,cO0 furan-l-y1)-1-phenyl1-4,5,6,7-tetrahydro-1H-indazole-5-carbonitrile
9. 5-(4-Methoxydibenzo[b,d]furan-l-y0-2-phenyl-4,5,6,7-tetrahydro-213'-indazole-5-carbonitrile 10.
6-Cyano-6-(4-methoxydibenzol[b,cifuran- 1 -y1)-2-methyl-5,6,7,8-tetrahydro quinoline-3-carboxylic acid
511. 5-(4Ethoxydibenzo [b,d]furan-I-y1)-4,5,6,7-tetrahydro-2,1-benzisoxazole-5-carbonitrile 12.
5-(4-Methoxydibenzo[b,c/furan-I-y1)-3-oxo0-3,3a,4,5,6,7-hexahydro-2H-indazole-5-carbonitrile 13.
6-(4-Methoxydi benzo[b,difuran-l-y1)-4-oxo-3,4,5,6,7,8-hexahydroquinazol ine-6-carbonitri le 14.
6-(4-Methoxydibenzo[bolifuran-1-y0-3-methyl-4-9x0-3,4,5,6,7,8-hexahydroquinazoiine-6- carbonitrile
1015. 6-(4-Methoxydibenzo[b,a]furan-1-y1)-5,6,7,8-tetrahydroquina7oline-6-carbonitriie 16.
2-Amino-6-(4-methoxydibenzo[b,cilfuran-l-y1)-4-oxo-3,4,5,6,7,8-hexahydroquinazoline-6- carbonitrile
17. 2-Amino-6-(4-methoxydibenzo[12,c/Ifuran- | -y0-5,6,7,8-tetrahydroquinazoline-6-carbonitrile

5. (O-CYRRAR- (snelinmy HDRRZORGAINAN; my&, s AV R0 Ziir o) acete

15acid 19. Ethyl [6-cyano-6-(4-meth o%( ib enzo ,c/]furan-

11y1) 4-0 8K BETAyEHE ATAZL S Aty JHAPbLEESE " ncuces preseningor delaing
[6-Cyano-Buametiod gijefitsbazafloraifinhibiting1husiaolisoBier o wondihyul rotiering 2t ds@sed)sind]acetic

acid 202 1reprdidd otft@aisiienzo[6,d] furan-lI-y0-2-methyi-4-oxo-3,4,5,6,7,8-hexahydroquinazoline-6-

5 Preferred inflammatory conditions and immune disorders are chosen from the group comprising of

asthma, COPD, allergic rhinitis, allergic conjunctivitis, respiratory distress syndrome, chronic bronchitis,

nephritis, rheumatoid spondylitis, osteoarthritis, atopic dermatitis, eosinophilic granuloma, psoriasis,

rheumatoid septic shock, ulcerative colitis, parkinson’s disease; multiple sclerosis, chronic inflammation,

crohn’s syndrome also other inflammatory conditions of lungs, eyes, joints, bowels, skin and heart central

10 nervous system(CNS). Preferred diseases of CNS are depression, amnesia, dementia, alzheimer’s disease,

cardiac failure, shock and cerebrovascular disease.
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15 In the above mentioned scheme, the compound of formula 2 is synthesized from commercially
available compounds like dibenzofuran or carbazole. Compound of general formula 3 is prepared from
compound of formula 2 under basic conditions using bases such as BuLi in the presence of an oxygen
source like oxygen or hydrogen peroxide etc. The compound of formula 3 can be alkylated to compound of
formula 4 (where R? is alkyl) using an alkylating agent such as alkyl halide under basic conditions. Basic

20 conditions can be achieved by sodium or potassium salts or sodium hydride in aprotic polar solvents like
DMSO, dimethyl formamide, dimethylacetamide or n-methy! pyrrolidone. Compounds of formula 5 can be
prepared from compounds of formula 4 by carrying out a formylation using dichloromethyl methyl ether in

the presence of lewis catalysts like AICls, TiCly, SnCly, FeCls, ZnCl,. Compounds of formula 6 can be



carbonitrile 22. Ethyl [6-cyano-6-(4-methoxydibenzo[b,d]furan-I-y1)-2-methyl-4-oxo-5,6,7,8-
tetrahydroquinazolin-3(4H)-yflacetate 23. Ethyl ff6-cyano-6-(4-methoxydibenzorb,difuran-
1-y1)-2-methyl1-5,6,7,8-tetrahydroquinazolin-4- 25yiloxylacetate 24.
1-(4-Methoxydibenzolb,d]furan-I-y1)-4-(methoxyimino)cyclohexanecarbonitrile 25.
({[4-Cyano-4-(4-methoxydibenzo[bfuran- | -yOcyciohexylidenejamino}oxy)acetic acid or a
pharmaceutically acceptable salt thereof. 30Another embodiment of the present invention is a method
of treating an inflammatory disease, disorder or,gandition associated with undesirable inflammatory
immune response or a disease or condition induced by or associated with an excessive secretion of
INF-ct and Phosphodiesterase 4 (PDE IV) in - 20 - humans. The method includes administering to the
human a therapeutically effective amount of a compound according to the general formula I. "Method

of treatingsJRGIMAGSPISHRBHRG OF ARlAYiNg the,anRRAraPGR: oaﬁaaufom B PARIRH R, MBI (e state

disorder or condition, relieving the disease causing regression o the_&isease. 5Preferred inflammatory
conditions BRd hmuRe d i%%’?’g%trlgngr%y SR HWFS?’??SIH% SrEUB EER PR o AR EB D allergic
rhinitis, all@fie CoMRIRetitisipdagpiatoly restres sisyifarBraweciroriansron ofiftsmple ph fitis inreumatoid
spondylitispestaaacthlifisoratdpie dismratii Soeasinpphitie grarkdoma. peariagissodien matedd septic
shocks U|C&r@éﬁ{&ﬁﬁ’é{%Q@(&Qﬁ%'ﬁe@@%@éﬁioﬁ‘h{'ﬂ@%r&%ﬁ%?§pa@&]£°éﬂl€d5§'§;%&%t&r8m's
syndrometE\Jscg ot0 er@amrp?ﬁ?ry conditions of kings, eyes, joints, bowels, skin and heart central
10nervous sys{nepm Tﬂr efred diseases of CNS are depression, amnesia, dementia, alzheimer's
disease, i€ ailure, shock and cerebrovascular disease.
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Compounds of formula 1a can be converted into compounds of formula 1b according to schemel and
10 compounds of formula lc are obtainable by condensation of 1b with dimethyl formamide dimethyl acetal in

presence of a base such as triethylamine or tetraethylamine.



Scheme | 15In the above mentioned scheme, the compound of formula 2 is synthesized from
commercially available compounds like dibenzofuran or carbazole. Compound of general formula 3 is
prepared from compound of formula 2 under basic conditions using bases such as BuLi in the
presence of an oxygen source like oxygen or hydrogen peroxide etc. The compound of formula 3 can
be alkylated to compound of formula 4 (where R2 is alkyl) using an alkyiating agent such as alkyl
halide under basic conditions. Basic 20 conditions can be achieved by sodium or potassium salts or
sodium hydride in aprotic polar solvents like DM$SO, dimethyl formamide, dimethylacetamide or
n-methyl pyrrolidone. Compounds of formula 5 can be prepared from compounds of formula 4 by
carrying out a formylation using dichloromethyl methyl ether in the presence of iewis catalysts like
AICI3, TiC14, SnC14, FeClI3, ZnC12. Compounds of formula 6 can be - 21 - obtained from
compoundg;ef foymula 5 by reduction of the aldehyde and chlorination followed by cyanation using any
conventional cyanation processes like with sodium cyanide etc. FFurtl;!gr reaction of the cyano
compound with alkylacryl&te irqy&sence of triton B gives thg 'f‘mgﬁund of formula 7. The intra
molecular cyclisation of t of 4 base like sodium hydride in
5dimethoxymethane followed-Ry deesterification in the prese of sodium chloride in DMSO-water
gives the compOL‘m 0 Ha, (Iy: Scheme 2 Comppunds of{fofinula la can be converted into
compounds of formula wding to schemel and 100 @ formula Ic are obtainable by
condensation of Ib with difnet lformamide dimethyl acets resence of a base such as
triethylamine or tetraethylamine. ™ 22 - Scheme 3 Co ens%tiofreﬂz\%%nnula la with nucleophiles of
general formula NH=C(NH2)-1216 gives the intermegla %%mpound of fonmula IdR\{ghich upon

“R2 Y\R2

Condensation of formula la with nucieophiles of general formula NH=C(NH,)-R'® gives the

intermediate compound of formula 1d which upon alkylation in the presence of alkali metal carbonates like

5 cesium carbonate gives N-alkylated and O-alkylated compounds 9 and 10. Selectivity is generally based on
the group present at X>3. Also, compounds of formula 1a when condensed with hydrazine in alkanols like
methano! or IPA at temperatures of about 25°C to 100°C form compound of formula 8 wherein X, Rz, Rz,'

R“,R“,R”, Xs, n are as described above



5 cesium carbonate gives N-alkylated and 0-alkylated compounds 9 and 10. Selectivity is generally
based on the group present at X3. Also, compounds of formula la when condensed with hydrazine in
alkanols like methanol or IPA at temperatures of about 25C to 100C form compound of formula 8
wherein X, R2, 12.3, R4,Ri6 -17, K X3, n are as described above - 23 - Scheme 4 Compounds of
formula 13 can be obtained from compounds of formula (1) by following the steps comprising reacting
the cyclohexanone compound with a tosyloxy compound and further reacting the tosylcompound with
amidines in the presence of a base. Compoundssaf formula 14 can be obtained from compounds of
formula Ib by following the steps comprising reacting the cyclohexanone compound with amino
aldehydes, where the amino group is protected, in the presence of a base and cyclising the compound
to the desired indole derivative under suitable acidic conditions. It can further be functionafized to give
an optionaly, sybstituted indole derivative of formula 14. Compounds of formula 15 can be obtained by
10following the steps comprising keto- protect on of formula Ib and esterification followed by hydrolysis
of the epoxide ester to yield the acid and f [t gr removal of epoxide in the presengs, of an inorganic
saltand - 24 - an aprotic solvent like DM3O-{Compounds of formula 16 can bé{obtained from
compounds of formula Ib by following the comprlsmg reacting the cyclohgxapone compound with
an amine foIIowed by reacting witlalkylsulfo Fhalides in the presence of a @

(ﬁchloromethane ngpounds

of f’érmula 17 can be

obtained from compounds of formula¥e5. b @
product with hydroxylahiiffCaRit's salts in the presel ‘
Compounds of formula 8.can be obtainedyfrom compounds of formula |b by réacting_the
with an oxime or ubstltuied oximes in t presen&ee of an alcohol as
solvent. Schergg 5 0S% 102019 16

Yep:
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Compounds of formula 13 can be obtained from compounds of formula (I) by following the steps

comprising reacting the cyclohexanone compound with a tosyloxy compound and further reacting the tosyl-

5  compound with amidines in the presence of a base. Compounds of formula 14 can be obtained from
compounds of formula 1b by following the steps comprising reacting the cyclohexanone compound with
amino aldehydes, where the amino group is protected, in the presence of a base and cyclising the compound

to the desired indole derivative under suitable acidic conditions. It can further be functionalized to give an
optionally substituted indole derivative of formula 14. Compounds of formula 15 can be obtained by

10 following the steps comprising keto-protection of formula 1b and esterification followed by hydrolysis of

the epoxide ester to yield the acid and further removal of epoxide in the presence of an inorganic salt and



Compound of formula it can be converted into compounds of formula 19 by reacting them with
amidines in the presence of suitable organic or inorganic bases such as alkali bases like KOH,
bicarbonates like NaHCO3 or organic bases like triethylamine and pyridine. Compounds of formula 20
can be obtained from compounds of formula Ic by reaction with hydroxylamine or its salts under basic
conditions in the 15presence of alcohols. Compounds of formula Ic on reaction with an ester in the
presence of ammonium acetate and acetic acid forms an intermediate compound which on further
hydrolysis under basic conditions - 25 - gives thg compounds of formula 21. Compounds of formula Ic
on reaction with hydrazines or substituted hydrazines of formula 12.17FIN-NHRI6 in an alcoholic
solvent at a temperature of about 20C to about 60C give compounds of formula 22. SScheme 6
Compounds of formula 23 can be obtained from compounds of formula 18 by the reaction with
acetylene gasI0@R5QU: Sl IKGRMTR U} 16 RISREACE AL Alkal areRich aives & miure of
tetrahydro?rpl%lle derl\t/atlves. The N-vinyl grou§ of one of the derivatives can e.cleavgfﬂu 0 an
NH-indole 2ot Udig gt AR TSREEGEY e sysRsatA of o Eaih SR ES 3miBrriinysd an be
obtained fFéreiies MoRLEnTb hetidra n8hpreserctiofiaviili disditkpy/rictiniromatendriddr appeopridte basic
conditionssdBenaniie 7idhGampadntispbiadmuilamican dae risined fram-cappauRdsefiarpaula Ib by

following the SieRAGRERIRMERRGHRHIE FYdliaNGKARPHE somBCHAthuinon AMNe or sDRuted
amine in tqf %¥QS§CQC§ of agglué%ec%amde or potassium cyanide, followe . Hg/ reacting the cyano
compound thBs Tortned With SURSHI AL STRSBLEGT SPRRRUSASHISHEMLE i BtFrd Brebiained B9 mild
base like tFREERJIATHRIETBIMMR BYBgpHEr Biryiestihaxence pamtbifthalt oot sub@iited dtitsssinderstood
that in anytefpkeaboa schemesoamytreactive group in the substrate molecule may be protected
according ¢enaRy £onventional procedure known in the prior art. Suitable protecting groups comprise
tertiarybutyldimethylsilyl, methoxymethyl, triphenyl methyl, benzyloxycarbonyl, THP and the like for the
protection of hydroxyl or phengkt hydroxy groups; N-Boc, N-Cbz, N-Fmoc, Al

Y\R2

10 20
Compound of formula lc can be converted into compounds of formula 19 by reacting them with

amidines in the presence of suitable organic or inorganic bases such as alkali bases like KOH, bicarbonates

like NaHCO; or organic bases like triethylamine and pyridine. Compounds of formula 20 can be obtained

from compounds of formula ¢ by reaction with hydroxylamine or its salts under basic conditions in the

15 presence of alcohols. Compounds of formula Ic on reaction with an ester in the presence of ammonium

acetate and acetic acid forms an intermediate compound which on further hydrolysis under basic conditions



5 benzophenoneimine for the protection of amino or anilino groups, acetal protection for aldehydes
and ketal protection for ketones. The methods of formation and removal of such protecting groups are
conventional methods appropriate to the molecule being protected. The stereoisomers of the
compounds forming part of this invention may be prepared by using reactants in their single
enantiomeric form in the process wherever possible or by conducting the reaction in the 10 presence
of reagents or catalysts in their single enantiomer form or by resolving the mixture of stereoisomers by
conventional methods. Some of the preferred methods include use of microbial resolution, resolving
the diastereomeric salts formed with chiral acids such as mancielic acid, camphorsulfonic acid, tartaric
acid, lactic acid and the like, wherever applicable or chiral bases such as brucine, cinchona alkaloids
and their derivatives and the like. 15Different polymorphs of a compound of general formula | of

present inyeipn Ay AERIGRAIE B envaiallizaion alihe cemaound 6l fommia, Lyndsrdiferent

conditions .For exa le making use of commonly used solvents or their mixtures for recrystallization,
crystalllzall?/(slﬁaﬁ?e&lﬁf FERE e 5&5\{5& rﬁﬁﬁé@om%f@ﬁ?“é%‘h PRI ARk Ve I et 95 Fery slow
cooling duiisgerystadizafiomybrddedure, by exposing to room temp, by heating or melting the
compound followed by gradual cooling and the like. The 20 presence of polymorphs may be
determineg by ope or more methods like solid probe NMR spectroscopy, DSC, TGA, Powder X-Ray
diffraction and IR. In yet another embodiment of the present invention, the compounds may be
purified by using technlque/zgsuch as crystallizatiog.with solvents comprising g#fegst one of the
solvents like pentane, die hylether isopropyl ether\chloroform dlchlorometh Fe( ethylacetate,
acetone, methanol, eth ompounds may be
purified by column chromategyaphy using alumlna of-sitca gel and Q;ngng the cpldmn with solvents
such as hexanery et er, dichlorg «; 3 bloraform, ethylacgtats 5118, methanol or
combinations ther presenumten als ovides-pharmaceut oripositions containing
the compounds of th&Tnyention as defined abovexit's erlvatlves analogs, taﬁjto kct;forms
stereoisomers, bioisosters, 30.pglymorphs, enamtiomers;reiastereomers, pﬁarmaceu ically acceptable
salts or pharmaceutically acceptable solvates in combination with suitable pharmaceutically
acceptable carriEPRERGIRIEAIBUR Hé PRAMIECBEdiEIrcerTIpaItOASIERG d by tBiiesR8sit invention
are usefukfetyttre trmatnaentiofselteryidienoMsQ 7n- imfl arsanatarfy alisk aseswhiclugivey asthwme, of

irrl]flam mat%raér%iq@@m&, RIS CORIIIONS: ﬁU@ﬁ?FbH@B&#{&C&HU@@Q&HQpr?ﬂii&rﬁ%|§ﬂi|1%d9§0ri33i5
rheupatoid arthri etes, aohn's se.allergic rhinitis endotoxi oc ult respiratory
dlstrgls s;%dlrsénr%g%@ia r%?a@g%a gslgga‘ﬁﬁwmduﬂarnr%gce Otical cfrrg:pos%c?ﬁ Fﬁ%y be ta ?alﬂfétf cr%psules
powders, SYRRPLISBIRBIHE %ﬁéﬁé‘ﬂih‘%‘“éﬁW‘é&ﬁ@???éelﬂ?@eéﬁﬂ’%@ﬁ’?ﬁ?cd@ﬁfélPPSS flavorants,
sweeteners etc. in a suitable solid or liquid carriers or diluents or in a suitable sterile media to form
injectable galHions or suspensions. The active ingredient will be present in such pharmaceutical
compositions in amgunts sufficient to provide the desired dosage; such composmons may contain from
| to 20% preferably g 10% by weight of thg.agtive *tompound, the remalnder of freosomposition being
pharmaceutically atable carriers, diluents orents 10Suitable pharn’face tgally acceptable
carriers include solid-fiftexs or diluents and stenle ag e)Qus or organlc solutlons & for oral
administratien R

capsules, tablé

administration, if a 30lid arrler is used the prépagatiof may be in the form o&aldtablet/0r may be
placed in a hard gejgtin capsule in powder or pel!,}et fomllgzr it can be in the form ’6f a \poche ora

lozenge.
15  Compounds of formula 25 can be obtained from compounds of formula Ib by following the steps

comprising reacting the cyclohexanone compound with an amine or substituted amine in the presence of
sodium cyanide or potassium cyanide, followed by reacting the cyano compound thus formed with sulfonyl
halides like tosyl or mesyl chlorides in the presence of a mild base like triethylamine followed by

hydroxylation to form the final product 26.



