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The study of Pd-catalyzed preferential C-H actvaf sterically hindered, B-oléfinic indoles
onto alkenes beyond [4+2] cycloaddition has beestrileed. The carbazole derivatives v
readily synthesized via activation of vinylic C-larids with excellent regioselectivity. Further,
the onepot strategy has been employed for the synthediscgtlic carbazoles. The double ¢
triple CH activation followed by concomitant Michael additi provides an economi
approach for the synthesis Nfprotected carbazole. A wide range of alkenes atithand -
position are compatible with this reaction. The haetstic and Xy crystallographic studi
supported the designed chemistry of C-H activation.

2009 Elsevier Ltd. All rights reserved

1. Introduction

In recent years significant progress in metal-gatad C-H
activation has been observed. The regioselective
functionalization of sterically hindered areneslifterent sites of
organic molecules provides an opportunity for titeoiduction of
structural modifications and in the development foksed
carbazoles. However,
functionalization in organic synthesis is inferidue to lack of
methodologies that enable the site-selective aativaof C—H
bonds, which often have subtle distinction in therimsic
reactivity. For instance, Pd(ll)-catalyzed C-H bomgtalation
resulted in the general application as robust gsislfor the
direct synthesis of (hetero)arerfé®wing to geometric strain, we
mainly focused on the development of metal-catalyze-H
activation reactions that are directed by stencdiindered
functional groups. It is believed that the proxivitriven
metalation type of tactic enables the selectivetionalization of
C—H bonds that are few bonds away from the directtoghavia
cyclometalation.

The carbazole core moiety is present in variousiraht
products which show enormous pharmaceutical sigmifie®*
The Ellipticine exhibit Topoisomerase |l inhibitdglycoborine
act as anti-HIV agent, Phosphorescence OLEDs, Epaudita
A is an inhibitor of 5-lipoxygenase enzyme, sPLAZilnitor, and
Hepatitis C virus replication inhibitor are few rerkable
applications of carbazole derivatives (Figuré 1).
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Figure 1. Biologically active carbazole derivatives.

The C-H activation directed through Pd-catalysthpps the
most common method used for the alkenyldtiohthe indole-
containing directing group (DG) with an alkene. TheHC-
functionalization involving the syntheses oN-protected
carbazoles has been extensively exploited; for elamitam(
and YU reported the synthesis of carbazole fidrmethylindole
using Pd-Cu—-Ag and Pd-Cu metallic system respegtivel
however C-H activation of indoles with stericallyndered
crotonate has not been much explored. RecentlkePeKartika,
Argade, Chang, Zhao and Tang co-workéthave contributed
significantly in the field of carbazole synthesising protected
amine.
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After optimizing the reaction condition for the oative Heck,
we explore the generality and scope of hindered Qtivation
of crotonate derivative (Scheme 2). A variety oftomates 1)
and indoles 4), bearing electron-neutral and electron-deficient

Cu(OAg£)2.0 equiv)
Scheme 1. Regioselective C-H activation
In past few years, Gauht, Carreterd? Wang® and co-

workers demonstrated selective C-2 and C-3 fundiizateon of
indoles by using Pd-catalyst (Scheme 1, i). Inrditiere, [4+2]

COOE(

2. Resultsand Discussion

Initially, we optimized the reaction condition for©coupling
of B-steric hindered alkenes with C-3 indoles (for detaie
supporting information). A variety of Pd-catalystdpng with
various combinations of organic solvents were exauhim the
reaction of ethyl )-but-2-enoatela with indole 2a (Table 1).
Using Gaunt conditiort¥" of 10 mol % Pd(OAg) with 1.8 equiv
of Cu(OAc) as an oxidant in DMF/DMSO (9:1) at°for 18
h, the desired produ@a was obtained in 65% yield (Table 1,
entry 1). Elevating the reaction temperature frahfC to 100 °C
declined the vyield of producBa (Table 1, entry 2). It is
interesting to note that use of DMF/DMSO in differeatios, for
instance, 7:1, 6:1, 5:1, 4:1 influenced the yiefdpooduct 3a " coome Ph  cooMe
(Table 1, entries 3—6). The reaction laf with indole using 10 = =
mol% of catalyst, 2.0 equiv of oxidant in DMF/DMSO Ipat @%J O\—\f\/

70 °C for 18 h was found to the suitable reaction coodlifor N

oxidative Heck coupling reaction (Table 1, entry G running
the reaction for 24 h have not affected the yididhe coupled
product3a (Table 1, entry 7). Use of PdgPh), provided the
product3a in deteriorate yield (Table 1, entry 8).

3a, 80%
COOMe

(Iet
3f, 82%

: COOMe

3i, 78%

COOEt

o}

catalyst respectively for the synthesis of pyridif@heme 1, functional group tolerance. The reaction of etl)FHjut-2-enoate
acrylates (Scheme 1, ift}*® Inspired by our previous work and products3a-e in good yields.
COOR?
functionalization of indoles wittp-steric hindered crotonates Cul0AG), 20 eau) Q_f\(
illustrated the synthesis of carbazoles via C-H fionalization. = H, OMe, Ci, Br, F; R?= Et, Me; R® = H, Me, CHaBr, Ph
2% 3c, 75%
3d, 76% 3e, 72%

cycloaddition chemistry of 1,3-dienes with nitrilefias been substituents were reacted with each other to provide
reported by Ogoshi and Barluenga group using niekel gold  functionalized vinyl indoleSa—i in 72-84% vyield with excellent
ii)."* Recently, our group have also explored the do@blé 13 with a variety of C-5 substituted indoles containi = H,
activation chemistry via OX|dat|ve Heck palladativom indole  OMe, CI, Br and F Za-€) successfully provided the coupled
in contradict to the [4+2] cycloaddition reactioarbin we report
a novel Pd-Cu bimetallic system catalyzed regiaseie C-3 " ,
/EEOORZ R Pd(OAc), (10 mol %)
(Scheme 1, iv). The literature survey depicted ftrenation of R? lu * m TDMFDMSO 1)
[4+2] cycloaddition product. However the experinaranalysis M 70°C 18-24h
COOEt Me Me. COOE(
N N
jii(e%JCOOEt
) COOMe
3h,77%

COOMe
(Iet

3g, 84%

N
H

3j, 0% 3k, 0%
Scheme 2. Pd (ll) catalyzed regioselectiesterically hindered
C-H activation of crotonate derivative.



When methyl-group was used a4 Ehe reactions were well Pd(OAC); (10 mol %) Me  Re
implemented to form the intriguing coupled produgfts in 77- Q—f\zl _HOERIETREN RN
84% yields. However, on performing the reaction df- Ny Towene =

o N
substituted alkene using®Rs —CHBr and —Ph withindole 2a, 1007C, 1824 '; N

failed to provide the alkenyleted produgjsk (Scheme 2). R = H. OMe, Cl. B, F: Rz COOEt, COOMe

Table 2. Optimization for Carbazole Synthésis

M&  cooet COOEt COOMe
. ) s v AN aS'v)
catalyst (mol %) COOEt N
Q_ft(H PN oxidant O O H CN
N\ + ZCN solvent N 5a, 78% 5b, 76% ¢, 81%
N temp, time H CN
3a s 52 MeO, Me  coome CI Me  cooMe Me  COOEt
T°C/ Yield (%) O O
Entry Catalyst Solvent time (h) 5a( ) N N W H "
lC PdCb(PPI’};)Z (D5N:IL|):/DMSO 100/18 40 5d, 79% 5e, 80% 5f, 75%

B M&  cooEt Me COOEt
DMF/DMSO N N b

3 PACKPPh), o 12018 30
(5 l) 59, 77% 5h, 73%
4 PdcypPh), DMF/DMSO 100/24 30
g)lillll):/DMSO Scheme 3. Preferential C-H activation over [4+2] cycloaddition
5 Pd(OAc) (5:1) 100/18 75 of hindered vinyl indole
6 Pd(OAc),  Toluene 100/18 78 Encouraged by above results, we performed the cendi
7 Pd(OAcy  DMF 100/40 23 alkylindoloacrylate 3l-o with electron-deficient alkeneda
8 Pd(OAcy  NMP 100/40 00 provided the bi-substituted carbazoles-d in 77-88% yields;
9 Pd(OAc)y  DMA 100740 15 however the reaction of th&)(3-(1H-indol-3-yl)-N,N-dimethyl
10 Pd(CAc)  DMSO 100740 trace acrylamide3p provided the desired produdge in lower yield.
® Reactions were performed using 0.5 mmol of etB{3-(1H- C-5 (R = OMe) and C-2 (R= OCHPh) substituted vinyl

indol-3-yl)but-2-enoate3a, acrylonitrile4a (1.0 mmol), catalyst indoles 3q-s were capable in providing the cyclized prodéict
(10 mol %), Cu(OAg) (1.5 equiv) in 2.0 mL of solvent.

5\solated vield h in 73-83% yields. It was inter_esting to nlote tHa substrate
°Cu(OAc)2y(1éequiv) 3t-v; bearing strong electron-withdrawing = R CN, NG, CI

: groups Bt-3v), provided the corresponding carbazoBésk in
profitable yields. The reaction of electron-righyt indole (R =
Ph) 3w with electron-deficient alkene fruitfully affordethe
fused producél in 68% vyield (Scheme 4).

After synthesizing starting compound, we next exanihme
optimal conditions for carbazole synthesis, by diog ethyl
(E)-3-(1H-indol-3-yl)but-2-enoate3a and acrylonitrile 4a as
model compounds (Table 2). Using our previously rojed
reaction condition of 10 mol % Pd{fPh), with 1.8 equiv of Pd(OAc), (10 mol %) ) :
oxidant in DMF/DMSO (5:1) at 16Q for 18 h, the desired Q—f\< N _CuORch @Oeay) R*’Q—d
productsa was obtained in 40% vyield (Table 2, entry 1). Atgri 10000 aah N
the reaction temperature from 80 °C to 120 °C wasapable of
providing the desired produ&a in moderate yields (Table 2, Rr'=H, OMe OCHyPh, CN, NOz Cl; R? = CO;Me, CO,Et, COzBu, Ph

entries 2-3). No significant change was observednoreasing COOMe COOEt COOBuU
the reaction time (Table 2, entry 4). When 10 mabPRPd(OAc) “
was used in DMF/DMSO (5:1), produsa was obtained in 75% O N O N O O N O
yield (Table 2, entry 5). When toluene was used sshent, the H o CN H o CN HoON
desired producha was obtained in 78% vyield (Table 2, entry 6). 6a,83% 6b, 82% 6c, 88%
Inferior results were obtained when DMF, NMP, DMA, and 00'Bu O CON""eZ MeO COOMe
DMSO have been used as solvents (Table 2, entrie3).7— “ “
opeen e e Sy N Ba®,

It is interesting to note that C-H activation is fiereed H ©N R CN H CN
over [4+2] cycloaddition product; therefore we explothe 6d, 77% 6e, 73% of 83%
concept to examine the scope of hindered vinyl leslavith o COOBU COOMe NC COOMe
acrylonitrile 4a (Scheme 3). When ethylE)-3-(1H-indol-3- Me
yl)but-2-enoateda and its derivativéb (R* = OMe) were reacted O O O N O O N O
with acrylonitrile 4a the desired carbazole produsssb were N oon PhHCO  H ~ CN HoON
obtained in 78% and 76% yields respectivel\¥inylindole 6g, 81% 6h, 73%; 20 h 6i, 72%; 24 h
bearing electron-neutral {R= H) and electron-releasing (R 0N COOMe o COOMe Ph
OMe) substituents3f—-g were successful in providing the ﬂ
functionalized carbazolésx—d in 81-79% yields. The reaction of O N O O N O O N
halogen substituted alkyl Ef-3-(5-halo-H-indol-3-yl) but-2- HoCN RN HoON
enoate (R= ClI, Br, F)3h, 3c-e with vinyl cyanide4a afforded 6, 73%; 24 h 6k, 77%; 21 h 61, 68%

the tri-substituted carbazolBe-h in good yields. Scheme 4. Synthesis of disubstituted carbazoles
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The X-ray crystallographic studies & and 6b further
supported in elucidating the cyclized products (Fég2)™®

Figure 2. X-ray crystallographic structure dc and 6b with
thermal ellipsoid 50% probability level

Inspired by the former results, we aimed to furtslore the
C-H activation chemistry with a variety of indole @etes3 and
electron-deficient alkene$ for the synthesis of functionalized
carbazolesa—k (Scheme 5). Alkyl E)-3-(1H-indol-3-yl)but-2-
enoate bearing electron-neutral! €RH) electron-releasing (R
OMe) and electron-deficient {R= CI, Br) substituents at C-5
position when reacted with methyl- and ethyl aceylaé—f
afforded the fused carbazolé&-h in 81-71% yields with
excellent regioselectivity. When ethyl group wasduas R, the
reaction underwent smoothly to give the expectedlizad
products7i-k in good yields.

