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A new class of PDE4 inhibitors were designed andti®sized via the In€lmediate
heteroarylation of indoles and their further detization through the Pd(ll)-catalyzed K-
activation strategy. This effort allowed us to diger a series of 2-H-indol-3-yl)-quinoxaline
based inhibitors possessif@DE4B selectivity over PDE4D and PDE4C. One of ¢
compounds i.e3b (PDE4B IGo = 0.39+ 0.13uM with ~ 27 and > 250 fold selectivity {
PDE4B over PDE4D and C, respectively) showed effacZebrafish experimental autoimmi

encephalomyelitis (EAE) odel of multiple sclerosis when dosed at 3, 10 &08dmg/k¢
intraperitoneally. Indeed, it halted the progressibthe disease across all these doses test
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an intraperitoneal dose of 30 mg/kg the compo8ndshowed promising effects in adjuv
induced arthritic rats. Theompound reduced paw volume, inflammation and psufioiumatior
(in the knee joints) as well as pirdlammatory gene expression / mRNA levels sigaifitty ir
arthritic rats. Moreover, this compound was foundbe selective towardBDE4 over othe
families of PDEsin vitro and safe when tested for its probable toxicity (e.gat®genicity
hepatotoxicity and cardiotoxicity) in Zebrafish.

2009 Elsevier Ltd. All rights reserved

1. Introduction
Phosphodiesterase 4 or PDE4, one of the 11 fanafi®DEs

(PDE1-PDE11) [1] is known to be the major PDE enzym

involved in the cAMP-mediated regulation of functidn
parameters in majority of inflammatory cells (ergeutrophils,
eosinophils, mast cells, macrophages, and dendréils) and
structural airway cells (including airway epitheliuemdothelium
and smooth muscle). Thus, PDE4 selective inhibitage been
reported to be useful for the treatment of psosjapisoriatic
arthritis,[2] and multiple sclerosis [3] in additido asthma and
chronic obstructive pulmonary disease (COPD) [Matably,

psoriatic arthritis (a chronic inflammatory artigitin the

presence of skin and/or nail psoriasis) thougherly being

fR. S. and R. B. contributed equally and share fustaship of this
work.

* Corresponding author: Tel.: +91 40 6657; fax: 4®16657 1581;
E-mail addressKishoreP@DRILS.ORG (KVLP);
manojitpal@rediffmail.com (M. Pal)

managed [5] by the uses of single or combinatiodrafischosen
from NSAIDs, corticosteroids, DMARDs (such as methottexa

eleflunomide, and sulfasalazine) as well as bioldgacgents (e.g.

TNF inhibitors and an anti-IL12/23 inhibitor) sonpatients do
not appear to achieve an adequate clinical respaitbethese
treatments. Consequently, there appears to be raetumeed for
additional medications in the rheumatologist's ameatarium
towards the treatment of psoriatic arthritis. Relsera PDE4
inhibitor i.e. apremilast has been launched for tleatment of
psoriatic arthritis (Fig. 1) [6]. While the firsiegeration and
experimental PDE4 inhibitor rolipram has shown enagimg

results in mice models an appropriate and better4PiDEibitor

is yet to be developed for the potential treatmeiimultiple

sclerosis (MS, a demyelinating autoimmune disease}ably,

roflumilast [7a] (Fig 1) (Daxas®, Nycomed) has beanthe

European market for the treatment of chronic brdisclsince
2009 and in US market (Daliresp, Forest Lab) for exaations
during COPD since 2012. The other PDE-4 inhibitorslalvke



2 European Journal of Medicinal Chemistry

OCHF,
Ao

_SO,Me

(o] : Rl OMe
AcHN N s OEt 0”7 "NH Y
ﬁ Clx ~_Cl —
R3 N
o OMe - |
N C — D

Apremilast Roflumilast Fig. 3. Reported PDE4 inhibitd8 and newly designed potential inhibitors
ICsp = 27-43nM (PDE4B)  ICsq = 1.3 1M (PDE4B) c
and 33 nM (PDE4D) and 0.2 nM (PDE4D) :

Fig. 1. Marketed PDE4 inhibitors

in the market include crisaborole [7b] and ibudildgc,d].
However, all these inhibitors have suffered from sategree of
side effects including nausea and emesis [4]. Orikeoreasons
for these observed side effects was thought to keetathe non-
selective inhibition of PDE4 isoforms (see thegl@alues in Fig.
1). Study have suggested that among the four iswfoe.g.
PDE4A, B, C, and D, the inhibition of PDE4B (that play&ey
role in inflammatory cell regulation) suppresses TiNF
production via elevation of cAMP levels [8] wherease t
inhibition of PDE4D triggers the emetic response [@preover,
PDEA4C (not generally found in pro-inflammatory ceitshighly
expressed in the CNS where most of the PDE4 inhibiéoes
believed to promote their above mentioned sidectffeThus,
PDE4B selectivity over PDE4D and at the same tima&mmizing
PDEA4C inhibition is a promising approach for the elepment
of better PDE4 inhibitors. While, efforts has beeswvated to
identify inhibitors [9,10,11] possessing selectivitowards Fig. 4. Docking ofD into PDE4B (PDB ID: 1XLZ). White dotted lines
PDE4B over PDEA4D it is not known if they inhibit PDE4C. are H-bond interactions (see also Fig S-1 andi8Suppl. file).
Moreover, being a new class of selective inhibitbesr potential

for the treatment of psoriatic arthritis, and/orltiple sclerosis hydrophobicity of the molecule.Our design was further
has not been evaluated. In our earlier effort watifled a novel supported by the docking study of a representatiséeculeD.
N-indolylmethyl substituted olanzapine based intimgsand  The molecular docking simulations were carried ibg GRIP
selective PDE4B inhibitorX, Fig. 2) (IGo ~ 1.1 pM) that method of docking in Biopredicta module of Vlife MDS
(Molecular Design Suite.6. The moleculeD showed good

Me\N/w Me Br interactions with PDE4B e.g. (i) H-bond interactiomsth
K/ — SER282, SER429 and GLN417 (Fig. 4), (ii) hydrophobic
NW interactions with GLN284, SER282, PHE285, GLU421 and
/ | PHE285 and (iiijrestacking interactions with PHE414 residue of
N N N PDE4B (see Fig S-2 in Suppl. file). However it showetyo
@ SO,Me hydrophobic but no H-bond and / minteractions with PDE4D
and C. Moreover, the docking score indicated péssiblectivity

of D towards PDE4B (-83.64 kcal/mol) over PDE4D (-70.10
Fig. 2. PDE4 inhibitor A) previously reported by our group [12]. kcal/mol) and PDEA4C (-60.41 kcal/mol). Notably, dexkiof a
non-selective inhibitor rolipram showed nearly egu#ractions

. . with PDE4B (e.g. His234 and GIn443 residues) and PDE4D (e
?hc_’W_‘“td >10 fold selectlw_ty tOW?r_O!S P_DE4B over D, digant 45160 and GIn369 residues) confirming it's lack elestivity in
inhibition of TNF-a, no major toxicities in RAW 264.7 and HEK  gjjico 100. Herein, we describe the PDE4 inhibitory properté

293T cells and no hepatotoxicity and changes inthese in compounds based dd (including D, Fig. 3) that allowed us to

zebrafish embryo [12]. While selectivity was achiéveut the  giscover a new class of inhibitors possessing PDEst&CEvity
potency of this inhibitor was not up to our expeotatTherefore ;v er PDE4D and PDE4C and evaluate their potentialttier

identification of a better inhibitor was necessaWith this i eatment of psoriatic arthritis and/or multipldesosis.
objective we looked into our previously identifiether class of

PDE4 inhibitors especially on 2#itindol-3-yl)quinoline
derivativesB (Fig. 3) one of which showed considerable PDE42
inhibitory activity (EG, ~0.89 uM) when tested in a cell based
CcAMP reporter assay [13These findings prompted us to design  2.1. Chemistry
structurally similar quinoxaline derivativ€s(Fig. 3) as potential
and selective inhibitors of PDE4B. While replacihg guinoline
ring of B by a quinoxaline moiety was a subtle and obviou
modification but fortunately the outcome was positiv
Moreover, the substituents on the indole ring tdaygd an
important role. It was known that the PDE4B pocket wase
hydrophobic in nature and bigger in size than PDE4Ix, c]
hence weaimed to introducappropriate Rgroup (inC, Fig. 3)
that preferably contributes towards overall optin@lime and

Results and discussion

While methods to introduce aryl or heteroaryl gratpC-2
and/or C-3 position of a quinoxaline ring are known the
Siterature [14] compounds related @were synthesized using an
AICl; induced C-C bond forming reaction [15] between 2,3-
dichloroquinoxaline and indoles (Method 1, Schemduk to the
effectiveness of this methodology and easy avditglif starting
materials. However, the methodology involved the wo$ea
stoichiometric amount of AIGI that is prone to generate
considerable amount of Al(Okljvaste during the workup
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Scheme 1. Reported (Method 1) and current method (Method

2) of heteroarylation of indoles and their derization
(Method 3).

process (especially during a scale up preparatidtoreover,

3
of acrylic acid) were employed to react with a varieif
compound3 in the presence of Pd(OA¢)Cu(OAc) and TFA in
1,4-dioxane to afford the corresponding alkenylgisatiuct6 in
good to acceptable yield (Table 2, see also Tai8er5SI) (for
optimization of reaction conditions, see Table 84Sl). The
compound7a-b was obtainediia hydrolysis of3t and4a (Chart
1).

Table 1: Effect of conditions on InGlcatalyzed C-C bond
forming reaction betweeta and2a.?

AICI; is not recoverable as well as recyclable. Thus @aemo Entry

environmentally friendly and sustainable method wesessary

for the synthesis of target compounds base@.0As a less toxic
as well as air and water-compatible Lewis acid catdh@l; has
been used to catalyze various chemical transfoomsit[16,17]
with high regio- and chemoselectivity. We now desetite first
InCl; mediated heteroaryaltion of indoles leading to pounds
3 and4 (Method 2, Scheme 1) and their further derivaitiratia

the direct C-H activation method i.e. the Fujiwara+mi

reaction [18] (Method 3, Scheme 1).

The InCkL mediated heteroaryaltion of 2,3-dichloroquinoxalin
(1a) with 1-allyl-1H-indole Qa) was examined initially in a
variety of solvents to establish the optimized tieacconditions
(Table 1). Among the solvents examined 1,2-dictétrane
(DCE) was found to be effective (entry 2, Table 1) miikee

desired producBa was isolated in 92% vyield. The reaction also

proceeded in other solvents such as acetonitrileeQNy,

Nl InCl Noe©
o, e .,
1a ZaU 3a \\/

Solvent Temp (°C) Time (h) %yield

1 MeCN 60 25 64

2 DCE 80 1.0 92

3 DCM 60 3.0 73

4 DMF 100 2.0 26

5. Toluene 100 4.0 47

6 MeOH 60 4.5 45

7 PEG-400 70 4.0 38

8 DMSO 100 2.0 21

9 DCE 80 0.5 91

10. DCE 80 1.0 6

°All  the reactions are carried out using 2,3-

dichloroquinoxalinela (1 mmol) and 1-allyl-H-indole 2a (1

dichoromethane (DCM), DMF, toluene, MeOH, PEG-400 andmmol), in the presence of Ing{0.5 mmol) in a solvent (5 mL)

DMSO but affordeda in low or poor yields (Entries 1 and 3-8,
Table 1). Notably, the reaction was completed withBrlDwhen
performed under ultrasound irradiation (entry 9pl€al). The
reaction however, did not proceed in the absenda@f (entry
6, Table 1) indicating the key role played by tleatyst in the
present reaction. Nevertheless, based on above si@lywas
identified as a new and potential catalyst for teéfoarylation
of indoles. It was therefore necessary not only $¢eeas the
generality and scope of this C-C bond forming fieacbut also
its applicability in the synthesis of other analajsa that were
required for conducting pharmacological evaluaagrpart of the
project goal. Accordingly, a large variety of indoMere reacted
with 1a and 2-chloroquinoline-3-carbonitrilellf) (Scheme 2).
The reaction proceeded well in all these cases diffgrthe

corresponding product8)(in good yield (Chart 1, see also Table

S-1 in Sl). The use of 2-chloronicotinonitrilécf also afforded

the desired productgt) in good yields (Scheme 3, Chart 1, see 1&; X=N,Y =Cl

also Table S-2 and Scheme S-1 in Sl). Finally, ©&&
alkenylation of indole ring of some of the composind
synthesized was carried out using the C-H activatiwthod
(Table 2). The direct C-H bond olefination
Fujiwara—Moritani reaction) [18] has attracted parar
attention in the recent past and a range of dirgagiroups has
been reported to aid C(Ar)-H activation including rgplone
[19a], pyridine [19b-e] etc. Recently, we have repdr
quinoxaline as a new directing group for the PdRoj-catalyzed
ortho C-H alkenylation of aniline derivatives leading todsthe
synthesis of alkenyl substituted benzo[4,5]imidazd{
alquinoxalines as inhibitors of PDE4 [20]. This idéze. the
usefulness of alkenyl moiety for PDE4 inhibition) darthe
strategy (i.e. alkenylatiomia C-H activation) was extended in the
present case for the synthesis of new indole dére&aig). Thus
a range of olefin coupling partners ebg-c (Me, Et or t-Bu ester

(the

under nitrogen.
®Isolated yield.

‘The reaction was carried out under ultrasound using
laboratory ultrasonic bath producing irradiatiorB8fkHz.