15 If liquid carriers are used, the preparation may be in the form of a syrup, emulsion, soft gelatin
capsule or sterile injectable liquid such as an agueous or non aqueous liquid suspension or solution.
For nasal administration a liquid carrier in particular an aqueous carrier is used as an aerosol
application. For parenteral application, particularly suitable compositions are injectable solutions or
suspensions, preferably with sterile aqueous or organic media. The injectable solutions prepared in
this manner can then be 70 administered intravenously or intraperitonially. The formulation of the
present invention is particularly significant for regpiratory inhalation where the compounds of formula |
is to be delivered in the form of aerosol under pressure. For inhalation formulation, the aerosol can be
mixed with a gas or a liquid propellant for dispensing the active substances. Such devices are known
in the priorart (e.g. from US 6,273,086). 25The invention also encompasses prodrugs of the

compounds of 10, K RAaR: WILED A0 AN AN IEIFR SR o el ol by metgoolic
processes before becoming active pharmacological substances. T general, such p Gs"Will be

functional YEFKELI TS I8 I BBUFINEHM RRSARSKIRIC ik RERICHT SBitR tHRETHNgIREPHAtO
compoundsreifritte tm%mmmimethylsilﬂfhaeihmemmlaisoiemma%wmeymﬂmnmbmﬁteﬁ of the
compoundf {ie fpEesntde NS MRRRE FoBMUReholic 28yaBIg gé@%ﬁ(_ 6; Phﬁlfﬁi&b%ﬁl@%?r%ﬁﬁrﬁé?ay IS
perforge ' i human PDE enzymes.expresse a baculovir stem. These were
testedg?o&%ﬁfﬁ%ﬁrﬁﬁ?ﬁggéﬁﬁefﬁﬁgﬁg né)r>1é ?Fgﬁﬁnﬁ man ﬁ%eé%grf?gfﬁﬁnlfﬁ‘b%ir%%eﬁﬁg;g%ndards

where avall3BfEONEE ST Res LR TReLaifRcaainm ardremave etaprhsereine ETPHB RIS SORVEN iR
Applemanr@iodtrepmistiarelo 116 Tol8ad; beTd Hramtgdted for the 96 well plate format. Prepared a stock of

all the compouRdsinitaR%s &MSOnabaneonaeny aiios af 4RnMioR HR Sope Rl Sny/REeRgrformed in

5% DLV10, A AYISORNChiAnPllomaLallsomeoundswere, tested at a fnal oncepiation o

( fi
lisM '@triplicate and for each enzyme, sta inhibitor Ipram IS InC ﬁ‘a‘é‘é. CEG6P ek compound

was tEstedBY OGS TritNEtidr ditficinde Luitny BredhttsRobrE VPR RpAtate.
10T he follgewaigeakeptesyeréopriovitheds t§caralb thepndeski leetindthies ladt toepriacticebith ezénivéntion and

are merelyehusigativaigkdReniave aisobsdoin ehiimniihessappenhibe invetinpndampled Methyl
S-eyano- S AR eGP SRR B AR: Ll 2oL KO IR SX NP RRRWIA S brucine, cinchona
alkaloids and their derivatives and the like,

15 Different polymorphs of a compound of general formula I of present invention may be prepared
by crystallization of the compound of formula I under different conditions .For example making use of
commonly used solvents or their mixtures for recrystallization, crystallization at different temperature
.ranges, different cooling techniques like very fast to very slow cooling during crystallization procedure, by
exposing to room temp, by heating or melting the compound foliowed by gradual cooling and the like. The

20 presence of polymorphs may be determined by one or more methods like solid probe NMR spectroscopy,
DSC, TGA, Powder X-Ray diffraction and IR,

In yet another embodiment of the present invention, the compounds may be purified by using
techniques such as crystallization with solvents comprising at least one of the solvents like pentane,
diethylether, isopropyl ether, chloroform, dichioromethane, ethylacetate, acetone, methanol, ethanol,

25  isopropanol, water or their combinations or the compounds may be purified by column chromatography
using alumina or silica gel and eluting the column with solvents such as hexane, petroleum ether,
dichloromethane, chloroform, ethylacetate, acetone, methanol or combinations thereof. ,

The present invention also provides pharmaceutical compositions containing the compounds of the
invention as defined above, it’s derivatives, analogs, tautomeric forms, stereoisomers, bioisosters,

30 polymorphs, enantiomers, diastereomers, pharmaceutically acceptable salts or pharmaceutically acceptable
solvates in combination with suitable pharfnacehtically acceptable carriers and diluents. The

pharmaceutical compositions according to the present invention are useful for the treatment of allergic and



0 150,CH3 Step 1 To a solution of dibenzofuran (50g, 0.29 mei) in 1000 ml dry diethyl ether and
N,N,N',W- tetramethylethane-L2-diamine (70 ml, 0.43 mol) (TMEDA), 1.6M BuLi (235 ml, 0.32mol) in
hexanes was added with stirring under Nitrogen. The mixture was refiuxed for 1 hour (yellow
precipitate) and then 20 cooled to OC. Tributyl borate (120m1, 0.43mol) was added until the precipitate
disappeared. The reaction mixture is allowed to reach room temperature. After cooling again to 0C,
125 ml of 30% hydrogen peroxide (1-1202) solution was added drop wise with vigorous stirring (light
yellow precipitate). This mixture was refluxed fog-1.5 hours, then cooled to 0C and acidified with 5SM Ha
The organic phase was washed with cold 10% sodium sulphite solution and extracted with 2M sodium
hydroxide. The combined 25aqueous extract was acidified, extracted with ethyl acetate and dried on
sodium sulfate. Evaporation gave an orange oil which was filtered and isolated by column

chromato rﬁgnwflutin ewitshl 15% ethyl ace te / - 29 : hee>§a ieldi thea%rrociugt ,dilgter}zofuran-4-o]
as an off-\?v%te solid. Yield 429 %%3%47@%%&6”??2@%@%3@%%% 25 TIEB; %o (d, J=8.4,
1H); 7.53 tORINFLHBemy oma srissisglpumaiqiaphritisaigbotesy oy odisqepp aflogq thipity gdewy, 7.03 (dd,
.1=8.1, 1.6hdtk ynd HQI{sesPitdlpry distress syndrome and related diseases. The pharmaceutical composition may
be tablets, capsules, powders, syrups, solutions, suspensions, sprays and the like and they may contain
5  flavorants, sweeteners etc. in a suitable solid or liquid carriers or diluents or in a suitable sterile media to
form injectable solutions or suspensions. The active ingredient will be present in such pharmaceutical
compositions in amounts sufficient to provide the desired dosage; such compositions may contain from 1 to
20% preferably 1 to 10% by weight of the active compound, the remainder of the composition being
pharmaceutically acceptable carriers, diluents or solvents,

10 Suitable pharmaceutically acceptable carriers include solid fillers or diluents and sterile aqueous or
organic solutions. Thus, for oral administration, the compounds can be combined with a suitable solid,
liquid carrier or diluent to form capsules, tablets, powders, syrups, solutions, suspensions, sprays and the
like. For oral administration, if a solid carrier is used the preparation may be in the form of a tablet, or may
be placed in a hard gelatin capsule in powder or pellet form or it can be in the form of a troche or a lozenge.

15 Ifliquid carriers are used, the preparation may be in the form of a syrup, emulsion, soft gelatin capsule or
sterile injectable liquid such as an aqueous or non aqueous liquid suspension or solution. For nasal
administration a liquid carrier in particular an aqueous carrier is used as an aerosol application. For
parenteral application, particularly suitable compositions are injectable solutions or suspensions, preferably
with sterile aqueous or organic media. The injectable solutions prepared in this manner can then be

20  administered intravenously or intraperitonially. The formulation of the present invention is particularly
significant for respiratory inhalation where the compounds of formula [ is to be delivered in the form of
aerosol under pressure. For inhalation formulation, the aerosol can be mixed with a gas or a liquid
propellant for dispensing the active substances. Such devices are known in the priorart (e.g. from US
6,273,086).

25 The invention also encompasses prodrugs of the compounds of the invention, which on
administration undergo chemical conversion by metabolic processes before becoming active
pharmacological substances. In general, such prodrugs will be functional derivatives of compounds of the
invention, which are readily convertible in vivo into compounds of the invention.

The invention also encompasses the active metabolites of the compounds of the present invention

30  of formula 1.



5Step 2 To a solution of 50% NaH (15.6g, 0.32 mol) in DMF (100m1), a solution of dibenzofuran-4-ol
(40g, 0.217 no!) in DMF (200m1) was added drop wise at 0-5C under stirring and under a nitrogen
atmosphere. The reaction mass was allowed to stir for 15 min at a temperature of 0-5C under N2. A
solution of methyl iodide (20.3ml, 0.32mo1) in DMF (50m1) was added drop wise at 0-5C and the
reaction mass was allowed 10 to stir for 1 hr at room temperature. When TLC confirmed absence of
starting material, the reaction mass was quenched with water and extracted with ethyl acetate. The
organic layer was dried with sodium sulfate andgvaporated under vacuum to give product
4-Methoxydibenzofuran. Yield 43g (98%) 1H-NMR (300MHz, CDC13) 7.95 (d, 3=7.5, 114); 7.64 (d
J=8.4, 1H); 7.5 (d J=7.8, 1H); 7.48 (t, J=7.2, 1.2, | H) 7.36 (t, 3=7.2, 0.9, 1H); 7.29 (t, J=7.8, 1H); 7.01
(dd. 3=8.1, 0.9, 114) 4.08 (s, Me0, 3H) 15 Step 3 4-Methoxydibenzofuran (25g, 0.12mol) was
dissolved i} RECN. (300m1) at room temperature and cooled to 0C. To this solution TiC1.4 (22.2m1,

0.20mol) was added drop wise at 0-2C. The reaction mass was allowed to stir for 1Q min and to that

solution dfdHISTSHETHHS AT IRHET TS IARTE LT PSH WaL ARFE 2T B S 0SS B0 & eaction
mass wassstieredTfissel Qernitssted dth heie attidaivvas PRErfitarees Hkan Toro haathbsyeaetitinkifgs
completednth@deasiionsmass waisbtlenshe sy withiywateaandidh e fanganicstay erktivaisovashpebivith

NaHGD3 §9M@ﬂeam&@a%m£n9 REganis: ayernyvas et witbsodiymswfale BRf.raNGRRIrIed under
vacuum. 4-methoxy-dibenzofuran-Il-carbaldehyde was |solate%%column chroma%ggxg%pg%ybtammg a

white solid! N8I TEEY 1 HBY 2B R (3GOARZ, CE 138 3 Ry BTt €55 Ve bR rH): 7.86 (d,
J=8.5, 1HPMIE (Bhikigryoepsy. (Fegphikitipay of ajl spmpoapdstware egred 1)  Finpl qepcepsgtion oM in0 (s, 3H)
Step 4 Totwsekdiand oF dathethaxy -dibenz afuibas- Reaphal dahycid 1185 gf CLObQmpd )it wcetanitrile
(200m1) was. 3R h BB Bl ch3MQ AR SMer IR U R 6L e M1 2R89mol) at room

temperature under sfirring. The reaction mass was coole C, and at 0C, 1,1 3 3-tetramethyl
disiloxane (17m1?r5. 48 r&ﬁxWé’se%gﬁé’EF ‘3?8%%%%@ 15 %{8@% iglntﬁr‘en%\rééo\ﬁggtg (t)}\lffltlan egfg%ﬁ}) 0 come to
room temﬁé?ﬁl"ﬂ?é’ Hiveireting oftiredpy¢ption hysdgmot limit the scope of the invention.

Example 1
Methyl 5-cyano-5-(4-methoxydibenzo[b,d}furan-1-yl)-2-oxocyclohexanecarboxylate

15
Step 1
To a solution of dibenzofuran (50g, 0.29 mol) in 1000 ml dry diethyl ether and NNN’N’-
tetramethylethane-1,2-diamine (70 ml, 0.43 mol) (TMEDA), 1.6M BuLi (235 ml, 0.32mol) in hexanes was
added with stirring under Nitrogen. The mixture was refluxed for 1 hour (yellow precipitate) and then

20  cooled to 0°C. Tributyl borate (120m], 0.43mol) was added until the precipitate disappeared. The reaction
mixture is allowed to reach room temperature. After cooling again to 0°C, 125 ml of 30% hydrogen
peroxide (H,0,) solution was added drop wise with vigorous stirring (light yellow precipitate). This
mixture was refluxed for 1.5 hours, then cooled to 0°C and acidified with 5M HCL. The organic phase was
washed with cold 10% sodium sulphite solution and extracted with 2M sodium hydroxide. The combined

25  aqueous extract was acidified, extracted with ethyl acetate and dried on sodium sulfate. Evaporation gave

an orange oil which was filtered and isolated by column chromatography eluting with 15% ethy! acetate /



- 30 - room temperature. Once TLC confirmed the absence of starting material, the reaction mass was
diluted with DCM (300m1), and filtered through Hyflow. The filtrate was concentrated under vacuum
and again dissolved in DCM and filtered. To the brown colored compound DMF (150m1) was added
and the reaction mass was stirred for 10 min, until it dissolved. To the solution NaCN (6.44g,
0.131mol) was added and the 5reaction mass was allowed to stir for 4 hrs at room temparature. The
reaction mass was quenched with water and extracted with ethyl acetate. The organic layer was
washed with brine, dried with sodium sulfate and-concentrated under vacuum to get
(4-methoxy-dibenzoftwan-1 -yl)-acetonitrile, Yield 129 (85%) | H-NMR (300MHz, CDC13) 7.9 (d
3=7.2,1 H); 7.67 (d, J=8.2, | H); 7.55 (add, 3=1.2,7.3, 8.5, 1H); 7.43 (ddd, 3=1,7.8, 8.5, 1H), 7.29 (d,
J=8.2, 1H), 6.98 (d, J8.2, 1H); 4.15 (s, 2H), 4.0 (s, 3H) 10 Step 5 To a solution of