3
R’ CcOOR? Pd(OAC), (10 mol %) Rl coor?
1 = Cu(OAc), (2.0 equiv) Rl
= * Toluene N
ﬁ 100°C 18-24 h H COOR*
3 1 7
R' = H, OMe, CI, Br, R?= Me, Et; R® = Me
Me Me Me
COOMe COOMe MeO. i COOMe
N toome N oot N toome
7a,81% 7b, 79% 7c, 77%
MeO, Ve coome c Me  coome g Mo coome
H  COOEt H  COOMe N boot
7d, 74% 7e,73%, 22 h 7,71%, 22 h
Br. Me  coome Me Me
Br. COOMe COOEt
o Nﬁ Q Q ﬂ ()
H  COOMe N booet N

COOMe

7h, 72%; 24 h

79, 73%; 24 h 7i, 80%
Me

MeO. Me  COOE Br COOE

N coome H  COOEt
70, 77% 7k, 70%; 24 h

Scheme 5. Scope of C-H activation with acrylates

Further, we employed vinyl ketondb instead of acrylate$
for the construction of carbazole derivatives (Scbe6). The
reaction of ethyl/methyl)-3-(1H-indol-3-yl)acrylate3m/3l with
ethyl vinyl ketonedb provided the desired produ@a-b in 80%
and 78% yields respectively. Sterically hinderegyliindoles C-

5 (R* = OMe, Cl)3b-c were also competent in providing the tri-
substituted carbazoled-d in good yields. Electronically biased
vinyl indoles such as methylEf-3-(7-(phenoxymethyl)-Hi-
indol-3-yl)acrylate3s and E)-3-styryl-1H-indole 3w fruitfully
provided the carbazole derivativ@sf in satisfactory yields.

Tetrahedron

3
N[ R Pd(OAC), (10 mol %) 2
RN Cu(OAc); (2.0 equiv) RN
N H 2N - . 7
= N\ + 7 "COEt Toluene =

N

N 100 °C, 16-18 h H  COEt
3 b 8
R'=H, OMe. Cl, OCH,Ph; R? = CO,Et, CO,Me, Ph; R®= H, Me
COOMe Me
cooa MeO, i COOEt
N
H  COEt H  COEt N Coet
8a, 80% 8b, 78% 8¢, 78%; 18 h
al Me  COOEt coorwe Ph
o A
N Ttoet  PhCHO H  CoEt N Cort

8d, 76%, 18 h 8e, 72%; 18h 8, 70%; 18

Scheme 6. Scope of C-H activation with vinyl ketones

After attaining successful results with vinyl indglewe
endeavor to attain the one pot synthesis of catbamsing
substituted indole2 with acrylonitrile4a and methyl acrylatée
(Scheme 7). It was worthy to note that the one podbazmle
synthesis occurred in DMF:.DMSO (5:1) indeed it is assary
due to the first-Heck coupling reaction. Ind@eeand its C-5 and
C-2 methyl derivativef-g underwent triple successive Heck
coupling to give the expected carbazole prod@ets in good
yields. The reaction of 5-chlorolindoke with methyl acrylate
le using Pd-Cu bimetallic system afforded the dimk@aghloro-
9H-carbazole-1,3-dicarboxylage in 65% yield (Scheme 7).

, Pd(OAC), (10 mol %) CN/CO,Me
RYCN Z4aCN Cu(OAc), (2.0 equiv) RN
= * oor DMF:DMSO (5:1) =\
H A coMe  70°C.24h H  CNICOMe
\ 2 1e 9
R = H, Me, CI
CN Me, CN CN al COOMe
H CN Nobv o md Bty N toome

9a, 60% 9b, 58% 9¢, 55% 9d, 65%

Scheme 7. One pot carbazoles synthesis

In addition to the carbazole synthesis through Cetivation
using vinyl indoles with acrylonitrilda in one pot, we observed
a unique finding ofN-protected indoles via Michael addition
(Scheme 8). When we performed the reactionEpethyl 3-(5-
methoxy-H-indol-3-yl)but-2-enoate3b and 5-nitroindole 2h
with 4a an unusual carbazole synthesis followed by concanita
Michael addition productdOa-b were observed in 73 and 45%
yields, respectively.

Double C-H activation followed by Michael addition

MeO. Me  cooEt Pd(OAC), (10 mol %) MeO, % COOEt
) = Cu(OAQ), (2.0 equiv) O O
bl
Y "o Toluene N
N 70°C, 36 h N peememamceee J
3b 4a | via R

10a,73% CN
Triple C-H activation followed by Michael addition

ON, Pd(OAC); (15 mol %)  O2N, CN H )
Q_) Cu(OAC), (2.0 equiv) Ne S
ii) oy ——— :
N\ +Z CN puFDMSO (5:1) N T
H 70°C, 36 h CN
2h 4a

10b, 45% CN

Scheme 8. Carbazole synthesis followed by concomitant
Michael addition

After attaining successful results with free (NH) —ildove
endeavor to perform the reaction witkprotected indole. We



performed the reaction df-methyl indole3v with acrylonitrile
4a. However we failed to obtained the desired carbaZbld he
studies revealed that the free -NH group in indaig is crucial
for the synthesis of carbazole (Scheme 9).

Significance of N-H free indole

COQBu OAc)2 (15 mol %) CO,Bu
u(OAC); (2.0 equiv) O O
- .
+ 2 CN Toluene N
70°C, 36 h l\llle CN
W 4a 11,0%

Scheme 9. Control experiment

Based on our report and literature surv@ywe proposed a
possible mechanistic pathway in Scheme 10. The méaha
begins with the C-3 functionalization of indo2generating C3-
palladated species\J which coordinates with alkenek)(Due to
steric hindrance, cis-trans isomerizati@®) ©ccurs followed by
B-hydride and reductive eliminatioi) which leads to the Heck-
type reaction forming C3-functionalized ind@¢Scheme 10).

R‘\’/\
={ \
2

N
H

*

H Pd(OAc)
Y \ Pd(OA
"7
N
O
[0] A
Pd(0)
R3
reductive R — R? RS
elimination FN i =
— R2
HPd(OAC) N 1
S-hydride H
elimination 3 R2

YN
Q_f\("d(o%\c) RQ_SP"‘OAC) Q\j Sho

C

Scheme 10. Plausible reaction mechanism of sterically hindere
C-H activation

R3H

R2 RH Rz
Q{\/ﬁ_' Qﬁd@m Deprotonation Pd(OAc)
H
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R? [ p-hydride RH . R4 R2
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A Y R é H
WMH R A L N/ Ré
R N pgd R (Pd
Pd(ll) vy (D (i)
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RMH Deprotonation 1 / N\ O o
N 4 — H ——

N~ (hpd R NG
wi)H N iPd R (viii) i H R4
(vii)

. B-hydride
[?] ﬁicr{nui?\?tli\r’)i elimination,
Pd(ll) Pd(0) =—

HPd(OAc)

R3
R Deprotonation &
O \ Protonahon
N
H R ) H (x)

carbazole

Scheme 11. Plausible reaction mechanism of carbazole syrghesi

The next phase of the mechanism is based on thefimm of
an enamine like motif i), the electron current would be

5

dependable with an attack on the carbon next’tpdfadium
and loss of -NH proton leads to the construction afagium
allyl system {j). This curial step of the mechanism has been
designed on the basis of the control experimentopeed in
scheme 9 which clearly reveals the significance reé f-NH
group over —NMe group.The sterically hindered oléfisertion
at thea-position of R generate speciesij. The newly produced
Pd-C bond would next attack the imine (C=N) to esthbthe
tricyclic core skeletoniy). The di-Heck intermediate would be
formed viap-hydride elimination followed by N-protonation/C-H
deprotonation at C-H bond next t8.Rhe intermediate would
undergo the same C-Pd bond forming process as onewti
above with proton loss of the -NH bond and nucleopfatiack
of the terminal carbon carrying’Ro palladium to form skeleton
vii which will then undergo intramolecular carbopallé@iatof
the C=N bond\(jii) leading to the formation of carbazoles gia
hydride elimination followed by C-H deprotonation/N-
protonation ix). The palladium(Il)-hydrido complex reduces
into a Pd(0) complex, which is oxidized by Cu(OAdb
regenerate Pd(ll) species (Scheme 11).

3. Conclusion

In summary, we have developed a regioselective sgighof
highly functionalized carbazoles by using Pd(ll)-Gumetallic
system. The results of the designed protocol sugddbat the C-
H activation is preferred over [4+2] cycloadditiomhe sterically
hindered substrate is bearing electron-rich andtrele-deficient
vinyl indoles with alkenes were examined for the kgsts of the
tri- and di-substituted carbazoles. The designestmot strategy
was also successful in providing the tricyceheterocycle.
Further N-protected carbazoles were prepared by double and
triple C-H activation followed by concomitant Michaaddition.
The C-H activation strategy for the synthesis ofbaaole has
been well supported by the proposed mechanistiorgstivia a
di-Heck intermediate.

4. Experimental section

General Experimental

'H (400 MHz) and™C (100 MHz) NMR spectra were
recorded with Jeol (JNM-ECX400P) spectrometers andaDelt
4.3.6 version in CDGland DMSO-g at r.t., referenced to TMS
as internal standards. FTIR spectra were measure8&ZATR,
cm™ on a Bruker Alpha infrared spectrophotometer. Thassn
spectra (El, 74 eV; gas-reactant nitrogen) were pbthwith a
Agilent 6530 Accurate Mass Q-TOF LC/MS instrument.eTh
analyses of compounds were conducted in USIC, Univedit
Delhi analytical laboratory. Full spectral data fel novel
compounds are given below, few previously charaedriz
compounds gave spectra consistent with the litezatul
solvents were purified according to standard proe=iuAll the
reactions were performed in an oven-dried Schlerdskil
Column chromatography was performed using silich (4€0-
200 mesh). All melting points are uncorrected.

Pd (11) Catalyzed regioselective B-sterically hindered C-H
activation of crotonate derivative: In an oven-dried round
bottom flask, a solution ofH)-alkyl but-2-enoatel (4.0 mmol),
indole 2 (2.0 mmol), 10 mol % Pd(OAgrand Cu(OAc) (2.0
equiv) in 2.0 mL of DMF:DMSO (5:1). The resulting ctian
mixture was heated at 70 °C for 18-24 h. Progressibthe
reaction was monitored by TLC analysis; after corple
consumption of starting material, the reaction waded to room
temperature. The reaction mixture was diluted wittyletcetate
(10 mL) and water (15 mL). The layers were separaad,the
organic layer was washed with aqueous saturated bdlgion



6

Tetrahedron

and dried over N®0O,. The organic layer was concentrated heated at 70 °C for 24 h. Progression of the reactvas

under reduced pressure. The crude material so naotawas
purified by column chromatography on silica gel {200
mesh) (hexane:ethyl acetate; 90/10). The strucuock purity of
known starting materials3icr and 3w)** ** **Pwere confirmed
by comparison of their physical and spectral d4taNMR, °C

NMR, and HRMS) with literature data.
(E)-Ethyl 3-(1H-indol-3-yl)but-2-enoaté¢3a).

In an oven-dried round bottom flask, a solution(Bf-ethyl
but-2-enoatda (4.0 mmol), indole2a (234.0 mg, 2.0 mmol), 10
mol % Pd(OAc) and Cu(OAc) (2.0 equiv) in 2.0 mL of
DMF:DMSO (5:1). The resulting reaction mixture was thdaat
70 °C for 18 h. Progression of the reaction was tooed by
TLC analysis; after complete consumption of stgrtmaterial,
the reaction was cooled to room temperature. Theticea
mixture was diluted with ethyl acetate (10 mL) anderg15
mL). The layers were separated, and the organicr lsyges
washed with aqueous saturated brine solution andl dner

monitored by TLC analysis; after complete consuomptiof
starting material, the reaction was cooled to roempterature.
The reaction mixture was diluted with ethyl acetdi@ ihL) and
water (15 mL). The layers were separated, and thanardayer
was washed with aqueous saturated brine solution ded over
NaSQ,. Organic layer was concentrated under reduced peessu
The crude material so obtained was purified by colum
chromatography on silica gel (18I00) (hexane:ethyl acetate;
90/10) to give the title compoun8t (394.5 mg, 75%); as a
yellow needles, mp: 158-16C; FTIR (Zn-Se ATR, cm-1)
3242, 2977, 2924, 2897, 1670, 1600, 1518, 14273,13783,
1194, 1138, 752;"H NMR (400 MHz, DMSO—¢) 6 11.86 (1H,

br s, NH), 7.93 (1H, d] = 2.2 Hz, CH), 7.55 (1H, d| = 1.5 Hz,
CH), 4.46 (1H, dJ = 8.4 Hz, CH), 7.18 (1H, dd,= 8.4 and 1.5
Hz, CH), 6.17 (1H, s, CH), 7.13 (2H, §= 6.8 Hz, OCH), 2.58
(3H, s, CH), 1.23 (3H, tJ = 6.9 Hz, CH); *C NMR (100 MHz,
DMSO-d) ¢ 166.6, 150.3, 135.8, 129.8, 125.24, 125.21, 122.0,
119.1, 116.4, 113.9, 110.9, 59.0, 17.7, 14.3. HRNESIX

NaSO,. Organic layer was concentrated under reduced peessu [M+H] " Calcd for [G,H;sCINO,] 264.0791, found 264.0784.