“The reaction was performed in the absence of;InCl

1

|nC|3 XY R
@[ (O 5 equiv) ©: R3
=
1+ .
2 DCE.80°C |
115h N
R2

Rl- OMe, Me, NO,, Cl. Br, H
1b;X=CH,Y =CN R2=H, Me, Et, i-propyl, allyl, 2-butyl, Bn,
-(CH,),CMe,Cl, CH,CO,Et, CH,CONHPHh,
CH,CO(morpholinyl)
=Cl
Scheme 2. Synthesis of compour
R! R?
InClg xCN
3 (0.5 equiv
o CN R ( quiv)
| =z " DCE, 80 °c
N
Noc . 1-1.5h
R!= OMe, CI 4
R?= allyl, CH,CO,Et
R®=H
Scheme 3. Synthesis of compound

1c 2
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Chart 1. List of compoundg, 4 and?7) synthesaeélb
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Ph
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N 2 GO @NIE@ CLLD
\ N N N \ NH NH
3k (80) 3 (83) 3m (86) 3n (71) 30 (80)
Cl Br N Cl
N Cl N Cl @[ N @
@ e @E e N" CE
L0 G £
NH NH
3r (8
3p (84) 3q (85) r84) 3s (80) o\
3t (70)

@EN\ “ N_Cl F ©:N\ cl N__Cl o Ng_Cl o~
NIE@ ©: Z N7 : :N/ : N7

N o) N \ \ \ \

— N N Nop A

o I % —¢
won’ S D O 0

3v (65) 3w (38) 3x (45) 3y (42)
ood ool ol ood ord
N N 0 N N N
\\\\ L(O \\\\ \\\ 0
3z (65) R o
4a.(65) 4b (70) 4c (65) 7a (33f
o—
/| CN
N
o=/
OH
7b (75)

®Reaction conditions for the synthesis of compo8maid4: compoundl (1 mmol), compoun@ (1 mmol) and InGJ (0.5 mmol)
in DCE (5 mL) at 80 °C for 1-1.5h under nitrogen.

®Figure in the bracket indicates isolated yield éngentage (%).

‘Obtained via hydrolysis @t and4a respectivelyusing LiOH in THF (see Scheme S-1 in SI).



Table 2. Synthesis of compourgivia C-2 alkenylation of indole ring &*°

OR* R!
R! 7
Ny Cl /\(f)( @[N Rl= OMe, Me, CI. Br, H
R3 R2=H, Me, i-propyl, allyl
P c \ propyl, ally

N 2 R3=H
\ N Pd(OAc)2 . R* = Me, Et, t-Bu
H ‘o Cu(OAc), R™O
3 R TFA, 1,4-dioxane
80°C,7-8h

OEt )\

OMe

OMe OFEt OMe

O'Bu OEt OMe OBu
6k (81) 6l (73) 6m (77) 6n (80)
N__Cl N__Cl
AN N
@E i~ @[ pZ
N N
o ~ NH o ~ NH
OEt OMe
6p (69) 6q (73)

°All the reactions were carried out using compodl mmol), compounds (1.5 mmol), Pd(OAg) (5 mol%),
Cu(OAc) (1 mmol) and TFA (1.2 mmol) in 1,4-dioxane (2.5 nat)30 °C for 7-8 h under open air.

®Figure in the bracket indicates isolated yield éngentage (%).
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Fig 5. In vitro evaluation of compounds against PDE4B at 10 uM.
2.2.Biology
Most of the synthesized compounds e3g.4, 6 and 7 were  Table 3. In vitro data of most active compounds.
evaluated for their PDE4B inhibitory propertiesvitro at 10 pM ICso (LM)? Selectivity
using an enzyme based assay (Fig. 5) [21]. Rolipramwell- ~ Entry ~ Compound ST SDEID (fold)
known inhibitor of PDE4 was used as a reference comghou
Compounds that showed > 75% inhibition Ba-c, 3i, 3j, 3t, 4c, 1 3a 4.67+1.07 22.04+4.60 ~4.8
6a, 6b and 6g were taken for concentration dependent studies 3b 0.39+0.13 10.69+7.23 ~27
and l.:h.E'II‘ IG, values are pres_ented in Tabl_e 3 _Som_e_ of th% 3 ) 04:0.38 4.9343.78 475
remaining compounds either did not show signifidahibition
or provided erratic data because of their predipitain the assay 4 3i 0.44+0.33 5.02+4.18 ~11.40
medium during the assay. While drawing the clear SAR; 3 0.74+3.33 ND
(Structure-Activity-Relationship) conclusions frorhet current
3t 0.21+0.06 15.25+2.26 ~72

series of compounds was somewhat tricky some broa
observations noted are summarized in Fig 6. In génthe 7 4c 1.98+0.55 ND
“OMe” group at C-5 of indole ring was beneficial fBDE4B 6a 55842 26 ND
inhibition as well as selectivity. No substituentaofBr” group

at this position contributed to moderate activitide substituent 9 6b 5.971.29 ND
at C-6 position was favorable. An alkyl chain prelidychaving 10 6q 3.88+0.57 ND
three or four-carbon length or a -@ED,Et group at indole
nitrogen was effective compared to no substituenother
substituent at this position. This perhaps contébuowards the ®Data is represented as mean + SD of at least 2 indepe
effective volume of the molecule to fit better inttoe PDE4B  experiments.

pocket. Notably, presence of an alkenyl moiety a2 Gf the

indole ring did not improve the activity further tbmaintained a

(ee]

11 Rolipram 0.94+0.2 0.88+0.3

moderate to good activity in several cases. Thévigctwas Fommmmmmmmmms g fTTTT TS T AT
somewhat influenced by the nature of ester growgrlad to the (CI/CN -lowto 1 ,OMe - generally high activity !
alkenyl moiety, e.g. the bulky —GBu group was not tolerated thigh activity ___, \H / Br - moderate to good activity |
and the Me-/Et-ester was generally favorable. Gelyertle 3- N ,,/

chloro/cyano quinoxaline or pyridine ring at C-3 inflole was . X R ’/\; -------- T
effective though the 3-cyano quinoline ring at taene position S 5 \H_good activity ;
was found to be ineffective. Based on their prongisactivity v Q | Ao I NA o ____ .
against PDE4B the dose response study against PDE4BIseas ) N :alkyl chainof3or |
performed with the compoungb and 3t (Fig 7). Indeed, the /‘*2 N | 4 carbon length or '
compoundib and3t showed ~ 27 and 72 fold selectivity towards alkeryl moiety ~low | 52 | -CH,COOEt group !
PDE4B over PDE4D, respectively whereas rolipram did nOt:\to moderate activity . 'k-good activity !

show any selectivity (Table 3). Moreover, these coumuls did  “=--===-===2==%- o= --—----S-----

not inhibit PDE4C significantly (~20-30% inhibiticat 100 pM) :Q — benzene ring: X = N - low to good activity !

(Fig. 8) when rolipram inhibited PDE4C by 70% at 14.|Thus ! O = benzene ringz X = CH - no activity !

their selectivity for PDE4B over PDE4C appeared to>b250 IlQ = no ring; X = CH - moderate to good activity |

fold. In another study compourdh inhibited LPS-induced iINOS "= ---=--=S----------------Sommmmm -2

(required for the nitric oxide production) and TMFexpression

in macrophages (Fig. 9) indicating its potentialr fanti- Fig. 6. Summary of SAR for PDE4B inhibitory activities of
inflammatory effects. The compourslh was also tested for its  compounds, 4 ands.

selectivity towards PDE4 over other families of PDEsg(

PDE1-PDE11) using anin vitro enzymatic assay[22].

Accordingly, the % inhibition shown bgb at 10 puM was as To gain some preliminary information regarding rbefic
follows: 12% (PDE1AL), 23% (PDE1B), 39% (PDE1C), 3% gapility / PK (pharmacokinetic) properties of campd 3b the
(PDE2A1), 1% (PDES3A), 1% (PDE3B), 40% (PDE4A1A), iy yitro microsomal stability study was performed using tae

36% (PDE4A4B), 2% (PDESAL), 2% (PDEGC), 3% |iyer microsomes. At a concentration of 5 MM the poomd3b
(PDE7AL), 2% (PDE7B), 3% (PDE8Al), 9% (PDE9A2),

13% (PDE10A1), 15% (PDE10A2), 7% (PDE11A4). This
clearly indicated PDE4 selectivity 8b over other PDEs.
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showed moderate stability after 60 min [i.e. the mé& of 3b
remaining after 60 min compared to 0 min ~ 42.24f-lfe (t,,
min) ~ 52.50 and intrinsic clearance (gL1L/min/mg) ~ 52.80].
Then a single dose intravenous PK study of compd@maas
performed in male BALBc mice (dose: 10 mg/kg b.w.).
Accordingly, the mean plasma PK parameters were rdeted
as follows: Ca{ng/mL) ~ 2850.23; gng/mL) ~ 5056.31;
Tmax (N) ~ 0.08; AUG(h*ng/mL) ~ 1091.43; AUG
(h*ng/mL) ~ 1163.89; AUGaf%) ~ 6.23; Vss(L/kg) ~ 4.46;
CL(mL/min/kg) ~ 143.20; 'll;z(h) ~ 0.64; MRTast(h) ~ 0.36.

Having observed promising and interestingvitro activities of
compound3b, we then evaluated its impact in a Zebrafish model
of multiple sclerosis (EAE; experimental autoimmune
encephalomyelitis) [23]. Notably, one of us was iweal in
developing this model as a quidk vivo screening model for
multiple sclerosis [24]. The EAE was induced by imimation
with myelin oligodendrocyte glycoprotein — 35-55 (MO@8)ere
MOG in CFA (complete Freund's adjuvant) was injected
subcutaneously (s.c.) in the mid spine regionsebfafish (using
10 pl bevel-tipped Hamilton syringe with a volume ofilish).

Compound 3b Rolipram
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Fig. 9. Compound 3b abolishes LPS-induced iNOS and TWNF-
expression in macrophages. RAW 264.7 cells werebaied with 1, 3 and
10 uM of compound3b (A,B) or compound3t before stimulation with
1lpg/ml of LPS for 10 h and iNOS levels (A,C) and FFd mRNA (B,D)
were determined by western blotting and qPCR, esmdy. Rolipram
served as the positive control. Data are repredeagemean:SD. Statistical
analysis was performed by unpaired student's.t*egst<0.05 and #, p<0.001
was considered as significant.

The compound@b was administered intraperitoneally at the dose

of 3, 10 and 30 mg/kg whereas positive control gider(a
sphingosine 1 phosphate receptor antagonist) wasnestened
orally at a dose of 1 mg/kg. The effects were evatlidor a
period of seven days. While gilenya robustly redutiee lesion
score to that of control3b did not reduce the lesion score
significantly (Fig. 10). However, it halted the pregsion of the
disease across all the doses tested. We were dslig¥ith this
observation a8b was the first PDE4B selective inhibitor to show
such effects and therefore was of further interéixt, we
evaluated compoungb in a rat adjuvant induced arthritis model.
At an intraperitoneal dose of 30 mg/kg the compowsid
significantly reduced paw volume of adjuvant induagthritic
rats similar to that of positive control 2 mg/kg miethotrexate
(Fig 11A and Fig 11B). Further, it also reduced pairarthritic
rats as observed by improved reaction time in thiephate test
(Fig 11C). Histopathological analysis of synovigkties of knee
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Fig. 10. Effect of compound3b in Zebrafish EAE model. Data are
represented as mean + SEM. Statistical analysigperdsrmed by Bonferroni
multiple comparison post-hoc test. # (compoGhdreated groups with MOG
control), p<0.001 was considered as significant.
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Figure 11. Effect of compoundb in adjuvant induced arthritic rats. (A)
Paw thickness of adjuvant induced arthritic rateisueed by Vernier calipers
(B) Images of paw of treated / untreated rats.R€jction time of adjuvant
induced arthritic rats assessed in the hot plate Baata are represented as
mean + SEM. Statistical analysis was performed tayf&roni multiple
comparison post-hoc test. * (compouwBigtreated groups with vehicle
control), p<0.05, @, p <0.01 was considered adfgignt.
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&e°§°<.°‘$°\ ® 0.55’?\2@*'#
& it joints revealed reduced synovial inflammation (s¥tis) and

pannus formation in the knee joints of rats treatsith
compound 3b. The combination therapy with methotrexate
further improved the lesion score (Fig 12). Cormsistwith
reduced synovial inflammation, the gene expressibnpro-
inflammatory mediators such as TNE-IL-1B3, IL-6 and iNOS
i A ) i was dampened in compouBl treated rats. Further, the mRNA
multiple comparison post-hoc test. *, p <0.05 an@<0.001 was considered levels of TNR, IL-1B,IL-6 and INOS were also robustly

as significant. decreased in compourt administered rats (Fig. 13).

Fig. 12. Compound3b reduces inflammation and pannus in synovial
tissues of knee joints of adjuvant induced arthritits. Histopathological
analysis and quantification of lesion scores ofamination and pannus
formation in the knee joints of adjuvant inducedhatic rats. Data are
represented as mean + SEM. Statistical analysigpersrmed by Bonferroni
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B % Liver Size phenobarbitol, amiodarone and terfenadine were used
E= % Liver Degeneraton  individually as a positive control in these assespectively. It
500~ B % Yok Sac Retenion  was observed that at the concentration of 1, 3,rD 10 uM

compound3b was safe in all the toxicity assays tested (Fig 14-
16; Table 6). Overall, compoun8b has been identified as a
promising candidate for further preclinical devetamt. While

the progress dgb has been planned it was necessary to identify a
backup candidate as part of the drug discoverytegiya
Therefore we are focusing on compouwtdthat showed better
potency and selectivity compared3o (Table 3).
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F E Table 6. Results of zebrafish embryo toxicity study with
2 =1 ;g; § fi fi fi toxicological indices and major organs/systemscaéie in
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Fig. 15. Compoundb does not induce hepatotoxicity in Zebrafish
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liver degeneration & % yolk sac retention in compad3b treated embryos at evel ( ) (LM)

different concentrations when compared to positivetrol amiodarone. Data  Toxicity at MTC (maximum tolerated concentration)
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; ) . . Body Shape - XXX
Bonferroni multiple comparison post-hoc test. *}0.001 was considered Y P
as significant. Somites - XXX
Notochord X XXX
EA Atia - Beats/Minute Tail - XXX
E= Ventricles - Beats/Minute .