(4- methOﬂxm@W@Hé@@pr@dﬁél)ﬂ@&ﬁ@lﬁﬂﬁuﬁo(zgarp@@‘m)lm vierta ke 280mi (outanB (2.7m1,
0-014 7mall ey ﬁg e R RTINS WaSonled o el e g ot e

temperature n"iez é/ Y was added drop wise. The reaction mass was
stirred for'd’ 5 Iéﬁ deetdmce fﬁ% erécﬁﬂfkt' |§ fohﬂ’e%l{ thetEaliBn mass was diluted with ethyl

acetate and concentrated under vacuum. 4-cyano-4-(4-methoxy-dibenzofuran-1-y1)-heptane dioic acid
dimethyl g@tgawas isolated by column chromatography. Yield 8g (65%) | EI-NMR (300MHz, CDC13)

8.19 (d, JTf o ult_llc}ré?_{ %ﬁ&@?ﬁ 11 39 { g 5&% %ﬂol?{f")a ngﬁoﬁdcf%‘@n%ofhmm%ﬂ(l@g 3H)73.55 (s,

6H); 2.95- T t TSO%NH
(4.6g, 0.097pnB mﬁm@mmmg«mm (‘%rﬁfj Htssﬁﬁ %@m&eﬁ‘[ﬁp magﬁp""geﬂ"%n‘éﬁ%h%e The

reaction mass was allowed to stir for 15 min at a temperature of 0-5°C under N,. A solution of methyl
jodide (20.3ml, 0.32mol) in DMF (50ml) was added drop wise at 0-5°C and the reaction mass was allowed
10 to stir for 1 hr at room temperature. When TLC confirmed absence of starting material, the reaction mass
was quenched with water and extracted with ethyl acetate. The organic layer was dried with sodium sulfate
and evaporated under vacuum to give product 4-Methoxydibenzofuran. Yield 43g (98%)
'H-NMR (300MHz, CDCl3) 7.95 (d, J=7.5, 1H); 7.64 (d J=8.4, 1H); 7.5 (d J=7.8, 1H); 7.48 (t, }=7.2, 1.2,
1H) 7.36 (t, J=7.2, 0.9, 1H); 7.29 (1, J=7.8, 1H); 7.01 (dd. J=8.1, 0.9, 1H) 4.08 (s, MeO, 3H)
15
Step 3
4-Methoxydibenzofuran (25g, 0.12mol) was dissolved in DCM (300ml) at room temperature and cooled to
0°C. To this solution TiCly (22.2ml, 0.20mol) was added drop wise at 0-2°C. The reaction mass was
allowed to stir for 10 min and to that solution dichloromethy! methylether (9.7ml, 0.107mol) was added
20  drop wise at 0°C. The reaction mass was stirred for 10 min and the reaction was monitored by TLC. Once
the reaction was completed, the reaction mass was quenched with water and the organic layer was washed
with NaHCO; solution and brine. The organic layer was dried with sodium sulfate and concentrated under
vacuum. 4-methoxy-dibenzofuran-1-carbaldehyde was isolated by column chromatography obtaining a
white solid. Yield 13.5g (48%)
25  'H-NMR (300MHz, CDCl;) 10.24 (s, 1H); 9.01 (d, J=8.5, 1H); 7.86 (d, J=8.5, 1H); 7.65(d, J=8.3, 1H);
7.62 (t,J=7.2, 1H); 7.47 (t,J=7.2, 1H); 7.14 (d, }=8.3, 1H); 4.10 (s, 3H)

Step 4

To a solution of 4-methoxy-dibenzofuran-1-carbaldehyde (13.5g, 0.059mol) in acetonitrile (200ml) was
30  added LiBr (9.8g, 0.13mol) and TMS chloride (11.5ml, 0.089mol) at room temperature under stirring. The

reaction mass was cooled to 0°C, and at 0°C, 1,1,3,3-tetramethyl disiloxane (17ml, 0.096mol) was added

drop wise. The reaction mass was allowed slowly to come to room temperature and was stirred for 4 hrs at



nitrogen was added drop wise at room temperature and under nitrogen a solution of
4-cyano-4-(4-methoxy- dibenzofuran-1 -y1)-heptane dioic acid dimethyl ester (13.3g, 0.032mol) in
dimethoxymethane (130m1). The 25 reaction mass was allowed to stir for 3 hrs at room temperature.
Once product is formed, the reaction mass was quenched with water and extracted with ethyl acetate.
The organic layer was dried with sodium sulfate and concentrated under vacuum.
5-cyano-5-(4-methoxy-dibenzofuran- 1 -yl)-2-oxo-cyclohexane carboxylic acid methyl ester was
isolated by column chromatography. Yield 9.8g$0%) 1H-NMR (300MHz, CDC13) 12.34 (s, 1H); 8.17
(d,2H); 7.71 (d, J=8.0, 1H); 7.55 (t, J=7.3, 1H); 307.42 (t, J=7.3, 11-1); 7.33 (d, 3=8.5, | H); 6.99 (d,
3=8.5, 1H); 4.1 (s, 3H); 3.8 (s, 3H), 3.60-3.25 (m, 2H); 2.6- 2.4 (m, 3H) - 3 1 - Example 2
1-(4-Methoxydibenzorkdifuraa-1-y1)-4-oxocyclohexanecarbonitrile 0 o 5To a solution of

> cyano Sedsmetionye Bﬁé??[%&%’%ll&}%%@(&'%‘?%ﬁ &amwg ? ARGy \Geigl htained i

example 1 1)in.D 140m1) and water (9m1) was added sodium chloride (79,

0.119mol)*4 P?B%% ?e%{b%ra% f&mﬁ‘fﬁ é%%&f?}ﬁl?ﬁ“a&wgéaﬁe%&098%6%4%%3?@%%&“6%@ the
product isdfesaivetintReYenetfdisradata rdsoyneplersd damnpupddddin S0k rerstetded ahd gl ydeadwtate. The
organic |ayess wasstlriaicranith sadium istidatecand eeReRAbIERRAN EMRIEMACUMHE) was added and the

1-(4- methe%aaam%zquwew %P?&QQMQM?%‘&H%eﬁ%él%‘aﬂét“iﬁev}‘@a%d&Pm?s%X &%&
chromatogr Ylelglé 9‘(%%2 - 4 é r1H -NMR (300MHz, CDC's) 8.25 (d 80 IH);
7.72 (d, I2 é‘g ﬁ/‘LF)"“? U R E‘P& i 836 WSS YT Br‘%%dr‘_’tm“? BOE 148, 1H); 4.1
(s, 3H); 3 @5@@91(%&:(14,491«:@@1@@&%4 zﬁyogfﬂj@z@@@xﬁm—lzﬂ)acetommle Yield 12g (85%)
"H-NMR (300MHz, CDCls) 7.9 (d, J=7.2, 1H); 7.67 (d, J=8.2, 1H); 7.55 (ddd, J=1.2, 7.3, 8.5, 1H); 7.43
(ddd, J=1, 7.8, 8.5, 1H), 7.29 (d, }=8.2, 1H), 6.98 (d, J=8.2, 1H); 4.15 (s, 2H), 4.0 (5, 3H)
10
Step 5
To a solution of (4-methoxy-dibenzofuran-1-yl)-acetonitrile (7g, 0.029mol) in acetonitrile (200m}), Triton
B (2.7ml, 0.0147mol) was added under N; at RT. The reaction mass was heated to reflux and at reflux
temperature methyl acrylate (28.25ml, 0.295mol) was added drop wise. The reaction mass was stirred for 4
15  hrs at 90°C. Once the product is formed, the reaction mass was diluted with ethyl acetate and concentrated
under vacuum. 4-cyano-4-(4-methoxy-dibenzofuran-1-yl)-heptane dioic acid dimethyl ester was isolated by
column chromatography. Yield 8g (65%)
'"H-NMR (300MHz, CDCl3) 8.19 (d, J=8.0, 1H) 7.70 (d, J=8.0, 1H) 7.60-7.38 (m, 3H); 6.98 (d, J=8.4, 1H);
4.1 (s, 3H); 3.55 (s, 6H); 2.95-2.85 (m, 2H); 2.70-2.50 (m, 4H); 2.45-2.10 (m, 2H)
20
Step 6
To a mixture of 50% NaH (4.6g, 0.097mol) in dimethoxymethane (20ml) at room temperature under
nitrogen was added drop wise at room temperature and under nitrogen a solution of 4-cyano-4-(4-methoxy-
dibenzofuran-1-yl)-heptane dioic acid dimethy! ester (13.3g, 0.032mol) in dimethoxymethane (130ml). The
25  reaction mass was allowed to stir for 3 hrs at room temperature. Once product is formed, the reaction mass
was quenched with water and extracted with ethyl acetate. The organic layer was dried with sodium sulfate
and concentrated under vacuum. 5-cyano-5-(4-methoxy-dibenzofuran-1-yl)-2-oxo-cyclohexane carboxylic
acid methy! ester was isolated by column chromatography. Yield 9.8g (80%)
'H-NMR (300MHz, CDCls) 12.34 (s, 1H); 8.17 (d, J=8.0, 1H); 7.71 (d, J=8.0, 1H); 7.55 (t, ]=7.3, IH);
30 7.42(t,J=7.3, 1H); 7.33 (d, J=8.5, 1H); 6.99 (d, J=8.5, 1H); 4.1 (s, 3H); 3.8 (5, 3H), 3.60-3.25 (m, 2H); 2.6-
2.4 (m, 3H)



15Example 3 4-Cyano-4-(4-methoxydibenzo[b,d1furan-1-yl)cyclabexanecarboxylic acid COOH Step 1
At room temperature, to a solution of 1-(4-methoxy-dibenzofuran-1-y1)-4-oxo-cyclohexane carbonitrile
20(lg, 0.003mol), as obtained in example 2, in dry THF (15m1), was added methyl dichloroacetate
(0.48m1, - 32 -0.0047mol). The reaction mass was cooled to 0C, Sodium methoxide (0.254qg,
0.0047mol) was added portion wise and the reaction mass was allowed to stir for | hr at room
temperature. Once the product is formed, the reaction mass was quenched with water and extracted
with ethyl acetate to give 2-chloro-6- cyano-6443methoxy-dibenzofuran-
1-y-1-oxa-spiro[2.5]octane-2-carboxylic acid methyl ester, Yield 50.9509(95%) 1H-NMR (300MHz,
CDC13) 8.26 (d, 3=8, | H); 7.65 (d, J=7.6, 1H); 7.5 (m, 21'1); 7.35 (m, 1H); 7.0 (d, 3=8.5, | H); 4.1 (s,
3H); 3.8 (s, 3H), 2.9-2.55 (m, 4H); 2.45-2.15 (m, 3H); 1.8-1.6 (m, 1H) Step 2 10At room temperature
and under nitrogen, to a solution of 2-chloro-6-gyangrbr (4-methoxy-dibenzofuran-I -
y1)-1-oxa-spiro[2,5]octane-2-carboxylic acid methyl ester (0.300g, 0.0007mol) (as obtained in step I) in
a mixture 1of ethanol %Sml) and water (0.15m1) was added sodium methoxide (0.190g, 0.0035mo1).
The reactioft MASS WAL AN Tk *mocssieke rARerdariEtias formed, the reaction mass was
brought to room temperature and the pH was adjustéy)
acetate. The organic 15layer was dried with sodium
2-chloro-6-cyano-6-(4- methoxy-dibenzofuran- | -y1!
0.180g (64%) 'H-NMR (300MHz, DMSO) 8.
3=7.8, 1H); ‘

to 2 with dil. HO and extracted with Ethyl

te and concentrated under vacuum to get the
a-spiro[2.5joctane-2-carboxyllic acid. Yield
{(d, J=7.8, 1H), 7.62 (t, J=7.8, 1H); 7.51 (t,

5  Toa solution of 5-cyano-5-(4-methoxy-dibenzofuran-1-yl)-2-oxo-cyclohexane carboxylic acid methyl ester
obtained in example 1 (7g, 0.0185mol) in DMSO (140ml) and water (9ml) was added sodium chloride (7g,
0.119mol) at room temperature. The reaction mass was heated to 130-140°C for 5 hrs. Once the product is
formed, the reaction mass was quenched with water and extracted with ethyl acetate. The organic layer was
dried with sodium sulfate and concentrated under vacuum. 1-(4-methoxy-dibenzofuran-1-yl)-4-oxo-

10 cyclohexane carbonitrile was isolated by column chromatography. Yield 4.2g (71%)
M.P. 199.4-202°C; 'H-NMR (300MHz, CDCl3) 8.25 (d, J=8.0, IH); 7.72 (d, J=8.0, 1H); 7.53 (t, }=8.0,
1H); 747 (t, J=8.0, 1H); 7.26 (d, J=8.5, 1H); 7.00 (d, J=8.0, 1H); 4.1 (s, 3H); 3.15-2.90 (m, 4H); 2.70-2.60
(m, 2H); 2.40-2.30 (m, 2H)

15 Example 3
4-Cyano-4-(4-methoxydibenzo[b,d]furan-1-yl)cyclohexanecarboxylic acid
COOH

¢
S

°

Step 1
At room temperature, to a solution of 1-(4-methoxy-dibenzofuran-1-yl)-4-oxo-cyclohexane carbonitrile

20 (ig, 0.003mol), as obtained in example 2, in dry THF (15ml), was added methyl dichloroacetate (0.48ml,



7.48-733 (m, 1H), 7.28-7.19 (m, 1H); 4.1 (s, 311); 2.8-2.2 (m, 6H); 1.45-1.21 (m, 2H) 20Step 3 At room
temperature, to a solution of the epoxy acid (0.380g, 0.0009mol) (as formed in step 2) in DMSO (8m1)
Water (0.8m1) sodium chloride (0.055g, 0,000.9mol) was charged and the reaction mass was heated
to 100C for 7 hrs. Once the product has formed, the reaction mass was quenched with water and
extracted with ethyl acetate. The organic layer was dried with sodium sulfate and concentrated under
vacuum. 4- cyano-4-(4-methoxy-dibenzofuran- | -y1)-cyclohexane carboxylic acid was isolated by
column chromatography. Yield 0.035g, (10.8%)3:M.P. 193.7-196.1C; 11-1-NMR (300MHz, CDC13)
8.28 (d, 3=8.0, 1H); 7.69 (d, J=8.0, 1H); 7.52 (t, J=7.8, 11-1); 7.43 (t. 3=7.8, 1H); 7.21 (d, 3=8.5, 114);
6.96 (d, 1H); 4.1 (s, 3H); 2.99 (m, | H); 2.72-2.60 (m, 2H); 245-2.20 (m, 411); 2.15-2.05 (m, 2H) 30 -
33 - Example 4 5-(4-1Slethoxydibenzolb,d]Furan-l-y1)-4,5,6,7-tetrahydro-2H-indazole-5-earbonitrile

N-N 5StepodAhOE maewiwi%pw@ecwwqmn@mum methoxide (0. 254g, 0.0047mol) was added
1-(4- metho>§}1 dlbenzoé uran- Ié( 4 -0X0-C e?x (}glrg%& rite (Q. 5 00186m 1) gad%(%btalned in

example ff) If'm'é‘?ff ?L)real uﬁn"lasr%gtsox%%e 1}pmol %aéu ded and the reaction mass

was stlrrefﬂ’%?dlﬁ’?rfﬁ%"“f’ﬂé‘??sétﬁ% fYFRTaEE ’(0‘}1%‘?1 %E%BI)VW%}%H%H%FO@V%%H‘WQ $eaction
mass wasyeftugetfethdxhitenotuprady Bl nas doreietodhes 2 astionyinassdvasthfqesech&dlwith water
and extragteshwigkpgthyl acetate. The organic layer was dried with sodium sulfate and concentrated

cvlanexa RS A EOEl B D b T 5 4

J=8.5, 1H); 4.1 (s, 3H),38(s,3H),29255(m 4H),245215(m 3 8-1.6 (m, 1H)

Step 2
10 At room temperature and under nitrogen, to a solution of 2-chloro-6-cyano-6-(4-methoxy-dibenzofuran-1-
yh)-1-oxa-spiro[2.5]octane-2-carboxylic acid methy! ester (0.300g, 0.0007mol) (as obtained in step 1) in a
mixture of ethano!l (5ml) and water (0.15ml) was added sodium methoxide (0.190g, 0.0035mol). The
reaction mass was refluxed for 1 hr, and once the product has formed, the reaction mass was brought to
room temperature and the pH was adjusted to 2 with dil. HC! and extracted with Ethyl acetate. The organic
15 layer was dried with sodium sulfate and concentrated under vacuum to get the 2-chloro-6-cyano-6-(4-
methoxy-dibenzofuran-1-yl)-1-oxa-spiro[2.5]octane-2-carboxyllic acid. Yield 0.180g (64%)
'H-NMR (300MHz, DMSO0) 8.2 (d, J=8.2, 1H); 7.82 (d, J=7.8, 1H), 7.62 (t, J=7.8, 1H); 7.51 (t, J=7.8, 1H);
7.48-7.33 (m, 1H), 7.28-7.19 (m, 1H); 4.1 (s, 3H); 2.8-2.2 (m, 6H); 1.45-1.21 (m, 2H)