The crude material so obtained was purified by colum
chromatography on silica gel (100-200 mesh) (hexthg
acetate; 90/10) to give the title compousal (366.4 mg, 80%);
as a pale yellow needles, mp: 119-£21 FTIR (Zn-Se ATR,
cm-1) 3277, 2982, 2926, 2902, 1693, 1677, 1599215523,
1461, 1430, 1364, 1327, 1305, 1263, 1188, 11320,10619,
910, 857, 828, 738H NMR (400 MHz, DMSO-¢)  11.56 (1H,
brs, NH), 7.74-7.68 (2H, m, 2CH), 7.33 (1HJd& 8.4 Hz, CH),
7.07-6.99 (2H, n2CH), 6.17 (1H, s, CH), 3.99 (2H, 4= 8.4
Hz, OCH), 2.49 (3H, s, Ch), 1.11 (3H, tJ = 6.87, CH); **C
NMR *C (100 MHz, DMSO—¢) ¢ 166.8, 161.0, 137.4, 128.4,
124.2, 122.0, 120.7, 120.0, 116.7, 112.4, 110.®,588/.7, 14.4.
HRMS (ESI) [M+H] Calcd for [G4H:NO;] 230.1181, found
230.1176.

(E)-Ethyl 3-(5-methoxy-1H-indol-3-yl)but-2-enoate (3b).

In an oven-dried round bottom flask, a solution(Bf-ethyl
but-2-enoatda (4.0 mmol), 5-methoxyH-indole 2b (294.0 mg,
2.0 mmol), 10 mol % Pd(OAgand Cu(OAc) (2.0 equiv) in 2.0
mL of DMF.DMSO (5:1). The resulting reaction mixtuveas
heated at 70 °C for 18 h. Progression of the reactvas
monitored by TLC analysis; after complete consuoptiof
starting material, the reaction was cooled to roempterature.
The reaction mixture was diluted with ethyl acetdi@ hL) and
water (15 mL). The layers were separated, and thenardayer
was washed with aqueous saturated brine solution ded over

N&aSQ,. Organic layer was concentrated under reduced peessu

The crude material so obtained was purified by colum
chromatography on silica gel (18I00) (hexane:ethyl acetate;
90/10) to give the title compourgh (424.7 mg, 82%); as a pale
brown needles, mp: 140-14Z, FTIR (Zn-Se ATR, cm-1 )
3268, 2980, 2912, 1698, 1667, 1579, 1533, 14500,13315,
1268, 1122, 1060, 915, 860, 7484 NMR (400 MHz, CDC)) 6
8.63 (1H, br s, NH), 7.39 (2H, s, 2CH), 7.25(1HJd; 9.2 Hz,
CH), 6.89-6.86 (1H, m, CH), 6.33 (1H, s, CH), 4.21 (2H] g
7.6 Hz, OCH), 3.85 (3H, s, OCH}, 2.62 (3H, s, Ck), 1.32-1.29
(3H, m, CH); *C NMR (100 MHz, CDG) ¢ 168.0, 155.0,
150.6, 132.1, 126.4, 125.2, 118.8, 112.34, 112193.6, 59.5,
56.0, 18.3, 14.4. HRMS (ESI) [M+H[Calcd for [GsH1gNO3]
260.1287, found 260.1281.

(E)-Ethyl 3-(5-chloro-1H-indol-3-yl)but-2-enoate (3c)

In an oven-dried round bottom flask, a solution(Bf-ethyl
but-2-enoatela (4.0 mmol), 5-chloro-#H-indole 2¢ (302.0 mg,
2.0 mmol), 10 mol % Pd(OAgand Cu(OAc) (2.0 equiv) in 2.0
mL of DMF:DMSO (5:1). The resulting reaction mixtuveas

(E)-Ethyl 3-(5-bromo-1H-indol-3-yl)but-2-enoate (3d).

In an oven-dried round bottom flask, a solution(Bf-ethyl
but-2-enoatela (4.0 mmol), 5-bromo-i-indole 2d (2.0 mmol),
10 mol % Pd(OAg) and Cu(OAc) (2.0 equiv) in 2.0 mL of
DMF:DMSO (5:1). The resulting reaction mixture was thdaat
70 °C for 24 h. Progression of the reaction was tooed by
TLC analysis; after complete consumption of startinaterial,
the reaction was cooled to room temperature. Theticea
mixture was diluted with ethyl acetate (10 mL) and exgtl5
mL). The layers were separated, and the organicr lsss
washed with agueous saturated brine solution andl dner
NaSQ,. Organic layer was concentrated under reduced peessu
The crude material so obtained was purified by colum
chromatography on silica gel (18I00) (hexane:ethyl acetate;
90/10) to give the title compoun8d (468.1 mg, 76%); as a
brown needles, mp: 154-1%5(468.1 mg, 76%); FTIR (Zn-Se
ATR, cm-1) 3249, 2967, 2870, 1679, 1567, 1437613273,
1184, 1132, 756;"H NMR (400 MHz, DMSO-g) 6 11.87 (1H,
brs, NH), 7.92-7.89 (2H, m, 2CH), 7.42 (1HJd; 9.2 Hz, CH),
7.28 (1H, dd,J = 8.4 and 1.5 Hz, CH), 6.16 (1H, s,CH), 4.11
(2H, 9, =6.9 Hz, OCH) 2. 58 (3H, s, CH), 1.23 (3H, tJ=7.6
Hz, CHy); °C NMR (100 MHz, DMSO-¢) ¢ 166.6, 150.3,
136.0, 129.6, 125.9, 124.6, 122.0, 116.4, 114.3.3,1110.9,
59.0, 17.7, 14.3. HRMS (ESI) [M+HTalcd for [G4HsBrNO,]
308.0286, found 308.0266.

(E)-Ethyl 3-(5-fluoro-1H-indol-3-yl)but-2-enoate (3e).

In an oven-dried round bottom flask, a solution(Bf-ethyl
but-2-enoatela (4.0 mmol), 5-fluoro-H-indole 2e (2.0 mmol),
10 mol % Pd(OAg) and Cu(OAc) (2.0 equiv) in 2.0 mL of
DMF:DMSO (5:1). The resulting reaction mixture was thdaat
70 °C for 22 h. Progression of the reaction was tooad by
TLC analysis; after complete consumption of startinaterial,
the reaction was cooled to room temperature. Theticea
mixture was diluted with ethyl acetate (10 mL) and exdtl5
mL). The layers were separated, and the organicr lsgs
washed with aqueous saturated brine solution andl dner
N&aSQ,. Organic layer was concentrated under reduced peessu
The crude material so obtained was purified by colum
chromatography on silica gel (18I0) (hexane:ethyl acetate;
90/10) to give the title compourgs (355.6 mg, 72%); as a dark
yellow needles, mp: 130-1%3, FTIR (Zn-Se ATR, cm-1 )
3232, 2944, 2887, 1678, 1598, 1523, 1442, 13763,12667,
1122, 751; 'H NMR (400 MHz, DMSO—g¢) § 11.80 (1H, br s,
NH), 7.95 (1H, dJ = 3.0 Hz, CH), 7.51 (1H, dd,= 10.7 and 2.3



Hz, CH), 7.48-7.45 (1H, m, CH), 7.07-7.02 (1H, m, CH),76
(1H, s, CH), 4.13 (2H, q] = 6.9 Hz, OCH), 2.60 (3H, s, CH),
1.25 (3H, tJ = 7.2 Hz, CH); **C NMR (100 MHz, DMSO—g) ¢

7
the reaction was cooled to room temperature. Thetioza
mixture was diluted with ethyl acetate (10 mL) and ergtl5
mL). The layers were separated, and the organicr lsyges

166.7, 157.8 (d) = 231.9 Hz, 1C), 150.6, 134.0, 130.1, 124.4 (d,washed with aqueous saturated brine solution andl driesr

J =115 Hz, 1C), 116.8 (dl = 4.5 Hz, 1C), 113.5 (d] = 10.5
Hz, 1C), 110.4, 110.2 (d,= 25.9 Hz, 1C), 105.0 (d,= 24.9 Hz,
1C), 59.0, 17.7, 14.4. HRMS (ESI) [M+H]Calcd for
[C1H1sFNO;] 248.1087, found 248.1081.

(E)-Methyl 3-(1H-indol-3-yl)but-2-enoate (3f).

In an oven-dried round bottom flask, a solution(EB-methyl
but-2-enoatelb (4.0 mmol), indole2a (2.0 mmol), 10 mol %
Pd(OAc) and Cu(OAc) (2.0 equiv) in 2.0 mL of DMF:.DMSO
(5:1). The resulting reaction mixture was heated@afC for 18
h. Progression of the reaction was monitored by Hr@lysis;
after complete consumption of starting materia, tbaction was
cooled to room temperature. The reaction mixture diaged
with ethyl acetate (10 mL) and water (15 mL). Theelaywere
separated, and the organic layer was washed withoague
saturated brine solution and dried over®{@,. The organic layer
was concentrated under reduced pressure. The cratigiah so
obtained was purified by column chromatography dicasigel
(100-200) (hexane:ethyl acetate; 90/10) to give the title

N&aSQ,. Organic layer was concentrated under reduced peessu
The crude material so obtained was purified by colum
chromatography on silica gel (16200) (hexane:ethyl acetate;
90/10) to give the title compoungh (383.4 mg, 77%) as a
yellow needles, mp: 184-1%B, FTIR (Zn-Se ATR, cm-1 )
3300, 2926, 2855, 1688, 1600, 1517, 1460, 1425413382,
1190, 1136, 1028, 784'H NMR (400 MHz, DMSO—g) 5 11.86
(1H, br s, NH), 7.94 (1H, d,= 3.0 Hz, CH), 7.76 (1H, d,= 1.5
Hz, CH), 7.46 (1H, dJ = 8.4 Hz, CH), 7.18 (1H, dd,= 8.3 and
2.3 Hz, CH), 6.19 (1H, s, CH), 3.56 (3H, s, Of2.58 (3H, s,
CHy); *C NMR (100 MHz, DMSO-g¢) ¢ 167.0, 150.6, 135.8,
129.9, 125.3, 125.2, 122.1, 119.1, 116.4, 113.0,5.50.6, 17.7.
HRMS (ESI) [M+H] Calcd for [GsH;sCINO,] 250.0635, found
250.0644.

(E)-methyl 3-(5-bromo-1H-indol-3-yl)but-2-enoate (3i).

In an oven-dried round bottom flask, a solution(Bf-methyl
but-2-enoatelb (4.0 mmol), 5-bromo-i-indole 2d (2.0 mmol),
10 mol % Pd(OAg) and Cu(OAc) (2.0 equiv) in 2.0 mL of

compound3f (352.6 mg, 82%) as a brown needles, mp: 110-11PMF:DMSO (5:1). The resulting reaction mixture was tedaat

°C; FTIR (Zn-Se ATR, cm-1 ) 3266, 3026, 2924, 2855383,
1599, 1519, 1494, 1429, 1202, 1136, 825, NMR (400 MHz,
CDCly) & 8.60 (1H, br s, NH), 7.97 (1H, d,= 6.9 Hz, CH), 7.45
(1H, d,J = 2.3 Hz, CH), 7.40 (1H, dd,= 6.9 and 1.5 Hz, CH),
7.27-7.20 (2H, m, CH), 6.40 (1H, s, CH), 3.78 (3H, s, QCH
2.67 (3H, s, CH); *C NMR (100 MHz, CDG)) & 168.3, 150.8,
137.0, 128.1, 127.6, 125.8, 122.8, 121.1, 120.2.311111.7,
50.9, 18.2. HRMS (ESI) [M+H] Calcd for [G3H1NO,]
216.1025, found 216.1020.

(E)-Methyl 3-(5-methoxy-1H-indol-3-yl)but-2-enoate (3g).

In an oven-dried round bottom flask, a solution(B-methyl
but-2-enocatelb (4.0 mmol), 5-methoxyH-indole 2b (2.0
mmol), 10 mol % Pd(OAgland Cu(OAc) (2.0 equiv) in 2.0 mL
of DMF.DMSO (5:1). The resulting reaction mixture wasated
at 70 °C for 18 h. Progression of the reaction wasitared by
TLC analysis; after complete consumption of stagrtinaterial,
the reaction was cooled to room temperature. Theticea
mixture was diluted with ethyl acetate (10 mL) and exgtl5
mL). The layers were separated, and the organicr lsss
washed with aqueous saturated brine solution andl dner

N&SQ,. The organic layer was concentrated under reduced

pressure. The crude material so obtained was paifijecolumn
chromatography on silica gel (18I00) (hexane:ethyl acetate;
90/10) to give the title compoun8y (411.6 mg, 84%) as a
brown needles, mp: 147-18C; FTIR (Zn-Se ATR, cm-1 )
3255, 2934, 2865, 1680, 1600, 1523, 1480, 12126112 NMR
(400 MHz, CDC}) ¢ 8.75 (1H, br s, NH), 7.39-7.37 (2H, m,
2CH), 7.25 (1H, dJ = 8.4 Hz, CH), 6.88 (1H, dd,= 9.2 and 2.3
Hz, CH), 6.35 (1H, s, CH), 3.84 (3H, s, OgH3.74 (3H, s,
OCH;), 2.62 (3H, s, CH); *C NMR (100 MHz, CDGCJ) § 168.4,
155.0, 151.1, 132.1, 126.5, 125.1, 118.6, 112.2.411111.7,
103.3, 56.0, 50.8, 18.3. HRMS (ESI) [M+H]Calcd for
[C14H16NO5] 246.1130, found 246.1120.