2007 Fins - XXX
= % Brain - XXX
g 150 \
§ Upper jaw X XXX
imo Heart - XX
©
£ 50 Intestine - XXX
[

T
Lower jaw X XX
o - =

B T 3% 3% 3= 3 = Liver - XXX

5 < - < 2 S g

o @ , J i -
k- Compound 3b Swim Bladder XXX
[
~§ Concentration (M) ®Significance of sign: - (no effect), x (slightly xio), xx

(moderately toxic), xxx (severely toxic).

3. Conclusion

In conclusion, a new class of PDE4B inhibitors wadgtesl
based on thalocking of a representative compound into the
PDE4B, C and Dn silico. These 2-(#H-indol-3-yl)-quinoxaline
based compounds were predicted to be selective teviRD&EAB.
Their chemical synthesis was carried out via theldm@diated
heteroaryaltion of indoles that involved a new Cdhdb forming
reaction. Further derivatization of these compoundsre
& Compound 3b performed using a Pd(ll)-catalyzed C-H activatioratsigy. A
range of target compounds and their analogues wepaged in
good vyields. Evaluation of PDE4 inhibitory propestieof
Figure 16. Compound3b does not induce cardiac toxicity in Zebrafish ~ synthesized compounds allowed us to discover irdribit

Artio-Ventricular ratio

Treatment

embryos. The above graph represents the heaftoatpanel) and atria- possessing PDE4B selectivity over PDE4D and PDE4C. @ne
ventricular ratio (bottom panel) of compouslaltreated embryos at different  these compounds i.8b (PDE4B 1G, = 0.39 + 0.13 pM with ~
concentrations when compared to positive contréémadine. Data are 27 and > 250 fold selectivity for PDE4B over PDE4D dbd
represented as mean + SEM. Statistical analysigparisrmed by Bonferroni  respectively) showed effects in Zebrafish EAE modehaltiple
multiple comparison post-hoc test. *1<0.001 was considered as sclerosis when dosed at 3, 10 and 30 mg/kg intramelly.
significant. Indeed, it halted the progression of the diseasesacall these

doses tested. At an intraperitoneal dose of 30 mghey
compound3b showed promising effects in adjuvant induced
arthritic rats. Indeed, this compound reduced pavume,
inflammation and pannus formation (in the kneet®ims well as
pro-inflammatory gene expression / mRNA levels sigaiitly in

Having found to be active in twdon vivo models the
compound 3b was then evaluated for its probable toxicity
specifically its potential ability to induce terggnicity,
hepatotoxicity and cardiotoxicity in Zebrafish. Metrexate,



arthritic rats. Moreover, this compound was fountaocselective
towards PDE4 over other families of PDEs (e.g. PDE1-PDE1
and safe when tested for its probable toxicity.(eegatogenicity,
hepatotoxicity and cardiotoxicity) in Zebrafish. @ak, as a new,
safe and selective inhibitor of PDE4B and with denartesd
effects in twoin vivo diseased models the compouBla is of
further medicinal interest. Moreover, with the demstoated
application of modern chemistry methodologies irceassing
NCEs to achieve PDE4B selectivity this research wdaddof
further interest.

4, Experimental section
4.1. Chemistry

4.1.1. General methods

11
12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER
(90:10); UV 220.0 nm, retention time 4.5 min.

4.1.4, 2-(1-Allyl-5-methoxy-1H-indol-3-yl)-3-
chloroquinoxaline 3b)

Yield: 93%; light yellow solid; mp: 133-135 °C;;R 0.24
(10% EtOAc/n-hexane)!H NMR (400 MHz, DMSOd ) 5: 8.59
(s, 1H, C-2 indolyl H), 8.25 (d] = 2.4 Hz, 1H, ArH), 8.14 (d)
= 8.4 Hz, 1H, ArH), 7.97 (d) = 8.0 Hz, 1H, ArH), 7.88-7.82 (m,
1H, ArH), 7.80-7.74 (m, 1H, ArH), 7.47 (d, = 8.4 Hz, 1H,
ArH), 6.93 (dd,J = 8.8, 2.4 Hz, 1H, ArH), 6.10-6.0 (m, 1H,
=CH), 5.20 (dd,J = 10.4, 1.6 Hz, 1H, =C}), 5.12 (ddJ = 17.4,
1.6 Hz, 1H, =CH)), 4.97 (d,J = 5.6 Hz, 2H, CH), 3.84 (s, 3H,
OCH,); ®C NMR (100 MHz, CDGJ ) &: 155.7, 148.6, 145.0,
140.9, 138.8, 132.8, 132.5, 131.6, 130.1, 129.8B.3,2127.9,
118.1, 116.8, 113.2, 110.7 (2C), 104.5, 55.7_(OM&9,5
NCH,); MS (ES mass): 350.2 (M+1); HPLC: 99.8%, Column:

Unless stated otherwise, reactions were performed rund ymmetry C-18 75 * 4.6 mm, 31, mobile phase A: 0.1 %

nitrogen atmosphere using oven dried glassware.tiReaovere
monitored by thin layer chromatography (TLC) onicsil gel
plates (60 F254), using EtOActhexane as solvent system and
visualizing with ultraviolet light or iodine sprayFlash
chromatography was performed on silica gel (230-4@$sh)
using distilled hexane, ethyl acetatéi NMR and *C NMR
spectra were recorded in CRQIr DMSO4; solution by using
400 and 100 MHz spectrometers, respectively. Prot@mical
shifts @) are relative to tetramethylsilane (TM&,= 0.00) as
internal standard and expressed in ppm. Spin nligltips are
given as s (singlet), d (doublet), dd (doublet a@iullet), td
(triplet of doublet), t (triplet) and m (multiple@ds well as b
(broad). Coupling constantd)(are given in hertz. MS spectra
were obtained on a Agilent 6430 series Triple QuardME /
MS spectrometer. Melting points (mp) were determibgdising
Buchi B-540 melting point apparatus and are unctece
Chromatographic purity by HPLC (Agilent 1200 seriéhem
Station software) was determined by using area ndzatiin
method and conditions specified in each case aréolsvs:
column, mobile phase (range used), flow rate, detect
wavelength, and retention time.

4.1.2. General Procedure for the preparation of commub3
and4

A mixture of compound. (1.0 equiv), indole (1.0 equiv) and
InCl; (0.5 equiv) in 1,2-dichloroethane (5 mL) was streg 80
°C for 1-1.5 h under a nitrogen atmosphere. Aftengletion of
the reaction, the mixture was poured into ice-coltewgl5 mL),
stirred for 10 min and then extracted with ethylatet(3 x 15
mL). The organic layers were collected, combinedshea with
cold water (2 x 20 mL), dried over anhydrous,8@,, filtered
and concentrated under vacuum. The residue obtainesl
purified by column chromatography using ethylacgtaxene to
give the desired product.

4.1.3. 2-(1-Allyl-1H-indol-3-yl)-3-chloroquinoxakn(3a)

Yield: 87%; pale yellow solid; mp: 108-110 °C; R 0.21
(10% EtOAc/n-hexane);'H NMR (400 MHz, CDC)) &: 8.71-
8.68 (m, 1H, ArH), 8.30 (s, 1H, C-2 indolyl H), 8.17 (dd= 8.4,
0.8 Hz, 1H, ArH), 7.99-7.97 (m, 1H, ArH), 7.78-7.73 (m, 1H,
ArH), 7.71-7.67 (m, 1H, ArH), 7.43-7.39 (m, 1H, ArH), 7.36-
7.31 (m, 2H, ArH), 6.12-6.02 (m, 1H, =CH), 5.30 (dds 10.0,
1.2 Hz, 1H, =CH)), 5.21 (ddJ = 17.2, 1.2 Hz, 1H, =C}), 4.88-
4.86 (M, 2H, CH); °C NMR (100 MHz, CDGJ) &: 148.4, 145.1,
141.0, 138.9, 136.5, 132.5, 132.4, 130.1, 129.8.4,2127.8,
127.7, 123.1, 122.7, 121.7, 118.1, 111.2, 109.98 4OH,); MS
(ES mass): 320.0 (M+1); HPLC: 99.8%, Column: Symme€lr
18 75 * 4.6 mm, 3.om, mobile phase A: 0.1 % TFA in water,
mobile phase B: CKCN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20,

TFA in water, mobile phase B: GEBN (T/%B): 0/20, 0.5/20,
2/95, 8/95, 10/20, 12/20; flow rate: 1.0 mL/min; @ihi: ACN:
WATER (90:10); UV 220.0 nm, retention time 4.3 min.

4.1.5. 2-(1-(sec-Butyl)-5-methoxy-1H-indol-3-yl)-3-
chloroquinoxaline 3c)

Yield: 91%; pale yellow solid; mp: 110-112 °C; R 0.23
(10% EtOAc/n-hexane);H NMR (400 MHz, DMSO#d,) &: 8.53
(s, 1H, C-2 indolyl H), 8.19 (d] = 2.4 Hz, 1H, ArH), 8.13 (d)
= 7.6 Hz, 1H, ArH), 7.97 (d) = 7.2 Hz, 1H, ArH), 7.87-7.82 (m,
1H, ArH), 7.79-7.74 (m, 1H, ArH), 7.59 (d, = 8.8 Hz, 1H,
ArH), 6.93 (dd,J = 9.2, 2.8 Hz, 1H, ArH), 4.66-4.58 (m, 1H,
NCH), 3.83 (s, 3H, OC#), 1.99-1.85 (m, 2H, CH-C}j, 1.54 (d,
J =6.4 Hz, 3H, CH-CH), 0.78 (t,J = 7.2 Hz, 3H, CH-CH,); °C
NMR (100 MHz, DMSOsl) 8: 155.4, 148.7, 144.7, 140.7, 138.5,
131.6, 131.1, 130.8, 129.8, 128.4, 128.1, 127.2.81111.7,
110.0, 104.7, 55.7 (OMe), 53.8 (NCH), 29.6 (CH-LH0.9
(CH-Me), 10.9 (CH-Me); MS (ES mass): 366.0 (M+1); HPLC:
99.6%, Column: Agilent Eclipse Plus C-18 250 * 4.61n% um,
mobile phase A: 0.1 % TFA in water, mobile phase B;C¥
(T/%B): 0/5, 3/5, 10/95, 20/95, 22/5, 25/5; flow eatl.0
mL/min; Diluent: ACN: WATER (90:10); UV 225.0 nm,
retention time 15.6 min.

4.1.6. 2-Chloro-3-(1-ethyl-1H-indol-3-yl)quinoxadir3d)

Yield: 82%; pale yellow solid; mp: 90-92 °C; R 0.20 (10%
EtOAc/ n-hexane);H NMR (400 MHz, CDCJ) &: 8.72-8.70 (m,
1H, ArH), 8.32 (s, 1H, C-2 indolyl H), 8.15 (d,= 8.0 Hz, 1H,
ArH), 7.98 (d,J = 8.4 Hz, 1H, ArH), 7.75 (tJ = 7.6 Hz, 1H,
ArH), 7.68 (t,J = 7.2 Hz, 1H, ArH), 7.44-7.42 (m, 1H, ArH),
7.37-7.31 (m, 2H, ArH), 4.32-4.25 (m, 2H, gH1.58-1.54 (m,
3H, CH-CH,); *C NMR (100 MHz, CDCJ) &: 148.6, 145.0,
141.0, 138.9, 136.1, 131.7, 130.1, 129.1, 128.4.8.42C),
122.9, 122.8, 121.5, 110.9, 109.6, 41.6 §LH5.3 (Me) ; MS
(ES mass): 308.1 (M+1); HPLC: 99.8%, Column: Symme€ir
18 75 * 4.6 mm, 3.om, mobile phase A: 0.1 % TFA in water,
mobile phase B: CKCN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20,
12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER (90:t0
UV 275.0 nm, retention time 4.4 min.

4.1.7. 2-Chloro-3-(1-ethyl-5-methoxy-1H-indol-3-
yh)quinoxaline 8e)

Yield: 86%; pale yellow solid; mp: 126-128 °C; R 0.21
(10% EtOAc/n-hexane);H NMR (400 MHz, DMSOd;) &: 8.60
(s, 1H, C-2 indolyl H), 8.25 (d] = 2.4 Hz, 1H, ArH), 8.13 (dJ
= 8.0 Hz, 1H, ArH), 7.97 (d) = 8.0 Hz, 1H, ArH), 7.85 (t) =
7.6 Hz, 1H, ArH), 7.76 (1) = 7.6 Hz, 1H, ArH), 7.54 (d) = 8.8
Hz, 1H, ArH), 6.95 (dd) = 8.8, 2.4 Hz, 1H, ArH), 4.34 () =
7.2 Hz, 2H, CH), 3.84 (s, 3H, OC}H}, 1.42 (t,J = 7.2 Hz, 3H,



12
CH,-CHy); ®¥C NMR (100 MHz, DMSOdg) 5: 155.5, 148.6,
144.5, 140.7, 138.4, 133.7, 131.3, 131.0, 129.8.312127.9,
112.8, 111.5, 109.9, 109.7, 105.0, 55.7 (OMe), 4®H,), 15.8
(Me); MS (ES mass): 338.0 (M+1); HPLC: 97.7%, Column
Symmetry C-18 75 * 4.6 mm, 3:H, mobile phase A: 0.1 %
TFA in water, mobile phase B: GEBN (T/%B): 0/20, 0.5/20,
2/95, 10/95, 10.5/20, 12/20; flow rate: 1.0 mL/midiluent:
ACN: WATER (80:20); UV 230.0 nm, retention time 4.3nmi

4.1.8. 2-(1-Benzyl-1H-indol-3-yl)-3-chloroquinoxai (f)

Yield: 78%; pale yellow solid; mp: 128-130 °C; R 0.28
(10% EtOAc/n-hexane);H NMR (400 MHz, CDCJ) &: 8.73 (d,
J = 8.0 Hz, 1H, ArH), 8.35 (s, 1H, C-2 indolyl H), 8.01 M=
8.0 Hz, 1H, ArH), 7.99 (tJ = 7.2 Hz, 1H, ArH), 7.78-7.74 (m,
1H, ArH), 7.71-7.67 (m, 1H, ArH), 7.37-7.30 (m, 5H, ArH)20.
(d, J = 6.4 Hz, 3H, ArH), 5.44 (s, 2H, G} °C NMR (100
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OCHy), 1.64 (s, 3H,CH, 1.62 (s, 3H, CH; C NMR (100
MHz, CDCk) &: 155.6, 148.7, 145.0, 140.9, 138.8, 131.2, 130.1,
129.0 (2C), 128.3, 128.2, 127.9, 112.9, 110.5,4,1104.5, 55.8
(OMe), 47.9 (NCH), 22.7 (2C, 2Me); MS (ES mass): 352.0
(M+1); HPLC: 99.8%, Column: Symmetry C-18 75 * 4.6nm
3.5um, mobile phase A: 0.1 % TFA in water, mobile phase B:
CHsCN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/26wf rate:

1.0 mL/min; Diluent: ACN: WATER (90:10); UV 220.0 nm,
retention time 4.5 min.