20  Step 3
At room temperature, to a solution of the epoxy acid (0.380g, 0.0009mol) (as formed in step 2) in DMSO
(8ml) / Water {0.8ml) sodium chloride (0.055g, 0.000.9mol) was charged and the reaction mass was heated
to 100°C for 7 hrs. Once the product has formed, the reaction mass was quenched with water and extracted
with ethyl acetate. The organic layer was dried with sodium sulfate and concentrated under vacuum. 4-

25 cyano-4-(4-methoxy-dibenzofuran-1-yl)-cyclohexane carboxylic acid was isolated by column
chromatography. Yield 0.035g, (10.8%)
M.P. 193.7-196.1°C; 'H-NMR (300MHz, CDCl3) 8.28 (d, J=8.0, 1H); 7.69 (d, J=8.0, 1H); 7.52 (t, J=7.8,
1H); 7.43 (¢, J=7.8, 1H); 7.21 (d, }=8.5, 1H); 6.96 (d, J=8.5, 1H); 4.1 (s, 3H); 2.99 (m, 1H); 2.72-2.60 (m,
2H); 2.45-2.20 (m, 4H); 2.15-2.05 (m, 2H)

30



1H-NMR (300MHz, CDCI3) 14.55 (s, 1H); 8.79 (s, 1H); 8.22 (d, J=7.9, 1H); 7.74 (d, 3=7.4, 1H); 7.56 (t,
IH); 7.4 (t,IH); 7.3 (d, J=8.5, 1H); 7.0 (d, J=8.5, 114); 4.1 (s, 3H); 3.56-3.45 (m, 1I-1); 3.2-2.9 15(m,
2H); 2.8-2.6 (m, 2H); 2.55-2.45 (m, 1H) Step To a solution of sodium hydroxide (0.030g) in 5 ml of
water, hydrazine hydrate (0.023m1, 0.0004mol) was charged at room temperature. The reaction mass
was cooled to 5-10C and charged portion wise with the 20 formyl compound
5-ethyny1-5-(4-methoxy-dibenzoftman-1-y1)-2-oxo-cyclohexanecarbaldehyde. The reaction mass was
allowed to stir for 1hr at room temperature. Oncg product has formed, the reaction mass was
guenched with water and extracted with ethyl acetate. The organic layer was dried with sodium sulfate
and concentrated under vacuum. The title product
5-(4-methoxy-dibenzofuran-1-y1)-4,5,6,7-tetrahydro-2Hindazole-5-carbonitrile was isolated by column
chromatography. Yield 0.080g (60%) 25M.P. 14J.2-174.6C; 11-I-NMR (300MHz, CDCI3) 8.18 (d,
3=7.9, 1H); 7.75 (d, J=7.9, 1H); 7.60-7.50 (m, 2H); 7.48-7.37 (m, 2/-1); 7.0 (d, J=8.5, 1H); 4,1 (s, 3H);
3.66 (d, J=16, IH); 3.46 (d, 3=16, 1H); 3.25 (ddd, 3=8.8, 8.8, 16.5, 1H) 2.95 (ddd, J=4.2, 4.2, 8.7, 1H);
2.80-2.70 S(ﬁf-g{qt}mxgljfb.eggw}g‘@-1-yl)-4,5,6,7-tetrahydro-ZH—indazole-S-carbonitrile
N44-Cyano-4-(4-methoxydibenzolb,d1furan-1-y1)cycketexylimethanesulfonamide NHSO2CH, CH,
Stepl

5 Step1l
At 0°C, to a solution of the cyclic ketone 1-(4-methoxy-dibenzofuran-1-yl)-4-oxo-cyclohexane carbonitrile
(0.5g, 0.00156mol) (as obtained in example 2) in THF (15ml) sodium methoxide (0.093g, 0.0017mol) was
added and the reaction mass was stirred for 15 min. Then ethy! formate (0.15ml, 0.0018mol) was added at
0°C, and the reaction mass was refluxed for 1 hr. Once product has formed, the reaction mass was
10 quenched with water and extracted with ethyl acetate. The organic layer was dried with sodium sulfate and
concentrated  under vacuum. The product 5-ethynyl-5-(4-methoxy-dibenzofuran-1-yl)-2-oxo-
cyclohexanecarbaldehyde was isolated by column chromatography. Yield 0.250g (46%)
'"H-NMR (300MHz, CDCl3) 14.55 (s, 1H); 8.79 (s, 1H); 8.22 (d, }=7.9, 1H); 7.74 (d, J=7.4, 1H); 7.56 (1,
J=7.4, 1H), 7.4 (1, J=7.4, 1H); 7.3 (d, J=8.5, 1H}); 7.0 (d, J=8.5, 1H); 4.1 (s, 3H); 3.56-3.45 (m, 1H); 3.2-2.9
15 (m, 2H); 2.8-2.6 (m, 2H); 2.55-2.45 (m, 1H)

Step2
To a solution of sodium hydroxide (0.030g) in 5 ml of water, hydrazine hydrate (0.023ml, 0.0004mol) was
charged at room temperature. The reaction mass was cooled to 5-10°C and charged portion wise with the
20  formyl compound 5-ethynyl-5-(4-methoxy-dibenzofuran-1-yl)-2-oxo-cyclohexanecarbaldehyde. The
reaction mass was allowed to stir for 1hr at room temperature. Once product has formed, the reaction mass
was quenched with water and extracted with ethyl acetate. The organic layer was dried with sodium sulfate
and concentrated under vacuum. The title product 5-(4-methoxy-dibenzofuran-1-y1)-4,5,6,7-tetrahydro-2H-
indazole-5-carbonitrile was isolated by column chromatography. Yield 0.080g (60%)
25  M.P. 171.2-174.6°C; "H-NMR (300MHz, CDCl) 8.18 (d, J=7.9, 1H); 7.75 (d, J=17.9, 1H); 7.60-7.50 (m,
2H); 7.48-7.37 (m, 2H); 7.0 (d, J=8.5, 1H); 4.1 (s, 3H); 3.66 (d, J=16, 1H); 3.46 (d, J=16, 1H); 3.25 (ddd,
J=8.8, 8.8, 16.5, IH) 2.95 (ddd, J=4.2, 4.2, 8.7, 1H); 2.80-2.70 (m, 2H)



5At 0C, to a mixture of cyclic ketone 1-(4-methoxy-dibenzofuran-I-y1)-4-oxo-cyclohexane carbonitrile
(170 mg, 0.53 mmol) (as obtained in example 2) and .R-Phenyl ethylamine (0.073 ml, 0.58 mmol) in
1,2- dichloroethane was added triacetoxyborohydride (160 mg, 0.8 mmol) over a period of 15 mm. The
reaction mixture was stirred at room temperature for another 2h until TLC revealed complete
consumption of the keto compound. The reaction mixture was cooled to ice bath temperature and
basified by adding 10% aq. 10 NaHCO3 solution. The reaction mixture was extracted with CHC13,
dried over anhydrous Na2S0O4 and concentrategunder reduced pressure to obtain crude product
1-(4-methoxy-dibenzofuran-l-y1)--4-(R)-1- phenyl-ethylamino)-cyclohexane carbonitrile, which was
purified by column chromatography. Yield 200mg (89%) IH-NNIR (300MHz, CDC13) 8.70 (d,
3=8, 1H); 7.70 (d, J=8.0, IH); 7.52 (t, J=7.2, 1H); 7.41 (t, J=8.1, IH); 157.39-7.33 (m, 41-1); 7.32-7.25
(m, 11-1); 7.19 (d, 8.5, I H); 6.94 (d, 8.5, 1H); 4.La-4.05.(m, 5H); 2.75-2;62 (m, 2H); 2.20-20 (m, 2H);
1.95-1.75 r&m, 4H); 1.44 (d, .1=6.5, 3H) Step 2 To a Solution of the phenyl ethyl amino compound
obtained i ey 1 eobtf Rgthex haumatiahoItetsn s e egHrramiperature was added
Pd(OH)2 (20% wet, 200 mg) and stirred under hydrdj§R:-gtmosphere for | h until the TLC revealed
complete disappearance of the starting material. Thexeaction mixture was filtered through a small pad
of celite with the help of methanol. The filtrate waslevaporated under reduced pressure and the crude
mixture was column purified to obtain the amy pevind 4-amino-
I-(4-methoxydibenzofuran-l-y1)-cyclohexan serfitie Yield 80mg (53%) - 35 - IH-NMR (300MHz,
CDCI3) 8.32 (d. 7.8, 1H); 7.71 (d, J=7.8, 11-); /"g5Nddd, 1=1.3, 7.8, 85, 1H); 7.46 (ddd, 1.3, 8.5, 9,
111); 4.1 (s, 3H); 3.88-3.78 (m, | H); 2.83-2.74 (in, 2151); 2.35-2.21 (m, 2H), 2.18-1.90 (m,4H) 5Step 3
To the solution of amino compound obtained in step 2?% mg, 0.22 mmol) in dry dichloromethane (2.2
ml) at OC lgfggqr N2 atmosphere was added triethylamine (0.32 ml, 2.2 mmol) and N,N-dimethyl
aminopyridine (DMA?, 3 mq), followed b thapesulfonyl chloride (0.06 ml, 0.66 mmol), The reaction
mixturg Wz%st sgtié?eta %td}%urlﬁgtoefrﬁ cgqua%?%gfo?( 'ﬁngg% édf'lgg%%ucrfﬂ’é{ﬁ ?l)f(é?d) ’g)yc{/ﬁré’gaeﬁadﬁi(%ﬁrbc? {"lter. The
two layers\Warse1 f-separitét Srientenaanssdlape fhhreaindsaniit’e pe 8 mradombhed
organic lay@hlvastidnedasvdded nimgeinaviniagdte 4 ehadgessohdniveradeisd poatach Undesavaauum to

Ebiai” a crﬁﬁlﬁi@m%;@mdﬁbow%ﬂwmﬁdlﬁy &{altumahc%mni;]a&og@al;a/cmngﬁemégeﬁm%n ofthe
176 5,177 GECT NN (OO Cota d e 6. s Doy S B U, 1 2
157.398 2 NaH{-On Aejytipgq Therqagsiop mingurs pyay exiraqiad) with £HG!L irigdoov e aniweras Ng: SR 881 75 (m,
IN); 4.10 (sor8Ef)ja8d indsr 3éd)icl FDeRuBO ténotRdih) cu &) 298 @ t(il(4inbth2x O Bitk@0firan Ak ))-4-(R)-1-
phenyl-ethylamino)-cyclohexane carbonitrile, which was purified by column chromatography. Yield
200mg (89%)
'H-NMR (300MHz, CDCl) 8.70 (d, J=8, 1H); 7.70 (d, J=8.0, 1H); 7.52 (t, ]=7.2, 1H); 7.41 (t, J=8.1, IH);
15 7.39-7.33 (m, 4H); 7.32-7.25 (m, 1H); 7.19 (d, 8.5, 1H); 6.94 (d, 8.5, 1H); 4.15-4.05 (m, SH); 2.75-2.62 (m,
2H); 2.20-2.0 (m, 2H); 1.95-1.75 (m, 4H); 1.44 (d, }=6.5, 3H)

Step 2

To a solution of the phenyl ethyl amino compound obtained in step 1 (200 mg, 0.47 mmol) in methanol (5
20 ml) at room temperature was added Pd(OH), (20% wet, 200 mg) and stirred under hydrogen atmosphere

for 1h until the TLC revealed complete disappearance of the starting material. The reaction mixture was

filtered through a small pad of celite with the help of methanol. The fiitrate was evaporated under reduced

pressure and the crude mixture was column purified to obtain the amino compound 4-amino-1-(4-methoxy-

dibenzofuran--yl)-cyclohexane carbonitrile Yield 80mg (53%)



Example 6 (3E)-3-[(Dimethylamino)methyleae]-1-(4-methorydibenzolb,dliuran-1-y1)-4-
20o0xocyclohexaneearbonitrile OMe A solution of the compound obtained in example 2 (200mg, 0.626
mmol), dimethylformarnide dimethylacetal (447mg, 3.76 mmol) and a catalytic amount of tetraethyl
amine in benzene (15m1) were distilled over a period of 3 hrs to about one half the original volume.
Benzene (15m1) was added to the 25reaction mixture and the distillation was continued. The process
was repeated until the reaction showed absence of the ketone starling material. After all starting
material was consumed, the solvent was - 36_sgampletely evaporated under vacuum and residue was
purified by column chromatography to give 174mg (74.5% vyields) of an off-yellow solid product.
Melting point (MP)-decomposes at 300C.  IH-NMR (300MHz, CDC13) 8.3 (d, J=7.93, 111); 7.72 (d,
A1=7.32, 1H); 7,54 (t, 1=7.3, IH), 7.44 (t, J=7.2, IH); 7,33 (d, J=8.5.1H); 6.98 (d, J=8.5,1H); 4.1 (s,3H)
3.92 (d, JHWRJ(%M%&IJ)%FW 1233 R0 1298 gzgggmm 7-3.60,34), Bxgmple 7

Eiry &y (L SO APEn D ALIaR T U T 50 L IR el
(m,4H)
S Step3

To the solution of amino compound obtained in step 2 (70 mg, 0.22 mmol) in dry dichloromethane (2.2 ml)
at 0°C under N; atmosphere was added triethylamine (0.32 ml, 2.2 mmol) and N,N-dimethy! aminopyridine
(DMAP, 3 mg), followed by methanesulfonyl chioride (0.06 ml, 0.66 mmol). The reaction mixture was
stirred at room temperature for 2h before being quenched by the addition of water. The two layers were
10 separated and the aqueous layer was extracted with CHCls. The combined organic layer was dried over
anhydrous Na;SOy and the solvent was evaporated under vacuum to obtain a crude product which was
purified by column chromatography to get pure N-{4-cyano-4-(4-methoxy-dibenzofuran-1-yl) cyclohexyl}-
methane sulfonamide, Yield 70mg
M.P. 176.2-177.8°C; 'H-NMR (300MHz, CDCls) 8.26 (d, J=7.8 1H); 7.71 (d, J=7.8 1H); 7.54 (ddd, J=1.2,
15 7.2,82 1H); 7.45 (ddd, J=1.2, 7.2, 8.2 1H); 7.21 (d, J=8.5 1H); 6.99 (d, J=8.5 1H); 4.88-4.75 (m, 1H); 4.10
(s, 3H); 3.11 (s, 3H), 2.90-2.80 (m, 2H); 2.50-2.30 (m, 4H); 2.05-1.90 {m, 2H)

Example 6
(3E)-3-[(Dimethylamino)methylene]-1-(4-methoxydibenzolb,d}furan-1-yl)-4-

20 oxocyclohexanecarbonitrile
Y
CN

e

A solution of the compound obtained in example 2 (200mg, 0.626 mmol), dimethylformamide
dimethylacetal (447mg, 3.76 mmol) and a catalytic amount of tetraethyl amine in benzene (15ml) were
distilled over a period of 3 hrs to about one half the original volume. Benzene (15ml) was added to the
25 reaction mixture and the distillation was continued. The process was repeated until the reaction showed

absence of the ketone starting material. After all starting material was consumed, the solvent was



OOOEt A mixture of the compound obtained in example 6 (300mg, 0.8mmol), ethylacetoacetatt_a
(114.4mg, 0.88 mmol) and ammonium acetate (495mg, 6.4mmol) in acetic acid (25m1) was stirred at
100-110C for 3 hrs under nitrogen atmosphere. The mixture was cooled to room temperature and
diluted with 100 ml of water, then 15 extracted with ethyl acetate (100mIX2), washed with water, dried
over sodium sulfate and concentrated under vacuum. The crude product was purified by column
chromatography to give 120mg (Yields 34.1%) of a yellow colored solid. MP-decomposes at 221.3C.
11-1-NWR (300MHz, CDCI3), 8.28 (d J=7.83,IH}$8.1 (s,1H); 7.73 (d, J=7.98, 1H); 7.56 (t, J=7.2,1H);
7.45 (1., J=7.2, 1H); 7.26 (d, 9.64, IH); 6.96 (d, 3=8.5, IH); 4.4 (q, J=7.1, 211); 4.1 (s, 31-1); 3.85 (dd,
J=16, 2H); 3.6-3.4 (m,2H); 2.9 -2,6 (m,2H); 2.9 (s,3H); 1.42 (t,31-1) - 37 - Example 8 o
5-(4-Methoxydihenzolb41furan-l-yl)-l-phenyl-4,5,6,7-tetrahydro-1R-indazole-5-_carbon|tr|1e Ph" NN
Example S-&nifleiMe thapeysliaanas Rusinr axt feyrdi: rahenilhd Sifaie tiahyeleg: aJiyindazolesg;carbonitrile

(74.5% yields) of an off-yellow solid product. Melting point (MP)-decomposes at 300°C.

