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ARTICLE INFO ABSTRACT

Article history DABSO mediated sulfonylation of iodinatedaZaindoles was achieved for the -
Rece?ved_ _ time through sulfonylative Suzukitiyaura cross coupling (SMC) reaction under 1
Received in revised form conditions giving good yields of sulfonylated 7-smlederivatives. Interestingly, cont
Accepted experiments suggest that present method invdlvegtu generation of ArS@free radice

Available online followed by the key steps of SMC reaction. Scopéhefreaction was explored with b

electronically different and bulky group carryingrbnic acids as coupling partner.

Keywords sulfonylation is scalable armtcurred selectively at iodo group, irrespectivét®positior
Keyword_1 on azaindole. Moreover, the proposed mechanism been supported bylectror
Keyword_2 paramagnetic resonance (EPR) and density functibeaty (DFT) calculations.
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1. Introduction

7-Azaindole, a bioisosteric replacement of indoléoisnd to c S
be a prominent and pivotal target for the synthemmunity, N oxidartinib
realizing its potency in plethora of medically bfdal ]
activities! Two drugs named Vemurafenib and Venetoclax, BRAF mhimitor » 7 HN-Me
containing a 7-azaindole core are approved by FDd\ saveral SN \\ O N N
other 7-azaindole-containing species are in varistages of ? P O N w
clinical development (Fig.1A). One report on 1-aminoethyl-3- N\Q 4 © N ‘ o-°
arylsulfonyl-1H-pyrrolo[2,3b]pyridines as potent 5-HTagonists o/,s:ijij/ Q
shows the importance of sulfonyl azaindole compedhdue yenetoclax © 5HT, agoniot

to their medicinal/material properties, methods tfog synthesis
and functionalization of azaindole and its derivesi have B) Previous work: Willis etal.”® 0 %
attracted considerable interésthe development of transition- @| +(HO)ZB@R—’ZCU(I) [@/S\oo]_.gf \©
metal-catalyzed reactions for the functionalizatioof R =/ DABSO R R®
heterocycles continues to be an active area ofarelsé In sulfinate intermediate

particular, C-sulfonylation is a favored organiartsformation for ™ *°™ =R

. . X ; I B(OH), @ o5 i @
the prospective enhanced biological features iarbatenes. R*—/ﬁ\/\g @ U | é«
U N + i .

| (i \
. Yoo B sy R ; >
In recent years, DABSO has become a reagent of cliaice 1“ PMB R , P = ’ SN ;
. . SIVARY PMB !
the sulfonylation reactions as compared to otheys@rogates N/ L NED) Nt 4a- 4zf 3 &
due to its bench stability, commercial availabiliaznd easy — (28-78%) I SR
DABSO (3) as SO, Surrogate Free radical Pathway ' 4q

handling® Initially, Willis et al’®® and Rocke et &l

recommended DABSO for the-situ formation of sulfinates Fig. 1 [A] Biological relevance of azaindole [B] sulfonyiee

Suzuki-Miyaura cross coupling.
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Scheme 1Preparation of iodo-substituted 7-azaindoleski). Reaction conditions: (i) under Ar atm., alkyne (&duiv.), Cul (5 mol
%), PACH(PPh), (5 mol %), NE§ (1.3 equiv.), DMF, 120 °C, 6-8 h; (ii) Ar-B(OH)(1.2 equiv.), Pd(OAg)(5 mol %), dppf (5 mol %),
Cs,CO; (2 equiv), 1,4-dioxane, 90° C, 1 h; (iii) NIS (1uidg), KOH (0.5 equiv.), DCM, 1 h, r.t.; (iv) iodosole (1.1 equiv), AgOTf
(1.2 equiv.), dry DMF, Pd(OAg)10 mol%),o-nitrobenzoic acid (1.5 equiv.), 120° C, 3 h.

to fabricate sulfonamides afterwards sulfone syithmiotocols Table 1. Optimization reactions for the synthesis 4jf by
from organolithium/ magnesiuhand organozinc reagéhtvere  coupling ofla and boronic aci@a.
outlined. Synthesis of diverse range of importaatfeworks can

be accomplishedia sulfonylative alkyne chemistry,reductive I B(OH), 2a 0,8
fluoroalkyl  sulfination;” regio- and  stereospecific SR CuF, (20 mol o4} DMF N N
selenosulfonatioi® C(sp)-H arylsulfonylation* and oxidant or L N W » ;:+C| ‘N/ N ™
metal free stratedy concomitant with DABSCG® Notably, ' "  bwg100°DMF, 8240 C N hwe PMB
palladium and copper catalyzed direct C-H functitzadion of 1a K 4, 78%
indoles™ and imidazopyridinéd® through SQ fixation was 4 4
disclosed by certain groups. There are alreadyrtemm Cu(l)- ENtry Cu-catalyst L Solvent %) (%)
catalyzed sulfonylative Suzuki—Miyaura cross-couglbetween 1 Cu(MeCN)BF, L1 DME 18 49
boronic acids, DABSO, and aryl iodidégFig.1B). Although ¢ Cu(MeCN)BF, L1 DMF 15 58
coupling on substrate such as indole, pyrrole aridajones is in 3 Cu(MeCN)PF; L1 DMFE 45 31
the list, but they have not show it on pyridine fiisengs, but 4° Cu,0 L1 DME 25 39
overall yield of sulfonylated product on pyridine sva9% only. 5e CuBr L1 DMF 38 34
Based on the considerations above, this is fifsbnteof DABSO 6 Cu(acac) L1 DMF a1 55
mediated sulfonylative SMC on hetrocyclic azainddteough 7 Cu(OTf), L1 DME nr. n.r.
free radicals. In continuation of our earlier workh Suzuki- 8 Cu(NQ),.3H,0 L1 DMF 58 40
Miyaura coupling studies on heteroaromaticss convenient o Cu(acac) L1 DME 36 24
copper (ll) activated sulfonylative Suzuki-Miyaucaupling of 10 Cuhk L1 DME 32 68
azaindoles employing DABSO is being reported in this 11 Cuk L1 DMF 21 78
manuscript (Fig. 1B). The EPR and DFT calculationggest 12 Cuk L2 DME 25 60
that reaction is going throughfree radical pathway. 13 Cuk L3 DMF 21 71
2. Results and discussion ig %&E ti 22:/'5 ;g
Preparation of lodo-7-azindolesA variety of iodo-7- 16 Cuk L4 DMPU 22 66
azaindole {a-1i) were synthesized from commercially available 17 Cuk, L4 DMF nronr
7-azaindole to access the product. Literature nuethad 18.h Cuk, L4 DMF - 56
iodination® ***N-oxidation!*® chlorinatiort®® andN-protectiort®® 19 Cuk, L4 DMF 45 42
were employed to gain iodo-7-azaindole as startimgerial in 20 o on L4R DMF . n.r.nr

good to excellent yields. C-5 Br group was utilizecpreparele _ _ _
and 1f readily through Suzuki-Miyaura and Sonogashiressro M /_\ \ = ) L R=0Me
coupling reactions, whilelh is synthesized by Finkelstein NN NN =N N L4 R=TBu

L2
reactiori” for exchange of CI-I group. Compoundis prepared - — -
from C-H activation procedure given by Larossa ¥l Reaction conditionsla (80 mg, 0.2 mmol, 1.0 equiv.), DABSO

(72 mg, 0.3 mmol, 1.5 equiv.Ra (29 mg, 0.24 mmol, 1.2
The investigations began by establishing suitaldaction  equiv.), Cuk (20 mol %),L4 (20 mol %), dry DMF (0.067 M, 3-

conditions for the coupling between 6-chloro-3-iddg4- 5 mL), N, atm., “Isolated Yields,"PG = Me, ‘15 % starting

methoxybenzyl)-H-pyrrolo[2,3b]pyridine (1a) and phenyl recovered,®12% starting recovered25% starting recovered,

boronic acid 2a) in the presence of DABSGOB) (Table 1) ‘reaction at rt,reaction at 80°C and 35 % starting recovered,

leading to desired produdj. The dihalogenated azaindole was 'reaction at 130° C, n. r. = No reaction.

chosen in order to monitor selectivity of reaction.
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Initially we have pursued Willis strategy of Cu(MeGRBlf, ligand in dried DMF and nitrogen atmosphere at 10Gj&/e
catalyst with bipyridyl ligandl(1) in DMF at 100°C, which gave 78% 4] exclusively (Table lentry 14). Compour was
4j in 49% of yieldwith 18% of non-sulfonylated C-C coupling isolated in low yield on solvent variation (Tableehtries 17-18).
product4j (Table 1, entry 1). We have usBdmethyl protected Further, appropriate temperature was investigatednasof the
azaindole but no improvement in the yield4jfwas observed. requirement of sulfonylation reaction (Table 1, reni7-19).
When we changed the counter aniongPE1% of sulfonylated Table 1, entry 20 suggests that catalyst is nepegsareaction.
product was obtained. However, inferior results wertaiobd  Therefore, optimized reaction conditions are ado¥a: la
with other copper salts.g. Cu,0, CuBr, Cu(acag)(entries 4-6), (lequiv.),2a (1.2 equiv.), DABSO (1.5 equiv.), Cuf20 mol
while Cu(OTf), failed to produce any desired product. (entry 7).%), L4 (20 mol %), in dry DMF under nitrogen atmosphete a
Pleasingly, an increased yield of 68% was obtaineti Wuk 100 °C (Table 1, entry 14).
(entry 10). Use of nitrogen atmosphere promoted yib&l to
78% but deterrent non-sulfonylative coupling pradugj
remains a big hurdle (Table 1, entry 11). This tieacwas also
explored in other bipyridyl ligands, but almost 8an results
were obtained. Addition of 4 4li-tert-butyl-2,2-dipyridyl as

To determine the viability of proposed method, aoyfiative
coupling at C-3 position of 3-iodo 7-azaindoles l{[Ea2) was
investigated first. Boronic acids having electramdting (EDG)
and electron withdrawing groups (EWG) efficiently ctagowith
the unsubstituted C3-iodo 7-azaindoles to glaelc in 45-60%

Table 2 Scope of the sulfonylative Suzuki-Miyaura couplfogthe substituted lodo 7-azaindbie

-

| B(OH), 0,5 AL/
m L., DABSO (@) Nzam, 100°C m -
NN AT DMF, CuF5 (20 mol %), | NEN
1 PMB 2 (L4, 20 mol %) . PMB
Entry (11351, (2a-w) 4a-z ( Yield§® Entry (11351, (2a-w) 4a-z ( Yield§®

B(OH),

OMe =

028@ - ozs@s
2 Br-

N~ N \S N~ N

PMB

OMe PMB
2b 4a, 54% 2h 49, 28%
M
B(OH), 025/@7/ & B(OH),
N . 0,8
2 1b M 8 ic & rm
Me PMB Q N i:’MB
2c 4b, 60% 2i 4h, 68%
CFs B(OH),
OQSQ @, OO
B(OH), oF Br 0.8
3 1b B 3 9 lc m Y
N~ "N NN
Cfs CFs PMB PMB
2d 4c, 45% 2j 4i,71%

os, B(OH), 028@
R R -

i.DMB PMB
2e 4d, 64% 2a 4j, 78%

W,
B(OH), o '8 som OzS/QM
2 e
5 1b m 11 la i SH
Me

O N cI”oNT N
PMB PMB
2f 4e, 35% 2k 4k, 57%
F
= B(OH), 0.8
B(OH), 087N\ B
6 1c N "~ 12 1a o NN
4 NoN PMB
N" PMB F 41,52%