4.1.12.
chloroquinoxaline j)

Yield: 88%; pale yellow solid; mp: 198-200 °C; R 0.23
(10% EtOAc/n-hexane);H NMR (400 MHz, DMSO#d) &: 8.72
(d,J = 2.0 Hz, 1H, ArH), 8.62 (s, 1H, C-2 indolyl H), 8.13-8.11
(m, 1H, ArH), 7.99-7.97 (m, 1H, ArH), 7.88-7.84 (m, 1H, ArH)

2-(5-Bromo-1-isopropyl-1H-indol-3-yl)-3-

MHz, CDCL) &: 148.4, 145.1, 141.0, 139.0, 136.6, 136.4, 132.87.82-7.78 (m, 1H, ArH), 7.69 (d,= 8.8 Hz, 1H, ArH), 7.42 (dd,

130.1, 129.3 (2C), 128.9 (2C), 128.5, 127.9 (2Q).8, 126.8,
123.3, 122.7, 121.8, 111.4, 110.1, 50.6 {CHAS (ES mass):
370.1 (M+1); HPLC: 91.5%, Column: Symmetry C-18 78.6

J = 8.8, 2.0 Hz, 1H, ArH), 4.94-4.87 (m, 1H, NCH), 1.56 (4, 3
CHs), 1.55 (s, 3H, CH; *C NMR (100 MHz, DMSOd,) &:
148.1, 144.8, 141.7, 140.6, 138.8, 134.8, 131.3,213130.3,

mm, 3.5um, mobile phase A: 0.1 % TFA in water, mobile phasel28.5, 128.0, 125.6, 124.8, 114.4, 113.2, 110.2, #8CH), 22.6

B: CH,CN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/2@w
rate: 1.0 mL/min; Diluent: ACN: WATER (80:20); UV 245.0
nm, retention time 4.0 min.

4.1.9. 2-Chloro-3-(1-isopropyl-1H-indol-3-yl)quinatine (3g)

Yield: 89%; pale yellow solid; mp: 104-106 °C; R 0.20
(10% EtOAc/n-hexane);"H NMR (400 MHz, CDCJ) &: 8.68-
8.66 (m, 1H, ArH), 8.40 (s, 1H, C-2 indolyl H ), 8.16:8.(m,
1H, ArH), 7.99-7.77 (m, 1H, ArH), 7.77-7.73 (m, 1H, ArH),
7.70-7.66 (m, 1H, ArH), 7.49-7.46 (m, 1H, ArH), 7.36Q @n,
2H, ArH), 4.83-4.76 (m, 1H, NCH), 1.65 (s, 3H, QH1.63 (s,
3H, CHy); *C NMR (100 MHz, CDGCJ) &: 148.6, 145.1, 141.0,
138.9, 136.0, 130.1, 129.1, 128.5, 128.4, 127.9,.7,2122.8,
122.6, 121.6, 111.0, 109.8, 47.7 (NCH), 22.7 (2C, gMtS (ES
mass): 322.1 (M+1); HPLC: 99.8%, Column: Symmetrg&75
* 4.6 mm, 3.;um, mobile phase A: 0.1 % TFA in water, mobile
phase B: CHCN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/20;
flow rate: 1.0 mL/min; Diluent: ACN: WATER (80:20); UV
220.0 nm, retention time 4.7 min.

4.1.10. 2-Chloro-3-(6-chloro-1-isopropyl-1H-indoi-3
yl)quinoxaline 8h)

Yield: 87%; light yellow solid; mp: 132-134 °C;;R 0.22
(10% EtOAc/n-hexane);H NMR (400 MHz, CDC}) &: 8.60 (d,
J = 8.4 Hz, 1H, ArH), 8.38 (s, 1H, C-2 indolyl H), 8.14 Hz=
8.4 Hz, 1H, ArH), 7.98 (dJ = 8.0 Hz, 1H, ArH), 7.77-7.73 (m,
1H, ArH), 7.71-7.61 (m, 1H, ArH), 7.46 (d, = 1.2 Hz, 1H,
ArH), 7.28 (d,J = 1.2 Hz, 1H, ArH), 4.74-4.67 (m, 1H, NCH),
1.64 (s, 3H, CH), 1.63 (s, 3H, CH; *C NMR (100 MHz,
CDCly) 8: 148.1, 144.9, 140.8, 139.0, 136.5, 130.2, 12m28,0,
128.8, 128.3, 127.9, 126.2, 123.7, 122.1, 111.2.8,048.0
(NCH), 22.6 (2C, 2Me); MS (ES mass): 355.9 (M+1); HPLC
99.9%, Column: Symmetry C-18 75 * 4.6 mm, 8§ mobile
phase A: 0.1 % TFA in water, mobile phase B:;CN (T/%B):
0/20, 0.5/20, 2/95, 8/95, 10/20, 12/20; flow rated IL/min;
Diluent: ACN: WATER (90:10); UV 220.0 nm, retention time
5.3 min.

4.1.11. 2-Chloro-3-(1-isopropyl-5-methoxy-1H-indel-3
yl)quinoxaline 8i)

Yield: 92%; pale yellow solid; mp: 116-118 °C; R 0.25
(10% EtOAc/n-hexane)H NMR (400 MHz, CDCJ) &: 8.39 (s,
1H, C-2 indolyl H), 8.26 (dJ = 2.8 Hz, 1H, ArH), 8.12-8.10 (m,
1H, ArH), 7.98-7.96 (m, 1H, ArH), 7.76-7.72 (m, 1H, ArH),
7.69-7.65 (m, 1H, ArH), 7.37 (d,= 8.8 Hz, 1H, ArH), 7.00 (dd,
J =8.8, 2.4 Hz, 1H, ArH), 4.76-4.69 (m, 1H, NCH), 3.92 (4, 3

(2C, 2Me); MS (ES mass): 401.9 (M+3); HPLC: 99.8%|utnn:
Symmetry C-18 75 * 4.6 mm, 3:H, mobile phase A: 0.1 %
TFA in water, mobile phase B: GBN (T/%B): 0/20, 0.5/20,
2/95, 8/95, 10/20, 12/20; flow rate: 1.0 mL/min; @ihi: ACN:
WATER (90:10); UV 220.0 nm, retention time 5.4 min.

4.1.13. 2-(5-Bromo-1-methyl-1H-indol-3-yl)-3-
chloroquinoxaline 8k)

Yield: 80%; light yellow solid; mp: 137-139 °C;;R 0.22
(10% EtOAc/n-hexane)H NMR (400 MHz, CDCJ) &: 8.86 (s,
1H, ArH), 8.22 (s, 1H, C-2 indolyl H), 8.14 (d,= 8.4 Hz, 1H,
ArH), 7.94 (d,J = 8.0 Hz, 1H, ArH), 7.75 (t) = 8.4 Hz, 1H,
ArH), 7.68 (t,J = 8.0 Hz, 1H, ArH), 7.39 (dJ = 8.8 Hz, 1H,
ArH), 7.20 (d,J = 8.8 Hz, 1H, ArH), 3.86 (s, 3H, NG} °C
NMR (100 MHz, CDC})) &: 147.7, 144.6, 140.8, 138.9, 135.7,
134.1, 130.2, 129.4, 129.0, 128.4, 127.8, 125.%.4,2115.2,
110.9, 110.4, 33.6 (NMe); MS (ES mass): 374.0 (M+8PLC:
99.8%, Column: Symmetry C-18 75 * 4.6 mm, 81§ mobile
phase A: 0.1 % TFA in water, mobile phase B:3CN (T/%B):
0/20, 0.5/20, 2/95, 8/95, 10/20, 12/20; flow rate€d IL/min;
Diluent: ACN: WATER (90:10); UV 220.0 nm, retention time
4.8 min.

4.1.14. 2-Chloro-3-(1-methyl-1H-indol-3-yl)quinoxadi 3I)

Yield: 83%; pale yellow solid; mp: 143-145 °C; R 0.21
(10% EtOAc/n-hexane);"H NMR (400 MHz, CDCJ) &: 8.78-
8.65 (m, 1H, ArH), 8.25 (s, 1H, C-2 indolyl H), 8.16-8.1m,
1H, ArH), 7.98-7.96 (m, 1H, ArH), 7.76-7.72 (m, 1H, ArH),
7.69-7.65 (m, 1H, ArH), 7.41-7.32 (m, 3H, ArH), 3.91 38],
NCH,); ®C NMR (100 MHz, CDGCJ) &: 148.5, 145.0, 141.0,
138.9, 137.1, 133.3, 130.1, 129.1, 128.4, 127.9,.6,2123.1,
122.7, 121.6, 110.9, 109.5, 33.4 (NMe); MS (ES ma28%#.0
(M+1); HPLC: 99.5%, Column: Symmetry C-18 75 * 4.6nm
3.5um, mobile phase A: 0.1 % TFA in water, mobile phase B:
CH:CN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/26wf rate:
1.0 mL/min; Diluent: ACN: WATER (90:10); UV 220.0 nm,
retention time 4.2 min.

4.1.15. 2-Chloro-3-(5-methoxy-1-methyl-1H-indol-3-
yl)quinoxaline 8m)

Yield: 86%; light orange solid; mp: 244-246 °C; R 0.23
(10% EtOAc/n-hexane);H NMR (400 MHz, DMSOd;) &: 8.58
(s, 1H, C-2 indolyl H), 8.26 (d] = 2.4 Hz, 1H, ArH), 8.14 (d)
= 8.0 Hz, 1H, ArH), 7.96 (d] = 8.0 Hz, 1H, ArH), 7.86-7.82 (m,
1H, ArH), 7.78-7.74 (m, 1H, ArH), 7.48 (d, = 8.8 Hz, 1H,
ArH), 6.96 (dd,J = 8.8, 2.4 Hz, 1H, ArH), 3.92 (s, 3H, OGH



3.85 (s, 3H, NCH); ®¥C NMR (100 MHz, DMSOdg) 6: 155.5,
148.6, 144.4, 140.7, 138.4, 135.2, 132.4, 131.®.712128.3,
128.1, 127.9, 112.8, 111.5, 109.5, 104.9, 55.7 (OM).7
(NMe); MS (ES mass): 324.1.0 (M+1); HPLC: 99.0%, Quiu
X Bridge C-18 150 * 4.6 mm, bm, mobile phase A: 0.1 % TFA
in water, mobile phase B: GBN (T/%B): 0/10, 3/10, 10/95,
20/95, 22/10, 25/10; flow rate: 1.0 mL/min; DiluenACN:
WATER (80:20); UV 225.0 nm, retention time 12.0 min.

4.1.16. 2-Chloro-3-(5-nitro-1H-indol-3-yl)quinoxak @n)

Yield: 71%; light brown solid; mp: 306-308 °C;; R 0.25
(10% EtOAc/ n-hexane);'H NMR (400 MHz, DMSOds) 3:
12.53 (s, 1H, NH, BD exchangeable), 9.51 (d,= 2.0 Hz, 1H,
ArH), 8.77 (d,J = 2.8 Hz, 1H, ArH), 8.15-8.12 (m, 2H, ArH),
8.03-8.00 (m, 1H, ArH), 7.93-7.89 (m, 1H, ArH), 7.86Z @n,
1H, ArH), 7.71 (dJ = 9.2 Hz, 1H, ArH);"*C NMR (100 MHz,

DMSO-g) &: 147.6, 144.4, 142.3, 140.3, 139.8, 138.8, 134.0,

131.2,130.4, 128.3, 127.9, 126.2, 119.6, 118.2,91112.8; MS
(ES mass): 323.1.0 (M-1); HPLC: 98.0%, Column: Syimyn€-

18 75 * 4.6 mm, 3.om, mobile phase A: 0.1 % TFA in water,
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Yield: 65%; pale yellow solid; mp: 119-121 °C; #0.25

(10% EtOAc/n-hexane);'H NMR (400 MHz, CDCJ) &: 8.44
(dd,J = 10.37, 2.54 Hz, 1H, ArH), 8.37 (s, 1H, C-2 indolyl H),
8.17 (dd,J = 8.3, 0.9 Hz, 1H, ArH), 7.98 (dd, = 8.2, 1.0 Hz,
1H, ArH), 7.74 (m, 2H, ArH), 7.32 (dd] = 8.9, 4.4 Hz, 1H,
ArH), 7.09 (m, 1H, ArH), 6.06 (m, 1H, =CH), 5.26 (m, 2H,
=CH,), 4.85 (d,J =5.6 Hz, 2H, NCH); *C NMR (100 MHz,
CDCly) &: 160.4, 158.01 (C-B = 234.5 Hz), 148.0, 144.68,
140.9, 139.0 (C-R = 192.5 Hz), 133.7, 133.0, 132.3, 130.2,
129.3, 128.4, 128.3, 127.8, 118.4, 111.6, 111.4,211111.2 (C-
FJ=4.5Hz), 110.7, 110.6 (C-F= 9.8 Hz), 108.4, 108.1 (CF
= 26.2 Hz), 49.6 (NC}; MS (ES mass): 338.10 (M+1); HPLC:
99.88%, Column: X Bridge C-18 150 * 4.6 mnyn, mobile
phase A: 0.1 % HCOOH in water, mobile phase B: ACN (T%B):
0/20, 3/20, 10/95, 23/95, 25/20, 30/20; Flow rat® thL/min;
Diluent: ACN: WATER (80:20); retention time 12.5 min.