'H-NMR (300MHz, CDCly) 8.3 (d, J=7.93, 1H); 7.72 (d, J=7.32, 1H); 7.54 (t, }=7.3, 1H), 7.44 (t, J=7.2,

IH); 7.33 (d, J=8.5,1H); 6.98 (d, J=8.5,1H); 4.1 (s,3H) ;3.92 (d, J=14.7,1H ); 3.24 (d, J=14.9,1H) ;
5 3.1(s,6H); 2.92-2.8 (m,1H); 2.7-2.5(m,3H)

Example 7
Ethyl 6-cyano—6—(4—methoxydibenzo[b,d]furan-1-yl)-2-methyl-5,6,7,8-tetrahydro quinoline-3-
carboxylate

COOEt

(=

NC

g o g

10 O~

A mixture of the compound obtained in example 6 (300mg, 0.8mmol), ethylacetoacetate (114.4mg, 0.88 mmol)
and ammonium acetate (495mg, 6.4mmol) in acetic acid (25ml) was stirred at 100-110°C for 3 hrs under
nitrogen atmosphere. The mixture was cooled to room temperature and diluted with 100 ml of water, then
15 extracted with ethy! acetate (100mIX2), washed with water, dried over sodium sulfate and concentrated under
vacuum. The crude product was purified by column chromatography to give 120mg (Yields 34. 1%) of a yellow
colored solid. MP-decomposes at 221.3°C.
'"H-NMR (300MHz, CDCly), 8.28 (d J=7.83,1H); 8.1 (s,1H); 7.73 (d, J=7.98, 1H); 7.56 (t, }=7.2,1H); 7.45 (t,
J=7.2, H); 7.26 (d, 9.64, 1H); 6.96 (d, }=8.5, 1H); 4.4 (q, J=7.1, 2H); 4.1 (s, 3H); 3.85 (dd, J=16, 2H); 3.6-3.4
20 (m,2H); 2.9 -2.6 (m,2H); 2.9 (s,3H); 1.42 (t,3H)



"Ph N-N 10A mixture of compound obtained in example 7 (100mg, 0.267mmo1) and phenyl hydrazine
(35.7mg, 0.33 mmol) in 10m1 of ethanol was stirred at room temperature for 18 hrs under nitrogen
atmosphere. Ethanol was evaporated under reduced pressure and residue was partitioned between
ethyl acetate (50m1 X 2) and water (50m1). The organic layer was washed with water followed by
brine, dried over sodium sulfate and evaporated under vacuum. The crude was purified by column
chromatography by eluting 20% ethyl acetate / hexane to 15give regeoisomeric mixture of products.
Example 8 was elated at less polar, 32mg (Yielgls-14.3%), MP-231-233C IH-NIVR (300MHz,
CDC13)8.23 (d, .1=8, 1H); 7.73 (d, 3=7.9, IN); 7.84 (s,1H); 7.7-7.3 (m, 7H); 7.44 (d, 3=8.5, Iffi; 7
(d,.1=8.5, 1H); 4.1 (s, 314); 3.7 (dd, J=16, 2H); 3.4 -3.22 (m, | H); 3.1-2.9 (m, 1H); 2.8-2.7 (m, 2H)
Example 9 was eluted at more polar, 68mg (Yields-30.4%), MP-234.5-236C - 38 - IFI-NMR (300MHz,
CDC13)8.2 (d, 3=8, 1H); 7,73 (d, J=8.2, IH); 7.6@%@)3 7.6-7.35 (m, 7H); 7.4 (d, J=8.5); 7 (d, 38.5
lI-1); 4.1 (s, 31-1); 3.7-3.4 (dd, J=16, 2H); 3.4-3.24 (m, IH); 2.9-2.82 (m, 11-1); 2.75-2.6 (m, 2H)
Example 10 5 6-Cyano-6-(4-metboxydibenzdb,d1fuean-1-y1)-2-methyl-5,6,7,8-tetrahydro
quino|ine%{éﬁg@gw@mgp[b,d]furan-1~yl)-1-phenyl-4,5,6,7-tetrahydro—lH-indazole-S-carbonitrile

Ph\N—-N

\
NG

g o g

O

Example 9
5-(4-Methoxydibenzo[b,d}furan-1-yl)-2-phenyl-4,5,6,7-tetrahydro-2 H-indazole-5-carbonitrile

10 A mixture of compound obtained in example 7 (100mg, 0.267mmol) and pheny! hydrazine (35.7mg, 0.33
mmol) in 10m! of ethanol was stirred at room temperature for 18 hrs under nitrogen atmosphere. Ethanol was
evaporated under reduced pressure and residue was partitioned between ethyl acetate (50ml X 2) and water
(50ml). The organic layer was washed with water followed by brine, dried over sodium sulfate and evaporated
under vacuum. The crude was purified by column chromatography by eluting 20% ethy! acetate / hexane to

15  give regeoisomeric mixture of products.

Example 8 was eluted at less polar, 32mg (Yields-14.3%), MP-231-233°C

'H-NMR (300MHz, CDCl3)8.23 (d, J=8, 1H); 7.73 (d, }=7.9, 1H); 7.84 (5,1H); 7.7-7.3 (m, TH); 7.44 (d, J=8.5,
1H); 7 (d, J=8.5, TH); 4.1 (s, 3H); 3.7 (dd, J=16, 2H); 3.4 -3.22 (m, 1H); 3.1-2.9 (m, 1H); 2.8-2.7 (m, 2H)
Example 9 was eluted at more polar, 68mg (Yields-30.4%), MP-234.5-236°C



10To a stirred solution of the compound obtained in example 7 (50mg, 0.1135 mmol) in ethanol (2m1),
was added 2 N aqueous NaOH solution (2m1) and the reaction mass was stirred at room temperature
for 16 hrs. The solvent was evaporated under vacuum and the residue was diluted with water (10m1).
The basic ag. solution was washed with ether (10m1X2), and acidified with IN HC[ solution to pH 2.
The reaction mass was extracted with chloroform, the organic layer was washed with water (20m1)
followed by brine, dried over sodium sulfate 15 and concentrated under vacuum, to give 40 mg (85%
yields) of the product as a light yellow colored sgid. MP-decomposes at 195.6C. 1H-NMR (300MHz,
DMSO0-d6)8.27(d, 1=7.83); 8.1(s,1H); 7.85(d, 3-=-8,1H); 7.63(t, J =7.2,1H); 7.54(t, .1=7.2,1H); 7.35(d,
3=8,6,11-1); 7,24(d, .1=8.6,1H);4.1(s,3H); 3.85-3.6(dd, J=16,2H); 3.2-3.1 (m,2H); 3-2.8 (m,2H) 20 - 39
- Example 11 5-(4-Methondibenzolb,dlfuran-1-y1)-4,5,6,7-tetrahydro-2,11-benzisoxazole-5-earbonitrile
?Zlgydrogv@mﬁ&(?y&vf&hlﬁﬁ@%@@@%&ﬁmmI@), W§.§,Qﬂ‘j!%é‘%sﬁﬁﬁF{.%Qi.%’M}G}H%Q?§5‘?&!ibl—‘%5§32,th0><i‘llle)
mg, O. C , e I the co as Qbtained in exar , 0.2mmole
in 5 ml ofz ’rar‘?r% an?j @@r&&ﬁﬁ%@%@ za%%r\?vggl#girﬁﬁ Fg%’ %%‘sga{g?béﬂfn@n%%gr “fur‘;‘l}e% The solvent
was evaporated under vacuum and the residue was taken up in 50 ml of ethyl acetate and washed
with water followed by brine. 10The organic lay@xwagiedréed over on sodium sulfate and concentrated
undersvacuum. The crude product was purified by column chromatography to get 45 mg (65.4% yields)

i R R R kit
(m, 1H); 2294m, | H)

NF COOH

NC

L)

[¢]

O~

10 To a stirred solution of the compound obtained in example 7 (50mg, 0.1135 mmol) in ethanol (2ml), was added
2 N aqueous NaOH solution (2ml) and the reaction mass was stirred at room temperature for 16 hrs. The
solvent was evaporated under vacuum and the residue was diluted with water (10ml). The basic ag. solution
was washed with ether (10m1X2), and acidified with IN HCl solution to pH 2. The reaction mass was extracted
with chloroform, the organic layer was washed with water (20m!) followed by brine, dried over sodium sulfate

15 and concentrated under vacuum, to give 40 mg (85% yields) of the product as a light yellow colored solid. MP-

decomposes at 195.6°C.
'H-NMR (300MHz, DMSO0-ds)8.27(d, J=7.83); 8.1(s,1H); 7.85(d, J=8,1H); 7.63(t, J =7.2,1H); 7.54(t,
1=7.2,1H); 7.35(d, J=8,6,1H); 7.24(d, J=8.6,1H);4.1(s,3H); 3.85-3.6(dd, J=16,2H); 3.2-3.1 (m,2H); 3-2.8
{m,2H)

20



15 Example 12
5-(4-Methoxydibenzofh,difuran-l-y1}-3-ox0-3,3a,4,5,6,7-hexabydro-2H-indazole-5-carbonitrile ry -N
20A mixture of compound as obtained in example 1 (50mg, 0.1326mmole), hydrazine hydrate (14mg,
0.266mmole) and triethyiamine (40mg, 0.4 mmole) in methanol (5m1) was stirred at 60-70C for 45
min. Methanol was evaporated under vacuum and the residue was partitioned between ethyl acetate
(20m1) and water - 40 - (20m1). The ethyl acetate layer was washed with water followed by brine, and
the organic layer was evaporated under vacuunpto get 42 mg (88.2% vyields) product. MP-more than

300C. 1H-NMR (300MHz, CDC13);11.4 (s, IN); 8.13 (d, J=7.6, 1H); 7.8 (d, 3=7.6, Ill); 7.62
(t,J=7.2,1H); 7.5 (t, 5J=7.1, 1H); 7.4 (d, J=8.5, 1H); 7.2 (d, J=8.6, 1H); 4.1 (s, 31-1); 3.1 -2.4 (m, 6H)
Example 13

6-(4-lilethoxydibenzolb,dlcuran-1-y1)-4-oxo0-3,4,5,6,7,8-hexahydroquinazoline-6-earbonitrile NNH 10 To
a stirred solution of sodium methoxide (185. 3. 5mmo|) in 10 ml of methanol was added
forman-ddine acetate (290mg, 2.78mmol) andEt%e Bompound obtained in example 1. The reaction
mass was &hddeeteriitnng Ao fo1B51hd-tsHaBY HRrb hdpraiftTosptiererivpitist the methanol was
evaporated under vacuum and residue was purified by '?- AQmn chromatography to get 200 mg (67.3%
yields) of the product. 1511-1-NMR (300MT1z, DMSO 2.6 (s, 11-0; 8.2 (d, J=7.88, 11-0; 8.14 (s,

1H); 7.85 (d, J=8, 1H); 7.63 (t, J=7.5,

Hydroxylamine hydrochloride (20mg, 0.3mmole) was added to a stirred solution of sodium ethoxide (22mg,
0.3mmole) in 10 ml of ethanol and the compound as obtained in example 6 (75mg, 0.2mmole) in 5 ml of
ethanol and the reaction mass was allowed to stir for 2 hrs at room temperature. The solvent was evaporated
under vacuum and the residue was taken up in 50 ml of ethyl acetate and washed with water followed by brine.
10 The organic layer was dried over on sodium sulfate and concentrated under vacuum. The crude product was
purified by column chromatography to get 45 mg (65.4% yields) vellow colored solid.
MP-193.5-197°C.
'H-NMR (300MHz, CDCly); 8.24 (d, J=8, 1H); 7.73 (d, J=8, 1H); 7.6-7.4 (m,, 3H,); 7.2 (d, J=8.5, 1H); 6.95 (d,
J=8.4, 1H); 4.1 (s, 3H); 3.5 (m, 1H);3 (m, 1H); 2.7 (m, 1H); 2.2 (m, 1H)
15
Example 12

5-(4-Methoxydibenzo|b,d]furan-1-yl)-3-0x0-3,32,4,5,6,7-hexahydro-2 H-indazole-5-carbonitrile
H
N—N

/

NC

7 N\

20 A mixture of compound as obtained in example 1 (50mg, 0.1326mmole), hydrazine hydrate (14mg,
0.266mmole) and triethylamine (40mg, 0.4 mmole) in methanol (5ml) was stirred at 60-70°C for 45 min.

Metharol was evaporated under vacuum and the residue was partitioned between ethyl acetate (20ml) and water



| H); 7.52 (t, J=7.5, 1H); 7.36 (d, J=8.5, 1H); 7.26 (d, J=8.6, | H); 4.1 (s,31-1); 3.6 (m, 1H); 3.2-2.9
(m,3H); 2.8- 2.7 (m, 2H) -41 - Example 14
6-(4-Methoxydibenzolb,d1furan-1-y1)-3-methy1-4-ox0-3,4,5,6,7,8-hexahydroquinazoline-6-earbonitrile
5To'a well stirred shiny of compound obtained in example 13 (75mg, 0.2mmol) and cesium carbonate
(73mg, 0.22mmol) in dry DMF (5m1) was added iodomethane (36.92mg, 0.26mol) and the mixture
was allowed to stir for 1 hr at room temperature under nitrogen atmosphere. The reaction mixture was
guenched with ice water (50m1), and then extragtted with ethyl acetate (50m1). The organic layer was
washed with water followed by brine and dried over sodium sulfate. The organic layer was
concentrated under vacuum and the crude product 10was purified by column chromatography to get
40mg of the pure product (Yields-52%) MP-235.4-240.8C. 'H-NMR (300M11z, CDC's); 8.22 (d, J7.8,
II-1); 8.1 (2ARY)THe éthyichodm o) whsDiadied Fitd Wier iR Woadiythribblind BS hBarf: BaylH)as edhorkar8-5,

111); 4.1 (S dufrddeddB R %é‘a’)zé% e@ﬁ&g&a&ﬁ-&S (m,1H); 3.3-3.2 (m, 2H); 2.9-2.7 (m, 21-1)
15Example 15 6- 4-M%t xydﬁ)enzo( ,dlfuran-1-y1)-5,6,7,8-tetrahydrequinazoline-6-earbonitrile - 42

- and the‘crl]%reprc?aac was purified by column chromatography to get 35mg of the product
(Yields-14 FFOPRNAODEE.CPOE)AE 4 (s, 1H); 8.13 (d, =76, 1H); 7.8 (d, J=7.6, IH); 7.62 (tJ=7.2,1H); 7.5 (t,
5 J=7.1,1H); 74 (d, J=8.5, 1H); 7.2 (d, J=8.6, 1H); 4.1 (s, 3H); 3.1 -2.4 (m, 6H)

Example 13
6-(4-Methoxydibenzo[b,d]fu ran-1-yl)-4-0x0-3,4,5,6,7,8-hexahydroquinazoline-6-carbonitrile

N7 SNH

AN
Sh

NC

O~
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10
To a stirred solution of sodium methoxide (185.3mg, 3.5mmol) in 10 ml of methanol was added formamidine
acetate (290mg, 2.78mmol) and the compound obtained in example 1. The reaction mass was allowed to stir at
60-70°C for 18 hrs under nitrogen atmosphere. Most of the methanol was evaporated under vacuum and residue
was purified by column chromatography to get 200 mg (67.3% yields) of \the product.