(E)-Methyl 3-(5-chloro-1H-indol-3-yl)but-2-enoate (3h).

In an oven-dried round bottom flask, a solution(Bf-methyl
but-2-enoatelb (4.0 mmol), 5-chloro-#H-indole 2¢ (2.0 mmol),
10 mol % Pd(OAg) and Cu(OAc) (2.0 equiv) in 2.0 mL of
DMF:DMSO (5:1). The resulting reaction mixture was thdaat
70 °C for 24 h. Progression of the reaction was tooed by
TLC analysis; after complete consumption of stagrtinaterial,

70 °C for 24 h. Progression of the reaction was tooed by
TLC analysis; after complete consumption of stgrtmaterial,
the reaction was cooled to room temperature. Theticea
mixture was diluted with ethyl acetate (10 mL) and exgtl5
mL). The layers were separated, and the organicr lsyges
washed with agueous saturated brine solution andl drieer
N&SQ,. The organic layer was concentrated under reduced
pressure. The crude material so obtained was paifijecolumn
chromatography on silica gel (16200) (hexane:ethyl acetate;
90/10) to give the title compourdl (458.6 mg, 78%) as a off-
white needles, mp: 187-18€; FTIR (Zn-Se ATR, cm-1)
3320, 2927, 2863, 1692, 1604, 1518, 1428, 13375,12829,
762; 'H NMR (400 MHz, DMSO—¢) 6 11.88 (1H, br s, NH),
7.89 (1H, dJ = 1.5 Hz, CH), 7.41 (1H, d| = 9.2 Hz, CH), 7.29
(1H, dd,J = 8.4 and 1.5 Hz, CH), 7.22 (1H,X= 6.9 Hz, CH),
6.19 (1H, s, CH), 3.64 (3H, s, OQH2.57 (3H, s, CH); °C
NMR (100 MHz, DMSO-¢) ¢ 167.0, 150.5, 136.0, 129.8, 128.1,
125.9, 124.6, 122.0, 114.4, 113.3, 110.5, 50.6/.HRMS (ESI)
[M+H] " Calcd for [G3H15BrNO,] 294.0130, found 294.0123.

(E)-Methyl 3-(7-(benzyl oxy)-1H-indol-3-yl)acrylate (3s).

In an oven-dried round bottom flask, a solutionnoéthyl
acrylatele (4.0 mmol), 7-(benzyloxy)-1H-indolg (2.0 mmol),
10 mol % Pd(OAg) and Cu(OAc) (2.0 equiv) in 2.0 mL of
DMF:DMSO (5:1). The resulting reaction mixture was tedaat
70 °C for 20 h. Progression of the reaction was tooed by
TLC analysis; after complete consumption of stgrtmaterial,
the reaction was cooled to room temperature. Theticen
mixture was diluted with ethyl acetate (10 mL) and exgtl5
mL). The layers were separated, and the organicr lsyges
washed with agueous saturated brine solution andl drieer
N&SQ,. The organic layer was concentrated under reduced
pressure. The crude material so obtained was paifijecolumn
chromatography on silica gel (16200) (hexane:ethyl acetate;
90/10) to give the title compourt] (429.8 mg, 70%) as a off-
white needles, mp: 146-14€; FTIR (Zn-Se ATR, cm-1)
3250, 2939, 2870, 1665, 1589, 1517, 1485, 1209%;111 NMR
(400 MHz, CDC}) ¢ 8.75 (1H, br s, NH), 7.91 (1H, d,= 16.0
Hz, CH), 7.51 (1H, d) = 7.6 Hz, CH), 7.47-7.36 (6H, m, 6CH),
7.15 (1H, t,J = 8.4 Hz, CH), 6.80 (1H, dl = 7.6 Hz, CH), 6.44
(1H, d,J = 16.0 Hz, CH), 5.20 (2H, s, G};13.80 (3H, s, OCH};
*C NMR (100 MHz, CDGJ) ¢ 145.4, 138.5, 136.6, 128.7, 128.3,
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128.1, 127.9, 127.7, 122.0, 114.1, 113.3, 113.4.51070.4,
51.4 HRMS (ESI) [M+H] Calcd for [GgH:gNO; 308.1287,
found 308.1281.

(E)-Methyl 3-(5-cyano-1H-indol-3-yl)acrylate (3t).

In an oven-dried round bottom flask, a solution noéthyl
acrylatele (4.0 mmol), H-indole-5-carbonitrile2 (2.0 mmol),
10 mol % Pd(OAg) and Cu(OAc) (2.0 equiv) in 2.0 mL of
DMF:DMSO (5:1). The resulting reaction mixture was thdaat
70 °C for 24 h. Progression of the reaction was tooad by
TLC analysis; after complete consumption of startiaterial,
the reaction was cooled to room temperature. Theticea
mixture was diluted with ethyl acetate (10 mL) and ergtl5
mL). The layers were separated, and the organicr lsss
washed with aqueous saturated brine solution andl dner
N&SQ, The organic layer was concentrated under reduce
pressure. The crude material so obtained was paifijecolumn
chromatography on silica gel (18M00) (hexane:ethyl acetate;
90/10) to give the title compound& (271.2 mg, 60%); as a
yellow needles, mp: 146-14&; FTIR (Zn-Se ATR, cm-1 )
3233, 2919, 2850, 2231, 1678, 1579, 1514, 14899,12128;
'H NMR (400 MHz, CDC}) 6 12.21 (1H, br s, NH), 8.48 (1H, s,
CH), 8.13 (1H, dJ = 2.3 Hz, CH), 7.87 (1H, d] = 16.0 Hz,
CH), 7.60 (1H, dJ = 8.4 Hz, CH), 7.53 (1H, dd,= 8.4 and 1.5
Hz, CH), 6.53 (1H, dJ = 16.7 Hz, CH), 3.69 (3H, s, OGH"C
NMR (100 MHz, CDC)) 6 167.5, 139.0, 137.5, 133.3, 125.4,
125.3, 124.7, 120.3, 113.5, 112.9, 112.3, 103.01.5HHRMS
(ESI) [M+H]" Caled for [GsHiN,O, 227.0821, found
227.0823.

(E)-Methyl 3-(5-nitro-1H-indol-3-yl)acrylate (3u)

In an oven-dried round bottom flask, a solution noéthyl
acrylatele (4.0 mmol), 5-nitro-H-indole 2 (2.0 mmol), 10 mol
% Pd(OAc) and Cu(OAc) (2.0 equiv) in 2.0 mL of
DMF:DMSO (5:1). The resulting reaction mixture was tedaat
70 °C for 24 h. Progression of the reaction was tooad by
TLC analysis; after complete consumption of startinaterial,
the reaction was cooled to room temperature. Theticea
mixture was diluted with ethyl acetate (10 mL) and exgtl5
mL). The layers were separated, and the organicr lsss
washed with agueous saturated brine solution andl drieer
N&SQO, The organic layer was concentrated under reduce
pressure. The crude material so obtained was paifijecolumn
chromatography on silica gel (100-200) (hexaneletirgtate;
85/15) to give the title compoung (319.8 mg, 65%); as a
yellow needles, mp: 136-13&; FTIR (Zn-Se ATR, cm-1 )
3245, 2929, 2836, 1690, 1569, 1544, 1441, 12305124 NMR
(400 MHz, DMSO-g) 6 12.36 (1H, br s, NH), 8.71 (1H, s, CH),
8.19 (s, 1H), 8.07-8.04 (m, 1H), 7.90 (d, J = 16.02H), 7.61
(d, J = 8.4 Hz, 1H) 6.45 (d, J = 16.02 Hz, 1H), 3.713%); °C
NMR (100 MHz, DMSO-¢) § 167.3, 141.9, 140.3, 137.2, 134.2,
13.1, 124.4, 117.8, 116.4, 116.3, 113.5, 51.3 HRMNESI)Y
[M+H] " Calcd for [G,H1:N,0,] 247.0719, found 247.0720.

(E)-methyl 3-(5-chloro-1H-indol-3-yl)acrylate (3v)

In an oven-dried round bottom flask, a solution noéthyl
acrylatele (4.0 mmol), 5-chloro-#-indole 2 (2.0 mmol), 10 mol
% Pd(OAc) and Cu(OAc) (2.0 equiv) in 2.0 mL of
DMF:DMSO (5:1). The resulting reaction mixture was thdaat
70 °C for 22 h. Progression of the reaction was tooad by
TLC analysis; after complete consumption of stagrtinaterial,
the reaction was cooled to room temperature. Theticea
mixture was diluted with ethyl acetate (10 mL) and exgtl5
mL). The layers were separated, and the organicr lsss
washed with aqueous saturated brine solution andl dner
N&SQ, The organic layer was concentrated under reduce
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pressure. The crude material so obtained was paitifyecolumn
chromatography on silica gel (100-200) (hexaneletirgtate;
85/15) to give the title compoung (319.6 mg, 68%); as a
yellow needles, mp: 136-13€&; FTIR (Zn-Se ATR, cm-1)
3233, 2935, 2836, 1695, 1579, 1537, 1449, 12372;124 NMR
(400 MHz, CDC})) § 8.91 (1H, br s, NH), 7.85-7.81 (2H, m,
2CH), 7.45 (1H, dJ = 3.0 Hz, CH), 7.31 (1H, dJ = 9.1 Hz,
CH), 7.19 (1H, ddJ = 8.4 and 1.5 Hz, CH), 6.37 (1H, 3= 16.0
Hz, CH), 3.80 (3H, s, OC#t *C NMR (100 MHz, CDG) 6
168.7, 137.9, 130.4, 129.9, 127.3, 126.2, 123.0.9,1113.3,

113.0, 112.8, 51.6; HRMS (ESI) [M+H] Caled for
[C1,H1;CINO,] 236.0478, found 236.0480.
General procedure and analytical data for [4+2]

cycloaddition vs C-H activation:
d Ethyl 1-cyano-4-methyl-9H-carbazole-3-carboxylate (5a).

In a oven-dried round bottom flask, a solution Bf-éthyl 3-
(1H-indol-3-yl)but-2-enoatda (114.5 mg, 0.5 mmol) in toluene;
2 mL), Pd(OAc)(11.2 mg, 10 mol %), Cu(OAg)2.0 equiv) and
acrylonitrile 4a (1.0 mmol) were added. The resulting reaction
mixture was heated at 100 °C for 18 h. Progressibrihe
reaction was monitored by TLC, while noticing comelet
consumption of )-ethyl 3-(1H-indol-3-yl)but-2-enoate, reaction
was brought to room temperature. The additional arhai
acrylate also added if required for complete cosieer. The
reaction mixture was diluted with ethyl acetate (1Q)rand
water (15 mL) and then filtered through a plug ofitee The
layers were separated, and the organic layer wabedawith
aqueous saturated brine solution, dried ovesSa Organic
layer was concentrated under reduced pressure. Tihee c
material so obtained was purified by column chromaiglgy on
silica gel (hexane: ethylacetate; 95/05) to givetttie compound
3a (108.3 mg, 78%) as a off white crystal, mp 4839 °C;
FTIR (Zn-Se ATR, cm-1) 3282, 2978, 2852, 2227,21 1589,
1240, 1024, 748;"H NMR (400 MHz, DMSO-¢) ¢ 12.52 (br s,
1H), 8.25 (dJ = 7.6 Hz, 1H), 8.22 (s, 1H), 7.63 @~ 7.6 Hz,
1H), 7.53 (tJ = 7.6 Hz, 1H), 7.32 (t] = 6.9 Hz, 1H), 4.31 (q]
= 6.9 Hz, 2H), 3.08 (s, 3H), 1.35 (t,= 6.9 Hz, 3H);*C NMR
(100 MHz, DMSO-¢) ¢ 166.2, 141.4, 141.0, 140.6, 131.9,
126.9, 123.1, 122.4, 121.2, 120.8, 116.7, 112.(05,%D.8, 17.9,

4.1 ; HRMS (ESI) [M+H] Calcd for [GH1sN,O;] 279.1134

und 279.1128.