4.1.21. 2-Chloro-3-(1-(3-chloro-3-methylbutyl)-1Hdii-3-
yh)quinoxaline 8w)

Yield: 38%; light yellow solid; mp: 208-210 °C;; R 0.40

mobile phase B: CKCN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, (20% EtOAcn-Hexane);lH NMR (400 MHz, CDCJ) 5: 8.69

12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER (90:t0
UV 220.0 nm, retention time 3.8 min.

4.1.17. Compoun8o-3s

(dd,J = 5.2, 2.0 Hz, 1H, ArH), 8.32 (s, 1H, C-2 indolyl H), 8.1
(dd,J = 7.2, 1.2 Hz, 1H, ArH), 7.99 (dd] = 7.2, 1.2 Hz, 1H,
ArH), 7.78-7.73 (m, 1H, ArH), 7.71-7.67 (m, 1H, ArH), 7. 48,
J=5.6, 1.2 Hz, 1H, ArH), 7.39-7.31 (m, 2H, ArH), 4.55-4.54, (

These compounds are known and prepared following th@H, NCH), 2.36-2.32 (m, 2H, NCHCH,), 1.70 (s, 6H, (CH),);
reported method [158Spectral data of these compounds were°C NMR (100 MHz, CDG) & 148.4, 145.0, 141.0, 139.0,

compared with the reported data.

4.1.18. Ethyl-2-(3-(3-chloroquinoxalin-2-yl)-5-me#ye1H-
indol-1-yl)acetate 3t)

Yield: 70%; pale yellow solid; mp: 160-162 °C; £0.27
(10% EtOAc/n-hexane);H NMR (400 MHz, DMSO#d) &: 8.63
(s, 1H, C-2 indolyl H), 8.25 (d] = 2.4 Hz, 1H, ArH), 8.21-8.11
(m, 1H, ArH), 7.98 (ddJ = 8.2, 0.94 Hz, 1H, ArH), 7.91-7.83
(m, 1H, ArH), 7.82-7.70 (m, 1H, ArH), 7.43 (d,= 9.2 Hz, 1H,
ArH), 6.93 (dd,J = 8.8, 2.5 Hz, 1H, ArH), 5.29 (s, 2H, NGH
4.17 (m, 2H, OCH), 3.84 (s, 3H, OCH), 1.22 (t,J = 7.2 Hz, 3H,
CH,); ®C NMR (100 MHz, DMSOd,) &: 169.0 (C=0), 155.6,
148.5, 144.5, 140.7, 138.6, 135.4, 132.2, 131.9.012128.7,
128.1, 127.0, 112.1, 111.6, 110.5, 105.0, 61.6 (9CH5.7

136.1, 132.1, 130.1, 129.2, 128.4, 127.8, 127.8.212122.8,
121.7, 111.3, 109.6, 68.4 (C-Cl), 45.2 (NgH43.7 (CH), 32.6
(2C, 2Me); MS (ES mass): 384.1 (M+1); HPLC: 99.5%]|u®nn:

X BRIDGE C-18 150*4.6 mm, 5um, mobile phase A: 0.1 %
Formic Acid in water, mobile phase B: gEN (gradient) T/B%:
0/10, 3/10, 12/95, 23/95, 25/10, 30/10; flow rated EnL/min;
UV 190-800 nm, retention time 13.4 min.

4.1.22. 2-(3-(3-Chloroquinoxalin-2-yl)-5-methoxy-1tiol-1-
yl)-N-phenylacetamidesk)

Yield: 45%; pale yellow solid; mp: 214-216 °C; R 0.48
(30% EtOAcn-Hexane);'H NMR (400 MHz, DMSOdq) &:
10.45 (s, 1H, NH, BD exchangeable), 8.68 (s, 1H, C-2 indolyl
H), 8.28 (dJ = 2.0 Hz, 1H, ArH), 8.16 (dJ = 8.4 Hz, 1H, ArH),

(OMe), 48.0 (NCH), 14.5 (Me); MS (ES mass): 396.10 (M+1); 7.98 (d,J = 8.4 Hz, 1H, ArH), 7.86 (1) = 7.2 Hz, 1H, ArH),

HPLC: 99.84%, Column: X Bridge C-18 150 * 4.6 mnung

mobile phase A: 0.1 % HCOOH in water, mobile phase SNC
(T%B): 0/20, 3/20, 10/95, 23/95, 25/20, 30/20; Floate: 1.0
mL/min; Diluent: ACN: WATER (80:20); retention time 2.
min.

4.1.19. Ethyl-2-(3-(3-chloroquinoxalin-2-yl)-1H-iod1-
yl)acetate 8u)
Yield: 70%; pale yellow solid; mp: 194-196 °C; £0.25

(10% EtOAc/n-hexane);H NMR (400 MHz, DMSO#d,) &: 8.66
(d,J = 3.6 Hz, 2H, ArH), 8.17 (dJ = 8.4 Hz, 1H, ArH), 7.99 (d,
J = 8.4 Hz, 1H, ArH), 7.84 (m, 2H, ArH), 7.53 (d,= 7.2 Hz,
1H, ArH), 7.35-7.18 (m, 2H, ArH), 5.34 (s, 2H, NQH4.18 (m,
2H, OCH), 1.23 (t,J = 7.2 Hz, 3H, CH); **C NMR (100 MHz,

7.78 (t,J = 7.2 Hz, 1H, ArH), 7.60 (dJ = 8.0 Hz, 2H, ArH),
7.46 (d,J = 8.8 Hz, 1H, ArH), 7.31 (tJ = 7.6 Hz, 2H, ArH),
7.06 (t,J = 7.2 Hz, 1H, ArH), 6.94 (dd) = 6.8, 2.0 Hz, 1H,
ArH), 5.22 (s, 2H, NCh), 3.85 (s, 3H, OCH; **C NMR (100
MHz, DMSO4,) é: 174.9 (C=0), 166.1, 155.6, 148.6, 144.5,
140.7, 139.5, 139.1, 138.5, 135.9, 132.4, 131.3.9,2129.3,
128.4, 128.2, 128.0, 124.0, 119.6, 112.9, 111.9.111105.1,
55.7 (OMe), 50.1 (NCH; MS (ES mass): 443.10 (M+1); HPLC:
99.6%; Column: X BRIDGE C-18 150*4.6 mm, 5um, mobile
phase A: 0.1 % Formic Acid in water, mobile phase BzCN
(gradient) T/B%: 0/20, 3/20, 10/95, 23/95, 25/20/2®; flow
rate: 1.0 mL/min; UV 190-800 nm, retention time 1.

4.1.23. 2-(3-(3-Chloroquinoxalin-2-yl)-5-methoxy-1tiol-1-
yl)-1-morpholinoethanonedy)

DMSO-dg) &: 169.0 (C=0), 148.4, 144.7, 140.7, 138.7, 137.2,

135.1, 131.1, 130.1, 128.5, 128.0, 127.5, 123.£.9,2121.9,
110.9, 110.9, 61.6 (OGH 47.9 (NCH), 14.5 (CH); MS (ES
mass): 366.10 (M+1); HPLC: 98.83%, Column: X Bridgd &

Yield: 42%; pale yellow solid; mp: 232-234 °C;; R 0.42
(30% EtOAca-Hexane);"H NMR (400 MHz, CDC)) &: 8.30 (s,
2H, C-2 indolyl H), 8.16-8.11 (m, 1H, ArH), 7.99 (d#i= 7.2,

150 * 4.6 mm, &m, mobile phase A: 0.1 % HCOOH in water, 0.8 Hz, 1H, ArH), 7.79-7.66 (m, 2H, ArH), 7.25 @~ 7.6 Hz,

mobile phase B: ACN (T%B): 0/20, 3/20, 10/95, 23/25/20,
30/20; Flow rate: 1.0 mL/min; Diluent: ACN: WATER (8@
retention time 12.9 min.

4.1.20.
chloroquinoxaline 3v)

2-(1-Allyl-5-fluoro-1H-indol-3-yl)-3-

1H, ArH), 7.02 (d,J = 2.4 Hz, 1H, ArH), 5.02 (s, 2H, NGM
3.94 (s, 3H, OCH), 3.73-3.61 (m, 6H, morpholine-O, NGH
3.55-3.47 (m, 2H, morpholine-NGH *C NMR (100 MHz,
CDCl;) &: 165.0 (C=0), 155.8, 148.3, 144.9, 140.9, 139.6,1,3
131.9, 130.1, 129.3, 128.3, 128.3, 127.9, 113.6,.711110.0,
105.0, 66.7 (OCH, 66.3 (OCH), 55.8 (OMe), 48.5 (NCB),
45.6 (NCH), 42.6 (NCHC=0); MS (ES mass): 437.10 (M+1);
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HPLC: 99.3%; Column: X BRIDGE C-18 150*4.6 mm, 5um,
mobile phase A: 0.1 % Formic Acid in water, mobile shd:
CHCN (gradient) T/B%: 0/20, 3/20, 10/95, 23/95, 25/20/20;
flow rate: 1.0 mL/min; UV 190-800 nm, retention tim@.1 min.

4.1.24. 2-(1-Allyl-5-methoxy-1H-indol-3-yl)quinolitge
carbonitrile 32)

Yield: 65%; Off white solid; mp: 138-140 °C;R0.23 (10%
EtOAc/ n-hexane);"H NMR (400 MHz, DMSOds) 5: 9.06 (s,
1H, ArH), 8.39 (s, 1H, C-2 indolyl H), 8.24 (d,= 2.0 Hz, 1H,
ArH), 8.09 (d,J = 8.4 Hz, 1H, ArH), 8.01 (dJ = 8.0 Hz, 1H,
ArH), 7.92 (t,J = 7.6 Hz, 1H, ArH), 7.63 (tJ = 7.6 Hz, 1H,
ArH), 7.47 (d,J = 8.8 Hz, 1H, ArH), 6.93 (dd) = 8.8, 2.4 Hz,
1H, ArH), 6.05 (m, 1H, =CH), 5.17 (dd, = 31.7, 13.6 Hz, 2H,
=CH,), 4.95 (d,J = 5.2 Hz, 2H, NCH), 3.84 (s, 3H, OCH); **C
NMR (100 MHz, DMSO¢d) : 155.4, 152.9, 148.6, 145.6, 134.2,
133.5, 131.9, 131.7, 128.9, 128.7, 127.7, 127.3.812119.4,
117.9, 113.0, 112.5, 111.8, 104.9, 103.2, 55.7 (QCH9.1

(NCH,); MS (ES mass): 340.10 (M+1); HPLC: 99.40%, Column:

X Bridge C-18 150 * 4.6 mm, (Bn, mobile phase A: 0.1 %
HCOOH
10/95, 23/95, 25/20, 30/20; Flow rate: 1.0 mL/min; 2%4.0
nm, Diluent: ACN: WATER (80:20); retention time 11.8mi

4.1.25. Ethyl-2-(3-(3-cyanopyridin-2-yl)-5-methoxyl-indol-
1-yl)acetate 4a)
Yield: 65%; Off white solid; mp: 112-114 °C;R0.25 (20%

EtOAc/h-hexane);'H NMR (400 MHz, CDCJ) &: 8.87 (dd,J =
4.8,1.84 Hz, 1H, ArH ), 8.22 (s, 1H, C-2 indolyl H), 8.@,J =

2.4 Hz, 1H, ArH), 8.05-7.84 (m, 1H, ArH), 7.23-7.08 (m, 2H,

ArH), 6.98 (dd,J = 8.9, 2.4 Hz, 1H, ArH), 4.91 (s, 2H, NGH
4.23 (m, 2H, OCHh), 3.90 (s, 3H, OCH), 1.23 (t,J = 7.2 Hz, 3H,
CHs); ®C NMR (100 MHz, CDG)) &: 167.7 (C=0), 156.5,
155.7, 152.5, 141.7, 132.1, 131.5, 127.5, 119.®.811113.5,
113.4, 110.0, 104.8, 104.2, 61.9 (OfH55.9 (OMe), 48.4
(NCH,), 14.1 (CH-Me); MS (ES mass): 336.10 (M+1); HPLC:
99.90%, Column: X Bridge C-18 150 * 4.6 mmynb, mobile

in water, mobile phase B: ACN (T%B): 0/20, 3/20,
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155.3, 153.3, 142.8, 134.2, 131.9, 131.5, 127.3.811119.3,
117.8, 112.8, 112.2, 111.8, 104.6, 103.9, 55.8 (QM&.0
(NCH,); MS (ES mass): 290.10 (M+1); HPLC: 97.55%, Column:
X Bridge C-18 150 * 4.6 mm, Bn, mobile phase A: 0.1 %
HCOOH in water, mobile phase B: ACN (T%B): 0/20, 3/20,
10/95, 23/95, 25/20, 30/20; Flow rate: 1.0 mL/min; W80-800
nm, Diluent: ACN: WATER (80:20); retention time 10.6nm

4.1.28. Synthesis of compound

To a solution of3t or4a (1 equiv.) in THF (5 mL) was added
LiOH (5 equiv) at the 0 °C (ice bath) and the mixtwas stirred
for 15 min at the same temperature. The temperablirehe
reaction mixture was then allowed to reach room teangd
stirring continued for 5-7 h. After completion ofethreaction
(TLC), the mixture was diluted with cold water (25 migashed
with EtOAc (2 x 10 mL) and the aqueous layer was ctdbibc
The aqueous part was acidified (pH ~ 5-6) using dil stflution
and the mixture was extracted with EtOAc (3 x 10 mLheT
organic layers were collected, combined, washed witlen{@ x
15 mL), dried over anhydrous pRO,, filtered and concentrated
under low vacuum. The residue obtained was purifigdiging
column chromatography over silica gel (hexane-Et@seluent)
to give the desired product.