15 'H-NMR (300MHz, DMSO-dg); 12.6 (s, 1H); 8.2 (d, J=7.88, 1H); 8.14 (s, 1H); 7.85 (d, J=8, 1H); 7.63 (t, J=7.5,
IH); 7.52 (t, J=7.5, 1H); 7.36 (d, J=8.5, 1H); 7.26 (d, J=8.6, 1H); 4.1 (s,3H); 3.6 (m, 1H); 3.2-2.9 (m,3H); 2.8-
2.7 (m,2H)



11-1-NMR (300MHz, CDC13); 9.1 (s, IN); 8.6 (s, IFI); 8.24 (d, .1=8, 1H); 7.73 (d, J8.2, 1H); 7.55 (t,
J=7.2, 1H); 7.44 (t,1H); 7.23 (d, J=8, IN); 6.98 (d, J=8, Hi); 4.1 (s, 3H); 3.83 (d, 3=16, IN); 3.6-3.4 (m,
211); 3.2- 53.0 (m, 111); 3-2.9 (m, 1H); 2.7-2.6 (m,111) Example 16
2-Amino-6-(4-metboxydibenzolb,difuran-1-y1)-4-oxo-3,4,5,6,7,8-hexahydroquinazoline-6-earbonitrile
NH, NH A mixture of the compound obtained in example 1 (200mg, 0.53mmol), guanidine HC1
(127mg, 1.326mmol) and sodium methoxide (100mg) in 2 ml methanol was stirred overnight at room
temperature. The solvent was evaporated undefjvacuum and the crude residue was purified by
column chromatography to get 150mg (73.3% 15yields) as a white solid product. MP-decomposes at
300C. 11-1-NMR (300MHz, DMS0-d6);11(s,1H); 8.1 (d, 1=8, 1H); 7.82 (d, J=8.2, 1H); 7.64 (t, 3=7.4,
1H); 7.5 (t, 3=7.5, | H); 7.32 (d, 3=8.55, 11-1); 7.2 (d, J=8.55, 111); 4.1 (s, 3H); 3.5 (m, 211); 2.9-2.8
(m, 211); 2.74-2.6 (m, Iffi; 2.5-2.32 (m, 111) 20 Example 14

6-(4-Methoxydibenzo[b,d]furan-1-yl)-3-methyl-4-0x0-3,4,5,6,7,8-hexahydroquinazoline-6-carbonitriie

N%N/
AN
(™
NC
g o g
O—

S Toa well stirred slurry of compound obtained in example 13 (75mg, 0.2mmol) and cesium carbonate (73mg,
0.22mmol) in dry DMF (5ml) was added iodomethane (36.92mg, 0.26mol) and the mixture was allowed to stir
for 1 hr at room temperature under nitrogen atmosphere. The reaction mixture was quenched with ice water
(50m1l), and then extracted with ethyl acetate (50ml). The organic layer was washed with water followed by
brine and dried over sodium sulfate. The organic layer was concentrated under vacuum and the crude product

10 was purified by column chrdmatography to get 40mg of the pure product (Yields-52%) MP-235.4-240.8°C.
'H-NMR (300MHz, CDCl3); 8.22 (d, J=7.8, 1H); 8.1 (s, 1H); 7.71 (d, J=8, 1H); 7.53 (t, J=8, 1H); 7.43 (t, J=8,
1H); 7.33(d, 8.5, 1H); 7 (d, J=8.5, 1H); 4.1 (s, 3H);3.75 (4, J=8.5, 1H); 3.6 (s,3H); 3.6-3.5 (m,1H); 3.3-3.2 (m,
2H); 2.9-2.7 (m, 2H)

15 Example 15
6-(4-Methoxydibenzolb,d]furan-1-yl)-5,6,7,8-tetrahydroquinazoline-6-carbonitrile

A solution of compound as obtained in example 6 (100mg, 0.267mmol) and formamdine acetate (39mg,

20 0.373mmol) in dry ethanol (4ml) was stirred at 70-80°C for 2hrs. The solvent was evaporated under vacuum



- 43 - Example 19 2-Amino-6-(4-methoxyd ibenzolb,cnfuran- 1-yl)-5,6,7,8-tetra hydroq uinazolin e-6-ca
rb ()nitrite NH2 5A mixture of the compound obtained in example 6 (100mg, 0.267mmol), guanidine
MCI (33.5mg, 0.35mmol) and sodium ethoxide (25mg, 0.35mmol) in 5 ml ethanol was heated at
70-80C for 1 hr. The mixture was cooled to room temperature and the solvent was evaporated under
vacuum. The crude residue was purified by column chromatography to get 80mg (81% yields) of a
white colored solid product. MP-decomposes at 300C. 101H-NIVIR (300M1-lz, DMSO-d6); 8.24 (d,
J=7.9, 111); 8.2 (s, IF1); 7.85 (d, J=8, 1H); 7.634ft, J=7.4, 1H); 7.5 (I, J=7.8, 1H); 7.38 (d, J=8.5, IH);
7.25 (d, 7=8.6, IH); 6.55 (s, 2H); 4.1 (s, 3H); 3.6 (d, 3=15.5, 1H); 3.4 (d, 3=15, IH); 3.1-3 (m, 11-1);
2.9-2.7 (m, 3H) Example 18
1596-Cyano-6-(4-methoxydibenzo[b,dIfuran-1-y1)-5,6,7,8-tetrahydroquinazolin-2-yll amino) acetic acid
HNCOOH, ;4 the crude product was purified by column chromatography to get 35mg of the product (Yields-14.76%)

MP-213.8-215.2°C,

'H-NMR (300MHz, CDCly); 9.1 (s, 1H); 8.6 (s, 1H); 8.24 (d, J=8, 1H); 7.73 (d, J=8.2, 1H); 7.55 (1, J=7.2, 1H);

744 (t, J=7.4, 1H); 7.23 (d, J=8, 1H); 6.98 (d, J=8, 1H); 4.1 (s, 3H); 3.83 (d, J=16, 1H); 3.6-3.4 (m, 2H); 3.2-

5 3.0 (m, 1H); 3-2.9 (m, 1H); 2.7-2.6 (m,1H)

Example 16

2-Amino-6-(4-methoxydibenzo[b,d]furan-1-yl)-4-0x0-3,4,5,6,7 ,8-hexahydroquinazoline-6-carbonitrile
NH,

A

N7 TNH

X
(™

NC

See

e}
10 O~

A mixture of the compound obtained in example 1 (200mg, 0.53mmol), guanidine HCI (127mg, !.326mmol)

and sodium methoxide (100mg) in 2 ml methanol was stirred overnight at room temperature. The solvent was

evaporated under vacuum and the crude residue was purified by column chromatography to get 150mg (73.3%
15 yields) as a white solid product. MP-decomposes at 300°C.

'H-NMR (300MHz, DMSO-d);11(s,1H); 8.1 (d, J=8, 1H); 7.82 (d, J=8.2, 1H); 7.64 (1, J=7.4, 1H); 7.5 (t,

J=7.5, 1H); 7.32 (d, J=8.55, 1H); 7.2 (d, J=8.55, 1H); 4.1 (s, 3H); 3.5 (m, 2H); 2.9-2.8 (m, 2H); 2.74-2.6 (m,

1H); 2.5-2.32 (m, 1H)

20



- 44 - vacuum and the reaction mass was diluted with 10 ml of water. The aqueous layer was washed
with ether, acidified with 0.1 N HCI to pH 2 and extracted with ethyl acetate. The organic layer was
washed with water followed by brine, and concentrated under vacuum. The crude product was
crystallized form hexane to give 60mg (52.45% yields) of a yellow colored solid. 51H-NMR (300MHz,
DMSO-d6); 8.24 (d, 3=6.4, 1H); 8.2 (s, 111); 7.85 (d, J=8.1, 1H); 7.63 (t, J=7.6, 11-1); 7.53 (t, J=7.4,
1H); 7.38 (d, J=8.5, 111); 7.25 (d, 3=8.5, 1H); 6.67 (s, IH); 4.1 (s, 311); 3.7 (s, 21-1); 3.7-3.5 (m, 211);
3- 3.2 (m, 2H); 2.9-2.8 (m, 211) Example 19 10&thyl
[6-cyano-6-(4-methoxydibenzo[b,dlfuran-1-y1)-4-o0xo0-5,6,7,8-tetrahydroquinazolin-3(4H)- yllaeetate To
a solution of the compound obtained in example 13 (170mg, 0.46mmol) in 5 ml ofdry DMF was added
ethyl bromoacetate (84.5mg, 0.5mmol) and cesium carbonate (195.6mg, 0.6mmol) at room
temperature for I hr. 150nce the reaction has camplgiesh the reaction mass was diluted with water and
extracted wijth e te The o ic layer h with water, follo brine, and
concentraé'L u'H)' % \'/acuurﬁleﬁnzﬂ 9&%‘ rﬁ?odﬂ%\:g(%’zg gﬁr 8%()17""1 ﬁoﬁﬁl}l&ghcra(\)%na géraphy to get 175mg
(83.2% yields) of the product MP-1 06.2-125.1C 11-1 NM Ft{S.OOMHz CDCI3); 8.2 (d, 3=7.9, 1H); 8 (s,
IF); 7.7 (d, J=8, | H); 7.8 (t, J=7.2, 111); 7.43 (t, J=8, 1N¥ 73 (d, J=8.5, 1H); 7 (d, J=8.5, 1H): 4.8-4.5
(d d, J=16.8, 2H); 4.3 (q, J=7, 2H); 4.1 (s, 3H); 3.7 (d, J 11); 203.4-3.1(m, 211), 2.9-2.8 (m, 3H);
1.4-1.3 (t, J=7, 3H)

S A mixture of the compound obtained in example 6 (100mg, 0.267mmol), guanidine HCI (33.5mg, 0.35mmol)
and sodium ethoxide (25mg, 0.35mmol) in 5 ml ethanol was heated at 70-80°C for 1 hr. The mixture was
cooled to room temperature and the solvent was evaporated under vacuum. The crude residue was purified by
column chromatography to get 80mg (81% yields) of a white colored solid product.

MP-decomposes at 300°C.

10 'H-NMR (300MHz, DMSO-dq); 8.24 (d, J=7.9, 1H); 8.2 (s, TH); 7.85 (d, J=8, 1H); 7.63 (t, J=7.4, 1H); 7.5 (4,
J=7.8, 1H); 7.38 (d, J=8.5, 1H); 7.25 (d, J=8.6, 1H); 6.55 (s, 2H); 4.1 (s, 3H); 3.6 (d, J=15.5, 1H); 3.4 (d, J=15,
1H); 3.1-3 (m, 1H); 2.9-2.7 (m, 3H)

Example 18
15 {[6-Cyano-6-(4-methoxydibenzo[b,djfuran-1-yl)-5,6,7,8-tetrahydroquinazolin-2-yl} amino} acetic acid

HN COOH

A mixture of the compound obtained in example 6 (100mg, 0.267mmol), guanidine acetic acid and sodium

hydroxide (54mg, Imol) in 10 m! of methanol was stirred at 60-70°C for 8 hrs. Methanol was evaporated under



- 45 - Example 20
16-Cyano-6-(4-methoxydibenzotb,dguran-1-y1)-4-oxo-5,6,7,8-tetrahydroquinazolin-3(4H)-yl] acetic
acid NNCOOH o -- 5To a stirred solution of the compound obtained in example 19 (100mg,
0.2188mmol) in 4 ml of ethanol was added IN NaOH solution (3m1) and the reaction mass was
allowed to stir at room temperature for 4 hrs. The reaction mass was diluted with 20 ml water and
washed 3 timed with 25m1 diethyl ether. The aqueous layer was acidified with IN ag. HC1 to pH 2-3
and extracted with chloroform, The organic laygy,was washed with water followed by brine, and
concentrated under vacuum. The residue was triturated with ether to give 45mg 10(Yields-48%) of
product. IH-NMR (300MHz, DMSO-d6); 8.24 (d, J=8.2, 1H); 8.15 (s, 11-1); 7.84 (d, 3=8, 1H); 7.63 (t,
J=7.3, 1H); 7.52 (t, J=7.4, IN); 7,37 (d, J= 8.6, 1H); 7.24 (d, J=8.6, 1H); 4.5 (s, 211); 4.1 (s, 3H); 3.6
(In, 114) Example , . , :
56 (4. MO e e sacion masy i siutedoviy 10 L of wiir, Theapucous Jeyos s wash wilp el
0-Toa m%‘itﬂff@do‘f’ﬁ‘ié)'éd?lﬁﬁ%‘l}ﬂd’%Bté.‘?ﬁéﬁ“ﬁ?%‘i(&ﬁﬁ‘p‘fg’xl @0Bind "o BEWi6 ‘}Yeéé‘@fa‘fﬁfafﬂé”fblﬁ"}ter
(124.5mg fdliB2bp dhiren end gomoentratet rodddea¢ 083 g, ctuBSprrmiet) was Enystadizgiefiranioixera sostimed at
60-70C fogoki3N5s.45% yields) of 2 yellow colored solid.
5 'H-NMR (300MHz, DMSO-d); 8.24 (d, J=6.4, 1H); 8.2 (s, 1H); 7.85 (d, J=8.1, 1H); 7.63 (t, J=7.6, 1H); 7.53
(t, J=7.4, 1H); 7.38 (d, J=8.5, 1H); 7.25 (d, }=8.5, 1H); 6.67 (5, 1H); 4.1 (s, 3H); 3.7 (s, 2H); 3.7-3.5 (m, 2H); 3-
3.2 (m, 2H); 2.9-2.8 (m, 2H)

Example 19
10  Ethyl [6-cyano-6-(4-methoxydibenzo[b,d]furan-1-yl)-4-0x0-5,6,7,8-tetrahydroquinazolin-3(4H)-
yljacetate
NZ N7 cookt

To a solution of the compound obtained in example 13 (170mg, 0.46rumel) in 5 m} ofdry DMF was added ethyl

bromoacetate (84.5mg, 0.5mmol) and cesium carbonate (195.6mg, 0.6mmol) at room temperature for 1 hr,
15 Once the reaction has completed, the reaction mass was diluted with water and extracted with ethyl acetate. The

organic layer was washed with water, followed by brine, and concentrated under vacuum. The crude product

was purified by column chromatography to get 175mg (83.2% yields) of the product. MP-106.2-125.1°C

'H NMR (300MHz, CDCly); 8.2 (d, J=7.9, 1H); 8 (s, 1H); 7.7 (d, J=8, 1H); 7.8 (t, }=7.2, 1H); 7.43 (t, J=8, IH);

7.3 (d, J=8.5, 1H); 7 (d, J=8.5, 1H); 4.8-4.5 (d d, }=16.8, 2H); 4.3 (q, J=7, 2H}; 4.1 (s, 3H); 3.7 (d, J=18, 1H);
20 3.4-3.1(m, 2H); 2.9-2.8 (m, 3H); 1.4-1.3 (1, J= 7, 3H)



under nitrogen atmosphere. Once the reaction is complete, the reaction mass was evaporated under
vacuum and 20the residue was diluted with ethyl acetate and water. The organic layer was washed
with water followed by - 46 - brine, dried over sodium sulfate and concentrated under vacuum. The
crude product was purified by column chromatography to get 200mg (40% vyields) of the solid product.
MP-more than 300C. IH-NMR (3001valz, DMSO-d6); 12.5 (s,11-1); 8.2 (d, J=8, IH); 7.85 (d, J=8,
IH); 7.64 (t, 1=7.5, 1H); 7.5 (t, 3=7.4, 1H); 7.34 (d, J=8.6, 1H); 7.24 (d, 38.6, IH); 4.1 (s, 3H); 3.6
(m,1H); 3 (m, 3H); 2.8-2.6 (m, 21-I), 2.3 (s, 53H)sExample 22 Ethyl
[6-cyano-6-(4-methoxydibenzo[br,d]furan-1-y0-2-methyl-4-o0xo0-5,6,7,8-tetrahydro
quinazolin3(4H)-yllacetate 10 Example 23 Ethyl
116-cyano-6-(4-methoxydibenzol[b,cifuran-1-y1)-2-methyl-5,6,7,8-tetrahydro quinazolin-4- ylJoxy) a
cetate 15

Example 20
[6-Cyano-6-(4-methoxydibenzo[b,d]furan-1-yl)-4-0x0-5,6,7,8-tetrahydroquinazolin-3(4 H)-yl] acetic
acid

NP SN cook

O

S To a stirred solution of the compound obtained in example 19 (100mg, 0.2188mmol) in 4 ml of ethanol was
added IN NaOH solution (3ml) and the reaction mass was allowed to stir at room temperature for 4 hrs, The
reaction mass was diluted with 20 ml water and washed 3 timed with 25ml diethyl ether. The aqueous layer
was acidified with IN aq. HCI to pH 2-3 and extracted with chioroform. The organic layer was washed with
water followed by brine, and concentrated under vacuum. The residue was triturated with ether to give 45mg

10 (Yields-48%) of product.