Ethyl
carboxylate (5b)

1-cyano-6-methoxy-4-methyl-9H-car bazol e-3-

In a oven-dried round bottom flask, a solution Bf-éthyl 3-
(5-methoxy-H-indol-3-yl)but-2-enoatdb (129.5 mg, 0.5 mmol)
in toluene; 2 mL), Pd(OAg)11.2 mg, 10 mol %), Cu(OA£)2.0
equiv) and acrylonitrilela (1.0 mmol) were added. The resulting
reaction mixture was heated at 100 °C for 18 hgfssion of
the reaction was monitored by TLC while noticing cdete
consumption of K)-ethyl 3-(5-methoxy-#H-indol-3-yl)but-2-
enoate, the reaction was brought to room temperatline
additional amount of acrylate also added if reqliie@ complete
conversion. The reaction mixture was diluted withyktcetate
(10 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgeyer was
washed with aqueous saturated brine solution, dued HgSO,.
The organic layer was concentrated under reducessyre. The
crude material so obtained was purified by column
chromatography on silica gel (hexane: ethylacet8&p5) to
give the title compoun@®a (117.0 mg, 76%) as a pale yellow
needles, mp: 136-13%C; FTIR (Zn-Se ATR, cm-1 ) 3287,
2922, 2852, 2222, 1711, 1466, 1194, 76A NMR (400 MHz,
gDCIa) 0 8.78 (1H, br s, NH), 8.29 (1H, s, CH), 7.76 (1H, s, CH),



7.48 (1H, dJ = 9.2 Hz, CH), 7.19 (1H, d] = 9.2 Hz, CH), 4.41
(2H, d,J = 6.9 Hz, OCH), 3.95 (3H, s, OCH), 3.20 (3H s, Ch),
1.46-1.41 (3H, m, C§; °C NMR (100 MHz, , CDG) ¢ 166.8,
154.8, 150.1, 142.8, 141.8, 134.3, 132.3, 124.2.012116.7,
115.6, 111.8, 107.2, 91.1, 61.2, 56.2, 18.4, 14RMS (ESI)
[M+H] " Calcd for [GgH1/N,03] 309.1239, found 309.1234.

Methyl 1-cyano-4-methyl-9H-carbazol e-3-carboxylate (5c¢).

In a oven-dried round bottom flask, a solution Bf-(hethyl
3-(1H-indol-3-yl)but-2-enoate 3f (107.5 mg, 0.5 mmol) in
toluene; 2 mL), Pd(OAc)X11.2 mg, 10 mol %), Cu(OA£)2.0
equiv) and acrylonitrilela (1.0 mmol) were added. The resulting
reaction mixture was heated at 100 °C for 18 hgfssion of
the reaction was monitored by TLC, while noticing @bete
consumption of E)-methyl 3-(H-indol-3-yl)but-2-enoate, the
reaction was brought to room temperature. The awiditi
amount of acrylate also added if required for caatepl
conversion. The reaction mixture was diluted withyktcetate
(10 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgkyer was
washed with aqueous saturated brine solution, dued HgSO,.
The organic layer was concentrated under reducessymre. The
crude material so obtained was
chromatography on silica gel (hexane: ethylacet8&p5) to
give the title compounda (106.8 mg, 81%) as a colourless
needles, mp: 255-257C; FTIR (Zn-Se ATR, cm-1 ) 3295,
2958, 2926, 2229, 1723, 1332, 1245, 1211, 1029, 838; 'H
NMR (400 MHz, DMSO—¢) § 12.53 (1H, br s, NH), 8.25 (1H, d,
J=17.6 Hz, CH), 8.21 (1H, s, CH), 7.62 (1H,Jds 8.4 Hz, CH),
7.52 (1H, dJ = 8.4 Hz, CH), 7.31 (1H, f] = 8.4 Hz, CH), 3.85
(3H, s, OCH), 3.07 (3H, s, CH); “*C NMR (100 MHz, DMSO-
ds) 0 166.6, 141.5, 131.9, 128.1, 127.4, 126.9, 12523.1],
1225, 120.9, 120.7, 116.6, 112.0, 90.6, 52.1,.1HRMS (ESI)
[M+H] " Calcd for [GgH15N,05] 265.0977, found 265.0989.

Methyl 1-cyano-6-methoxy-4-methyl-9H-car bazole-3-
carboxylate (5d).

In a oven-dried round bottom flask, a solution Bf-(hethyl
3-(5-methoxy-H-indol-3-yl)but-2-enoate 3g (122.5 mg, 0.5
mmol) in toluene; 2 mL), Pd(OAg£)X11.20 mg, 10 mol %),
Cu(OAc) (2.0 equiv) and acrylonitrileda (1.0 mmol) were
added. The resulting reaction mixture was heatetd@t°C for
20 h. Progression of the reaction was monitored bg, Twhile
noticing complete consumption dE)¢methyl 3-(5-methoxy-#-
indol-3-yl)but-2-enoate, the reaction was brought rmom
temperature. The additional amount of acrylate aldded if
required for complete conversion. The reaction orixtwas
diluted with ethyl acetate (10 mL) and water (15 rabd then
filtered through a plug of celite. The layers weeparated, and
the organic layer was washed with aqueous saturaties br

solution, dried over N&0O,. The organic layer was concentrated

under reduced pressure. The crude material so naotawas
purified by column chromatography on silica gel
(hexane:ethylacetate; 95/05) to give the title coomul3a (116.1
mg, 79%) as a yellow needles, mp: 164.3-165(116.1 mg,
79%); FTIR (Zn-Se ATR, cm-1) 3287, 2956, 2926,820718,
1608, 1460, 762, 704H NMR (400 MHz, DMSO-¢) ¢ 12.35
(1H, br s, NH), 8.18 (1H, s, CH), 7.68 (1H,Xs= 2.3 Hz, CH),
7.52 (1H, dJ = 8.7 Hz, CH), 7.18 (1H, dd, = 9.2 and 2.3 Hz,
CH), 3.86 (3H, s, OC}}, 3.85 (3H, s, OCH), 3.06 (3H, s, CH);
*C NMR (100 MHz, DMSO-¢) 6 166.5, 154.0, 141.7, 141.2,
131.8, 128.1, 127.3, 122.8, 120.0, 116.6, 115.€.6,1106.1,
90.5, 55.6, 52.0, 17.8. HRMS (ESI) [M+H]Calcd for
[C17H15N,0O4] 295.1083, found 295.1078.

9
Methyl 6-chloro-1-cyano-4-methyl-9H-carbazol e-3-

carboxylate (5€).

In a oven-dried round bottom flask, a solution BJ-thethyl
3-(5-chloro-H-indol-3-yl)but-2-enoat&h (124.5 mg, 0.5 mmol)
in toluene; 2 mL), Pd(OAg)11.2 mg, 10 mol %), Cu(OA£)2.0
equiv) and acrylonitrilela (1.0 mmol) were added. The resulting
reaction mixture was heated at 100 °C for 24 hgrssion of
the reaction was monitored by TLC while noticing cdete
consumption of E)-methyl 3-(5-chloro-H-indol-3-yl)but-2-
enoate, the reaction was brought to room temperatline
additional amount of acrylate also added if reqliie@ complete
conversion. The reaction mixture was diluted withybttetate
(10 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgkyer was
washed with aqueous saturated brine solution, dued HgS0O;.
The organic layer was concentrated under reducessyre. The
crude material so obtained was purified by column
chromatography on silica gel (hexane: ethylacet8&05) to
give the title compoun@®a (122.2 mg, 80%) as a pale yellow
needles, mp: 291-29%; FTIR (Zn-Se ATR, cm-1 ) 3310,
2955, 2853, 1653, 1452, 1202, 1050, 1000, 7H0NMR (400
MHz, DMSO-d) § 12.67 (1H, br s, NH), 8.24 (1H, s, CH), 8.20

purified by _column "y 'y =5 31, CH), 7.62 (1H, d} = 9.2 Hz, CH), 7.55 (1H,

dd,J = 8.4 and 2.5 Hz, CH), 3.87 (3H, s, OgH3.04 (3H, s,
CH,); °C NMR (100 MHz, DMSO—g) ¢ 166.4, 141.4, 139.0,
132.7, 128.2, 127.5, 127.3, 125.0, 123.6, 122.2.212121.2,

116.4, 91.1, 52.3, 17.8. HRMS (ESI) [M-HICalcd for

[C1H1dCIN,O,] 297.0431, found 297.0425.

Ethyl 6-chloro-1-cyano-4-methyl-9H-car bazol e-3-carboxylate
(5f).

In a oven-dried round bottom flask, a solution Bf-¢thyl 3-
(5-chloro-H-indol-3-yl)but-2-enoat&c (131.5 mg, 0.5 mmol) in
toluene; 2 mL), Pd(OAg)X12.4 mg, 10 mol %), Cu(OA£X2.0
equiv) and acrylonitrilela (1.0 mmol) were added. The resulting
reaction mixture was heated at 100 °C for 22 hgRssion of
the reaction was monitored by TLC while noticing cdete
consumption of K)-ethyl 3-(5-chloro-H-indol-3-yl)but-2-
enoate, the reaction was brought to room temperatline
additional amount of acrylate also added if reqliie@ complete
conversion. The reaction mixture was diluted withykticetate
(10 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgkyer was
washed with aqueous saturated brine solution, dued HgSO,.
The organic layer was concentrated under reducessymre. The
crude material so obtained was purified by column
chromatography on silica gel (hexane: ethylacet8&p5) to
give the title compounda (116.9 mg, 75%) as a off white
needles, mp: 288-29fC; FTIR (Zn-Se ATR, cm-1 ) 3291,
2920, 2852, 2228, 1714, 1593, 1446, 1285, 1242, 8ANMR
(400 MHz, DMSO—¢) 6 12.62 (1H, br s, NH), 8. 20 (1H, s, CH),
8.16 (1H, dJ = 1.5 Hz, CH), 7.59 (1H, dl = 8.4 Hz, CH), 7.53
(1H, dd,J = 9.1 and 2.3 Hz, CH), 4.33 (2H, 4,= 6.9 Hz,
OCH,), 3.32 (3H, s, Ch), 1.36 (3H, t,J = 6.8 Hz, CH); °C
NMR (100 MHz, DMSO—-¢) ¢ 166.0, 141.9, 141.3, 139.0, 132.5,
126.8, 125.0, 123.5, 122.3, 122.2, 121.4, 116.3,4101.0, 60.9,
17.8, 14.1. HRMS (ESI) [M+H] Caled for [G7H14CIN,O,]
313.0744, found 313.0738.

Ethyl 6-bromo-1-cyano-4-methyl-9H-car bazol e-3-carboxylate
(59).

In a oven-dried round bottom flask, a solution Bf-¢thyl 3-
(5-bromo-H-indol-3-yl)but-2-enoated3d (153.5 mg, 0.5 mmol)
in toluene; 2 mL), Pd(OAc)X11.20 mg, 10 mol %), Cu(OAL)
(2.0 equiv) and acrylonitrileta (1.0 mmol) were added. The
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resulting reaction mixture was heated at 100 °C Zérh.
Progression of the reaction was monitored by TLC evhdticing
complete consumption of Ej-ethyl 3-(5-bromo-H-indol-3-
yhbut-2-enoate, the reaction was brought to roomperature.
The additional amount of acrylate also added ifunesgl for
complete conversion. The reaction mixture was diluwtéh ethyl
acetate (10 mL) and water (15 mL) and then filtetedugh a
plug of celite. The layers were separated, and tganic layer
was washed with aqueous saturated brine solutiond drier

Tetrahedron

celite. The layers were separated, and the orgkyer was
washed with aqueous saturated brine solution, dved HgS0O,.
The organic layer was concentrated under reducessyre. The
crude material so obtained was purified by column
chromatography on silica gel (hexane: ethylacet8&p5) to
give the title compounda (103.6 mg, 83%) as a off-white
needles, mp: 256-25& (103.6 mg, 83%); FTIR (Zn-Se ATR,
cm-1) 3294, 2923, 2852, 2231, 1725, 1579, 1518814429,
1333, 1262, 1098, 989, 762, 736t NMR (400 MHz, DMSO-

N&SQ,. The organic layer was concentrated under reducedg) 6 12.61 (1H, br s, NH), 9.03 (1H, d,= 1.1 Hz, CH), 8.36—

pressure. The crude material so obtained was pubfiezblumn
chromatography on silica gel (hexane: ethylacet8&05) to
give the title compounda (137.8 mg, 77%) as pale yellow
needles, mp: 272-27%C; FTIR (Zn-Se ATR, cm-1 ) 3281,
2925, 2857, 2238, 1723, 1578, 1465, 1287, 1245, TANMR
(400 MHz, DMSO—¢) ¢ 12.44 (1H, br s, NH), 8.11-8.06 (1H, m,
CH), 8.03 (1H, s, CH), 7.55-7.53 (1H, m, CH), 7.42 (1H] d
8.4 Hz, CH), 4.29 (2H, gl = 6.9 Hz, OCH), 2.84 (3H, s, Ch),
1.36-1.33 (3H, m, Ch: *C NMR (100 MHz, DMSO—g ¢
165.7, 141.7, 140.9, 139.1, 132.3, 129.1, 124.9.812121.8,
120.9, 116.3, 113.6, 112.7, 90.7, 60.8, 17.6, IARMS (ESI)
[M] * Calcd for [G7H;5BrN,0,] 356.0160, found 356.0155.

Ethyl 1-cyano-6-fluoro-4-methyl-9H-car bazol e-3-carboxylate
(5h).