2g 4f, 549% 2l



4 Tetrahedron
B(OH) B(OH),
2 OCF3 CN
025/®/ OQS/O/
13 la BB 21 1d l BB
“ N N PN
OCF; e PMB MO N e
2m am, 46% 20 4u, 59%
B(OH)2 OMe
= OMe
0,5\ Ohe (HO)B 055
14 la A 22 1d m owe
NN MeO OMe MeO” N7 N
OMe PMB OMe PMB
2n 4n, 42% 2s 4v, 64%
0 @/ N
B(OH) cl
’ Q 028 B(OH), 023/@%
15 1g B 23 1d m
N~ N Me0” N~ N
CN PMB HO PMB
20 40, 35% 2t 4w, 53%
/@ B(OH)»
0,8 028/@
CHO
16 1d 2a m 24 1d OHC m
Me0” N7 N MeO” "N~ "N
PMB PMB
4p, 45% 2u 4%, 59%
F @
B(OH), OQS/Q/ B(OH), o /®/
17 1d A 25 1d S
Me0” N7 N 0 Z~N
F ¢ PMB o/ Meo™ N PMB
2l 49, 67% 2v 4y, 54%
oY
o5 B(OH), /@/O
B(OH 2 0,8
18 1d O AN N 26 1d m
Meo” “N° N P Meo” N N
O,N PMB PMB
2p 4r, 54% 2w 4z, 49%
B(OH), Me
0 Br
B(OH), D /@/ 0,8
19 1d m 27 1h T m
e 7
7N N~ N
Br e 2c PMB
2q 4s 51% 4zd, 50%
B(OH), SMe
025/@
20 1d A
Meo” N7 "N
SMe PMB
2r 4t, 57%

#Reaction conditionsta (0.5 mmol, 1.0 equiv.), DABSO (0.75 mmol, 1.5 equia (0.6 mmol, 1.2 equiv.), CyH20 mol %),
L4 (20 mol %), dry DMF (3-5 mL), Natm, 6-12 h, 100 °C)solated yield®15-18 h.

yield. The flat aromatic systerhd & 4e could be obtainedn Vinyl boronic acid was also investigated as coupliagtner
64% and 35% vyield respectively. Interestingly, CHi- to synthesizein in 42% vyield. Similarly, C-4 chloro substituted
substituted 3-iodo-7-azaindoles too showed cons$treict 3-iodo-7-azaindole also afforded C-3 sulfonylateddoict4o as
sulfonylation where 4-pyridyl boronic acid smootidyoceeded a demonstration of synthetic elaboration of reactio

to yield 54% of 4f. Treatment of bulky 2-naphthyl and
anthracene-2-boronic acid provided the desired ymisdin good
range of yield (68-71%#th-4i). Compound 3-thienyl sulfonylated
7-azaindole 4g was synthesized in 28% vyield only. The
sulfonylation of 6-chloro-7-azaindoles were explotedcxamine
the effect of electronic variability on sulfonylati reaction.
Remarkably, good vyield of 1-(4-methoxybenzyl)-3-
(phenylsulfonyl)-H-pyrrolo[2,3b] pyridine (78%, 4j) was
achieved. Installation of 3-Me, 4-F and 4-QCs$ubstituted
phenyl boronic acid was carried out in 46-57% ofdy{dk-4m)

in the case of 6-chloro-7-azaindole.

Further, sulfonylative coupling to C6-methoxylatgdedo
azaindole was performed using electronically diffierearyl
boronic acids in the three component reaction to4gedz in
moderate to good yield. The reaction showed goodraote
towards functional groups such as -N&sMe, -CN, -OH, -CHO
to get 4r, 4t-4u, 4w-4x in good yield. Further, bicyclic
heteroaryls containing boronic acids were reactedch wit
methoxy substituted 7-azaindoles to ggt(49 % yield) and4z
(54% vyield). Importantly, 4-iodo-7-azaindole pregar by
Finkelstein reaction, furnishetzdin 50% yield.
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This methodology is also useful in conjunction withC  analysis, which is given in supplementary informat{&ig. S1

cross-coupling reactions such as Suzuki-Miyawtaa{4zg or  to S4).

Sonogashira couplingd¢e for example; coupling of sterically To gain insights into the mechanism of the reactwontrol

hindered 2-methylphenyl boronic acid results 35%4nh. C-2  experiments were performed (Scheme 3). Under standard

arylated 7-azaindoles synthesized by C-H activAiowas also  conditions, the reaction was inhibited with TEMPO (8q This

studied as substrate with trans-2- phenylvinyl baratid and observation suggests that the reaction is procgettirough a

4zf was isolated in moderate yield of 40% (Scheme 2). radical pathway which is different from the earlieport’®. The
present methodology failed to produce the desi¢dwhen
readily prepared sulfinate was used as sulfonylasionrce (eq

| B(OH), ozs/@/\R? 2). The reaction did not work either in absence of [3&Bor in
AﬂHmHmr L\, DABSO (3), CuF5 (20 mol %), Af’“m presence of DABCO (eq 1 and 3), suggesting a different
NTTN * )2, DMFNyatm, 100 °C \N N AT mechanism of sulfonylation as compared to sulfimatdiated
1 PMB 2 © (L420mol%) sulfonylation'® The reaction underwent in dark (eq 3), which

eliminates the possibility of light mediated homsi$yof iodine®*

ozs \\/ MeO Q/ This reaction is selective to iodo group on hetgebc ring,
e %

MeO.

irrespective of its position. Reaction did not go chloro or
bromo substituents. EPR proved the formation odchdized free

R? = 4-OMe, 4za, aros™ . radical (g = 2.004) after 10 mins, except for paagmetic Cu (II)
R'=2Me, 4zb, 35% y e 550 (g = 1.992) (Scheme 3 (4)). Formation of Cu(l) fre treaction
Me e . . . . . . .
d OMe medium is evidenced by a decreased intensity ofl)Ca(time
T @ N 02\5@ dependent EPR experiment [Scheme 3(5)].
‘ \/ N\ N7 TN The gram scale reaction using the standard conditio
N hue P yielded 70% of the desired produdj (Scheme 4). The
4ze, 51% 4f, 40% deprotection ofp-methoxybenzyl group (PMB) is carried out on

4j to yield free NH- group, using trifluoroacetic ac{@FA)
Scheme 2. Sulfonylative Suzuki-Miyaura couplingreaction  (Scheme 55
conditions:1a (0.5 mmol, 1.0 equiv.), DABSO (0.75 mmol, 1.5
equiv.),2a (0.6 mmol, 1.2 equiv.), CyK20 mol %),L4 (20 mol _ /@
%), dry DMF (3-5 mL), N-atm, 6-12 h, 100 °C, Isolated yield. ' B(OH), Clj’F“(-gOegn'ﬂl"% 0,8
m + L42(20 mol %) \

CI” N N\PM DMF (3mL), Ny -atm ¢~ °N° N

I B(OH), B I
m 1a, 1 mmol  2a, 1.2 mmol 100°C, 10h 4,',70%'3'\’IB
NN DABSO(3 (eq 1)
4- PMB

Radical trapping SN

Std. CO”dl“O”S cl Scheme 4 Large Scale Synthesis 4f

with TEMPO' 0%

Sulfinate trial without DABSO = 0% /@
O 028 028

g\_ . S TFA (2mL) X
Ej ONa Std. Conditions 4}, 0% €q2) » mesitylene (1.5 eqyv) || ]
*o1a 6h o - c”NT N . cI” NN
addition of ArB(OH)z— 0% PMB 5h, 90°C i—l
Homolysis of lodide 4j 8, 80%
I B(OH),
| \/ N, @ DABSO(3 m Scheme 5Deprotection of PMB.
cI” NN Std. Cond/t/ons cl (eq 3) _ _
1a PMB 2a 4 i:MB To explore the energy profile of the catalytic step the
In dark = 73% reaction, quantum chemical calculations were peréarrasing
with DABCO = 0% density function B3LYP method. The 3D structures bftltae
EPR experiments species and their absolute energy values are m@dvich
Froe radicss | - supplementary information. The overall energy o teaction
4) TN 5) / — zp requires about 27 kcal/mol (endergonic). However, the
oY — oh participation of the catalyst is facilitating theaction (Fig. 2), by
- e f\‘,ﬁfw releasing ~36.1 kcal/mol energy. The energy protfe the
reaction indicates the formation of an intermediedenplexC,
which is ~24 kcal/mol less stable than the starsipeciesla and
B.
Magnetic Field (G) Magnetic Field (G)

Based on the aforementioned experimental obsenstémd
Scheme 3Control Experiments. [4] EPR spectra of A) ReaCt'O”prewous reports, a plausible mechanism was prop(Seeme

mixture (la+ 2a+ 3 + Cuk+ L4) in DMF at 100C at 10 mins, 6). Initially, Cu(ll) gets reduced to Cu(l) in thEesence of.4
B) at 0 mins C) Cuf+ L4 in DMF at 0 mins. [5] Reaction jigand to generateA.”® Meanwhile, arylsulfonyl radical is
mixture (La +2a + 3 + Cuk+ L4) in DMF at 100C at different  qqyced by reaction of boronic acid and DABS@fterwards,
time points. arylsulfonyl radical combines with the specfes forming Cu(l)-
The structure of two compoundsiq and 4x was  g'hong B) followed by oxidative addition ofa, which affords
unambiguously confirmed through X-ray crystal stwe  ihe intermediate(D). Finally, the intermediatéD) undergoes
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reductive elimination, leading to the desired pridtj, and
release Cul, followed by halogen exchange genenafgrC

& @ ) ¢
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Fig. 2. Energy PrBfile diagram of the sulfonylation steging

B3LYP; function with the 6-31+G(d) basis set for H, C, Nn6 a

O atoms, and LAN2LDZ4 basis set for Cu and I. The two

transition states are shown as TS1 and TS2.

Cu(I)F,

LBu

Relative Gibbs Free Energy (AG, kcal/mol)

ArB(OH), + DABSO
Cu(l)

Inter

N
L= Cu(l ArSO,* + DABCO+-
exchange / \g

halogen
“~cui) B
SOzAr
\ (|||)
4j P'V'B D PMB 1a P'V'B

Scheme 6Plausible mechanism
3. Conclusions

In conclusion, successful incorporation of S@
construct a C-S-C bondia copper catalyzed Suzuki-Miyaura
sulfonylative coupling reaction has been attairiédre, in situ
free radical formation followed by Suzuki-Miyauraupling
steps are the route to sulfones using DABSO as ars@@bgate.
Interestingly, no free radical initiators were u$edthis reaction.
The proposed mechanism is supported by DFT caloualat
Overall, we have developed an efficient method tothssize
medicinally important azaindolyl sulfones in goddlgs.

4. Experimental

4.1.1. General Information

Unless otherwise noted, all reagents were
purchased from commercial suppliers and used withou
purification. All Sulfonylative Suzuki-Miyaura retons
were performed in round bottom flask and monitored
through thin layer chromatography (TLC silica gek.F
glass plates) and analysed using 254 nm UV ligd an
lodine, ninhydrin stains. Melting points were red®d on
Blchi Melting Point B-545 instrument and are uneoted.