"H-NMR (300MHz, DMSO-dq); 8.24 (d, J=8.2, 1H); 8.15 (s, 1H); 7.84 (d, J=8, 1H); 7.63 (t, J=7.3, 1H); 7.52 (¢,
J=7.4, 1H); 7.37 (d, J= 8.6, 1H); 7.24 (d, J=8.6, 1H); 4.5 (s, 2H); 4.1 (s, 3H); 3.6 (m, 1H)

Example 21
15 6-(4-Methoxydibenzo{b,d]furan-1-yl)-2-methyl-4-0x0-3,4,5,6,7,8-hexahydroquinazoline-6-carbonitrile

A

N% “NH

x>
Sh

NC

‘ o g

O—
To a mixture of the compound obtained in example 1 (200mg, 0.53mol), acetamidine HCl (124.5mg,
1.32mmol) and sodium methoxide (98.3mg, 1.85mmol) in 7 ml of methanol was stirred at 60-70°C for 18hrs
under nitrogen atmosphere. Once the reaction is complete, the reaction mass was evaporated under vacuum and

20 the residue was diluted with ethyl acetate and water. The organic layer was washed with water followed by



To a solution of the compound obtained in example 21 (150mg, 1.76mmies) in dry DMF (5m1) was
added ethylbromoacetate (322.3mg, 1.93mmol) and cesium carbonate (688mg, 2.1 Immol). The
reaction mass was stirred at room temperature for | hr, diluted with water and extracted with ethyi
acetate, The organic layer was - 47 - washed with water followed by brine and dried over sodium
sulfate and concentrated under vacuum. The crude product was purified by column chromatography to
get both pure compounds. Example 22 is eluted at less polar, 50mg (Yields-27.2%), MP-165.1-175C.
1H NMR (300MHz, CDC13); 8.24 (d, J=8, 1H); 4572 (d, J=8.1, 111); 7.55 (t, J=7.4, 1H); 7.44 (t, J=7.5,
1H); 7.28 5(d, 1=9, 1H); 6.98 (d, J=8.5, IN); 5.1-4.8 (d d, J=15.6, 211); 4.24 (q, J=7.1, 214); 4.1 (s,
311); 3.8-3.6 (d d, J=17.3, 2 H);(m, 11-1); 2.9-2.6 (m, 311); 2.52 (s, 314) Example 23 is clued at more
polar, 30mg (Yields 16. 34%) MP-1 16 2- 14OC 1H NMI4. (BOOMHz CDC13) 8 23 (d J 8 1H);

3=17.3, 111 "9-2.8
(in, 2H); zcisfw‘%ﬁf% i Zgﬁs <10° ’("tldﬁ)%tPF) tgw-more ian 306°C.
1-(4-MethGx)aiBef PO TONF PR | 13- fse Hhoyiridino foyiElb Hebtalde bk biGhitiies (. J=7.5, 1H); 7.5 (,
J=1.4, 1H); 7.34 (d, J=8.6, 1H); 7.24 (d, J=8.6, 1H); 4.1 (s, 3H); 3.6 (m,1H); 3 (m, 3H); 2.8-2.6 (m, 2H), 2.3 (s,
5 3H)

Example 22
Ethy] [6-cyano-6-(4-methoxydibenzo[b,d]furan-1-yl)-2-methyl-4-0x0-5,6,7,8-tetrahydro quinazolin-
3(4H)-yljacetate

NN cook
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9we
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Example 23
Ethy! {{[6-cyano-6-(4-methoxydibenzo[b,d]furan-1-yl)-2-methyl-5,6,7,8-tetrahydro quinazolin-4-
ylloxy}acetate

N TN

I OOEl
SN
(J

NC

L
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15 o~

To a solution of the compound obtained in example 21 (150mg, 1.76mmles) in dry DMF (Sml) was added
ethylbromoacetate (322.3mg, 1.93mmol) and cesium carbonate (688mg, 2.11mmol). The reaction mass was

stirred at room temperature for 1 hr, diluted with water and extracted with ethyl acetate, The organic layer was



0-- 15Step 1 - A mixture of the compound obtained in example 2 (50mg, 0.156mmole), sodium acetate
(20mg, 0.238mmol) and hydroxylamine hydrochloride (I7mg, 0.235mmo1l) in 2m1 of ethanol was
reamed for 3 hrs at 85-90C. Once the reaction has completed, ethanol was distilled off, the reaction
mass was diluted with water, neutralized with-sodium bicarbonate and extracted with ethyl acetate.
The ethyl acetate layer was evaporated under vacuum to get 45mg of the oxime product
(Yields-86.5%) 70Step 2- Under nitrogen atmosphere, to a solution of 50% sodium hydride (24mg,
0.2mmol) in 2 ml of dry DMF a solution of the axtme product in dry DMF was added drop wise. The
reaction mass was allowed to stir for 30 minutes at room temperature. A solution of methyl iodide
added drop wise and the reaction mass was allowed to stir for 30 minutes. Once the reaction has
completed, the reaction mass was quenched with water and extracted with ethyl acetate. The organic

layer was dried; qyarsediiysi @é%rﬁx@%‘é%@&’l&%??o&l&q “s‘ﬁlfﬁ?e%‘d%?@e&?ag&ﬁmr 30
(Yields-65%), - 48 - | i%e MR (300MHz, CDC13): 8.27 (d, J=7.8, 1H): 7.73 (d, 3= 75 IH); 7.55 (d d d,

J---1.2,7. TESIER PR, Tﬁ?‘“f%’é“(%f"%f—‘ﬁ%‘jg?‘ Pat g SRS, 1 (5. 3H): 3.9 (s, 3H); 3.6 (M,

1H):; 3-2.65#masf2 B gutad 21 e Bl S 0menY iphtls £ By AR ples 251 75°C.

(WI-CyandraNpriestiaxy ditvenz otedifurss; 1ypryelahesylidanclaminoinny Jagstissacin- Ns, 1epH,eeoh

Stepl<sA mixtiug %W@sﬁé‘)@g@kl@dlﬂ?t@'ﬂ@@ & @Xme% (3G 11726 91MAI8) (SefimsaCceiats,

(190mg, 2 3 i %gydr gmin mygI][l tﬂg 163mg 2.35mmol) in 10m1 of ethanol was
hiS at’ ?g % ?ﬁ 55(‘, ongh

refluxed for nce'the’re Eompleted ethanol was distilled off, the
reaction niX8ERIFS HiRktEd HmeraRaar, W&Eﬁ‘él%d%ﬁ%hé@ i Bic#Bonate and extracted with ethyl
acetate. Thenavry{zaoeitatedngay; Ras @vaporaiet uades vatyuss to GeBs0dnmpaf, the Hximerpeaduct
(Yields-95;6948) 11y; 6.96 (d, J=8.5, 1H); 5 (d, J=17.3, 1H); 4.7 (d, J=17.3, 1H); 4.3 (q, J=7, LH):4.1 (s, 3H); 3.7 (m, 1H);

10 3.3-3.0(m, 2H); 2.9-2.8 (m, 2H); 2.5 (m, 1H); 2.5 (s, 3H); 1.35 ¢t, J= 3H)

Example 24
1-(4-Methoxydibenzo[b,d]furan-1-y)-4-(methoxyimino)cyclohexanecarbonitrile
— O
N —

NC

Jwe

O~

15  Stepl- A mixture of the compound obtained in example 2 (50mg, 0.156mmole), sodium acetate (20mg,
0.238mmol) and hydroxylamine hydrochloride (17mg, 0.235mmol) in 2ml of ethanol was refluxed for 3 hrs at
85-90°C. Once the reaction has completed, ethanol was distilled off, the reaction mass was diluted with water,
neutralized with sodium bicarbonate and extracted with ethyl acetate. The ethyl acetate layer was evaporated
under vacuum to get 45mg of the oxime product (Yields-86.5%)

20 Step 2- Under nitrogen atmosphere, to a solution of 50% sodium hydride (24mg, 0.2mmol) in 2 ml of dry DMF
a solution of the oxime product in dry DMF was added drop wise. The reaction mass was allowed to stir for 30
minutes at room temperature. A solution of methyl iodide added drop wise and the reaction mass was allowed
to stir for 30 minutes. Once the reaction has completed, the reaction mass was quenched with water and
extracted with ethyl acetate. The organic layer was dried over sodium sulfate and evaporated under vacuum to

25  get the product 30mg (Yields-65%)



Step2- To a mixture of the oxime product (500mg, 1.49mol), ethylboromoacetate (324mg,1.9m not) and
potassium carbonate (61mg, 0.5mmol) in dry DMF was heated to 60-70C for 2 hrs. Once the reaction
has 15completed, the reaction mass was diluted with water and extracted with ethyl acetate. The
organic layer was dried over sodium sulfate and evaporated under vacuum to get 250mg (Yileds-40%)
of the ester product. Step3- To a solution of above ester product (200mg, 0.47mmol) in 3.5 ml of
ethanol was added solution of NaOH (28.5mg, 0.71mmol) dissolved in 1 ml of water. The reaction
mass was stirred overnight at room temperaturggOnce the reaction has completed, ethanol was
evaporated under vacuum and the reaction mass was 20acidified with conc. HCI to pH 2 and extracted
with ethyl acetate. The organic layer was dried over sodium sulfate and evaporated under vacuum to
get 40mg of acid product (Yields-22.2%). '"H NMR (300MHz, CDCI3); 114 (s, 1H); 8.13 (d, J=7.6, IF!);

7.8(d, J= 7@%}33@@3{9 ks )2832‘7'817557(5 ?’H)7 47?@3’)57731 (1%37'%% 3'&')5—71 24951788, 1)1 (S,

3H); 3.1-2.4

5andtautomérg gt@éo?s%?‘h ﬁénﬁgh%}s(sdﬁﬁgté;rgéwgg bg%gﬁbﬁsz s (m, 4H); 2.5 (m, [H); 22-2.1

{m, 2H)

5 Example 25
({[4-Cyano-4-(4-methoxydibenzo[b,d]furan-1-yl)cyclohexylidene]amino}oxy)acetic acid
n—OCH,COOH

|

NC

o
O~

Stepl- A mixture of the compound obtained in example 2, (500mg, 1.56mmole), sodium acetate (190mg,

2.38mmol) and hydroxylamine hydrochloride (163mg, 2.35mmol) in 10ml of ethanol was refluxed for 3 hrs at
10 85-90°C. Once the reaction has completed, ethanol was distilled off, the reaction mass was diluted with water,

neutralized with sodium bicarbonate and extracted with ethyl acetate. The ethyl acetate layer was evaporated

under vacuum to get 500mg of the oxime product (Yields-95.6%)

Step2- To a mixture of the oxime product (500mg, 1.49mol), ethylbromoacetate (324mg,1.9m mol) and

potassium carbonate (61mg, 0.5mmol) in dry DMF was heated to 60-70°C for 2 hrs. Once the reaction has
15 completed, the reaction mass was diluted with water and extracted with ethyl acetate. The organic layer was

dried over sodium sulfate and evaporated under vacuum to get 250mg (Yileds-40%) of the ester product.

Step3- To a solution of above ester product (200mg, 0.47mmol) in 3.5 ml of ethanol was added solution of

NaOH (28.5mg, 0.7tmmol) dissolved in 1 m! of water. The reaction mass was stirred overnight at room

temperature, Once the reaction has completed, ethano! was evaporated under vacuum and the reaction mass was
20 acidified with conc. HCI to pH 2 and extracted with ethyl acetate. The organic layer was dried over sodium

sulfate and evaporated under vacuum to get 40mg of acid product (Yields-22.2%).

'H NMR (300MHz, CDCly); 11.4 (s, 1H); 8.13 (d, J=17.6, IH); 7.8 (d, J=7.6, 1H); 7.62 (1, J=7.2, IH);7.5 (1,

J=7.1, IH); 7.4 (d, J=8.5, 1H); 7.2 (d, J=8.6, 1H); 4.1 (s, 3H); 3.1-2.4 (m, 6H)



pharmaceuticallyacceptablesalts,pharmaceuticallyacceptablehydrates, pharmaceutically acceptable
solvates and N-oxides thereof, wherein X represents 0 and Y represents 0 or S; 10RIl is MCSLIP - 50
- X1 is selected from hydrogen, optionally substituted alkyl, N,Ndimethyla@' aLII,genyI,
carboxy,COOREG6; X2 is selected from optionally halo, cyano, carboxy, CO , Substituted alkyl,
NR5R6, -NR5S(0)11,R6; 5X3 is selected from cyaré9earboxy, alkyl, amido or tetrazolyl; X4 represents
0, S, NR5, N-OR6, =N-OCH2COOH, X5 represents hydrogen, halo, hydroxyl, cyano or alkyl; when
two X' groups are ortho to each other, they may fohdthdiSform a 4 to 7 membered ring system selected
from alicyclic or heterocyclic ring which may be 10saturated, partially saturated or unsaturated, aryl, or
heteroaryl having one or more heteroatoms selected from 0, NR5 or S; and

1. A compound of formula

®

5 and tautomers,  stereoisomers,  enantiomers,  diastereomers,  polymorphs,
pharmaceutically  acceptable  salts, pharmaceutically  acceptable hydrates,
pharmaceutically acceptable solvates and N-oxides thereof,
wherein

X represents O and Y represents O or S;

10 R'is

(X%




when X1 and X2 are ortho to each other, they may together form a 4 to 7 membered ring system
selected from an alicyclic or heterocyclic ring which may be saturated, partially saturated or
unsaturated, aryl or heteroaryl having one or more 15 heteroatoms selected f fPOLRIRS or S; and
wherein 4 to 7 membered ring system may optionally be mono or di-substituted with oxo, carboxy,
R'COORG6, R1INIVR6, ORS5, alkyl, aryl; r is an integef®epresented by 0, 1,2 or 3; s is an integer
represented by 0, 1 or 2; 20R2 represents alkyl, haloalkyl, alkenyl, alkynyl, optionally substituted
cycloalkyl, optlonallg(‘substlttstédcmﬂl dptionally dulgstifutegtheielyardubsheterbeyadlpl; R anwd R4
independently represent hydrogen, hydroxy, halo, cyano, amino, alkoxy, alkenyl, alkynyl, alkylamino,
formyl, carbokynethyiminameldemyldc M@ €L FCHIIRR®, Wﬁ@tRf\zvo Rit groups are ortho to each other,
they may join together to form a saturated, unsaturated or partially saturated ring which may optionally
include up to 2 heteXddtomissielb cteth frptiodaly drdoNRBno, carbREyreprEaBhts Uytitotpanaliidoxy,
R'COORG, optlonally substituted alkyl or Soptionally substituted aryl; R6 represents hydrogen,
optionally sub%t&?edﬁi@[@%dbt;onally substituted aryl; or R5 and R6 together form a 3 to 12
membered mono or polyeyellc ring vvhich may be saturated, partially saturated or unsaturated and
may optionally contXinionelastasidrent Olietersatbmy selettanidmoeNa®dnd may optionally be mono
or di-substituted;
X* represents O, S, NR®, N-OR’, =N-OCH,COOH, =N-O-Me;
X° represents hydrogen, halo, hydroxyl, cyano or alkyl;
when two X' groups are ortho to each other, they may together form a 4 to 7
membered ring system selected from alicyclic or heterocyclic ring which may be
10 saturated, partially saturated or unsaturated, aryl, or heteroaryl having one or more
heteroatoms selected from O, NR’ or S; and
when X' and X? are ortho to each other, they may together form a 4 to 7
membered ring system selected from an alicyclic or heterocyclic ring which may be
saturated, partially saturated or unsaturated, aryl or heteroaryl having one or more
15 heteroatoms selected from O, NR® or S; and wherein 4 to 7 membered ring system may
optionally be mono or di-substituted with oxo, carboxy, R’COORﬁ, R’NR5R6, OR’,
alkyl, aryl;
r is an integer represented by 0, 1, 2 or 3;
s is an integer represented by 0, 1 or 2;
20 R? represents alkyl, haloalkyl, alkenyl, alkynyl, optionally substituted
cycloalkyl, optionally substituted aryl, optionally substituted heteroaryl or heterocyclyl;
R* and R* independently represent hydrogen, hydroxy, halo, cyano, amino,

alkyl, alkoxy, alkenyl, alkynyl, alkylamino, formyl, carboxy or carbamoyl; and



R.' represents a direct bond or alkylene; n is an integer represented by 0, 1, 2, or 3; m is an integer
represented by 0O, 1 or 2; wherein the substintents of the optionally substituted alkyl are selected
from 15halogen, hydroxy, alkoxy, acyl, amino and nitro; and ~ wherein the SUbstituBnts of the
optionally substituted aryl, the optionally substituted cycloalkyl, and the optionally substituted
heteroaryl are selected from halogen, nitro, aminoalkexy, alkyl sulfonyl amino, alkylcarbonylamino,
carboxy, alkyl carbonyl, hydroxy and alkyl; 20wherein the term "alkenyl" refers to a straight or
branched aliphatic Mmm&b@ﬁ withyenereomiorecasbbrotoccathandeypbenbtpdt)er towbenein the term
"alkynyl" refers to a straight or branched aliphatic hydrocarbon with one or more carbon to carbon
triple bonds; sandafetC Shiafirab2l -or panlhdinerativettdrmnydiocikyidrefetionally mshelcoigythic or
polycyclic saturated or partially saturated hydrocarbon ring system. The compound according to
claim 1, wheheinrXitisnGOORE dfHdintbtfyladNFoalkenyl. The compound according to claim 1, wherein

X2 is COORG6. 4.The compound according to claim 2 or 3, Whereln R6 is hydrogen. |1 O
R® represents hydrogen, alkoxy, R’ COOR®, optionally substituted alkyl or

5  optionally substituted aryl;
R® represents hydrogen, optionally substituted alkyl or optionally substituted
aryl; or
R’ and R together form a 3 to 12 membered mono or polycyclic ring which may
be saturated, partially saturated or unsaturated and may optionally contain one or more
10 heteroatoms selected form O, N, S, and may optionally be mono or di-substituted,
R’ represents a direct bond or alkylene;
n is an integer represented by 0, 1, 2, or 3;
m is an integer represented by 0, 1 or 2;
wherein the substituents of the optionally substituted alkyl are selected from
15 halogen, hydroxy, alkoxy, acyl, amino and nitro; and
wherein the substituents of the optionally substituted aryl, the optionally
substituted cycloalkyl, and the optionally substituted heteroaryl are selected from
halogen, nitro, amino, alkoxy, alkyl sulfonyl amino, alkylcarbonylamino, carboxy, alkyl
carbonyl, hydroxy and alkyl;
20 wherein the term “alkenyl” refers to a straight or branched aliphatic hydrocarbon
with one or more carbon to carbon double bonds;
wherein the term “alkynyl” refers to a straight or branched aliphatic hydrocarbon

with one or more carbon to carbon triple bonds; and



S.The compound according to claim 1, wherein X2 is NR5S(0)n,R6. 6. The compound according to
claim 5, wherein R5 is hydrogen, mis 2 and R6 is methyl. 15 7. The compound according to claim 1,
wherein Xl and X2 arc ortho to each other and together form a 4 to 7 membe%%lh#é) system selected
from an alicyclic OF heterocyclic ring which may be saturated, partially saturated or unsaturated, aryl
or heteroaryl haying one or more heteroatoms selecied from 0, NR5 or S, and wherein the 204 to 7
membered ring system is optionally mono or di-substituted with oxo, carboxy, R*RCOORG6, R'NR5R6,
OR', alkyl or aryl. M@SieihRheS8rmptlycicelikyingefenicio mayobe, Satyuchited; pahyiaiglisaturatéeior
unsaturated and may optionally contain one more heteroatom selected form 0, N, S, and may
optionally beompmartiadhyciesuastidUtpdios8cidreromspstend according to claim 8, wherein the R' is
methylene, ethylene, n- propylene, isopropylene, n-butylene or isobutylene. 10.The compound
according to claim 1 or 7, wherein the 4 to 7 membered ring system is selected from - 54 -

2. The compound according to claim 1, wherein X' is COOR® or

5  dimethylaminoalkenyl.