In a oven-dried round bottom flask, a solution Bf-¢thyl 3-
(5-fluoro-1H-indol-3-yl)but-2-enoat&e (123.6 mg, 0.5 mmol) in
toluene; 2 mL), Pd(OAgY11.20 mg, 10 mol %), Cu(OAc)2.0
equiv) and acrylonitrilela (1.0 mmol) were added. The resulting
reaction mixture was heated at 100 °C for 24 hgRssion of
the reaction was monitored by TLC, while noticing @bete
consumption of)-ethyl 3-(5-fluoro-H-indol-3-yl)but-2-enoate,
reaction was brought to room temperature. The auiditi
amount of acrylate also added if required for caatepl
conversion. The reaction mixture was diluted withyktcetate
(10 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgkyer was
washed with aqueous saturated brine solution, dved HgSO;.
Organic layer was concentrated under reduced pesSire
crude material so obtained was
chromatography on silica gel (hexane: ethylacet8&p5) to

give the title compoun8h(108.0 mg, 73%) as a yellow needles,
mp: 141-143C; FTIR (Zn-Se ATR, cm-1 ) 3300, 2984, 2926,

2866, 2231, 1706, 1604, 1464, 1371, 1247, 760:NMR (400

8.33 (2H, m, 2CH), 7.61 (1H, d,= 8.4 Hz, CH), 7.54 (1H, f| =
8.4 Hz, CH), 7.31 (1H, f] = 7.6 Hz, CH), 3.90 (3H, s, OMéC
NMR (100 MHz, DMSO—g) § 165.5, 142.3, 140.8, 130.7, 127.7,
126.6, 123.9, 121.9, 121.4, 120.9, 120.3, 116.8,1103.2, 52.2.
HRMS (ESI) [M+H] Calcd for [GH1iN,O,] 251.0821, found
251.0790.

Ethyl 1-cyano-9H-carbazole-3-carboxylate (6b).

In a oven-dried round bottom flask, a solution Bf-¢thyl 3-
(1H-indol-3-yl)acrylate3m (134.0 mg, 0.5 mmol) in toluene; 2
mL), Pd(OAc)) (11.2 mg, 10 mol %), Cu(OAg£)2.0 equiv) and
acrylonitrile 4a (1.0 mmol) were added. The resulting reaction
mixture was heated at 100 °C for 18 h. Progressibrihe
reaction was monitored by TLC, while noticing comelet
consumption of E)-ethyl 3-(1H-indol-3-yl)acrylate, reaction was
brought to room temperature. The additional amairecrylate
also added if required for complete conversion. Tlaction
mixture was diluted with ethyl acetate (10 mL) and exgtl5
mL) and then filtered through a plug of celite. Tlagers were
separated, and the organic layer was washed withoague
saturated brine solution, dried over .88, The organic layer
was concentrated under reduced pressure. The cratigiah so
obtained was purified by column chromatography oicasigel
(hexane: ethylacetate; 95/05) to give the title pouond 6b
(108.1 mg, 82%) as a colourless needles, mp: 2D°21FTIR
(Zn-Se ATR, cm-1) 3284, 2920, 2859, 2233, 1720013317,
1453, 1433, 1356, 1234, 1055, 990, 782, 732; NMR (400
MHz, DMSO-d) 6 12.62 (1H, br s, NH), 9.03 (1H, s, CH), 8.37-
8.34 (2H, m, 2CH), 7.61 (1H, d,= 7.6 Hz, CH), 7.54 (1H, i1 =

purified by column6.8 Hz, CH), 7.31 (1H, t) = 7.6 Hz, CH), 4.39 (2H, ¢l = 6.8

Hz, OCH), 1.36 (3H, tJ = 7.6 Hz, CH); **C NMR (100 MHz,
DMSO-d;) 6 165.0, 142.3, 140.8, 130.7, 127.8, 126.7, 124.0,
121.9, 121.4, 120.9, 120.6, 116.5, 112.1, 93.10,614.3 HRMS
(ESI) [M+H]" Caled for [GgH1aN,O,] 265.0977, found

MHz, DMSO-@) 6 12.51 (1H, br s, NH), 8.17 (1H, s, CH), 7.93 265.0958.

(1H, dd,J = 10.1 and 2.7 Hz,CH), 7.59-7.56 (1H, m, CH), 7.40—

7.34 (1H, m, CH), 4.31 (2H, d,= 7.3 Hz, OCH), 2.99 (3H, s,
CHs), 1.34 (3H, t,J = 6.9 Hz, CH); ®C NMR (100 MHz,
DMSO-d) ¢ 165.9, 157.2 (dJ = 236.7 Hz, 1C), 141.9, 141.6,
137.0, 132.4, 128.2, 127.3, 122.6 (d= 9.6 Hz, 1C), 120.9,
114.6 (dJ = 24.0 Hz, 1C), 112.9 (d,= 10.5 Hz, 1C), 108.8 (d,

= 25.9 Hz, 1C), 90.8, 60.8, 17.7, 14.1. HRMS (ESI}-Hi)t
Calcd for [G7H1,FN,0,] 295.0883, found 295.0877.

Methyl 1-cyano-9H-carbazole-3-carboxylate (6a).

In a oven-dried round bottom flask, a solution Bf-fnethyl
3-(1H-indol-3-yl)acrylate3l (100.6 mg, 0.5 mmol) in toluene; 2
mL), Pd(OAc)) (11.2 mg, 10 mol %), Cu(OAg£)2.0 equiv) and

Butyl 1-cyano-9H-carbazole-3-carboxylate (6¢).

In a oven-dried round bottom flask, a solution Bf-butyl 3-
(1H-indol-3-yl)acrylate3n (121.5 mg, 0.5 mmol) in toluene; 2
mL), Pd(OAc)) (11.2 mg, 10 mol %), Cu(OAg£)2.0 equiv) and
acrylonitrile 4a (1.0 mmol) were added. The resulting reaction
mixture was heated at 100 °C for 18 h. Progressibrihe
reaction was monitored by TLC, while noticing comelet
consumption of E)-butyl 3-(1H-indol-3-yl)acrylate, reaction was
brought to room temperature. The additional amairecrylate
also added if required for complete conversion. Tlaction
mixture was diluted with ethyl acetate (10 mL) and exdtl5
mL) and then filtered through a plug of celite. Tlagers were

acrylonitrile 4a (1.0 mmol) were added. The resulting reactionseparated, and the organic layer was washed wittecagu

mixture was heated at 100 °C for 18 h. Progressibrihe

saturated brine solution, dried over,N@). Organic layer was

reaction was monitored by TLC while noticing completeconcentrated under reduced pressure. The cruderiahas®

consumption of K)-methyl 3-(1H-indol-3-yl)acrylate, the
reaction was brought to room temperature. The auditi
amount of acrylate also added if required for catepl
conversion. The reaction mixture was diluted withykticetate
(10 mL) and water (15 mL) and then filtered throwglplug of

obtained was purified by column chromatography oicasigel
(hexane: ethylacetate; 95/05) to give the title pound 6c
(116.7 mg, 80%) as a brown needles, mp: 192°094FTIR
(Zn-Se ATR, cm-1) 3264, 2912, 2833, 2237, 1715813309,
1456, 1467, 1313, 1243, 1089, 978, 764, 744 NMR (400



MHz, DMSO-@) 6 12.59 (1H, br s, NH), 8.99 (1H, s, CH), 8.33

(2H, t,J = 8.4 Hz, 2CH), 7.60 (1H, d,= 7.6 Hz, CH), 7.53 (1H,
t,J = 7.6 Hz, CH), 7.30 (1H, f] = 7.6 Hz, CH), 4.30 (2H, f] =

6.9 Hz, OCH), 1.75-1.68 (2H, m, CH, 1.47-1.41 (2H, m,
CH,), 0.94 (3H, t,J = 7.2 Hz, CH); **C NMR (100 MHz,

11
Methyl  1-cyano-6-methoxy-9H-carbazole-3-carboxylate
(6f). In a oven-dried round bottom flask, a solution Bf-hethyl
3-(5-methoxy-H-indol-3-yl)acrylate3q (115.5 mg, 0.5 mmol) in
toluene; 2 mL), Pd(OAc)X11.2 mg, 10 mol %), Cu(OA£)2.0
equiv) and acrylonitrilela (1.0 mmol) were added. The resulting

DMSO-d) ¢ 165.0, 142.3, 140.8, 130.6, 127.7, 126.6, 123.9reaction mixture was heated at 100 °C for 18 hgfssion of

121.9, 121.3, 120.8, 120.6, 116.5, 112.1, 93.05,630.3, 18.8,
13.7 HRMS (ESI) [M+H] Calcd for [GgHiN,O,] 293.1290,
found 293.1285.

tert-Butyl 1-cyano-9H-carbazole-3-carboxylate (6d)

In a oven-dried round bottom flask, a solutionEf{ert-butyl
3-(1H-indol-3-yl)acrylate3o (121.5 mg, 0.5 mmol) in toluene; 2
mL), Pd(OAc)) (11.2 mg, 10 mol %), Cu(OAg£)2.0 equiv) and

the reaction was monitored by TLC, while noticing @bete
consumption of £)-methyl 3-(5-methoxy-f#i-indol-3-yl)acrylate,
reaction was brought to room temperature. The awiditi
amount of acrylate also added if required for catepl
conversion. The reaction mixture was diluted withyktcetate
(10 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgkyer was
washed with aqueous saturated brine solution, dved HgSO,.

acrylonitrile 4a (1.0 mmol) were added. The resulting reactionThe organic layer was concentrated under reducessyre. The

mixture was heated at 100 °C for 18 h. Progressibrihe
reaction was monitored by TLC, while noticing comelet
consumption of E)-tert-butyl 3-(1H-indol-3-yl)acrylate, reaction
was brought to room temperature. The additional arhai
acrylate also added if required for complete cosieer. The
reaction mixture was diluted with ethyl acetate (1Q)rand
water (15 mL) and then filtered through a plug ofitee The
layers were separated, and the organic layer wabedawith
aqueous saturated brine solution, dried ovesSa Organic
layer was concentrated under reduced pressure. Tinde c
material so obtained was purified by column chromaiglgy on
silica gel (hexane: ethylacetate; 95/05) to givetttie compound
6d (112.3 mg, 77%) as a brown needles, mp: 228223FTIR
(Zn-Se ATR, cm-1) 3396, 2978, 2925, 2850, 2224511878,
1500, 1474, 1455, 1392, 1367, 1329, 1309, 1249112261,
1129,, 1024, 999, 825H NMR (400 MHz, DMSO—¢) § 12.55
(1H, br s, NH), 8.93 (1H, dl = 1.5 Hz, CH), 8.30 (1H, d,= 7.6
Hz, CH), 8.26 (1H, dJ = 1.5 Hz, CH), 7.59 (1H, dl = 8.0 Hz,
CH), 7.52 (1H, tJ = 6.9 Hz, CH), 7.30 (1H, 1 = 6.9 Hz, CH),
1.58 (9H, s, tBu);®C NMR (100 MHz, DMSO—¢) 5 164.2,
142.1, 140.8, 130.6, 127.6, 126.4, 123.8, 122.1,9,2121.2,
120.8, 116.6, 112.1, 92.8, 81.0, 27.8. HRMS (ESHH{f Calcd
for [CygH17N,0,] 293.1290, found 293.1297.

1-Cyano-N,N-dimethyl-9H-car bazol e-3-carboxamide (6€).

In a oven-dried round bottom flask, a solution Bf-8-(1H-
indol-3-yl)-N,N-dimethyl acrylamide3p (107.0 mg, 0.5 mmol) in
toluene; 2 mL), Pd(OAc)X11.2 mg, 10 mol %), Cu(OAg£)2.0

crude material so obtained was purified by column
chromatography on silica gel (hexane: ethylacet8&p5) to
give the title compoundsf (116.2 mg, 83%) as a off-white
needles, mp: 155-157C; FTIR (Zn-Se ATR, cm-1 ) FTIR
(Zn-Se ATR, cm-1) 3214, 2933, 2845, 2257, 1713518436,
1347, 1233, 1166, 1037, 955, 815, 758; NMR (400 MHz,
DMSO-d) 6 12.41 (1H, br s, NH), 9.01 (1H, s, CH), 8.27 (1H, d,
J=1.52 Hz, CH), 7.94 (1H, d,= 2.3 Hz, CH) 7.47 (1H, dl =
9.2 Hz, CH), 7.13 (1H, dd,= 8.4 and 2.3 Hz, CH), 3.88 (3H, s,
OCH;,), 3.84 (3H, s, OCH; “*C NMR (100 MHz, DMSO—¢) §
165,6, 154.5, 142.5, 135.3, 130.5, 126.9, 124.2.612119.7,
117.3 116.6, 112.8, 103.7, 93.0, 55.6, 52.2 HRMS)(B&+H] *
Calcd for [GgH13N205] 281.0926, found 281.0946.

Butyl 1-cyano-6-methoxy-9H-carbazole-3-carboxylate (6g).