4.1.29. 2-(3-(3-Chloroquinoxalin-2-yl)-5-methoxy-1tiol-1-
ylh)acetic acid {a)

Yield: 33%; pale yellow solid; mp: 223-225 °C; R 0.42
(80% EtOAcha-Hexane);"H NMR (400 MHz, DMSOd) &: 8.58
(s, 1H, C-2 indolyl H), 8.28 (d] = 4.0 Hz, 1H, ArH), 8.13 (dJ
=8.4 Hz, 1H, ArH), 7.95 (d] = 8.4 Hz, 1H, ArH), 7.86-7.81 (m,
1H, ArH), 7.77-7.72 (m, 1H, ArH), 7.34 (d, = 8.8 Hz, 1H,
ArH), 6.90-6.87 (m, 1H, ArH), 4.81 (s, 2H, NGH3.84 (s, 3H,
OCH,); *C NMR (100 MHz, DMSOd,) &: 155.4 (C=0), 148.7,
144.4, 143.0, 140.7, 139.2, 138.3, 135.7, 132.4,.113129.6,
128.3, 127.9, 112.5, 111.8, 109.5, 104.9, 55.7 (@Me &
NCH,); MS (ES mass): 368.0 (M+1); HPLC: 98.5%; Column: X
BRIDGE C-18 150*4.6 mm, 5um, mobile phase A: 0.1 %

phase A: 0.1 % HCOOH in water, mobile phase B: ACN (T%B):Formic Acid in water, mobile phase B: GEN (gradient) T/B%:

0/20, 3/20, 10/95, 23/95, 25/20, 30/20; Flow rat® thL/min;
UV 190-800 nm, Diluent: ACN: WATER (80:20); retentiomg
12.9 min.

4.1.26. 2-(1-Allyl-5-chloro-1H-indol-3-yl)nicotindtnile (4b)

Yield: 70%; Off white solid; mp: 74-76 °C;{R 0.21 (10%
EtOAc/h-hexane);'H NMR (400 MHz, DMSO«d,) &: 8.92 (d,J
= 2.8 Hz, 1H, ArH ), 8.38 (d] = 10.0 Hz, 2H, ArH), 8.32 (d] =
7.6 Hz, 1H, ArH), 7.60 (dJ = 8.4 Hz, 1H, ArH), 7.39 (m, 1H,
ArH), 7.31-7.25 (m, 1H, ArH), 6.09-5.99 (m, 1H, =CH), 5.23
5.08 (m, 2H, =CH), 4.98 (d,J = 4.8 Hz, 2H, NCH); *C NMR
(100 MHz, DMSO€dg) &: 155.5, 153.9, 153.3, 144.5, 142.9,
133.9, 132.4, 127.7, 126.2, 123.8, 123.0, 121.8.2,2118.1,
112.8, 104.1, 49.1 (NCH MS (ES mass): 294.00 (M+1);
HPLC: 97.54%, Column: X Bridge C-18 150 * 4.6 mnung
mobile phase A: 0.1 % TFA in water, mobile phase BNNAC
(T%B): 0/10, 3/10, 12/95, 23/95, 25/10, 30/10; Fleate: 1.0
mL/min; UV 190-800 nm, Diluent: ACN: WATER (80:20);
retention time 10.9 min.

4.1.27. 2-(1-Allyl-5-methoxy-1H-indol-3-yl)nicotiritile (4c)

Yield: 65%; Off white solid; mp: 96-98 °C;;R0.23 (10%
EtOAch-hexane);'H NMR (400 MHz, DMSOd;) &: 8.89 (d,J
= 3.2 Hz, 1H, ArH), 8.28 (dd) = 14.4, 7.7 Hz, 2H, ArH), 7.88
(d, J = 2.0 Hz, 1H, ArH), 7.45 (dJ = 9.2 Hz, 1H, ArH), 7.34
(dd, J = 8.0, 5.2 Hz, 1H, ArH), 6.90 (dd} = 8.8, 2.0 Hz, 1H,
ArH), 6.03 (m, 1H, =CH), 5.20 (d, = 10.0 Hz, 1H, =CH), 5.12
(d, J = 17.6 Hz, 1H, =CH), 4.92 (d,J = 5.12 Hz, 2H, NCH),
3.77 (s, 3H, OCh); °C NMR (100 MHz, DMSOd,) &: 156.3,

0/20, 3/20, 10/95, 23/95, 25/20, 30/20; flow rated nL/min;
UV 190-800 nm, retention time 10.1 min.

4.1.30. 2-(3-(3-Cyanopyridin-2-yl)-5-methoxy-1H-ihde
yl)acetic acid {b)

Yield: 75%; white solid; mp: 217-219 °C;; R 0.40 (80%
EtOAcn-Hexane);"H NMR (400 MHz, DMSO¢d,) &: 13.61-
12.72 (bs, 1H, OH, BD Exchangeable ), 8.89 (ddl,= 2.8, 1.6
Hz, 1H, ArH), 8.28 (dd,) = 6.0, 2.0 Hz, 1H, ArH), 8.24 (s, 1H,
C-2 indolyl H), 7.88 (dJ = 2.40 Hz, 1H, ArH), 7.39-7.33 (m,
2H, ArH), 6.89 (dd,J = 6.4, 2.8 Hz, 1H, ArH), 5.11 (s, 2H,
NCH,), 3.77 (s, 3H, OCH; *C NMR (100 MHz, DMSOd,) &:
170.4 (C=0), 156.2, 155.2, 153.3, 142.9, 132.6, 8,3227.1,
119.8,119.1, 112.7,112.3, 111.6, 104.6, 103.8 B5Me), 48.3
(NCH,); MS (ES mass): 308.1 (M+1); HPLC: 99.0%; column: X
BRIDGE C-18 150*4.6 mm, 5um, mobile phase A: 0.1 %
Formic Acid in water, mobile phase B: gEN (gradient) T/B%:
0/20, 3/20, 10/95, 23/95, 25/20, 30/20; flow rateéd EnL/min;
UV190-800 nm, retention time 8.5 min.

4.1.31. Typical procedure for the preparation of-éikyl 3-
(3-(3-chloroquinoxalin-2-yl)-1-alkyl-5-substititetH-indol-2-
yhacrylate @k)

A mixture of 2-(5-bromo-H-indol-3-yl)-3-chloroquinoxaline
3q (0.280 mmol), ethyl acrylatéa (0.421 mmol), Pd(OAg)(5
mol%), Cu(OAc) (0.280 mmol), and TFA (0.336 mmol) in 1,4-
dioxane (2.5 mL) was heated at 80 °C under opeforifh. The
progress of the reaction was monitored by TLC. Aéanpletion
of the reaction, reaction mixture was cooled to Bilyted with



ethyl acetate (15 mL) and passed through celite fEsulting
solution was washed with water (3 x 15 mL) followed byné
solution (25 mL), dried over anhydrous JS&,, filtered and
concentrated under reduced pressure. The residupusified by
column chromatography using ethyl acetate—hexanegive
desired compounék.

4.1.32. (E)-Ethyl-3-(3-(3-chloroquinoxalin-2-yl)id4epropyl-
5-methoxy-1H-indol-2-yl)acrylaté#)

Compound6a was synthesized fro8i following a procedure
similar to that of compounék; Yield: 79%; pale yellow solid;
mp: 99-101 °C; R= 0.27 (10% EtOAch-hexane)!H NMR (400
MHz, CDCk) &: 8.11-8.08 (m, 1H, ArH), 8.05-8.02 (m, 1H,
ArH), 7.76-7.69 (m, 4H, ArH), 7.43 (dl = 8.8 Hz, 1H, ArH),
7.02 (d,J = 8.8 Hz, 1H, ArH), 6.17 (dJ = 16.0 Hz, 1H,=CH),
4.76-4.69 (m, 1H, NCH), 3.93 (s, 3H, OgH3.68 (q,J = 7.2
Hz, 2H, OCH), 1.62 (s, 3H, CH), 1.60 (s, 3H, CH3), 0.73 d,=
7.2 Hz, 3H, CH-CH,); *C NMR (100 MHz, CDC)) &: 166.9
(C=0), 154.0, 150.4, 148.2, 140.7, 140.5, 139.2,.71,3130.0
(2C), 128.9, 128.3, 128.0, 126.5, 121.3, 115.7,.1,1211.7,
108.2, 59.5 (OCH), 56.6 (OMe), 47.7 (NCH), 22.7 (2C, 2Me) ,
13.7 (OCHMe); MS (ES mass): 450.0 (M+1); HPLC: 99.9%,
Column: Symmetry C-18 75 * 4.6 mm, gr5, mobile phase A:
0.1 % TFA in water, mobile phase B: gEN (T/%B): 0/20,
0.5/20, 2/95, 10/95, 10.5/20, 12/20; flow rate: I/min;
Diluent: ACN: WATER (80:20); UV 210.0 nm, retention time
4.0 min.

4.1.33. (E)-Methyl-3-(3-(3-chloroquinoxalin-2-yl}-1
isopropyl-5-methoxy-1H-indol-2-yl)acrylaték)

Compoundeb was synthesized froli following a procedure
similar to that of compounék; Yield: 83%; pale yellow solid;
mp: 110-112 °C; R= 0.28 (10% EtOAch-hexane);'H NMR
(400 MHz, CDC}) &: 8.10-8.04 (m, 2H, ArH), 7.78-7.67 (m, 4H,
ArH), 7.44 (d,J = 8.8 Hz, 1H, ArH), 7.02 (dJ = 8.8 Hz, 1H,
ArH), 6.19 (d,J = 16.0 Hz, 1H, =CH), 4.80-4.68 (m, 1H, NCH),
3.92 (s, 3H, OCBH), 3.15 (s, 3H, Ester Gjf 1.62 (s, 3H, CH),
1.60 (s, 3H, Ch); *C NMR (100 MHz, CDG)) 5: 167.4 (C=0),
154.2, 150.4, 148.2, 140.7, 140.4, 139.5, 131.6.113128.9,
128.2, 127.9, 126.7, 120.7, 115.4, 112.0, 111.8.511108.2,
56.6 (OMe), 50.8 (Ester OMe), 47.7 (NCH), 22.7 (2C.e2MMS
(ES mass): 436.0 (M+1); HPLC: 98.8%, Column: Symme€lr
18 75 * 4.6 mm, 3.om, mobile phase A: 0.1 % TFA in water,
mobile phase B: CHCN (T/%B): 0/20, 0.5/20, 2/95, 10/95,
10.5/20, 12/20; flow rate: 1.0 mL/min; Diluent: ACN: WER
(80:20); UV 210.0 nm, retention time 3.9 min.

4.1.34. (E)-Ethyl-3-(3-(3-chloroquinoxalin-2-yl)idepropyl-
1H-indol-2-yl)acrylate 6c)

Compoundéc was synthesized froiRg following a procedure
similar to that of compounék; Yield: 80%; light yellow solid;
mp: 142-144 °C; R= 0.25 (10% EtOAch-hexane);'H NMR
(400 MHz, CDC}) &: 8.09-8.04 (m, 2H, ArH), 7.83-7.75 (m, 4H,
ArH), 7.51 (d,J = 8.0 Hz, 1H, ArH), 7.45 (dJ = 7.2 Hz, 1H,
ArH), 7.32 (t,J = 7.6 Hz, 1H, ArH), 6.23 (dJ = 15.6 Hz, 1H,
=CH), 4.83-4.76 (m, 1H, NCH), 3.85 (&= 7.2 Hz, 2H, OCH),
1.63 (s, 3H, CH), 1.62 (s, 3H, Ch), 0.83 (t,J = 7.2 Hz, 3H,
OCH,-CH,); ®C NMR (100 MHz, CDGC) &: 166.5 (C=0),
149.7, 147.6, 143.6, 140.7, 140.3, 136.5, 130.2),(228.9,
128.5, 128.1, 128.0, 127.9, 125.6, 122.4, 120.B.3,1111.5,
59.9 (OCH), 47.7 (NCH), 22.7 (2C, 2Me), 13.7 (O@¥te); MS
(ES mass): 420.2 (M+1); HPLC: 99.4%, Column: Symme€lr
18 75 * 4.6 mm, 3.om, mobile phase A: 0.1 % TFA in water,
mobile phase B: CHCN (T/%B): 0/20, 0.5/20, 2/95, 10/95,
10.5/20, 12/20; flow rate: 1.0 mL/min; Diluent: ACN: WER
(90:10); UV 210.0 nm, retention time 4.2 min.
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41.35. (E)-Methyl-3-(3-(3-chloroquinoxalin-2-yl}-1
isopropyl-1H-indol-2-yl)acrylategd)

Compoundsd was synthesized frolg following a procedure
similar to that of compoun@k; Yield: 77%; light yellow solid;
mp: 130-132 °C; R= 0.24 (10% EtOAch-hexane);"H NMR
(400 MHz, CDC}) é: 8.08-8.05 (m, 2H, ArH), 7.87-7.76 (m, 4H,
ArH), 7.52 (d,J = 8.4 Hz, 1H, ArH), 7.44 (d) = 7.2 Hz, 1H,
ArH), 7.32 (t,J = 7.6 Hz, 1H, ArH), 6.22 (dJ = 16.0 Hz, 1H,
=CH), 4.83-4.76 (m, 1H, NCH), 3.34 (s, 3H, OgH1.63 (m,
3H, CHy), 1.62 (s, 3H, CH; *C NMR (100 MHz, CDGC)) &:
166.9 (C=0), 149.5, 147.4, 144.1, 140.6, 140.3, 3,3630.1
(2C), 128.8, 128.4, 128.0 (2C), 125.6, 122.4, 12010.7, 111.9,
111.6, 51.0 (OMe), 47.7 (NCH), 22.7 (2C, 2Me); MS (BSss):
406.2 (M+1); HPLC: 99.8%, Column: Symmetry C-18 78.6
mm, 3.5um, mobile phase A: 0.1 % TFA in water, mobile phase
B: CH;CN (T/%B): 0/20, 0.5/20, 2/95, 10/95, 10.5/20, 12/20
flow rate: 1.0 mL/min; Diluent: ACN: WATER (90:10); UV
210.0 nm, retention time 4.0 min.