'H NMR and*®*C NMR spectra were recorded with a 400
MHz (*H = 400 andC = 100 MHz) or 500 MHz'H = 500
and*®C = 125 MHz) spectrometer. Chemical shifts value of
"H NMR were recorded in parts per million (ppéh relative

to tetramethylsilane (TMS, 0.00 ppm). Multiplicgieare
indicated as s (singlet), d (doublet), t (triplef)(quartet), m
(multiplet), coupling constants (J) were reportedHertz
(Hz) and integration value. Chemical shifts valufe ¥
NMR were recorded in parts per million (ppr&) and
calibrated to the residual peak as an internal dstah
(CDCl3: 6 = 77.0 ppm and DMSO3= 39.0 ppm). High-
resolution mass spectra (HRMS) were obtained uEi8g
TOF method. EPR: Electron Paramagnetic Resonance
spectra were recorded using Bruker EMX 1444 EPR
spectrometer operating at 9.66 GHz.
Diphenylpicrylhydrazyl, DPPH (g = 2.0037), was uded
the calibration of EPR spectrometer. Infrared messents
were carried out as liquid films on NaCl discs sraaKBr
disc using a Perkin-Elmer 160feries FTIR spectrometer
and Bruker Tensor 27 FT-IR with internal calibratio the
range 4000- 500 ¢ MALDI-TOF MS measurements were
performed with AB SCIEX TOF/TOF 5800 System with
ekspert nanoLC 400 and EKSpot MALDI Spotter without
using any matrix.

4.1.2. Reagents.

All reagents were used directly as obtained
commercially unless otherwise noted. Anhydrous foroh
dimethylformamide, acetonitrile, dimethyl sulfoxide
diethylether, THF, hexanes, ethyl acetate, andGTHwvere
purchased from Merck Chemical Co. 7-Azaindole, &rto-
7-Azaindole, p-methoxybenzylchloride, silver triflate,4-
iodoanisole, PdG(PPh),, dppf, terminal alkynes,
palladium(ll) acetate, BMl and the copper salts were
purchased from Aldrich Chemical Co. Inc.

4.1.3.Preparation of starting lodo-7-azindoles

A variety of iodo-7-azaindole 1@-1) were
synthesized by commercially available 7-azaindoladcess
the designed strategy. Thka was prepared from H-
pyrrolo[2,3b]pyridine with general procedure A, B, C and
D, 1b was synthesized fromHLEpyrrolo[2,3b]pyridine with
general procedure C and I; was synthesized starting from
5-bromo-H-pyrrolo[2,3b]pyridine with general procedure
C and D, 1d was syntheiszed from Htpyrrolo[2,3-
blpyridine with general procedure A, |, C, g was
synthesized from 4-chloroHtpyrrolo[2,3-b]pyridine with
general procedure C and D. C-5 Br group was udlie
preparele and 1f readily through cross-coupling reactions
on 5-bromo-H-pyrrolo[2,3b]pyridine and 5-bromo-Hi-
pyrrolo[2,3b]pyridine respectively. Théh was synthesized
from 4-chloro-H-pyrrolo[2,3b]pyridine  with general
procedure H and D. Compoudd is synthesized fromH-
pyrrolo[2,3b]pyridine with general procedure D, G and C.
All general methods are written below for the eade
undersanding. The structure and purity of startimgerials



and intermediates were confirmed by their physiead
spectral data.

General method (A) for lodinatidh'®*®

In a mixture of 1H-pyrrolo[2,3b]pyridine (1 g, 1
equiv, 8.4 mmol)in CH,Cl, was added KOH (235 mg, 4.2
mmol, 0.50 equiv.) at rt. After 30 miN-iodosuccinimide (1.88
g, 8.4 mmol, 1.00 equiv) was added, and the mixiwas stirred
for 10 h, quenched with a saturated solution of3@;, and

extracted with CKCl,. The combined organic layers were dried

and evaporated under reduced pressure. The resakipurified
by silica gel column chromatography (hexane/EtOAc2p8o
give pure iodinated product. This method has bedovied up
for getting iodinated starting materidlaf1i).

General method (B) for N-oxide formatii™:

To a solution of H-pyrrolo[2,3b]pyridine (1 g, 1
equiv, 8.4 mmol) in diethyl ether (50 mL) was add&tbo
m-chloroperbenzoic acid (21.1 mmol, 3.65 g, 2.5i¥qu
portion wise. Then reaction mixture was stirredtdor 1 h
until a precipitation occurs. After the completiohreaction
as monitored by TLC, it was filtered and dried. THeained
white solid added to 200 mL of distilled water, asadurated
solution of potassium carbonate was slowly addet tontil
pH of soultion reaches to 9-10. The mixture wasresdi
overnight, filtered, and dried to get an off-wh#elid. This
method has been used in the preparatiodaofind 1d as
written in above sequence.

General method (C) for Chlorinatidfi™:
To a solution of 3-iodo-H-pyrrolo[2,3b]pyridine
7-oxide (1g, 3.8 mmol, 1 equiv) in dry THF, the Was

7

TLC), the reaction was allowed to cool to room terapee.

The reaction mixture was extracted with ethyl acedaté organic
layer was washed with brine. The combined organieriayere
dried over NgSQ, and concentrated under reduced pressure. The
resulting residue was purified by column chromatpya(silica

gel, hexane/EtOAC) to give the desired product. ithod has
been followed up for gettinge

General method (F) for Sonogashira reactin

A solution of 5-bromo-1-(4-methoxybenzylH1
pyrrolo[2,3b]pyridine 5a (100 mg, 0.315 mmol), alkyne (38.7
mg, 1.2 equiv., 0.37 mmol), Pd(PPh), (11.1 mg, 0.05 equiv.,
0.01 mmol), Cul (3.0 mg, 0.05 equiv., 0.01 mmol),tN@&1.6
mg, 1.3 equiv., 0.41 mmol) in DMF (3 mL) was heated 20°C
under N-atmosphere till reaction completed as indicated by
TLC. The reaction was allowed to come to rt. Thectiea
mixture was extracted with ethyl acetate and orgéayjer was
washed with brine. The combined organic layers weiggdiver
NaSQO, and concentrated under reduced pressure. Theingsul
residue was purified by column chromatography @iligel,
hexane/EtOAc) to give the desired product. This nutthas
been followed up for getting)f .

General method (G) for C-H activatioh

To the mixture of 1-(4-methoxybenzylHipyrrolo[2,3-
b]pyridine 5b (100 mg, 0.41 mmol, 1.00 equiv.), iodoanisole
(208 mg, 0.46 mmol, 1.1 equiv), AgOTf (129 mg, 0.51oh, 1.2
equiv.), dry DMF (10ml), added Pd(OAdpP.4 mg, 0.041 mmol,
10 mol%) ando-nitrobenzoic acid (105 mg, 0.62 mmol, 1.5
equiv.). The reaction mixture is allowed to stiregdl20° C for 3
h under N-atm. till completion of reaction as monitored by
The reaction was allowed to cool to rt. The reactiorture was

purged and an inert atmosphere was maintained. (Addextracted with ethyl acetate and organic layer washedsvith
HMDS (620 mg, 3.8 mmol, 1 equiv), followed by slow prine. The combined organic layers were dried ovenyd.

addition of trichloroacetyl chloride (1.74 g, 9.6mul, 2.5
equiv) with constant stirring (ice bath). Then n&aT

N&SQO, and concentrated under reduced pressure. Theingsul
residue was purified by column chromatography @iligel,

mixture was stirred at room temperature for 1h andhexane/EtOAc) to give the desired produkitis method is used

monitored using TLC. After completion, evaporatdue t

for synthesis ofli .

THF and the mixture was extracted using EtOAc and

washed with saturated solution of sodium bicarb®na@he
organic layer was dried using anhydrous sodiumagssildnd

General method (H) for Finkelstein reactfn
To solution of 4-chloro-#i-pyrrolo[2,3b]pyridine (1 g,

evaporated. Purification was done by using columry 4 mmol), Nal (1.34 g, 1.2 equiv., 8.9 mmol), in Gi¢ (15 mL

chromatography on silica gel using ethyl acetatelhe
(30:70) to obtain a white solid. This method hasrbe
utilized for the preparation dfa.

General method (D) for N-protectidit®*®

To a solution of 3-ioddH-pyrrolo[2,3b]pyridine (2
g, 8.2 mmol) in dry DMF (5 mL), added slowly®0;(3.39 g, 3
equiv., 24.6 mmol) and stirred for 10 min. 4-Methoenzyl
chloride (1.66 g, 1.3 equiv., 10.6 mmol) was addzddlution
and stirred the reaction mixture at rt. After thenpdetion of
reaction as indicated by TLC, the reaction was goedavith a
sat. ag. NHCI solution. The crude reaction mixture was extracte
three times with CECl, and dried over anhyd. BBO,. After
filtration, the solvent was removead vacuo Purification was
done by column chromatography to furnish solid/oflhis
method has been followed for gettibg1i as mentioned above.

General method (E) for Suzuki-Miyaura reactin
A solution of 5-bromo-1-(4-methoxybenzylHipyrrolo[2,3-

), AcCl (0.567 g, 1.1 equiv., 7.2 mmol) was refluxeader N
atm. till reaction completed as indicated by TLC5() stained
with lodine. The reaction was allowed to cool to room
temperature. The reaction mixture was neutralizech vid
NaOH solution and solvent was evaporated, then it wanta
THF (10 ml) and stirred for next 12h at 40°C tengpere. THF
was evaporated and it was extracted with ethyl aceatd
organic layer was washed with brine. The combinechruny
layers were dried over anhyd. J$&, and concentrated under
reduced pressure. The resulting residue was puifjedolumn
chromatography (silica gel, hexane/EtOAc) to give dlesired
product. This method is followed up for the synthesilh.

General method (1) for methoxylation reactin

Under argon the H-pyrrolo[2,3b]pyridine 7-oxide
(3.0g, 22.39 mmol) was dissolved in dry MeCN (75.ml
Dimethylsulfate (2.37 ml, 24.62 mmol), was added #me
reaction mixture was stirred at 65° C for 12 h. N;ONa
solution (3.08 g of sodium in 26 g of methanol) veakled

b]pyridine 5a (100 mg, 0.315 mmol), boronic acid (42.4 mg, 1.1dropwise and the mixture was stirred for extra 2@ 60° C.

equiv., 0.34 mmol), Pd(OAg)3.5 mg, 0.05 equiv., 0.01 mmol),
dppf (8.7 mg, 0.05 equiv., 0.01 mmol), ,C&; (206.1 mg, 2
equiv., 0.63 mmol) in 1,4-dioxane : water (3:1, 3)mlas heated
to 90°C for 1 h. After the reaction was completed (moniiogy

Then the reaction mixture was quenched with théi@eeid
untill pH 7 was reached and concentrated. Aftesaligion
it into DCM, the organic layer was washed with 1&6tmm
bicarbonate solution. The aqueous layer was cordbémesl
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extacted with ethyl acetate and dried oW&S0O,. The
solvent was removeid vacuoand purification was done by silica
gel column chromatography (hexane/EtOAc, 9:1) to ifimed
white solid. This method has been worked for synthe&ld.