In a oven-dried round bottom flask, a solution Bf-butyl 3-
(5-methoxy-H-indol-3-yl)acrylate3r (136.5 mg, 0.5 mmol) in
toluene; 2 mL), Pd(OAc))X11.2 mg, 10 mol %), Cu(OAc)2.0
equiv) and acrylonitrilela (1.0 mmol) were added. The resulting
reaction mixture was heated at 100 °C for 18 hgRssion of
the reaction was monitored by TLC, while noticing @bete
consumption of KE)-butyl 3-(5-methoxy-H-indol-3-yl)acrylate,
the reaction was brought to room temperature. Thditiadal
amount of acrylate also added if required for catepl
conversion. The reaction mixture was diluted withyktcetate
(10 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgeyer was
washed with aqueous saturated brine solution, dued HgSO,.

equiv) and acrylonitrilea (1.0 mmol) were added. The resulting The organic layer was concentrated under reducessyre. The

reaction mixture was heated at 100 °C for 18 hgfssion of
the reaction was monitored by TLC while noticing cdete
consumption of E)-3-(1H-indol-3-yl)-N,N-dimethyl acrylamide,
the reaction was brought to room temperature. Thditiadal

amount of acrylate also added if required for catepl
conversion. The reaction mixture was diluted withybttetate
(20 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgkyer was
washed with aqueous saturated brine solution, dued HgS0O;.

The organic layer was concentrated under reducessymre. The
crude material so obtained was
chromatography on silica gel (hexane: ethylacet8&05) to

crude material so obtained was purified by column
chromatography on silica gel (hexane: ethylacet8&p5) to
give the title compoundg (130.3 mg, 81%) as a off-white
needles, mp: 205-20&; FTIR (Zn-Se ATR, cm-1 ) 3318,
2913, 2850, 2230, 1720, 1656, 1475, 1332, 12413,1988, 835,
755; '"H NMR (400 MHz, DMSO—g¢) § 12.39 (1H, br s, NH),
8.97 (1H, dJ = 1.5 Hz, CH), 8.25 (1H, dl = 1.5 Hz, CH), 7.92
(1H, d,J = 2.2 Hz, CH), 7.47 (1H, d, = 8.4 Hz, CH), 7.13 (1H,
dd,J=9.2 and 3.0 Hz, CH), 4.28 (2H, )= 6.9 Hz, OCH), 3.85
(3H, s, OCH), 1.75-1.68 (2H, m, CHi 1.48-1.39 (2H, m, CHi

purified by column0.93(3H, t,J = 7.6 Hz, CH); *C NMR (100 MHz, DMSO-g) ¢

165.1, 154.5, 142.5, 135.3, 130.4, 126.8, 123.2.5/2119.9,

give the title compounde (95.9 mg, 73%) as a dark brown 117.2, 116.6, 112.8, 103.6, 92.9, 64.5, 55.6, 30818, 13.7.
needles, mp: 199-20%C; FTIR (Zn-Se ATR, cm-1 ) 3232, HRMS (ESI) [M+H] Calcd for [GgH1dN,O4] 323.1396, found
2955, 2852, 2225, 1606, 1496, 1396, 1090, 749;NMR (400  323.1416.
MHz, CDCk) 6 10.10 (1H, br s, NH), 8.32 (1H, s, CH), 7.96 (1H, Methyl
d,J =7.6 Hz, CH), 7.74 (1H, s, CH), 7.53-7.44 (2H, m, ZCH)'(Bh)
7.25 (1H, tJ = 7.6 Hz, CH), 3.14 (6H, s, 2GH **C NMR (100 '
MHz, CDCk) 6 170.8, 141.0, 140.3, 128.3, 127.6, 126.7, 124.4, In a oven-dried round bottom flask, a solution Bf-fhethyl
124.2,122.1, 120.8, 120.6, 116.7, 111.7, 93.5.42RMS (ESI)  3-(7-(benzyloxy)-H-indol-3-yl)acrylate 3s (153.5 mg, 0.5
[M+H] " Calcd for [GgH14N30] 264.1137, found 264.1131. mmol) in toluene; 2 mL), Pd(OAg))11.2 mg, 10 mol %),
Cu(OAc) (2.0 equiv) and acrylonitrileda (1.0 mmol) were

8-(benzyl oxy)- 1-cyano-9H-car bazol e-3-carboxyl ate
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added. The resulting reaction mixture was heatetiO8t °C
for 20 h. Progression of the reaction was monitdogdTLC,
while noticing complete consumption ofE)methyl 3-(7-
(benzyloxy)-H-indol-3-yl)acrylate, reaction was brought to
room temperature. The additional amount of acryddse added
if required for complete conversion. The reactioixtare was
diluted with ethyl acetate (10 mL) and water (15 nabd then
filtered through a plug of celite. The layers weeparated, and
the organic layer was washed with aqueous saturates br
solution, dried over N&CQ,. Organic layer was concentrated
under reduced pressure. The crude material so naotawas
purified by column chromatography on silica gel @mex
ethylacetate; 95/05) to give the title compou6id (129.9 mg,
73%) as a brown needles, mp: 152-64 FTIR (Zn-Se ATR,
cm-1) FTIR (Zn-Se ATR, cm-1 ) 3228, 2938, 28456&2
1717, 1634, 1456, 1356, 1146, 1057, 959, 845, 758;:NMR
(400 MHz, DMSO—-¢) 6 12.74 (1H, br s, NH), 9.03-9.02 (1H, m,
CH), 8.33 (1H, tJ = 1.5 Hz, CH), 7.94-7.92 (1H, m,CH), 7.61
(2H, d,J = 7.6 Hz, 2CH), 7.41 (2H, fl = 2.6 Hz, 2CH), 7.35—
7.31 (1H, m, CH), 7.22-7.21 (2H, m, 2CH), 5.36 (2H,m)CH
3.90 (3H, s, OCH); **C NMR (100 MHz, DMSO—g) & 165.5,
145.1, 141.6, 137.0, 131.5, 131.0, 128.4, 127.%.8,2124.6,
123.6, 120.5, 116.5, 113.5, 110.0, 93.9, 69.6,.34RMS (ESI)
[M+H] " Calcd for [G,H;/N,03] 357.1239, found 357.1240.

Methyl 1,6-dicyano-9H-carbazole-3-carboxylate (6i).

In a oven-dried round bottom flask, a solution Bf-fhethyl
3-(5-cyano-H-indol-3-yl)acrylate 3t (113.0 mg, 0.5 mmol) in
toluene; 2 mL), Pd(OAc) 10 mol %), Cu(OAc) (2.0 equiv) and

Tetrahedron

washed with agueous saturated brine solution, dried HaSO,.
The organic layer was concentrated under reducessyme. The
crude material so obtained was purified by column
chromatography on silica gel (hexane: ethylacet8&p5) to
give the title compoun@j (107.6 mg, 73%) as a yellow needles,
mp: 231-233C; FTIR (Zn-Se ATR, cm-1) FTIR (Zn-Se ATR,
cm-1) 3378, 2913, 2825, 2230, 1719, 1664, 1466813253,
1190, 1031, 969, 845, 7781 NMR (400 MHz, DMSO—¢) &
13.17 (1H, br s, NH), 9.37 (1H, s, CH), 9.25 (1H, s, G338-
8.35 (2H, m, 2CH), 7.68 (1H, d,= 9.2 Hz, CH), 3.91 (3H, s,
OCH;); °*C NMR (100 MHz, DMSO—g) ¢ 165.2, 153.3, 144.3,
143.6, 132.2, 128.3, 123.9, 123.1, 123.0, 121.8.8,1112.5,
94.4, 52.4 HRMS (ESI) [M+N&]Calcd for [GsHgN;O,Na]
318.0491, found 318.0485.

Methyl 6-chloro-1-cyano-9H-carbazole-3-carboxylate (6k).

In a oven-dried round bottom flask, a solution BJ-thethyl
3-(5-chloro-H-indol-3-yl)acrylate3v (117.5 mg, 0.5 mmol) in
toluene; 2 mL), Pd(OAc))X11.2 mg, 10 mol %), Cu(OAg£)2.0
equiv) and acrylonitrilela (1.0 mmol) were added. The resulting
reaction mixture was heated at 100 °C for 21 hgfssion of
the reaction was monitored by TLC while noticing cdete
consumption of E)-methyl 3-(5-chloro-H-indol-3-yl)acrylate,
the reaction was brought to room temperature. Thditiadal
amount of acrylate also added if required for catepl
conversion. The reaction mixture was diluted withybtitetate
(20 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgeyer was
washed with aqueous saturated brine solution, dued HgS0O;.

acrylonitrile 4a (1.0 mmol) were added. The resulting reactionThe organic layer was concentrated under reducessyre. The

mixture was heated at 100 °C for 24 h. Progressibrihe

crude material so obtained was purified by column

reaction was monitored by TLC while noticing completechromatography on silica gel (hexane: ethylacet@&p5) to

consumption of E)-methyl 3-(5-cyano-#i-indol-3-yl)acrylate,
the reaction was brought to room temperature. Thditiadal
amount of acrylate also added if required for catepl
conversion. The reaction mixture was diluted withykticetate
(10 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgeyer was
washed with aqueous saturated brine solution, dued HgSO,.
The organic layer was concentrated under reducessyre. The
crude material so obtained was
chromatography on silica gel (hexane: ethylacet8&p5) to
give the title compoun@i (98.9 mg, 72%) as a off-white needles,
mp: 298-300C; FTIR (Zn-Se ATR, cm-1) 3418, 2923, 2855,
2250, 1709, 1644, 1462, 1366, 1254, 1186, 1027, 829, 768;
'H NMR (400 MHz, DMSO—¢) ¢ 12.22 (1H, br s, NH), 9.15
(1H, d,J = 1.6 Hz, CH), 8.94 (1H, s, CH), 8.63 (1H,Jds 16.0
Hz, CH), 7.87 (2H, s, 2CH), 4.01 (3H, s, OgHC NMR (100

MHz, DMSO-d) ¢ 165.9, 147.1, 130.2, 129.4, 127.6, 126.5,

124.3, 124.2, 123.1, 120.9, 118.4, 115.5, 113.2.4,1102.4,
52.4. HRMS (ESI) [M] Calcd for [GgHoN5O,] 275.0695, found
275.0689.

Methyl 1-Cyano-6-nitro-9H-carbazole-3-carboxylate (6j).

In a oven-dried round bottom flask, a solution BJ-thethyl
3-(5-nitro-1H-indol-3-yl)acrylate 3u (123.1 mg, 0.5 mmol) in
toluene; 2 mL), Pd(OAc) 10 mol %), Cu(OAg) (2.0 equiv) and

give the title compoundk (80.1 mg, 77%) as a off-white
needles, mp: 297-29%C; FTIR (Zn-Se ATR, cm-1 ) 3285,
2917, 2854, 2228, 1717, 1247, 1032, 766 NMR (400 MHz,
DMSO-d) 6 12.69 (1H, br s, NH), 9.03 (1H, d~= 1.5 Hz, CH),
8.44 (1H, dJ = 1.5 Hz, CH), 8.30 (1H, d,= 2.2 Hz, CH), 7.57—
7.49 (2H, m, 2CH), 3.89 (3H, s, OGH™C NMR (100 MHz,
DMSO-d) ¢ 165.3, 142.6, 139.2, 131.3, 127.6, 127.4, 125.3,
123.3, 123.0, 121.1, 120.6, 116.3, 113.6, 93.8.32RMS (ESI)

purified by column[M+H]" Calcd for [GsH,CIN,O,] 285.0431, found 285.0425.

3-phenyl-9H-carbazole-1-carbonitrile (6l).

In a oven-dried round bottom flask, a solution B)-8-styryl-
1H-indole 3w (109.5 mg, 0.5 mmol) in toluene; 2 mL),
Pd(OAc)) (11.2 mg, 10 mol %), Cu(OA£)(2.0 equiv) and
acrylonitrile 4a (1.0 mmol) were added. The resulting reaction
mixture was heated at 100 °C for 18 h. Progressibrihe
reaction was monitored by TLC while noticing complete
consumption of E)-3-styryl-1H-indole, the reaction was brought
to room temperature. The additional amount of ateylalso
added if required for complete conversion. The tieacmixture
was diluted with ethyl acetate (10 mL) and water (15 and
then filtered through a plug of celite. The layemsre separated,
and the organic layer was washed with aqueous salulpairege
solution, dried over N&O,. The organic layer was concentrated
under reduced pressure. The crude material so naotawas

acrylonitrile 4a (1.0 mmol) were added. The resulting reactionpurified by column chromatography on silica gel @resx

mixture was heated at 100 °C for 24 h. Progressibrihe

ethylacetate; 95/05) to give the title compo®h@91.1 mg, 68%)

reaction was monitored by TLC while noticing completeas a brown, mp: 138-14C; FTIR (Zn-Se ATR, cm-1 ) 3219,

consumption of E)-methyl 3-(5-nitro-H-indol-3-yl)acrylate, the
reaction was brought to room temperature. The auditi
amount of acrylate also added if required for catepl
conversion. The reaction mixture was diluted withybtitetate
(10 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgeyer was

2958, 2828, 2233, 1715, 1642, 1434, 1332, 1267411022,
945, 856, 754H NMR (400 MHz, DMSO—g) § 12.20 (1H, br s,
NH), 8.82 (1H, d,J = 1.5 Hz, CH), 8.30 (1H, d} = 7.6 Hz, CH),
8.15 (1H, dJ = 2.3 Hz, CH), 7.82 (2H. d,= 7.6 Hz, 2CH), 7.57
(1H, d,J = 7.6 Hz, CH), 7.49 (3H, t] = 6.9 Hz, 3CH), 7.35 (1H,
t,J = 8.4 Hz, CH), 7.27 (1H, f] = 7.6 Hz, CH);*C NMR (100



MHz, DMSO-d) ¢ 140.7, 139.6, 139.3, 131.4, 129.0, 1281,

127.2, 126.8, 124.7, 123.8, 122.1, 121.1, 120.0,.41111.8,
93.4. HRMS (APCI) [M+H] Calcd for [GgHiN,] 269.1079,
found 269.1073.