4.1.36. (E)-Ethyl-3-(1-allyl-3-(3-chloroquinoxali@-yl)-5-
methoxy-1H-indol-2-yl)acrylates€)

Compoundbe was synthesized frolb following a procedure
similar to that of compoun@k; Yield: 72%; light yellow solid;
mp: 102-104 °C; R= 0.28 (10% EtOAch-hexane);"H NMR
(400 MHz, CDC}) é: 8.11-8.04 (m, 2H, ArH), 7.77-7.70 (m, 3H,
ArH), 7.58 (s, 1H, ArH), 7.38 (d] = 8.8 Hz, 1H, ArH), 7.02 (d,
J = 8.8 Hz, 1H, ArH), 6.14 (dJ = 16.4 Hz, 1H, =CH), 6.12-6.00
(m, 1H, =CH allyl), 5.30 (dJ = 10.0 Hz, 1H, =CH), 5.24 (dJ =
17.6 Hz, 1H, =Ch), 4.81 (s, 2H, NCh), 3.93 (s, 3H, OCH),
3.69 (9,J = 7.2 Hz, 2H, OCH), 0.73 (t,J = 7.2 Hz, 3H, CH
CH,); “C NMR (100 MHz, CDGC) &: 166.9 (C=0), 154.2,
150.2, 148.2, 140.7, 140.5, 139.0, 132.5, 132.2.01,3130.2,
130.1, 128.9, 128.0, 126.6, 121.4, 118.3, 115.2.411111.9,
108.4, 59.6 (OCh), 56.6 (OMe), 49.3 (NC}), 13.7 (CH-Me);
MS (ES mass): 448.2 (M+1); HPLC: 97.7%, Column: Stry
C-18 75 * 4.6 mm, 34om, mobile phase A: 0.1 % TFA in water,
mobile phase B: CHCN (T/%B): 0/20, 0.5/20, 2/95, 10/95,
10.5/20, 12/20; flow rate: 1.0 mL/min; Diluent: ACN: WER
(90:10); UV 210.0 nm, retention time 3.9 min.

4.1.37. (E)-Methyl-3-(5-bromo-3-(3-chloroquinoxalayl)-1-
methyl-1H-indol-2-yl)acrylate6f)

Compoundsf was synthesized fro8k following a procedure
similar to that of compounék; Yield: 75%; pale yellow solid;
mp: 126-128 °C; R= 0.25 (10% EtOAch-hexane);'H NMR
(400 MHz, CDC}) &: 8.18-8.16 ( m, 1H, ArH), 8.13-8.10 (m, 1H,
ArH), 7.88-7.80 (m, 3H, ArH), 7.60 (s, 1H, ArH), 7.44-7 48,
1H, ArH), 7.31 (d,J = 8.8 Hz, 1H, ArH), 6.02 (dJ = 16.0 Hz,
1H, =CH), 3.94 (s, 3H, NC§} 3.72 (s, 3H, OCH; °C NMR
(100 MHz, CDC}) 5: 166.4 (C=0), 148.1, 147.6, 141.1, 141.0,
136.9, 134.4, 132.0, 131.2, 130.6, 129.2, 128.48.2,2127.4,
122.8, 122.0, 114.8, 114.2, 111.4, 51.9 (OMe), 3MMe); MS
(ES mass): 458.1 (M+3); HPLC: 97.1%, Column: Symme€lr
18 75 * 4.6 mm, 3.om, mobile phase A: 0.1 % TFA in water,
mobile phase B: C}CN (T/%B): 0/20, 0.5/20, 2/95, 10/95,
10.5/20, 12/20; flow rate: 1.0 mL/min; Diluent: ACN: WER
(90:10); UV 254.0 nm, retention time 4.2 min.

4.1.38. (E)-Ethyl-3-(5-bromo-3-(3-chloroquinoxaliryd-1-
methyl-1H-indol-2-yl)acrylate6g)

Compoundsg was synthesized froBk following a procedure
similar to that of compounék; Yield: 66%; pale yellow solid;
mp: 125-127 °C; R= 0.26 (10% EtOAch-hexane);'H NMR
(400 MHz, CDCY}) 3: 8.18-8.16 (m, 1H, ArH), 8.13-8.10 (m, 1H,
ArH), 7.87-7.79 (m, 3H, ArH), 7.60 (s, 1H, ArH), 7.44 (dds
8.8, 1.2 Hz, 1H, ArH), 7.31 (d} = 8.8 Hz, 1H, ArH), 6.03 (dJ
= 16.0 Hz, 1H, =CH), 4.18 (q} = 7.2 Hz, 2H, OCH), 3.95 (s,
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3H, NCH), 1.25 (t,J = 7.2 Hz, 3H, CH-CHjy); ¥C NMR

(100 MHz, CDC}) &: 166.0 (C=0), 148.1, 147.6, 141.1 (2C),
136.9, 134.5, 131.8, 131.1, 130.6, 129.2, 128.7.312123.1,
122.8,122.5,114.7, 114.2, 111.4, 60.8 (QCE9.6 (NMe), 14.1
(CH,-Me); MS (ES mass): 469.8 (M-1); HPLC: 97.6%, Column
Symmetry C-18 75 * 4.6 mm, duf, mobile phase A: 0.1 %
TFA in water, mobile phase B: GEBN (T/%B): 0/20, 0.5/20,
2/95, 10/95, 10.5/20, 12/20; flow rate: 1.0 mL/midiluent:
ACN: WATER (90:10); UV 210.0 nm, retention time 4.4nmi

4.1.39. (E)-Methyl-3-(3-(3-chloroquinoxalin-2-yl}#iethyl-
1H-indol-2-yl)acrylate §h)

Compoundeh was synthesized froil following a procedure
similar to that of compounék; Yield: 69%; pale yellow solid;
mp: 189-191 °C; R= 0.24 (10% EtOAch-hexane);'H NMR
(400 MHz, CDC}) &: 8.17-8.15 (m, 1H, ArH), 8.13-8.10 (m, 1H,
ArH), 7.87-7.82 (m, 3H, ArH), 7.46 (dl = 8.0 Hz, 1H, ArH),
7.37 (d,J = 8.4 Hz, 1H, ArH), 7.38-7.34 (m, 1H, ArH),7.18 {t,
= 8.0 Hz, 1H, ArH), 6.12 (dJ = 16.2 Hz, 1H, =CH), 3.97 (s,
3H, NCH), 3.72 (s, 3H, OCH); *C NMR (100 MHz, CDG)) &:
166.7 (C=0), 148.9, 147.9, 141.1, 141.0, 138.4, 4,3332.5,
131.0, 130.5, 129.2, 128.2, 126.9, 124.6, 121.4.9,2120.5,
115.2, 109.9, 51.8 (OMe), 30.9 (NMe); MS (ES mas3B.3
(M+1); HPLC: 97.7%, Column: Symmetry C-18 75 * 4.6nm

3.5um, mobile phase A: 0.1 % TFA in water, mobile phase B

CHCN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/26yf rate:
1.0 mL/min; Diluent: ACN: WATER (90:10); UV 245.0 nm,
retention time 3.9 min.

4.1.40. (E)-tert-Butyl-3-(3-(3-chloroquinoxalin-2yi. -
methyl-1H-indol-2-yl)acrylate6)

Compound6i was synthesized fror8l following a procedure
similar to that of compounék; Yield: 64%; light yellow solid;
mp: 123-125 °C; R= 0.26 (10% EtOAch-hexane);'H NMR
(400 MHz, CDC}) &: 8.17-8.10 (m, 2H, ArH), 7.83-7.81 (m, 2H,
ArH), 7.75 (d,J = 16.0 Hz, 1H, =CH), 7.48 (d] = 7.6 Hz, 1H,
ArH), 7.42 (s, 1H, ArH), 7.39-7.33 (m, 1H, ArH), 7.18 (${,1
ArH), 6.07 (d,J = 16.0 Hz, 1H, =CH), 3.97 (s, 3H, NGH 1.44
(s, 9H, (CH)3); “C NMR (100 MHz, CDG)) 8: 165.6 (C=0),
148.9, 147.9, 141.1, 140.9, 138.4, 133.8, 131.3.813130.4,
129.1, 128.2, 127.9, 126.9, 124.4, 123.2, 121.3.5,2109.9,
80.9 (OCMg), 31.5 (NMe), 28.0 (3C, 3Me); MS (ES mass):
420.2 (M+1); HPLC: 98.8%, Column: Symmetry C-18 78.6

mm, 3.5um, mobile phase A: 0.1 % TFA in water, mobile phase

B: CH,CN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/20w
rate: 1.0 mL/min; Diluent: ACN: WATER (90:10); UV 270.0
nm, retention time 3.4 min.

4.1.41. (E)-Methyl-3-(5-chloro-3-(3-chloroquinoxa2-yl)-
1H-indol-2-yl)acrylate §j)

Compound6j was synthesized frodp following a procedure
similar to that of compounék; Yield: 70%; light yellow solid;
mp: 156-158 °C; R= 0.28 (10% EtOAch-hexane);'H NMR
(400 MHz, CDC})) 8: 8.69 (s, 1H, NH, BO exchangeable), 8.24-
8.18 (m, 1H, ArH), 8.16-8.14 (m, 1H, ArH), 7.90-7.86 (2],
ArH), 7.67 (d,J = 16.4 Hz, 1H, =CH), 7.56 (s, 1H, ArH), 7.41
(d,J = 8.8 Hz, 1H, ArH), 7.32 (d) = 9.2 Hz, 1H, ArH), 6.35 (d,
J = 16.4 Hz, 1H, =CH), 3.79 (s, 3H, OGH"C NMR (100
MHz, DMSO<ds) &: 166.7 (C=0), 147.8, 147.9, 140.9, 140.8,
135.7, 134.6, 132.8, 131.8, 131.4, 129.3, 128.8.2,2125.6,
125.2, 120.5, 118.8, 116.4, 113.9, 52.1 (OMe); MS (&ass):
398.1 (M+1); HPLC: 98.0%, Column: Symmetry C-18 78.6

mm, 3.5um, mobile phase A: 0.1 % TFA in water, mobile phase,

B: CH,CN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/20w
rate: 1.0 mL/min; Diluent: ACN: WATER (90:10); UV 270.0
nm, retention time 4.4 min.
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41.42.  (E)-tert-Butyl-3-(5-chloro-3-(3-chloroquixalin-2-
yl)-1H-indol-2-yl)acrylate §k)

Yield: 81%; light yellow solid; mp: 129-131 °C;;R 0.24
(10% EtOAc/n-hexane)H NMR (400 MHz, CDCJ) &: 8.75 (s,
1H, NH, D,O exchangeable), 8.19-8.16 (m, 1H, ArH), 8.13-8.11
(m, 1H, ArH), 7.87-7.83 (m, 2H, ArH), 7.59 (@~ 16.4 Hz, 1H,
=CH), 7.54 (s, 1H, ArH), 7.38 (d, = 8.8 Hz, 1H, ArH), 7.30 (d,
J = 9.2 Hz, 1H, ArH), 6.29 (dJ = 16.4 Hz, 1H, =CH), 1.48 (s,
9H, (CHy)); **C NMR (100 MHz, DMSQdy) &: 165.5 (C=0),
147.9, 147.6, 140.9, 140.8, 135.6, 134.9, 132.0,7,3131.3,
129.3, 128.3, 128.1, 125.5, 125.0, 121.0, 120.6.111113.9,
80.6 (OC(Mey), 28.1 (3C, (Me); MS (ES mass): 438.2 (M-1);
HPLC: 95.5%, Column: Symmetry C-18 75 * 4.6 mm,pd5
mobile phase A: 0.1 % TFA in water, mobile phase B;C¥
(T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, 12/20;wfloate: 1.0
mL/min; Diluent: ACN: WATER (90:10); UV 240.0 nm,
retention time 4.4 min.