4.1.4.6-Chloro-3-iodo-1-(4-methoxybenzyl)-1H-
pyrrolo[2,3-b]pyridine (1a)

Yield = 250 mg (88%); white color solid; mp = 88-8C;
'"H NMR (500 MHz, CDCJ) & (ppm): 7.59 (dJ = 8.2 Hz,
1H), 7.18 (dJ = 8.5 Hz, 2H), 7.15 (s, 1H), 7.11 @~ 8.2
Hz, 1H), 6.82 (dJ = 8.5 Hz, 2H), 5.32 (s, 2H), 3.75 (s, 3H).
BC{H} NMR (125 MHz, CDCk) & (ppm): 159.4, 146.1,
145.8, 131.9, 131.6, 129.5, 128.5, 121.7, 116.9,21155.3,
54.0, 47.7. HRMS calcd. for @H,CIIN,O(M+H"):
398.9761. found: 398.9771.

4.1.5.3-lodo-6-methoxy-1-(4-methoxybenzyl)-
1H-pyrrolo[2,3-b]pyridine (d)

Yield = 203 mg (72%); white color solid; mp = 8Q-8C;
'H NMR (500 MHz, CDCJ) & (ppm): 7.58 (d,J = 8.5 Hz,
1H), 7.25 (d,J = 8.5 Hz, 2H), 7.06 (s, 1H), 6.87 (d,=
8.5Hz, 2H), 6.64 (dJ) = 8.4 Hz, 1H), 5.32 (s, 2H), 4.03(s,
3H), 3.81 (s, 3H):*C{H} NMR (125 MHz, CDCL) & (ppm):
161.6, 159.2, 144.8, 131.9, 129.5, 129.3, 128.%.91
114.0, 104.9, 55.3, 53.8, 53.5, 47.5. HRMS calad. f
C1eH16lN,0, (M+H™): 395.0256. found : 395.0280.

4.1.6.5-Bromo-1-(4-methoxybenzyl)-1H-
pyrrolo[2,3-b]pyridine(5a)

Yield = 228.6 mg (90%): colorless liquidH NMR (500
MHz, CDCL) & (ppm): 8.39 (dJ = 2.0 Hz, 1H), 8.04 (d] =
2.05 Hz, 1H), 7.20-7.18 (m, 3H, lpeak extra of CC
6.86 (d,J = 8.6 Hz, 2H), 6.41 (dJ = 3.5 Hz, 1H), 5.40 (s,
2H), 3.79 (s, 3H)**C{H} NMR (125 MHz, CDC}) & (ppm):
159.2, 145.9, 143.4, 130.7, 129.3, 129.2, 129..Q2
114.1, 111.6, 99.5, 55.2, 47.5. HRMS calcd. for
C1sH1,BrNO(M+H"): 317.0290. found : 317.0267.

4.1.7.1-(4-methoxybenzyl)-5-(4-methoxy
phenyl)-1H-pyrrolo[2,3-b]pyridinega)

Yield = 177.6 mg (95%); pale yellow solid; mp =-88
°C; '"H NMR (500 MHz, CDCJ) & (ppm): 8.58 (dJ = 1.9
Hz, 1H), 8.08 (d,) = 2.0 Hz, 1H), 7.24-7.22 (m, 3H,), 7.05
(d,J = 8.6 Hz, 2H), 6.87 (d] = 8.6 Hz, 2H), 6.54 (d] = 3.4
Hz, 1H), 5.48 (s, 2H), 3.89 (s, 3H), 3.80 (s, 3HC{H}
NMR (125 MHz, CDCJ) & (ppm): 159.1, 158.9, 146.8,
142.1, 132.2, 129.8, 129.3, 128.9, 128.5, 128.46.9.2
120.6, 114.4, 114.1, 100.1, 55.3, 55.2, 47.4. HRMafed.
for C,,H,:N,O, (M+H™): 345.1603. found: 345.1625.

4.1.8.1-(4-methoxybenzyl)-5-(p-tolylethynyl)-
1H-pyrrolo[2,3-b]pyridine Gb)

Yield = 129 mg (66%); pale yellow color solid; mp120-
121 °C;'H NMR (500 MHz, CDCJ) & (ppm): 8.53 (d,J =
1.7 Hz, 1H), 8.09 (dJ = 1.8 Hz, 1H), 7.48 (d) =8.0 Hz,
2H), 7.21-7.18 (m, 5H), 6.86 (d,= 8.6 Hz, 2H), 6.47 (dJ
= 3.5 Hz, 1H), 5.44 (s, 2H), 3.80 (s, 3H), 2.40 3s}).
BC{H} NMR (125 MHz, CDCk) & (ppm): 159.1, 146.5,
146.0, 138.2, 131.6, 131.4, 129.4, 129.1, 129.08.7.2
120.3, 119.9, 114.1, 112.1, 100.2, 89.7, 87.3, ,58724,
21.5. HRMS calcd. for GH,;N,O (M+H"): 353.1654. found
: 353.16609.

4.1.9. 3-iodo-1-(4-methoxybenzyl)-5-(4-methoxypheny
1H-pyrrolo[2,3-b]pyridine (Le)

Tetrahedron

Yield = 236.8 mg (74%); pale yellow color solidpre
155-156 °C*H NMR (500 MHz, CDCJ) § (ppm): 8.57 (d,)
= 2.0 Hz, 1H), 7.84 (dJ = 2.1 Hz, 1H), 7.61-7.59 (m, 2H),
7.29 (s, 1H), 7.24 (d) = 8.6 Hz, 2H), 7.06-7.04 (m, 2H),
6.89-6.87 (m, 2H), 5.45 (s, 2H), 3.89 (s, 3H), 3(813H).
BC{H} NMR (125 MHz, CDCL) & (ppm): 159.3, 159.1,
146.5, 143.3, 132.2, 131.6, 130.3, 129.2, 129.18.5,2
127.1, 123.0, 114.4, 114.2, 55.4, 55.3, 53.9, 4ARMS
calcd. for G,H,IN,O, (M+H™): 471.0569. found: 471.0573.

4.1.10. 3-lodo-1-(4-methoxybenzyl)-5-(p-tolylethyny
1H-pyrrolo[2,3-b]pyridine (f)

Yield = 239.7 mg (74%); bright yellow solid; mp134-
135 °C;'H NMR (500 MHz, CDCJ) & (ppm): 8.54 (s, 1H),
7.90 (s, 1H), 7.49 (d) = 7.7 Hz, 2H), 7.24-7.20 (m, 5H),
6.88 (d,J = 8.2 Hz, 2H), 5.42 (s, 2H), 3.81 (s, 3H), 2.41(s,
3H). *C{H} NMR (125 MHz, CDCL) & (ppm): 159.4,
147.0, 146.2, 138.4, 132.6, 132.0, 131.4, 129.38.22
128.7, 122.6, 120.1, 114.2, 113.3, 90.5, 86.7, ,55430,
47.7, 21.5. HRMS calcd. for,gH,0N,O(M+H"): 479.0620.
found : 479.0641.

4.1.11. 4-chloro-3-iodo-1-(4-methoxybenzyl)-1H-
pyrrolo[2,3-b]pyridine (Lg)

Yield = 185 mg (65%); white color solid; mp = 1008
°C; '"H NMR (500 MHz, CDCJ) & (ppm): 8.23 (dJ = 5.1
Hz, 1H), 7.31 (s, 1H), 7.21 (d,= 8.6 Hz, 2H), 7.11 (d] =
5.1 Hz, 1H), 6.88-6.87 (m, 2H), 5.40 (s, 2H), 3(81 3H).
C{H} NMR (125 MHz, CDCk) & (ppm): 1C is less we
observed. 159.4, 147.6, 143.6, 136.9, 133.9, 1228,5,
117.6, 114.2, 55.3, 49.0, 47.9. HRMS calcd.
C15H1sCIIN,O(M+H"): 398.9761. found : 398.9777.

4.1.12.
b]pyridine (1h)

Yield = 195 mg (72%); white color solid; mp = 72-7
°C; 'H NMR (500 MHz, CDCJ) & (ppm): 7.99 (dJ = 5.0
Hz, 1H), 7.50 (dJ = 5.0 Hz, 1H), 7.24 (d] = 3.4 Hz, 1H),
7.19 (d,J = 8.45 Hz, 2H), 6.86 (dl = 8.4 Hz, 2H), 6.37 (d,

J = 3.4 Hz, 1H), 5.41 (s, 2H), 3.79 (s, 3HJC{H} NMR
(125 MHz, CDC}) & (ppm): 1C is less we observed. 159.2,
145.6 142.8, 129.3, 129.0, 128.1, 125.2, 114.1,11.(88.9,
55.2, 47.8. HRMS calcd. for;@,,JN,O(M+H"): 365.0151.
found : 365.0137.

4.1.13. 1-(4-methoxybenzyl)-2-(4-methoxyphenyl)-1H-
pyrrolo[2,3-b]pyridine (7)

Yield = 184 mg (74%); white color solid; mp = 1228
°C; 'H NMR (500 MHz, CDCJ) & (ppm): 8.31 (dd) = 5.9,
1.9 Hz, 1H), 7.89 (ddJ = 9.7, 2.0 Hz, 1H), 7.32-7.30 (m,
2H), 7.07 (dd,J = 9.7, 5.9 Hz, 1H), 6.92-6.89 (m, 4H),
6.73-6.71 (m, 2H), 6.47 (s, 1H), 5.47 (s, 2H), 3(833H),
3.72 (s, 3H)."*C{H} NMR (125 MHz, CDCk) & (ppm):
159.7, 158.5, 149.1, 142.7, 141.7, 130.7, 130.6{.92
127.8, 124.8, 120.7, 116.3, 113.9, 113.8, 99.63,555.2,
45.3. HRMS calcd. for GH,;N,O,(M+H"): 345.1603. found
: 345.1603.

4.1.14.  3-iodo-1-(4-methoxybenzyl)-2-(4-methoxyphen
1H-pyrrolo[2,3-b]pyridine(Li)

Yield = 305 mg (95%); white color solid; mp = 1423 °C;
'H NMR (500 MHz, CDCJ) & (ppm): 8.39 (d,J = 4.6 Hz,
1H), 7.77 (dJ = 7.8 Hz, 1H), 7.28-7.27 (m, 2H), 7.20 (dd,
=7.8,4.7 Hz, 1H), 6.99 (d,= 8.4 Hz, 2H), 6.86 (d] = 8.4
Hz, 2H), 6.71 (dJ = 8.4 Hz, 2H), 5.44 (s, 2H), 3.90 (s, 3H),

for

4-iodo-1-(4-methoxybenzyl)-1H-pyrrolo[2,3-



3.75 (s, 3H)®C{H} NMR (125 MHz, CDCk) & (ppm): 1C
is less we observed. 160.1, 158.6, 148.5, 144.@.014
132.1, 130.2, 129.0, 128.3, 123.5, 123.4, 117.13.811
113.7, 55.3, 55.2, 46.1. HRMS calcd.
C,oH 1IN, Ox(M+H™): 471.0569 found : 471.0581.

4.2.1. General procedure for the synthesis of C$laaed
pyrrolo[2,3-b]pyridine and its derivatives.

To a sealed tube containing dry DMF, catalyst againid
20 mol % each were added under nitrogen atmospAées.

9
1C), 129.8, 127.8, 127.0, 126.98-126.93 (m, 1C§.32
126.2 (m, 1C), 122.4 (d] = 271.4 Hz, 1C), 119.1, 116.8,
114.5, 112.2, 55.3, 48.5.1Ryax (KBr): 3119, 3072, 2843,

for 1515, 1359, 1309 (S 1277, 1179, 1145 (SP 1106,

1089, 630, 620. HRMS calcd. for,8l;;FsN,OsS (M+H")
:515.0864. found : 515.0864.