3. The compound according to claim 1, wherein X?* is COOR®,
4. The compound according to claim 2 or 3, wherein R® is hydrogen.
10
5. The compound according to claim 1, wherein X? is NR*’S(O)mR°®.
6. The compound according to claim 5, wherein R’ is hydrogen, m is 2 and RS is
methyl.
15
7. The compound according to claim 1, wherein X! and X? are ortho to each other

and together form a 4 to 7 membered ring system selected from an alicyclic or
heterocyclic ring which may be saturated, partially saturated or unsaturated, aryl or
heteroaryl having one or more heteroatoms selected from O, NR® or S, and wherein the
20 4 to 7 membered ring system is optionally mono or di-substituted with oxo, carboxy,

R’COOR®, R’NR’R®, OR?, alkyl or aryl.

8. The compound according to claim 7, wherein R’ is alkylene, R’ and R® are

independently hydrogen, alkyl or R’ and R together form a 3 to 12 membered mono or



The compound according to claim wherein X3 is cyano.  12. The compound according to claim 1,
wherein X4 is 0, S -N-001-12000I-I or 5N-R5, wherein R5 is alkoxy. 13. The W‘r%&)?gnd according to
claim 12, wherein R5 is methoxy.  14. The compound according to claim 1, Wherein X5 is hydrogen.
10  15. The compound according to claim 1, wherein R2 is alkyl. ~ 16. The compound according to
claim 15, wherein R2 is methyl or ethyl. 1517.The edhpound according to claim 1 wherein 123 is
hydrogen. 18. The compound according to claim 1, wherein R4 is hydrogen. 19. A compound
according to eidyey dlj ovhiegeiwlihd compbunc isrseléctedtfrim saturated or unsaturated and may
20Methy15-cyano-5-(4-methoxydibenzo[b,d]furan-1-y1)-2-oxocyclohexane carboxylate,
1-(4-Methoxydhithemd bt difiaiarpde yhpet-bxeeyetomeseleagedrfbonitfile N, S, and may optionally be
4-Cyano-4-(4-methoxydibenzo[h,d]furan-1-y1)cyclohexanecarboxylic acid, MCSLLP - 55 -

mono or di-substituted.

S O The compound according to claim 8, wherein the R’ is methylene, ethylene, n-

propylene, isopropylene, n-butylene or isobutylene.

10. The compound according to claim 1 or 7, wherein the 4 to 7 membered ring

system is selected from
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5-(4-Methoxyclibenzo [b,d]furan-1-y1)-4,5,6,7-tetrahydro-2H-indazole-5- carboni tri le,
N-14-Cyano-4-(4-methoxydibenzo[b,d]furan-1-yl)cyclohexyl meth anesulfonaminde,
(3E)-3-[(Dimethylamino)methylencl -1-(4-methoxydibenzo 1b,d1furan-1 -yl)MlC @lxb%yc lohexanec
arbonitril e, Ethyl 6-cyano-6-(4-methoxydibenzol[b,d]-y1)-2-methyl-5,6,7,8-tetrahydro
quinoline-3-carboxyl ate, 5-(4-Methoxydibenzo[b,d-ISfuiran- 1 -y1)-1-phenyl-4,5,6,7-tetrahydro- 1
Eindazole- 105-carbonitri le, 5-(4-Methoxydibenzo ib,c1]
furan-1-y1)-2-phenyl-4,5,6,7-tetrahydro-2H-indazo le- 5-carbonitrile,
6-Cyano-6-(4-methoxydibenzo[b,d]furan-1-y1)-2-methy1-5,6,7, 8 tetrahydroquinoline-3-carboxylic acid,
155-(4-EthoxyidiberiBio]Mifuramd ayd)rdiBe6.T deiratyeree2BEéhiNsyrEzo le-5- carbonitrile,
5-(4-Methoxydibenzo[h,dfluran-l-y1)-3-ox0-3,3a,4,5,6,7-hexahydro-2Hindazole-5-carbonitrile,

12. The compound according to claim 1, wherein X* is 0, S =N-OCH,COOH or

5 N-R’ wherein R’ is alkoxy.

13.  The compound according to claim 12, wherein R’ is methoxy.
14.  The compound according to claim 1, wherein X is hydrogen.
10
15.  The compound according to claim 1, wherein R? is alkyl.
16.  The compound according to claim 15, wherein R? is methyl or ethyl.
15 17.  The compound according to claim 1, wherein R? is hydrogen.
18.  The compound according to claim 1, wherein R* is hydrogen.
19. A compound according to claim 1, wherein the compound is selected from
20 Methyl5-cyano-5-(4-methoxydibenzo[b,d]furan-1-yl)-2-oxocyclohexane
carboxylate,

]-(4-Methoxydibenzo[b,d]furan-1-yl)-4-oxocyclohexanecarbonitrile,

4-Cyano-4-(4-methoxydibenzo[b,d]furan-1-yl)cyclohexanecarboxylic acid,



6-(4-Methoxydibenzo [b,d1furan-1-y1)-4-ox0-3,4,5,6,7,8-hexahydroqui nazol ne- 206-carbonitrile,
6-(4-Methoxydibenzolb,clifuran-1-y1)-3 -meth yl-4-oxo0-3,4,5,6,7,8-
hexahydroquinazoline-6-carbonitrile, 6-(4-Methoxydibenzo[b,d]furan-1-y 168, 8-tetrahydroquinazol
ine-6- carbonitrile, MCSLLP - 56 -2-Amino-6-(4-methoxydibenzolb,d]furan-1-y1)-4-oxo-3,4,5,6,7,8-
hexahydroquinazoline-6-carbonitrile  2-Amino-6-(85methoxydibenzo |
b,clifuran-1-y0-5,6,7,8-tetrahydroquinazolinc-6- carbonitrile, 5{16-Cyano-6-(4- e oxydibenzo b,dlfuran-
1-y0-5,6,7,8-tetrahysl(oouisiazelitbendtahdntifacetid peid,o, 7-tetrahydro-2H-indazole-5-
Ethyl[6-cyano-6-(4-methoxydibenzo[b,d]furan-1-y1)-4-oxo0-5,6,7,8-
tetrahydroqusagzeliniB(4H)-yllacetate, [6-Cyano-6-(4-methoxydibenzo[b,d]furan-1-y1)-4-oxo-5,6,7,8-
10tetrahydroquinazolin-3(41-1)-yllacetic acid, 6-(4-Methoxydibenzo[b,d]furan- |
-y1)-2-methyl-4-oxaN3} 46184 tidxabydrydihazalindBrearbonirilelohexyl]

Ethyl[6-cyano-6-(4-methoxydibenzo[b,d]furan-l-y1)-2-methyl-4-oxo0-5,6,7,8-
methanesulfonaminde,
5 (3E)-3-[(Dimethylamino)methylene]-1-(4-methoxydibenzo[b,d] furan-1-yl)-4-
oxocyclohexanecarbonitrile,
Ethyl 6-cyano-6-(4-methoxydibenzo[b,d]furan-1-yl)-2-methyl-5,6,7,8-tetrahydro
quinoline-3-carboxylate,
5-(4-Methoxydibenzo[b,d]furan-1-yl)-I-phenyl-4,5,6,7-tetrahydro-1H-indazole-
10 S-carbonitrile,
5-(4-Methoxydibenzo[b,d]furan-1-yl)-2-phenyl-4,5,6,7-tetrahydro-2H-indazole-
5-carbonitrile,
6-Cyano-6-(4-methoxydibenzo[b,d]furan-1-yl)-2-methyl-5,6,7,8-
tetrahydroquinoline-3-carboxylic acid,
15 5-(4-Ethoxydibenzo[b,d]furan-1-yl)-4,5,6,7-tetrahydro-2,1-benzisoxazole-5-
carbonitrile,
5-(4-Methoxydibenzo[b,d]furan-1-yl)-3-0x0-3,3a,4,5,6,7-hexahydro-2H-
indazole-5-carbonitrile,
6-(4-Methoxydibenzo[b,d]furan-1-y1)-4-0x0-3,4,5,6,7,8-hexahydroquinazoline-
20 6-carbonitrile,
6-(4-Methoxydibenzo[b,d]furan-1-yl)-3-methyl-4-ox0-3,4,5,6,7,8-
hexahydroquinazoline-6-carbonitrile,
6-(4-Methoxydibenzo[b,d]furan-1-y1)-5,6,7,8-tetrahydroquinazoline-6-

carbonitrile,



tetrahydroquinazolin-3(4H)-yllacetate, 15Ethyl[6-cyano-6-(4-methoxydibenzol
b,dIfuran-1-y1)-2-methy1-5,6,7,8- tetrahydroquinazolin-4-ylioxyl acetate,
1-(4-Methoxydibenzo[b,d1furan-l-yl)-4-(methoxyimino)cyclohexanccarboM?rﬁé,LF’ ({
[4-Cyano-4-(4-methoxydibenzo {11,(1.1furan- 1 -yl)cyc lohexylidenell amino | oxy) acetic acid or
pharmaceutically acceptable salts thereof. 20 20.A-pKoeess for preparing a compound of formula (1)
according to any one of the claims 1-19 or a pharmaceutically acceptable salt, pharmaceutically
acceptable solvate,2enamitionréed-tiatiorgdihenzof iNddkicka theledF comprsirfga81east one of the steps
a-e MCSLIP -57 - a. alkylating the compound of formula 3 wherein X is 0 and Y can be 0 or with
a suitable allhdeiinglagentdoopredeeerbompdend of formula 4 4R2
2-Amino-6-(4-methoxydibenzo[b,d]furan-1-y1)-5,6,7,8-tetrahydroquinazoline-6-
carbonitrile,
5 {[6-Cyano-6-(4-methoxydibenzo[b,d]furan-1-yl)-5,6,7,8-tetrahydroquinazolin-
2-ylJamino }acetic acid,
Ethyl [6-cyano-6-(4-methoxydibenzo[b.d]furan-1-yl)-4-0x0-5,6,7,8-
tetrahydroquinazolin-3(4H)-yl]acetate,
[6-Cyano-6-(4-methoxydibenzo|b,d]furan-1-yl)-4-0x0-5,6,7,8-
10 tetrahydroquinazolin-3(4H)-yl]acetic acid,
6-(4-Methoxydibenzo[b,d]furan-1-yl)-2-methyl-4-ox0-3,4,5,6,7,8-
hexahydroquinazoline-6-carbonitrile,
Ethyl  [6-cyano-6-(4-methoxydibenzo[b,d]furan-1-yl)-2-methyl-4-0x0-5,6,7,8-
tetrahydroquinazolin-3(4H)-yl]acetate,
15 Ethyl {[6-cyano-6-(4-methoxydibenzo[b,d]furan-1-yl)-2-methyl-5,6,7,8-
tetrahydroquinazolin-4-yl]oxy}acetate,
1-(4-Methoxydibenzo[b,d]furan-1-yl)-4-(methoxyimino)cyclohexanecarbonitrile,
({[4-Cyano-4-(4-methoxydibenzo[b,d]furan-1-yl)cyclohexylidene]amino} oxy)
acetic acid or pharmaceutically acceptable salts thereof.
20
20. A process for preparing a compound of formula (I) according to any one of the

claims 1-19 or a pharmaceutically acceptable salt, pharmaceutically acceptable solvate,

enantiomer, diastereomer or N-oxide thereof comprising at least one of the steps a-e



b. formylation of a compound of formula 4 using dichloromethyl methyl ether in the presence of a
suitable Lewis acid to produce compound of formula5 MCSLLP - 58 - c. reduction of a
compound of formula 5, followed by chlorination and cyanation to produce a iggrapoend of formula 6
d. reaction of formula 6 with a suitable alkyl acrylate to form compound of 5fortnula 7 R2 e.
cyclisation and de-esterification of a compound of fa§ula 7 to form a compound of formula (I). 1021.A
pharmaceutical composition comprising, as an active ingredient, a compound according to any one of
the claims 1-19 or aapharmdicdatiaaliiiaceeptabié shfbonshldatertheiredf togetnerYvitinde O or
pharmaceutically acceptable carrier or a diluent. MCIALP

S

with a suitable alkylating agent to produce compound of formula 4

b. formylation of a compound of formula 4 using dichloromethyl methyl

ether in the presence of a suitable Lewis acid to produce compound of formula 5




- 59 - 22.A compound according to any one of the claims 1-19, or a pharmaceutically acceptable salt
thereof for use as a Phosphodiesterase 4 (PDE 1V) inhibitor or Phosphodiesterase 10 (PDE-10)
inhibitor. 5 23Use of a compound according to claims 1-19 for the preparatigf 6f aHnedicament for the
treatment of inflammatory conditions and disorders selected from asthma, COPT.), allergic rhinitis,
allergic conjunctivitis, respiratory distress syndrome38Rronic bronchitis, nephritis, rheumatoid
spondylitis, osteoarthritis, atopic dermatitis, 10 eosinophilic granuloma, psoriasis, rheumatoid septic
shock, ulcerative calitis, mudtipdé sclefosispoipomd infldéommation, CGrobwsdsprdeblmenatidrcendral
nervous system (CNS) disorders.

cyanation to produce a compound of formula 6

d.

5  formula 7

e. cyclisation and de-esterification of a compound of formula 7 to form a

compound of formula (I).

10 21. A pharmaceutical composition comprising, as an active ingredient, a compound
according to any one of the claims 1-19 or a pharmaceutically acceptable salt or solvate

thereof together with a pharmaceutically acceptable carrier or a diluent.



10

MCSLLP
-59 -

22. A compound according to any one of the claims 1-19, or a pharmaceutically
acceptable salt thereof for use as a Phosphodiesterase 4 (PDE 1V) inhibitor or

Phosphodiesterase 10 (PDE-10) inhibitor.

23.  Use of a compound according to claims 1-19 for the preparation of a
medicament for the treatment of inflammatory conditions and disorders selected from
asthma, COPD, allergic rhinitis, allergic conjunctivitis, respiratory distress syndrome,
chronic bronchitis, nephritis, rheumatoid spondylitis, osteoarthritis, atopic dermatitis,
eosinophilic granuloma, psoriasis, rheumatoid septic shock, ulcerative colitis, multiple
sclerosis, chronic inflammation, Crohn’s syndrome and central nervous system (CNS)

disorders.