4.1.43. (E)-Ethyl-3-(5-bromo-3-(3-chloroquinoxaliryD-1H-
indol-2-yl)acrylate 6l)

Compoundél was synthesized froi®qg following a procedure
similar to that of compounék; Yield: 73%; pale yellow solid;
mp: 136-138 °C; R= 0.25 (10% EtOAch-hexane);"H NMR

(400 MHz, DMSO€dg) 6: 12.35 (s, 1H, NH, BD exchangeable),
8.17-8.11 (m, 2H, ArH), 7.94 (d, = 3.6 Hz, 2H, ArH), 7.76 (s,

1H, ArH), 7.54-7.39 (m, 3H, ArH), 6.70 (d, = 16.4 Hz, 1H,
=CH), 4.13 (gJ = 6.8 Hz, 2H, OCH2), 1.20-1.17 (m, 3H, GH
CH,); *C NMR (100 MHz, DMSOd,) &: 166.2 (C=0), 147.8,
147.6, 140.5 (2C), 135.9, 134.5, 132.7, 131.8, 3,3129.3,
128.9, 128.3, 127.6, 123.5, 119.3, 116.1, 114.3.5.160.7
(OCH2), 14.5 (CHMe); MS (ES mass): 458.1 (M+2); HPLC:
97.9%, Column: Symmetry C-18 75 * 4.6 mm, 81§ mobile
phase A: 0.1 % TFA in water, mobile phase B:3CN (T/%B):
0/20, 0.5/20, 2/95, 8/95, 10/20, 12/20; flow rated IL/min;
Diluent: ACN: WATER (90:10); UV 245.0 nm, retention time
5.0 min.

4.1.44. (E)-Methyl-3-(5-bromo-3-(3-chloroquinoxaRayl)-
1H-indol-2-yl)acrylate §m)

Compound 6m was synthesized from3q following a
procedure similar to that of compourl; Yield: 77%; light
yellow solid; mp: 291-293 °C; & 0.25 (10% EtOAch-hexane);
'H NMR (400 MHz, CDCJ) & 8.72 (s, 1H, NH, BD
exchangeable), 8.20-8.17 (m, 1H, ArH), 8.14-8.12 (kh, ArH),
7.89-7.82 (m, 2H, ArH), 7.70 (s, 1H, ArH), 7.65 {d= 16.0 Hz,
1H, =CH), 7.43 (dd) = 8.8, 2.0 Hz, 1H, ArH), 7.35 (dl = 8.8
Hz, 1H, ArH), 6.31 (dJ = 16.0 Hz, 1H, =CH), 3.77 (s, 3H,
OCH;); °C NMR (100 MHz, DMSQd,) &: 166.7 (C=0), 147.8,
147.7, 141.0, 140.9, 135.9, 134.4, 132.8, 131.8,3,3129.3,
128.9, 128.3, 127.6, 123.6, 118.9, 116.3, 114.3.51152.1
(OMe); MS (ES mass): 444.1 (M+3); HPLC: 95.2%, Cahum
Symmetry C-18 75 * 4.6 mm, i, mobile phase A: 0.1 %
TFA in water, mobile phase B: GBN (T/%B): 0/20, 0.5/20,
2/95, 8/95, 10/20, 12/20; flow rate: 1.0 mL/min; @hi: ACN:
WATER (90:10); UV 245.0 nm, retention time 3.7 min.

4.1.45. (E)-tert-Butyl-3-(5-bromo-3-(3-chloroquiradix-2-
yl)-1H-indol-2-yl)acrylate én)

Compoundsn was synthesized froBqg following a procedure
similar to that of compoun@k; Yield: 80%; light yellow solid;
mp: 122-124 °C; R= 0.26 (10% EtOAch-hexane);"H NMR
(400 MHz, CDC}) 5: 8.89 (s, 1H, NH, BO exchangeable), 8.19-
8.17 (m, 1H, ArH), 8.13-8.10 (m, 1H, ArH), 7.87-7.81 (2,
ArH), 7.70 (s, 1H, ArH), 7.59 (d] = 16.0 Hz, 1H, =CH), 7.42
(dd,J = 8.8, 1.2 Hz, 1H, ArH), 7.33 (dl = 8.8 Hz, 1H, ArH),
6.29 (d,J = 16.0 Hz, 1H, =CH), 1.48 (s, 9H, (GH); *C NMR
(100 MHz, DMSO€) &: 165.5 (C=0), 147.9, 147.6, 140.9,
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127.4, 1236, 121.0, 115.9, 114.2, 113.4, 80.6 (@EMP8.1 )
(3C, Me); MS (ES mass): 484.2 (M+1): HPLC: 98.0%, Column:  2-1- In vitro assay for PDE4B
Symmetry C-18 75 * 4.6 mm, 3:/, mobile phase A: 0.1 % 5.1.1. Cells and Reagents

TFA in water, mobile phase B: GEBN (T/%B): 0/20, 0.5/20, . .
2/95, 8/95, 10/20, 12/20; flow rate: 1.0 mL/min; @hi: ACN: The Sf9 cells were obtained from ATCC (Washington D.C

WATER (90:10); UV 240.0 nm, retention time 4.5 min USA) and were routinely maintained in Grace’s supplesten
o ' ' ' ' medium (Invitrogen) with 10% FBS. cAMP was purchafedh

4.1.46.  (E)-Ethyl-3-(3-(3-chloroquinoxalin-2-ylj&ethyl-  SISCO Research Laboratories (Mumbai, India). PDEIghS
1H-indol-2-yl)acrylate o) cAMP phosphodiesterase assay kit was procured fromzd.o
(Basel, Switzerland). PDE4B1 clone was procured f@niGene
Technologies (Rockville, MD, USA). PDE4D2 enzyme was
purchased from BPS Bioscience (San Diego, CA, USA).

Compound6o was synthesized frolr following a procedure
similar to that of compoun@k; Yield: 66%; light yellow solid;
mp: 129-131 °C; R= 0.27 (10% EtOAch-hexane);'H NMR
(400 MHz, CDC}) &: 8.55 (s, 1H, NH, BO exchangeable), 8.22- 5.1.2. PDE4B protein production and purification

8.19 (m, 1H, ArH), 8.15-8.13 (m, 1H, ArH), 7.88-7.82 (&, ,
ArH), 7.68 (d,J = 16.0 Hz, 1H, =CH), 7.36 (d] = 8.8 Hz, 2H, PDE4B cDNA was sub-cloned into pFAST Bac HTB vector

ArH), 7.19 (d,J = 8.8 Hz, 1H, ArH), 6.29 (d) = 16.0 Hz, 1H (Invitrogen) and transformed into DH10Bac (Invitrogen

=CH), 4.24 (q,) = 7.2 Hz, 2H, OCH), 2.43 (s, 3H, Ch), 1.31 (t, competent cells. Recompinant bacmids were tested_ for
J=7.2 Hz, 3H, CH-CHy): °C NMR (100 MHz, CDC)) 5: 166.3 integration _by P_CR analy_3|§f9 cells were transfec_ted with
(C=0), 148.1, 147.8,_121.0 (2C), 135.0, 132.5, 13030.9 (2C), bacmid using Lllpofectgmme 2000 (Invitrogen) qcmgd to
130.4, 129.2, 128.1, 127.7, 127.2, 120.5, 117.4,111111.0, Manufacturers instructions. Subsequently, P3 vii@r was
60.6 (OCH), 29.6 (Me), 14.2 (CHMe); MS (ES mass): 392.1 amplified, cells were infected and 48 h post infactcells were

(M+1); HPLC: 97.3%, Column: Symmetry C-18 75 * 4.6nm |yS€C| in |ySiS buffer (50 mM  Tris-HCI pH 8.5, 10 mMw 2
3.5um, mobile phase A: 0.1 % TFA in water, mobile phase gMercaptoethanol, 1 % protease inhibitor cocktaib¢Re), 1 %

CHLCN (T/%B): 0/20, 0.5/20, 2/95, 10/95, 10.5/20, 12/26w NP40). Recombinant His-tagged PDE4B protein was pdréie

rate: 1.0 mL/min; Diluent: ACN: WATER (80:20); UV 210.0 previously described in a literature [21]. Briefliysate was
nm. retention time 3.4 min. ' o " centrifuged at 10,000 rpm for 10 min at 4 °C angesnatant was

collected. Supernatant was mixed with Ni-NTA resin (Gfe

4.1.47. (E)-Ethyl-3-(3-(3-chloroquinoxalin-2-yl)-1iddol-2-  Sciences) in a ratio of 4:1 (v/v) and equilibrateith binding
yhacrylate 6p) buffer (20 mM Tris-HCI pH 8.0, 500 mM-KCI, 5 mM imidale,
10 mM 2-mercaptoethanol and 10 % glycerol) in &oraf 2:1
(v/v) and mixed gently on rotary shaker for 1 hatid’C. After
incubation, lysate-Ni-NTA mixture was centrifuged z&0D rpm
for 5 min at 4°C and the supernatant was collectetha flow-
through fraction. Resin was washed twice with wash by#6é
mM Tris-HCI pH 8.5, 1 M KCI, 10 mM 2-Mercaptoetharentd
10% glycerol). Protein was eluted sequentially twigging
elution buffers (Buffer I: 20 mM Tris-HCI pH 8.5, 106M KCl,
250 mM imidazole, 10 mM 2-mercaptoethanol, 10% eyt
Buffer 1l: 20 mM Tris-HCI pH 8.5, 100 mM KCI, 500 mM
imidazole, 10 mM 2-mercaptoethanol, 10% glyceroBluates
(ES mass): 377.2 (§t HPLC: 96.1%, Column: Symmetry C-18 were coIIectqu in four fractions _and analyzed by FDXESE.
75 * 4.6 mm, 3.am, mobile phase A: 0.1 % TFA in water, g(l)lf?:t(.as E::é);tallnmg ITDE{:E; pLoteln were pooled andediar -
mobile phase B: CKCN (T/%B): 0/20, 0.5/20, 2/95, 8/95, 10/20, in 50% glycerol until further use.
12/20; flow rate: 1.0 mL/min; Diluent: ACN: WATER (90:t0 5.1.3. PDE4B enzymatic assay
UV 245.0 nm, retention time 4.0 min.

Compoundép was synthesized fro3s following a procedure
similar to that of compounék; Yield: 69%; light yellow solid;
mp: 127-129 °C; R= 0.28 (10% EtOAch-hexane);'H NMR
(400 MHz, DMSO#g) &: 12.19 (s, 1H, NH, BD exchangeable),
8.17-8.12 (m, 2H, ArH), 7.95-7.93 (m, 2H, ArH), 7.579 {n,
3H, ArH), 7.30 (tJ = 7.2 Hz, 1H, ArH), 7.10 (dJ = 7.2 Hz, 1H,
ArH), 6.73 (d,J = 16.0 Hz, 1H, =CH), 4.13 (4] = 7.2 Hz, 2H,
OCH,), 1.20 (t,J = 7.2 Hz, 3H, CH-CH;); °C NMR (100 MHz,
DMSO-dg) &: 166.4 (C=0), 148.4, 147.6, 140.9, 140.7, 137.2
135.9, 134.5, 133.3, 129.3, 128.3, 127.1, 125.1,.3,2118.3,
116.9, 116.1, 113.5, 112.2, 60.5 (OfH14.5 (CH-Me); MS

The inhibition of PDE4B enzyme was measured using
4.1.48. (E)-Methyl-3-(3-(3-chloroquinoxalin-2-yIHiindol-2-  PDElight HTS cAMP phosphodiesterase assay kit (Lonza)
yl)acrylate 6q) according to manufacturer’'s recommendations. Briefd ng of
PDE4B enzyme was pre-incubated either with DMSO (vehicle
control) or compound for 15 min before incubationthwthe
substrate cAMP (5 uM) for 1 h. The reaction was kaltgth
stop solution followed by incubation with detecticgagent for
10 minutes in dark. Luminescence values (RLUs) wezasured
by a Multilabel plate reader (Perkin Elmer 1420 taibel
counter). The percentage of inhibition was calcadlaising the
following formula and IGs were computed using GraphPad
Prism Version 5.04 software.

Compoundéq was synthesized fro3s following a procedure
similar to that of compounék; Yield: 73%; light yellow solid;
mp: 172-174 °C; R= 0.26 (10% EtOAch-hexane);'H NMR
(400 MHz, CDC})) 3: 8.76 (s, 1H, NH, BO exchangeable), 8.20-
8.17 (m, 1H, ArH), 8.14-8.11 (m, 1H, ArH ), 7.87-7.80 (@H,
ArH), 7.70 (d,J = 16.4 Hz, 1H, =CH), 7.55 (d] = 8.4 Hz, 1H,
ArH), 7.46 (d,J = 8.0 Hz, 1H, ArH), 7.35 (tJ = 8.0 Hz, 1H,
ArH), 7.19 (t,J = 8.0 Hz, 1H, ArH), 6.35 (dJ = 16.4 Hz, 1H,
=CH), 3.76 (s, 3H, OCH; **C NMR (100 MHz, DMSOd,) :
166.8 (C=0), 148.4, 147.7, 140.9, 140.7, 137.3, 3,3333.2, o (RLU of vehicle control — RLU of inhibitor)
1317, 131.3, 129.3, 128.3, 127.2, 125.1, 121.3,02117.9, ~°‘mhibition= RLU of vehicle control * 100
117.0, 112.3, 52.0 (OMe); MS (ES mass): 364.1 (MHBLC:
99.8%, Column: Symmetry C-18 75 * 4.6 mm, |85 mobile
phase A: 0.1 % TFA in water, mobile phase B:;CN (T/%B):

5.1.4. PDE4D and C enzymatic assay

0/20, 0.5/20, 2/95, 8/95, 10/20, 12/20; flow rated mL/min; This assay was performed following a similar methad a
Diluent: ACN: WATER (90:10); UV 205.0 nm, retention time described above using 0.5 ng commercially proc@B&4D2 or
3.5 min. PDE4C enzyme instead of 10 ng of in house purifiede4B

without changing any other factors or conditions.
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Highlights

2-(1H-Indol-3-yl)-quinoxalines were designed as a new class of PDE4 inhibitors.
Synthesis involved InCl; mediated heteroarylation/Pd(11)-catalyzed C-H activation.
Compound 3b (PDE4B ICsp ~ 0.39 uM) showed PDEs family/PDE4 subtype
selectivity.

3b halted progression of the disease in Zebrafish EAE model of multiple sclerosis

3b also showed promising and benefecial effects in adjuvant induced arthritic rats.