4.2.5. 1-(4-methoxybenzyl)-3-(naphtalen-1-ylsulfpA-
pyrrolo[2,3-b]pyridine @d)

Yield = 137mg (64%), white solid, mp = 124-125, °&l

stiring the reaction mixture for 5 minutes at roomNMR (500 MHz, CDC)) & (ppm): 8.46-8.44 (m, 2H), 7.88-

temperature, 3-iodo-1-(4-methoxybenzyb-pyrazolo[2,3-

7.85 (m, 2H), 7.62-7.59 (m, 2H), 7.57-7.55 (m, 1HE3 (s,

b]pyridine 1 (0.5 mmol), aryl boronic acid (1.2 equiv., 0.6 1H), 7.29-7.28 (m, 2H), 7.20 @,= 7.6 Hz, 1H), 7.12 (dd]
mmol) and DABSO (1.5 equiv., 0.75 mmol) were added= 7-8, 4.7 Hz, 1H), 6.94 (dd} = 7.35, 0.9 Hz, 2H), 6.91-
The reaction mixture was heated at 100°C in thetimga 6-89 (M, 2H), 5.52 (s, 2H), 3.82 (s, 3H}{H} NMR (125

bath under nitrogen atmosphere. When the TLC inedita
the total consumption of starting material, the ctiea
mixture was allowed to cool at ambient temperatdiee
reaction mixture was quenched with 10 mL of coldiera
and was extracted with ethyl acetate (50 mL X 3ga@ic
layer was washed with brine. The combined orgaayeis

MHz, CDCL) & (ppm): 159.3, 148.3, 144.0, 135.9, 134.1,
133.7, 130.7, 129.3, 128.9, 128.4, 128.0, 126.%.112
125.6, 125.5, 123.9, 123.5, 122.1, 116.8, 114.27,9%6.3,
47.7.1R v (KBr): 2983, 2931, 2803, 1510, 1414, 1300
(8O), 1251, 1173, 1161 (S 1032, 793, 767, 550.
MALDI-TOF calcd. for GsHoLiN,05S (M+Li%): 435.1355.

were dried over NSO, and concentrated under reducedfound : 435.0511.

pressure. The resulting residue was purified byurool
chromatography (silica gel, hexane/EtOAc) to givee t
desired productsig-4zf).

4.2.2. 1-(4-methoxybenzyl)-3-((4-methoxyphenylfoayl)-
1H-pyrrolo[2,3-b]pyridine @a)

Yield : 110 mg (54%); Peach color solid; mp 123 IZ;

'H NMR (500 MHz, CDCJ) & (ppm): 8.45-8.44 (m, 1H),
8.21 (dd,J = 7.9, 1.4 Hz, 1H), 7.92 (d,= 8.9 Hz, 2H), 7.84
(s, 1H), 7.26-7.23 (m, 3H), 6.94 @7 8.8 Hz, 2H), 6.88 (d,
J = 8.5 Hz, 2H), 5.43 (s, 2H), 3.83 (s, 3H), 3.81 35l).

BC{H} NMR (125 MHz, CDCk) & (ppm): 162.9, 159.6,
147.5, 144.8, 134.7, 131.7, 129.7, 128.9, 128.77.6,2
118.3, 116.8, 115.1, 114.4, 114.3, 55.6, 55.3, 4Ry

(KBr): 3096, 2940, 2837, 1595, 1514, 1496, 13949512
(SO,), 1258, 1143 (S¢), 1081, 1027, 676, 584. HRMS
calcd. for GH,N,0,S (M+H"): 409.1222. found: 409.1218.

4.2.3.-1-(4-methoxybenzyl)-3-tosiy-pyrrolo[2,3-
b]pyridine (4b)
Yield= 117.6 mg (60%); light yellow solid; mp = @227

°C;'H NMR (500 MHz, CDCJ) &(ppm): 8.44 (dd,) = 4.7,
1.5 Hz, 1H), 8.23 (dd) = 8.0, 1.5 Hz, 1H), 7.87 (d,=8.3

4.2.6. 3-((4,6-dihydropyren-1-yl)sulfonyl)-1-(4-mexy
benzyl)-1H-pyrrol§2,3-b]pyridine de)

Yield= 88 mg (35%), yellow solid, mp = 118-119 °t§{
NMR (500 MHz, CDC}) 6 (ppm): 8.72 (dJ = 9.1 Hz, 1H),
8.44 (dd,J = 4.7, 1.4 Hz, 1H), 8.23-8.17 (m, 3H), 8.04-8.00
(m, 2H), 7.95 (dJ = 8.9 Hz, 1H), 7.89 (d] = 8.1 Hz, 1H),
7.85 (dd,J = 7.8, 1.4 Hz, 1)7.86 (s, 1H), 7.56 (d] = 8.1
Hz, 1H), 7.30 (dJ) = 8.6 Hz, 2H), 7.08 (dd] = 7.8, 4.7 Hz,
1H), 6.91-6.90 (m 2H), 5.53 (s, 2H), 3.82 (s, 3Bi}{4 (s,
3H)."*C{H} NMR (125 MHz, CDCL) 8(ppm): 159.3,148.4,
144.0, 133.9, 133.2, 131.5, 131.1, 129.3, 129.19.012
128.0, 127.6, 127.3, 126.7, 126.1, 125.1, 125.04.9.2
1249, 124.6, 123.3, 122.1, 116.9, 114.2, 100.63,55
47.7.1R v (KBr): 3118, 2988, 2948, 1507, 1414, 1289
(SO,), 1246, 1178, 1159 (S§ 1030, 843, 768, 711.
MALDI-TOF calcd. for G;H,sN,0sS (M+H"): 505.1586.
found : 506.1168.

4.2.7. 5-bromo-1-(4-methoxybenzyl)-3-(pyridin-4-
ylsulfonyl)-1H-pyrrolo[2,3-b]pyridine4f)
Yield= 123 mg (54%); peach color solid; mp = 1361

°C;'H NMR (500 MHz, CDCJ) & (ppm): 8.82 (ddJ = 4.4,
1.5 Hz, 2H), 8.51 (dJ= 2.1 Hz, 1H), 8.38 (dJ = 2.1 Hz,

Hz, 2H), 7.85 (s, 1H), 7.28-7.25 (m, 6H, one pedk o1H), 7.87 (s, 1H), 7.78 (dd,= 4.3, 1.6 Hz, 2H), 7.28-7.25
CDCly), 6.90-6.88 (m, 2H), 5.43 (s, 2H), 3.82 (s, 3H),(m, 2H), 6.89 (dd) = 8.5, 1.8 Hz, 2H), 5.41 (s, 2H), 3.82 (s,

2.38(s, 3H).*C{H} NMR (125 MHz, CDCk) &(ppm):
159.6, 147.5, 144.9, 143.6, 140.1, 132.0, 129.0.72
128.3, 127.5, 126.7, 118.4, 116.9, 114.7, 114.43,588.2,

3H). ®*C{H} NMR (125 MHz, CDC}) & (ppm): we observed
one carbon peak less in spectra, 159.9, 151.23,1485.9,
134.1, 130.2, 129.8, 126.7, 119.6, 118.3, 115.24.611

21.5.IR vpax (KBr): 3101, 2937, 2837, 1515, 1392, 1330112.0, 55.3, 48.7. IRmax (KBr): 3143, 3036, 2930, 2831,

(80,), 1243, 1145 (S¢), 1080, 1025, 673, 576. HRMS

calcd. for GH,N,O;S (M+H).: 393.1273. found:
393.1266.
4.2.4. 3-(3,5(bis(trifluoromethyl)phenyl)sulfonylyf4-

methoxybenzy})H-pyrrolo[2,3-b]pyridine éc)

Yield= 115.6 m (45%); peach color solid; mp = 168
°C;"H NMR (500 MHz, CDC)) & (ppm): 8.51 (dd,) = 4.6,
1.1 Hz, 1H), 8.42 (s, 2H), 8.25 (dd,= 7.9, 1.2 Hz, 1H),
8.02 (s, 1H), 7.93 (s, 1H), 7.34 (dtk8.0, 4.7 Hz, 1H), 7.27
(dJ = 8.2 Hz, 2H), 6.91 (dJ =8.6 Hz, 2H), 5.48 (s, 2H),
3.83 (s, 3H)."*C{H} NMR (125 MHz, CDCk) &(ppm):
159.8, 147.6, 145.9, 145.5, 133.3, 132.9Jg 34.3 Hz,

1513, 1397, 1322 (S 1245, 1171, 1146 (SP 1090,
1028, 808, 725, 619, 597. HRMS calcd. fosHGBrN;O,S
(M+H"): 458.0174. found : 458.0192.

4.2.8. 5-bromo-1-(4-methoxybenzyl)-3-(thiophen-3-
ylsulfonyl)-1H-pyrrolo[2,3-b]pyridine4g)

Yield = 64 mg (28%); light orange solid; mp = 1685
°C;'H NMR (500 MHz, CDCJ) & (ppm): 8.47 (ddJ = 4.7,
1.5 Hz, 1H), 8.24 (dd] = 7.9, 1.5 Hz, 1H), 8.10 (dd,= 2.6,
1.8 Hz, 1H), 7.86 (s, 1H), 7.35-7.34 (m, 2H), 77286 (m,
3H, one peak of CDg), 6.89 (d,J = 8.6 Hz, 2H), 5.45 (s,
2H), 3.82 (s, 3H)**C{H} NMR (125 MHz, CDC}) & (ppm):
159.7, 149.0, 147.5, 145.0, 143.7, 132.1, 130.19.712
128.2, 128.1, 127.4, 125.3, 118.5, 116.9, 114.43,55
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48.2.1Rvmay (KBr): 3112, 2959, 2933, 1512, 1416, 1389,
1305 (SQ), 1243, 1164, 1145 (S} 1088, 1029, 785, 771,
658, 630, 612. HRMS calcd. for g8, BrN,0;S,(M+H")
:462.9786. found: 462.9806.

4.2.9. 5-bromo-1-(4-methoxybenzyl)-3-(naphthalene-2
ylsulfonyl)-1H-pyrrolo[2,3-b]pyridine4h)

Yield= 170.6 mg (68%); light yellow solid; mp = @887
°C;'"H NMR (500 MHz, CDC)) & (ppm): 8.63-8.59 (m, 2H),
8.46 (d,J = 3.6 Hz, 1H), 8.00 (d] = 7.7 Hz, 1H), 7.93-7.86
(m, 4H), 7.65-7.60 (m, 2H), 7.24 (d,= 8.4 Hz, 2H), 6.88
(d,J = 7.9 Hz, 2H), 5.39 (s, 2H), 3.81 (s, 3HC{H} NMR
(125 MHz, CDC}) §(ppm): 159.7, 150.5, 145.8, 139.5,
136.1, 134.9, 133.3, 132.2, 130.4, 129.7, 129.70.412
129.0, 127.9, 127.8, 127.6, 122.0, 118.3, 114.74.511
114.0, 55.3, 48.5.IRn (KBr): 3086, 2950, 2926, 1510,
1394, 1307 (S¢), 1298, 1249, 1169, 1145 (§O 1128,
1072, 805, 681, 655, 641. HRMS calcd.for
CusH,0BrN,O;S(M+H"): 507.0378. found : 507.0392.

4.2.10. 3-(anthracen-2-ylsulfonyl)-5-bromo-1-(4-husty
benzyl)-1H-pyrrol§2,3-b]pyridine @i)

Yield = 196mg (71%), light yellow solid, mp = 2211
°C,"H NMR (500 MHz, CDCJ) & (ppm): 8.80 (s, 1H), 8.66-
8.61 (m, 1H), 8.47-8.43 (m, 3H), 8.06-8.04 (m, 3AR3-
7.83 (m, 1H), 7.77-7.75 (m, 1H), 7.57 (s, 2H), #7284 (m,
2H), 6.90-6.88 (m, 2H), 5.40 (s, 2H), 3.81 (s, 3tfH}
NMR (125 MHz, CDCJ}) & (ppm): 159.8, 145.9, 138.7,
133.4, 133.3, 132.4, 131.7, 130.4, 130.2, 129.°0.612
129.0, 128.9, 128.4, 128.2, 127.0, 126.6, 126.4).612
118.4, 114.8, 114.5, 113.9, 55.3, 48.5, 29.7 (a@ttR vmax
(KBr): 2923, 1511, 1314 (Sfp 1249, 1171, 1136 (S
828, 721, 642. 623, 556. MALDI-TOF calcd.
CyoH»,BrN,O5S (M+H"): 557.0535. found : 557.0112.

4.2.11. 6-chloro-1-(4-methoxybenzyl)-3-(phenylsui
1H-pyrrolo[2,3-b]pyridined;) :

Yield= 160.6 mg (78%); light brown solid; mp = 1333
°C;"H NMR (500 MHz, CDCJ) 8(ppm): 8.16 (d,) = 8.4 Hz,
1H), 7.95 (dJ = 7.5 Hz, 2H), 7.77 (s, 1H), 7.53 &= 7.3
Hz, 1H), 7.48-7.47 (m, 2H),7.25 (d= 8.3 Hz, 3H), 6.89 (d,
J = 8.5 Hz, 2H), 5.36 (s, 2H), 3.81 (s, 3HJC{H} NMR
(125 MHz, CDC}) §(ppm): 159.8, 146.7, 146.5, 142.7,
132.9, 132.1, 130.6, 130.0, 129.2, 126.8, 126.70.Q,1
115.5, 115.0, 114.5, 55.3, 48.4.1R. (KBr): 3116, 2949,
2923, 1515, 1409, 1303 (99 1250, 1162, 1147 (SP
1078, 1031, 725, 621, 594. HRMS calcd. feiHGsCIN,O5S
(M+H"): 413.0727. found : 413.0748.

4.2.12.  6-chloro-1-(4-methoxybenzyl)-3-(m-tolylsnifl)-
1H-pyrrolo[2,3-b]pyridine @k)

Yield= 121 mg (57%); light brown solid; mp = 91-9€;'"H
NMR (500 MHz, CDCY) §(ppm): 8.17 (dJ = 8.3 Hz, 1H),
7.819-7.815 (m, 1H), 7.77-7.76 (m, 2H), 7.38-7.38, (
2H),7.28-7.25 (m, 3H), 6.89 (d, = 8.5 Hz, 2H), 5.38 (s,
2H), 3.81 (s, 3H), 2.39 (s, 3H¥*C{H} NMR (125 MHz,
CDCly) 8(ppm): 159.8, 149.0, 146.7, 146.5, 142.6, 139.5
133.7, 132.1, 130.6, 129.9, 129.1, 127.0, 123.88.91
115.5, 115.1, 114.5, 55.3, 48.4, 21.3:R (KBr): 3135,
3017, 2963, 2839, 1514, 1411, 1384, 1303 JJSM246,
1162, 1145 (S@), 1117, 1077, 1032, 768, 699, 630, 601.
HRMS calcd. for GH,,CIN,OsS (M+H"): 427.0883. found

: 427.0887.

4.2.13. 6-chloro-3-((4-fluorophenyl)sulfonyl)-1-(4-
methoxybenzyl)-1H-pyrrolo[2,3-b]pyridindl]

for

Tetrahedron

Yield= 111.8 mg (52%); off white solid; mp = 1448
°C;'H NMR (500 MHz, CDC)) & (ppm): 8.16-8.15 (m, 1H),
7.99-7.96 (m, 2H), 7.78 (s, 1H), 7.28-7.26 (m, 3A)6-
7.14 (m, 3H, one peak extra due to CHC6.91-6.89 (m,
2H), 5.38 (s, 2H), 3.83 (s, 3H)’*C{H} NMR (125 MHz,
CDCl) 8(ppm): 165.2 (dJ = 253.9 Hz, 1C), 159.8, 146.9,
146.5, 138.8 (dJ = 3.1 Hz, 1C), 132.1, 130.5, 130.0, 129.5
(d,J=9.4 Hz, 1C), 126.8, 119.1, 116.5 Jds 22.5 Hz, 1C),
115.3, 114.9, 114.5, 55.3, 48.5, 30.6 (acetona)} IR KBr):
3115, 3079, 2948, 2831, 1612, 1589, 1515, 1315(SO
1289, 1251, 1148(S{p 1078, 1033, 837, 816, 676, 591,
529. HRMS calcd. for GH,;CIFN,O;S (M+H"): 431.0632.
found: 431.0636.

4.2.14. 6-chloro-1-(4-methoxybenzyl)-3-((4-trifloor
methoxy)phenylsulfonyl)-1H-pyrrolo[2,3-b]pyridinédn{)

Yield= 114 mg (46%); white solid; mp = 114-115 Hq;
NMR (500 MHz, CDCY) 3 (ppm): 8.18 (dJ = 8.3 Hz, 1H),
8.01 (d,J = 8.8 Hz, 2H), 7.79 (s, 1H), 7.32-7.27 (m, 5H),
6.91 (d,J = 8.6 Hz, 2H), 5.39 (s, 2H), 3.83 (s, 3FE{H}
NMR (125 MHz, CDC{) We are getting one less carbon
peak her&d(ppm): 159.9, 152.2, 147.0, 146.5, 141.0, 132.3,
130.5, 130.0, 128.9, 126.7, 121.0, 119.2, 115.4.511
114.4, 55.3, 48.5. IR (KBr): 3076, 2966, 2846, 1514,
1324 (SQ), 1263, 1214, 1159, 1149 ($01080, 1033, 808,
629, 596. HRMS calcd. for JgH;,CIF;N,O,S (M+H") :
497.0550. found : 497.0568.

4.2.15. (E)-6-chloro-1-(4-methoxybenzyl)-3-((4-nosth
styryl)sulfonyl)-1H-pyrrolo[2,3-b]pyridiné4n)

Yield = 98 mg (42%); white solid; mp = 169-170 *€;
NMR (500 MHz, CDC}) é(ppm): 8.16 (dJ = 8.3 Hz, 1H),
7.75 (s, 1H), 7.65 (d] = 15.2 Hz, 1H), 7.42 (d] = 8.8 Hz,
2H), 7.29 (ddJ) = 11.2, 8.6 Hz, 3H), 6.92-6.88 (m, 4H), 6.76
(d, J = 15.2 Hz, 1H), 5.40 (s, 2H), 3.84 (s, 3H), 3.82 (
3H)."*C{H} NMR (125 MHz, CDCL) &(ppm): 161.9, 159.8,
146.7, 146.5, 140.8, 132.1, 130.6, 130.2, 130.17.Q,2
125.6, 124.9, 118.8, 115.5, 114.5, 114.4, 114.44,556.3,
48.4. IR vy (KBr): 3135, 3052, 2949, 2833, 1601, 1513,
1305 (SQ), 1287, 1259, 1159 (S 1110, 838, 628, 592.

HRMS caled. for GH,,CIN,O,S: 469.0989. found:
469.0998.
4.2.16. 4-((4-chloro-1-(4-methoxybenzyl)-1H-pyri{el&-

b]pyridin-3-yl)sulfonyl)benzonitrile4o)

Yield= 76 mg (35%); white solid; mp = 172-173 *&;
NMR (500 MHz, CDCJ)) 5(ppm): 8.34 (dJ = 5.1 Hz, 1H),
8.1.8 (s, 1H), 8.05 (d] = 8.5 Hz, 21,7.78 (d,J = 8.4 Hz,
2H), 7.31-7.28 (m, 3H, one extra peak due to GRGIL.23
(d,J = 5.1 Hz, 1H), 6.92 (d) =8.5 Hz, 2H, 5.48 (s, 2H),
3.83 (s, 3H)’C{H} NMR (125 MHz, CDCL) &(ppm):
159.9, 149.2, 146.9, 145.4, 136.4, 136.1, 132.7R0.82
128.2, 126.8, 119.9, 117.3, 116.3, 115.1, 114.8,6,155.3,
48.9.1R v (KBr): 3117, 2957, 2928, 2831, 2230, 1514,
1388, 1303 (SQ, 1249, 1167, 1143 (S 831, 647, 599.
HRMS calcd. for GH;,CIN;O;S(M+H"): 438.0679. found :
438.0685.

4.2.17. 6-methoxy-1-(4-methoxybenzyl)-3-(phenylsulj-
1H-pyrrolo[2,3-b]pyridine @p)

Yield= 91.8 mg (45%); peach color solid; mp = 16
°C;"H NMR (500 MHz, CDCJ) &(ppm): 8.07(d,J = 8.6 Hz,
1H), 7.98-7.97 (m, 2H), 7.67 (s, 1H), 7.54 -7.50, (bh),
7.49-7.45 (m, 2H), 7.29-7.27 (m, 2H), 6.90-6.87 @hi),
6.72 (d,J =8.6 Hz, 1H, 5.33 (s, 2H), 4.00 (s, 3H), 3.82 (s,
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3H).**C{H} NMR (125 MHz, CDC}k) §(ppm): 161.9, 159.6, 816, 642, 584. HRMS calcd. for,f,3N,0,S,(M+H"):
145.4, 143.2, 132.5, 130.8, 129.7, 129.0, 128.97.9,2 455.1099. found : 455.1098.

126.6, 114.7, 114.3, 110.6, 107.1, 55.3, 53.6, .18.8,
(KBr): 3125, 3005, 2977, 2942, 2839, 1604, 15111314 222 2-((G-methoxy-1-(4-meihoxybenzyl)-1H-pyB-
1302 (SQ), 1270, 1242, 1147 (SP 1026, 722, 591. HRMs  PIPyridin-3-yhsulfonyl)benzonitrile4u)
calcd. for G,H,;N,0,S (M+H"): 409.1222. found: 409.1221. Yield = 127.7 mg (59%); white solid; mp = 185-188; 'H
4.2.18. 3-((4—f|uorophenyl)suprqyl)-G-methoxy—l—(4 $|\7/|5R(r(r?Ong\)/ll_;zsé:gqil-?)(pgrgé-f2077 (8m042|5|r)n€?é|9_|8?8 zn?
methoxy benzyl)-1H-pyrrolo[2,3-b]pyridinéd) 2H), 6.75 (dJ = 8.6 Hz, 1H), 5.34 (s, 2H), 4.01 (s, 3H), 3.82
Yield = 142.7 mg (67%); off white solid; mp = 17134 °C; (s, 3H)"*C{H} NMR (125 MHz, CDCL) §(ppm): 162.1,
'H NMR (500 MHz, CDCJ) 5(ppm): 8.04 (dJ = 8.6 Hz, 159.7, 147.4, 145.5, 132.9, 130.5, 129.8, 129.8,5,2127.2,
1H), 7.98 (ddJ = 8.6, 5.1 Hz, 2H), 7.66 (s, 1H), 7.29-7.27 117.3, 116.2, 114.3, 113.1, 110.5, 107.7, 55.37,583.6.IR
(m, 2H), 7.14 (tJ = 8.5 Hz, 2H), 6.88 (d] = 8.4 Hz, 2H), vma (KBr): 3124, 2955, 2840, 2230, 1604, 1514, 141299l
6.73 (d,J = 8.6 Hz, 1H), 5.33 (s, 2H), 4.00 (s, 3H), 3.81 (s (SO,), 1274, 1248, 1145 (S 1031, 822, 663, 560. HRMS
3H). ®C{H} NMR (125 MHz, CDC}) 3(ppm): 165.0 (d,) = calcd.for GgH,oN;O,S(M+H"). :434.1175. found: 434.1175.
ig&l Hz, 1C), 161.9, 159'6_' 145.4, 139.4.1cs 3.1 Hz, 4.2.23. 6-methoxy-1-(4-methoxybenzyl)-3-((3,4 fBathoxy
), 130.6, 129.7, 129.3 (d,= 9.3 Hz, 1C), 128.9, 127.8, " 2o b 0 5 o123 blovrid

116.3 (d,J = 22.4 Hz, 1C), 114.5, 114.3, 110.5, 107.3, 55.3P"enyhsulfonyl)-1H-pyrrolof2,3-b]pyridined)
53.6, 48.3. IRvma (KBr): 3143, 3036, 2930, 2833, 1513, yield = 159 mg (64%);White solid; mp = 175-176 %¢€;
1397, 1322 (SQ, 1245, 1171, 1146 (S 1090, 1028, 808, NMR (500 MHz, CDCJ) § (ppm): 8.08 (d,J = 8.6 Hz, 1H),
619, 597. HRMS calcd. for H,BFN,O,S(M+H") 7.66 (s, 1H), 7.27 (dl1 = 8.9 Hz, 2H), 7.18 (s, 2H), 6.87 (@,
:427.1128. found : 427.1120. = 8.6 Hz, 2H), 6.73 (d] = 8.6 Hz, 1H), 5.34 (s, 2H), 4.00 (s,
4219 6-methoxy-1-(4-methoxybenzyl)-3-(3-nitep) 37 3:86 (S, 6H), 3.85 (s, 3H), 3.81 (s, 3FG{H} NMR
sulfonyl)-1H-pyrrolo[2.3-b]pyridine 4r) (125 MHz, CDCY) 5(ppm): 161.9, 159.6, 153.3, 145.4, 141.4,

’ 138.0, 130.7, 129.7, 128.7, 128.0, 114.8, 114.0,5,1107.2,
Yield = 122 mg (54%); light orange solid; mp = 1881 103.9, 60.9, 56.3, 55.3, 53.6, 48.2. MR (KBr): 3116, 2947,
°C;*H NMR (500 MHz, CDCJ) & (ppm): 8.06 (dJ = 8.6 Hz, 2836, 1600, 1515, 1496, 1413, 1307 {5@254, 1163, 1139
1H), 7.64 (s, 1H), 7.32-7.27 (m, 4H, one peak egwa to (SO,), 1123, 1011, 649, 629. HRMS calcd.for
CDCly), 7.25 (t,J = 2.0 Hz, 1H), 7.21 (t) = 7.9 Hz, 1H), C,H,N,O,S(M+H") : 499.1539. found : 499.1537.
%_?)9 ggg ((rsn 22:)) 460708 (637gk(|;]q31;]?(27§ﬁ(g?H}8l\?M|_l|?z 4224 3-((6-methoxy-1-(4-methoxybenzyl)-1H-pwi@B-
(125 MHz, CDC)) & (ppm): 161.8, 159.5, 147.0, 145.3PIPyridin-3-yhsulfonyl)phenolqw)
144.0, 130.9, 129.9, 129.7, 128.8, 127.9, 118.8,311114.7, Yield = 112 mg (53%); white solid; mp = 177-178;%€
114.2, 112.3, 110.7, 107.0, 55.3, 53.5, 48.2#MRax (KBr): NMR (500 MHz, CDCJ) §(ppm): 8.06 (s, 1H), 8.04 (d,=
3446, 3360, 3248, 3094, 2952, 2837, 1602, 1513118409, 8.6 Hz, 1H), 8.02 (s, 1H, DMF), 7.65 (s, 1H), 7(63J = 2.0
1293 (SQ), 1272, 1243, 1139 (S 1023, 706, 644, 415. Hz, 1H),7.46-7.44 (m, 1H), 7.29-7.25 (m, 3H), 7.01 (dd:
HRMS calcd. for GHN;OsS(M+H"): 454.1072. found : not 7.4, 2.4 Hz, 1H), 6.87-6.85 (m, 2H), 6.68 Jd; 8.6 Hz, 1H),
observed. 5.30 (s, 2H), 3.98 (s, 3H), 3.80 (s, 3H), 2.983, DMF),
4.2.20. 3-((4-bromophenyl)sulfonyl)-6-methoxy-Ir(dthoxy 2.91 (s, 3H, DMFY"C{H} NMR (125 MHz, CDCk) 3(ppm):
benzyl)-1H-pyrrolo[2,3-b]pyridine4s) 162.0 (DMF), 161.8, 159.5 157.2, 145.4, 144.0, 83030.2,

’ 129.7, 129.0, 127.9, 120.1, 118.0, 114.4, 114.3,5,1110.6,
Yield = 124 mg (51%); white solid; mp = 123-124;®l 107.1, 55.3, 53.6, 48.2, 36.7 (DMF), 31.6 (DMF)Rax
NMR (500 MHz, CDCJ) &(ppm): 8.04 (dJ = 8.6 Hz, 1H), (KBr): 3340, 3102, 2928, 1602, 1514, 1443, 14110613
7.83-7.81 (m, 2H), 7.68-7.59 (m, 3H), 7.29 — 7.8, QH), (SO,), 1270, 1137 (S§), 706, 686, 623. HRMS calcd. for
6.89 (d,J = 8.5 Hz, 2H), 6.73 (d) = 8.6 Hz, 1H), 5.33 (S, C,H,iN,0sS (M+H'): 425.1171. found : 425.1165.

2H), 4.00 (s, 3H), 3.81 (s, 3HJ’C{H} NMR (125 MHz,
. .2.25 3-((6-methoxy-1-(4-methoxybenzyl)-1H-py@>
CDCl;) 3(ppm): 162.0, 159.6, 145.4, 142.3, 138.3, 132. Ipyridin-3-ylsulfonyi)benzaldehydex)

130.6, 129.8, 129.0, 128.2, 128.1, 127.7, 114.8,5,1107.4,
55.3, 53.6, 48.3.IRna (KBr): 3133, 3009, 2945, 2825, 1601, Yield = 128.6 mg (59%); light orange solid; mp 571158
1574, 1413, 1387, 1311 ($91272, 1249, 1147 (S 1028, °C; *H NMR (500 MHz, CDCJ) & (ppm): 10.04 (s, 1H),
818, 630, 586. HRMS calcd. forfi,BrN,O,S (M+H'):  8.44 (s, 1H), 8.23 (d] = 7.7 Hz, 1H), 8.07 (dJ = 8.6 Hz,
487.0327. found : 487.0341. 1H), 8.03 (dJ = 7.5 Hz, 1H),7.71 (s, 1H), 7.66 @t,= 7.7
4.2.21. 6-methoxy-1-(4-methoxybenzyl)-3-(((4-m#tho)l Hz, 1H), 7_'29 (dJ = 8.0 Hz, 2H), 6.89 (d) = 8.2 Hz, 2H),
phenyl)sulfonyl)-1H-pyrrolo[2,3-b]pyridinef) 6.74 (d,J = 8.6 Hz, 1H), 5.34 (s, 2H), 4.00 (s, 3H), 3.82 (s
’ 3H)."*C{H} NMR (125 MHz, CDCL) &(ppm): 190.4, 162.0,
Yield = 129.4 mg (57%); light orange solid; mp 321133 159.6, 145.5, 144.8, 136.9, 132.9, 131.9, 130.6).0,3
°C; 'H NMR (500 MHz, CDCJ) & (ppm): 8.05 (dJ = 8.6 Hz, 129.8, 129.4, 127.8, 127.7, 114.3, 113.7, 110.3,5,(55.3,
1H), 7.85 (dJ = 8.5 Hz, 2H), 7.64 (s, 1H), 7.26 (db= 10.6, 53.6, 48.2.IRvma (KBr): 3129, 2951, 2834, 2734, 1705,
8.7 Hz, 5H, one peak of CD{éxtra), 6.89 (dJ = 8.6 Hz, 1513, 1389, 1307 (Sfp 1281, 1249, 1156, 1141 (9O
2H), 6.71 (dJ = 8.6 Hz, 1H), 5.32 (s, 2H), 4.00 (s, 3H), 3.81.013, 820, 620, 601. HRMS calcd. fo58,,N,0sS (M+H")
(s, 3H), 2.48 (s, 3HYC{H} NMR (125 MHz, CDCkL) :437.1171.found : 437.1170.
1986, 1279, 127.0, 125.4. 1150, 1143, 110.5,0055.3. -2:26 3-(benzold][L3]dioxol-5-ylsuifonyi)-6-metho1-(4-
53.6, 48.2, 14.7.IRy., (KBr): 3134, 3060, 2955, 1600, 1577, Methoxybenzyl)-1H-pyrrolo[2,3-b]pyridindy)
1510, 1414, 1309 (Sf) 1273, 1245, 1148 (S 1091, 1078,
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Yield = 110 mg (49%); white solid; mp = 155-156;%€
NMR (500 MHz, CDC}) 6 (ppm): 8.04 (dJ = 8.6 Hz, 1H),
7.63 (s, 1H), 7.58 (dd} = 8.2, 1.8 Hz, 1i7.35 (d,J = 1.8
Hz, 1H), 7.29 (dJ = 2.5 Hz, 1H), 7.27 (s, 1H), 6.88 (m,
2H), 6.85 (d,J =8.2 Hz, 1H, 6.72 (d,J =8.6 Hz, 1H, 6.03
(s, 2H), 5.32 (s, 2H), 4.00 (s, 3H), 3.82 (s, 3i@fH} NMR

Tetrahedron

Yield = 145 mg (55%); light orange solid; mp = 1832
°C;'"H NMR (500 MHz, CDCJ) §(ppm): 8.64 (d,J = 1.9 Hz,
1H), 8.31 (dJ = 1.9 Hz, 1H), 7.84 (s, 1H), 7.61 (db= 8.2,
1.5 Hz, 1H), 7.56 (dJ = 8.6 Hz, 2H), 7.37 (dJ = 1.5 Hz,
1H), 7.29-7.28 (m, 2H), 7.06 (d,= 8.6 Hz, 2H), 6.90 (d]
= 8.5 Hz, 2H), 6.85 (d] = 8.2 Hz, 1H), 6.03 (s, 2H), 5.45 (s,

(125 MHz, CDC}) 8(ppm): (one carbon might be merged 2H), 3.90 (s, 3H), 3.83 (s, 3H)’C{H} NMR (125 MHz,

here) 161.9, 159.5, 151.3, 148.1, 145.4, 136.7,8.3(29.7,
128.5, 127.9, 122.3, 115.1, 114.3, 110.5, 108.37.10
102.2, 55.3, 53.6, 48.2.IR.x (KBr): 3125, 3066, 2904,
1514, 1480, 1414, 1307 (9 1276, 1250, 1157 (SP
1105, 1035, 818, 706, 616, 522. HRMS calcd.

Cy3H»1N,O6S (M+HY): 453.1120. found: 453.1115.

4.2.27 3-((2,3-dihyrobenzo[b][1,4]dioxin-6-yl)sulfgl)-6-
methoxy-1-(4-methoxybenzyl)-1H-pyrrolo[2,3-b]pynii
(42)

Yield = 125.8 mg (54%); light orange solid; mp 521153
°C; '"H NMR (500 MHz, CDCJ) & (ppm): 8.05 (dJ = 8.6
Hz, 1H), 7.62 (s, 1H), 7.48 (s, 1H), 7.46 Jd; 2.0 Hz, 1H),
7.28 (d,J = 8.1 Hz, 2H), 6.92-6.87 (m, 3H), 6.71 (b= 8.6
Hz, 1H), 5.31 (s, 2H), 4.27- 4.24 (m, 4H), 3.9938), 3.81
(s, 3H)**C{H} NMR (125 MHz, CDCk) 8(ppm): 161.8,
159.5, 147.3, 145.4, 143.5, 135.8, 130.8, 129.78.5.2
127.9, 120.4, 117.8, 116.3, 115.2, 114.3, 110.3,0,054.4,
64.1, 55.3, 53.6, 48.2.IRm. (KBr): 3115, 2936, 2884,
2840, 1605, 1516, 1491, 1303 ($01277, 1252, 1144

CDCly) 3(ppm): 159.7, 159.4, 151.4, 148.2, 146.7, 144.2,
136.5, 132.4, 132.1, 130.9, 129.7, 128.7, 127.%.8]2
122.4, 116.8, 114.7, 114.5, 114.4, 108.4, 107.Q,2,(65.4,
55.3, 48.3.IRvmax (KBr): 3100, 2962, 2831, 1609, 1512,

forl482, 1312 (S§), 1247, 1163, 1134 (S 1034, 834, 620,

554. HRMS calcd. for GH,sN,OS (M+H): 529.1433.
found: 529.1456.

4.2.31 1-(4-methoxybenzyl)-4-tosyl-1H-pyrrolo[2 ]3-b
pyridine @zd)
Yield = 98mg (50%); light yellow solid; mp = 13B1

°C;'H NMR (500 MHz, CDCJ) & (ppm): 8.50 (dJ = 5.0
Hz, 1H), 7.93 (d,) = 8.3 Hz, 2H), 7.67 (d] = 5.0 Hz, 1H),
7.37 (d,J = 3.6 Hz, 1H), 7.30-7.28 (m, 2H), 7.20-7.18 (m,
2H), 6.95 (d,J = 3.5 Hz, 1H), 6.86-6.83 (m, 2H), 5.45 (s,
2H), 3.79 (s, 3H), 2.39 (s, 3FC{H} NMR (125 MHz,
CDCly) & (ppm): 159.3, 149.0, 144.5, 142.7, 140.0, 138.0,
130.9, 129.8, 129.2, 128.8, 127.8, 116.2, 114.2,11199.6,
55.2, 47.8, 21.5.IRvm. (KBr): 2923, 2853, 1514, 1304
(SO, 1274, 1249, 1144 (SY) 1082, 681, 645, 558. HRMS

(SO,), 1111, 1073, 1023, 876, 828, 652. HRMS calcd. forcalcd. for G,H,iN,05S (M+H"): 393.1275. found: 393.1256.

Ca4H2aN,06S (M+H"): 467.1277. found: 467.1275

4.2.28. 1-(4-methoxybenzyl)-5-(4-methoxybenzy(%3-(
methoxyphenyl)sulfonyl)-1H-pyrrolo[2,3-b]pyrididZa)

Yield = 120.7 mg (47%); light brown solid; mp =5:666
°C; '"H NMR (500 MHz, CDCJ) §(ppm): 8.63 (dJ = 2.1
Hz, 1H), 8.33 (dJ = 2.1 Hz, 1H), 7.95-7.93 (m, 2H), 7.85
(s, 1H), 7.57-7.55 (m, 2H), 7.29-7.27 (m, 2H), 7065 (m,
2H), 6.95-6.93 (m, 2H), 6.91-6.89 (m, 2H), 5.44 28}),
3.90 (s, 3H), 3.82 (s, 6HJC{H} NMR (125 MHz, CDCE)
d(ppm): 162.9, 159.6, 159.4, 146.7, 144.1, 134.72.23
132.0, 131.0, 129.7, 128.8, 128.6, 127.6, 125.%.8l1
115.1, 114.5, 114.4, 114.3, 55.6, 55.4, 55.3, 8.3,
(KBr): 3111, 2934, 2831, 1596, 1514, 1320, 1296 JSO
1257, 1178, 1141 (S 831, 674, 596. HRMS calcd. for
CyoH»7N,05S (M+H'): 515.1640. found : 515.1636.

4.2.29. 1-(4-methoxybenzyl)-5-(4-methoxybenzy§-3-(
tolylsulfonyl)-1H-pyrrolo[2,3-b]pyridine 4zb)

Yield = 87 mg (35%); white solid; mp = 127-128 °t4
NMR (500 MHz, CDCY) §(ppm): 8.62 (dJ = 2.0 Hz, 1H),
8.25 (d,J = 7.8 Hz, 1H), 8.14 (d) = 1.9 Hz, 1H), 7.92 (s,
1H), 7.49 (dJ = 8.6 Hz, 2H), 7.46-7.43 (m, 1H), 7.39t=
7.6 Hz, 1H), 7.29-7.28 (m, 3H, one peak of Cpl22 (d,
J = 7.4 Hz, 1H), 7.03 (d) = 8.6 Hz, 2H), 6.91 (d) = 8.6
Hz, 2H), 5.49 (s, 2H), 3.89 (s, 3H), 3.83 (s, 3BB4 (s,
3H). *C{H} NMR (125 MHz, CDCL) 8(ppm): 159.6, 159.4,
146.6, 144.2, 140.4, 137.5, 133.1, 133.1, 132.72.0,3
130.9, 129.6, 128.6, 128.4, 127.6, 126.5, 125.87.0,1
114.5, 114.4, 113.5, 55.4, 55.3, 48.3, 20.0vR, (KBr):
3105, 2931, 2828, 1609, 1513, 1302 HA240, 1178,
1162, 1147 (S, 1030, 827, 693, 605. HRMS calcd.for
CaoH2NL,0,S (M+H"): 499.1692. found : 499.1701.

4.2.30  3-(benzo[d][1,3]dioxol-5-ylsulfonyl)-1-(4-tn@xy
benzyl)-5-(4-methoxyphenyl)-1H-pyrrolo[2,3-b]pyndi
(4zc)

4.2.32 1-(4-methoxybenzyl)-3-(((4-methylthio)phgenyl
sulfonyl)-5-(p-tolylethynyl)-1H-pyrrolo[2,3-b]pyride (4ze)

Yield = 137 mg (51%); brown solid; mp = 184-185 “€&;
NMR (500 MHz, CDCY) 6 (ppm): 8.59 (s, 1H), 8.37 (s, 1H),
7.89 (d,J = 8.2 Hz, 2H), 7.84 (s, 1H), 7.50 (@~ 7.7 Hz,
2H), 7.31-7.26 (m, 5H, one peak of CRQCI7.22 (dJ = 7.7
Hz, 2H), 6.92-6.89 (m, 2H), 5.42 (s, 2H), 3.833Hl), 2.49
(s, 3H), 2.41 (s, 3H)*C{H} NMR (125 MHz, CDCk)
3(ppm): 159.7, 147.8, 146.2, 146.0, 138.8, 138.52.13
131.5,130.7 129.8, 129.2, 128.6, 127.2, 127.0,5128. 9.7,
116.3, 115.3, 114.8, 114.5, 113.9, 91.5, 86.0, ,5584,
29.7 (acetone), 21.6, 14.7.\R.« (KBr): 3110, 2922, 1513,
1390, 1310 (S¢), 1254, 1172, 1141 (S 1089, 816, 755,
646, 615. HRMS calcd.for £HN,OsS, (M+H™):
539.1463. found : 539.1448.

4.2.33. (E)-1-(4-methoxybenzyl)-2-(4-methoxypheBn(}-
methoxystyryl)sulfonyl)-1H-pyrrolo[2,3-b]pyridind#f)

Yield = 108 mg (40%); light yellow solid; mp = 1423
°C; 'H NMR (500 MHz, CDCJ) & (ppm): 8.56 (dJ = 7.8
Hz, 1H), 8.49 (d,) = 4.1 Hz, 1H), 7.23 (d] = 8.4 Hz, 4H),
7.05 (d,J = 15.3 Hz, 1H), 6.92 (d} = 8.5 Hz, 2H,6.86 (t,J
= 7.6 Hz, 4H), 6.70 (d] = 8.5 Hz, 2H), 6.57 (d] = 15.3 Hz,
1H), 5.34 (s, 2H), 3.87 (s, 3H), 3.83 (s, 3H), 3.&
3H)."*C{H} NMR (125 MHz, CDCL) &(ppm): 161.6, 160.7,
158.9, 146.6, 144.7, 144.3, 140.2, 132.3, 130.0.2,2
129.0, 128.7, 125.8, 125.3, 120.3, 118.6, 118.04.211
113.7, 113.5, 112.0, 55.4, 55.3, 55.2, 45.6, 3acetpne).IR
vmax (KBI): 3113, 3093, 2931, 2835, 1611, 1595, 158041
(SO, 1246, 1174, 1141(SH) 1115, 1033, 696, 620. HRMS
calcd. for GiH,eCIN,OsS (M+H'): 541.1797. found
541.1766.

4.3. General procedure for deprotection of PMB gyou

Compound4j (82 mg, 0.2 mmol) was taken in a sealed tube
and kept it in ice. Added 2 ml TFA neat carefullppwise
and stirred for 5 mins. Added 1.5 equiv. of mesind



(36mg, 0.3 mmol), to the tube and stirred at 90fbC5 h.
After the completion of reaction as indicated byCTLthe
reaction was quenched by the addition of sat. aHCO;
solution (10 mL) and diluted with G&l, (5 mL). The
aqueous layer was separated and extracted wiiCIg kB x
30 mL). The solvent was removed in vacuum and thdec
product was purified by silica flash column chroomaaphy
to afford8 as white powder.

3-(phenylsulfonyl)-1H-pyrrolo[2,3-b]pyridin&j

Yield = 46mg (80%); white solid; mp = 234-235 °&4
NMR (500 MHz, CDC})) & (ppm): 13.1 (s, 1H), 8.44 (d,=
2.5 Hz, 1H), 8.23 (dJ = 8.3 Hz, 1H), 8.02-8.00 (m, 1H),
7.64 -7.63 (m, 1H), 7.60-7.57 (m, 2H), 7.36 Jd&s 8.3 Hz,
1H)."*C{H} NMR (125 MHz, CDCL) & (ppm): 147.5, 145.6,
143.2, 133.6, 133.1, 130.9, 130.0, 126.8, 118.65.211
114.9. HRMS calcd. for GH1;N,0,S (M+H"): 293.0152.
found : 293.0178.
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