General data for the of C-H

activation:

Procedure analytical

Dimethyl 4-methyl-9H-carbazole-1,3-dicarboxylate (7a).

In a oven-dried round bottom flask, a solution Bf-fnethyl
3-(1H-indol-3-yl)but-2-enoate 3f (107.5 mg, 0.5 mmol) in
toluene 2 mL, Pd(OAc))11.2 mg, 10 mol %), Cu(OAg)X2.0
equiv) and methyl acrylatde (1.0 mmol) were added. The
resulting reaction mixture was heated at 100 °C I8r h.
Progression of the reaction was monitored by TLC evhdticing
complete consumption ofEJ-methyl 3-(H-indol-3-yl)but-2-
enoate, reaction was brought to room temperature.atiditional
amount of acrylate also added if required for catepl
conversion. The reaction mixture was diluted withyktcetate
(10 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgeyer was
washed with aqueous saturated brine solution, dued HgSO,.
Organic layer was concentrated under reduced peesSire
crude material so obtained was
chromatography on silica gel (hexane: ethylacet&@®10) to
give the title compoun®a (120.2 mg, 81%) as a pale yellow
needles, mp: 226-22%; FTIR (Zn-Se ATR, cm-1 ) 3377,
2955, 2924, 2855, 1694, 1595, 1443, 1371, 13255,12099,
1029, 825, 758;'H NMR (400 MHz, DMSO—¢) 6 11.72 (1H, br
s, NH), 8.50 (1H, s, CH), 8.25 (1H, 3= 8.4 Hz, CH), 7.81 (1H,
d,J=8.4 Hz, CH), 7.49 (1H, § = 8.4 Hz, CH), 7.28 (1H, 1 =
7.6 Hz, CH), 3.97 (3H, s, OGMH 3.86 (3H, s, OCH3), 3.11 (3H,
s, CH); **C NMR (100 MHz, DMSO—g) 6 167.2, 165.8, 141.5,
139.9, 129.7, 128.1, 127.3, 126.3, 125.6, 122.1.3,2119.8,
112.5, 108.9, 52.0, 51.9, 17.9. HRMS (ESI) [M+idalcd for
[C1H16NO4] 298.1079, found 298.1079.

1-Ethyl  3-methyl
(7b).

In a oven-dried round bottom flask, a solution Bf-fnethyl
3-(1H-indol-3-yl)but-2-enoate 3f (107.5 mg, 0.5 mmol) in
toluene 2 mL, Pd(OAc))11.2 mg, 10 mol %), Cu(OAg)X2.0
equiv) and ethyl acrylatelf (1.0 mmol) were added. The
resulting reaction mixture was heated at 100 °C I8r h.
Progression of the reaction was monitored by TLC evhdticing
complete consumption of (E)-methyl 3-(1H-indol-3Jbyit-2-
enoate, reaction was brought to room temperature.atiditional
amount of acrylate also added if required for catepl
conversion. The reaction mixture was diluted withykticetate
(10 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgkyer was
washed with aqueous saturated brine solution, dued HgSO,.
The organic layer was concentrated under reducessymre. The
crude material so obtained was
chromatography on silica gel (hexane: ethylacet@@®10) to

4-methyl-9H-carbazole-1,3-dicarboxyl ate
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Dimethyl 6-methoxy-4-methyl-9H-carbazole-1,3-

dicarboxylate (7c).

In a oven-dried round bottom flask, a solution BJ-thethyl
3-(5-methoxy-H-indol-3-yl)but-2-enoate 3g (122.5 mg, 0.5
mmol) in toluene 2 mL, Pd(OAg))(11.2 mg, 10 mol %),
Cu(OAc), (2.0 equiv) and methyl acrylatee (1.0 mmol) were
added. The resulting reaction mixture was heatetb@t°C for
18 h. Progression of the reaction was monitored b§, while
noticing complete consumption dE)¢methyl 3-(5-methoxy-#-
indol-3-yl)but-2-enoate, the reaction was brought rmom
temperature. The additional amount of acrylate added if
required for complete conversion. The reaction orixtwas
diluted with ethyl acetate (10 mL) and water (15 nabd then
filtered through a plug of celite. The layers weeparated, and
the organic layer was washed with aqueous saturatee br
solution, dried over N&O,. The organic layer was concentrated
under reduced pressure. The crude material so neotawas
purified by column chromatography on silica gel @rex
ethylacetate; 90/10) to give the title compourw (125.9 mg,
77%) as a yellow needles, mp: 123—-225% FTIR (Zn-Se ATR,
cm-1) 3402, 2954, 2853, 1698, 1594, 1309, 1200810026,
755;'H NMR (400 MHz, DMSO-g) § 11.54 (1H, br s, NH),

purified by column8.45 (1H, s, CH), 7.69 (1H, d,= 9.2 Hz, CH), 7.66 (1H, d} =

1.1 Hz, CH), 7.24 (1H, tJ = 6.9 Hz, CH), 3.96 (3H, s, OGH
3.85 (6H, s, 20CH), 3.07 (3H, s, CH; °C NMR (100 MHz,
DMSO-d) ¢ 167.2, 165.8, 153.9, 141.8, 140.3, 129.8, 128.1,
127.4,125.7, 123.6, 122.7, 119.2, 114.9, 113.6,11%5.6, 52.0,
51.8, 17.8. HRMS (ESI) [M+H] Calcd for [GgH1gNO]
328.1185, found 328.1177.

1-Ethyl  3-methyl  6-methoxy-4-methyl-9H-carbazole-1,3-
dicarboxylate (7d).

In an oven-dried round bottom flask, a solution(EBf-methyl
3-(5-methoxy-H-indol-3-yl)but-2-enoate 3g (122.5 mg, 0.5
mmol) in toluene 2 mL, Pd(OAg))(11.2 mg, 10 mol %),
Cu(OAc) (2.0 equiv) and ethyl acrylatéf (1.0 mmol) were
added. The resulting reaction mixture was heatetb@t°C for
18 h. Progression of the reaction was monitored b§ While
noticing complete consumption dE)¢methyl 3-(5-methoxy-#-
indol-3-yl)but-2-enoate, the reaction was brought rmom
temperature. The additional amount of acrylate added if
required for complete conversion. The reaction orixtwas
diluted with ethyl acetate (10 mL) and water (15 nabd then
filtered through a plug of celite. The layers weeparated, and
the organic layer was washed with aqueous saturaties br
solution, dried over N&O,. The organic layer was concentrated
under reduced pressure. The crude material so neotawas
purified by column chromatography on silica gel @
ethylacetate; 90/10) to give the title compoufdd (126.1 mg,
74%) as a yellow needles, mp: 110-2C3 FTIR (Zn-Se ATR,
cm-1) 3301, 2988, 2939, 2831, 1684, 1597, 1518514437,
1330, 1284, 1218, 1039, 7644 NMR (400 MHz, DMSO—g) 6

purified by columnll1.60 (1H, br s, NH), 8.48 (1H, s, CH), 7.72 (1H, ¢ 3.8 Hz,

CH), 7.24 (1H, dJ = 2.3 Hz, CH), 7.17 (1H, dd, = 8.4 and 2.3

give the title compoundb (122.8 mg, 79%) as a yellow needles, Hz, CH), 4.47 (2H, gJ = 6.9 Hz, OCH), 3.88 (6H, s, 20C#)
mp: 238-240C; FTIR (Zn-Se ATR, cm-1 ) 3384, 2955, 2950, 3.12 (3H, s, Ch), 1.41 (3H, tJ = 6.9 Hz, CH); ¥C NMR (100
1691, 1596, 1325, 1248, 1069, 7631-;1 NMR (400 MHz, MHz, DMSO-¢) ¢ 167.3, 166.7, 156.1, 141.7, 140.4, 123.7,
DMSO—d) 6 11.74 (1H, br s, NH), 8.49 (1H, s, CH), 8.24 (1H, 122.7, 122.3, 115.0, 114.1, 113.2, 113.0, 102.48,6b.6, 55.5,

d,J=7.6 Hz, CH), 7.82 (1H, d,= 8.4 Hz, CH), 7.49 (1H, ] =

7.6 Hz, CH), 7.28 (1H, t) = 7.6 Hz, CH), 4.46 (2H, g1 = 7.6
Hz, OCH), 3.86 (3H, s, OCH), 3.10 (3H, s, CH), 1.40 (3H, t,J

= 6.9 Hz, CH); °C NMR (100 MHz, DMSO—g) J 167.4, 165.5,
140.8, 140.1, 129.6, 128.2, 127.5, 126.4, 122.2.312120.5,
120.0, 112.6, 109.2, 60.9, 52.0, 18.1, 14.4. HRMSIYEM+H]*

Calcd for [GgH1gNO,] 312.1236, found 312.1228.

17.9, 14.4. HRMS (ESI) [M+H] Calcd for [GgH,oNOg]
342.1341, found 342.1332.

Dimethyl
(7e).

In a oven-dried round bottom flask, a solution Bf-fnethyl
3-(5-chloro-H-indol-3-yl)but-2-enoat&h (0.5 mmol) in toluene

6-chloro-4-methyl-9H-carbazole-1,3-dicarboxylate
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2 mL, Pd(OAc)) (10 mol %), Cu(OAg) (2.0 equiv) and conversion. The reaction mixture was diluted withyketicetate
methyl acrylatele (1.0 mmol) were added. The resulting reaction(10 mL) and water (15 mL) and then filtered throwglplug of
mixture was heated at 100 °C for 22 h. Progressibrihe celite. The layers were separated, and the orgeyer was
reaction was monitored by TLC while noticing complete washed with agueous saturated brine solution, died ¥gSO,.
consumption of E)-methyl 3-(5-chloro-H-indol-3-yl)but-2-  The organic layer was concentrated under reducessyre. The
enoate, the reaction was brought to room temperaflhe crude material so obtained was purified by column
additional amount of acrylate also added if requfi@ complete chromatography on silica gel (hexane: ethylacet@®10) to
conversion. The reaction mixture was diluted withybticetate give the title compoundg (137.2 mg, 73%) as a pale yellow
(10 mL) and water (15 mL) and then filtered throumiplug of  needles, mp: 190-19%C; FTIR (Zn-Se ATR, cm-1 ) 3422,
celite. The layers were separated, and the orgeyier was 2956, 2854, 2253, 1697, 1605, 1137, 1024, 7BONMR (400
washed with aqueous saturated brine solution, dued HgS0O;. MHz, DMSO-d) ¢ 11.90 (1H, br s, NH), 8.52 (1H, s, CH), 8.35
The organic layer was concentrated under reducesbpre. The (1H, d,J = 1.3 Hz, CH), 7.76 (1H, d,= 9.2 Hz, CH), 7.65-7.62
crude material so obtained was purified by column(1H, m, CH), 3.97 (3H, s, OG} 3.87 (3H, s, OC}}, 3.09 (3H,
chromatography on silica gel (hexane: ethylaceta®10) to s, CH); **C NMR (100 MHz, DMSO—g ¢ 167.1, 164.5, 147.3,
give the title compound’e (120.8 mg, 73%) as a off-white 145.7, 140.1, 139.5, 133.4, 131.0, 130.3, 128.9.92124.1,
needles, mp: 282-28%C; FTIR (Zn-Se ATR, cm-1 ) 3412, 114.4, 109.3, 52.8, 52.2, 17.9. HRMS (ESI) [M+idalcd for
2923, 2854, 1710, 1639, 1217, 950, 838, 794, 786;NMR [C1H1sBrNO,] 376.0184, found 376.0184.
(400 MHz, DMSO-¢) 6 11.84 (1H, br s, NH), 8.30 (1H, s, CH),
8.23 (1H, s, CH), 8.19 (1H, d,= 1.3 Hz, CH), 7.52 (1H, dd,= dic;E:)hyllate g'hr;‘e‘hy' gOpmo-4"methyl-OH-carbazole-1,3-
2.3 and 1.5 Hz, CH), 3.97 (3H, s, OgH3.86 (3H, s, OC}}, Y
3.06 (3H, s, Ch; °C NMR (100 MHz, DMSO-g § 167.0, In a oven-dried round bottom flask, a solutiorEpmethyl 3-
165.7, 145.9, 136.9, 136.5, 135.4, 134.3, 128.4,.6,2126.9, (5-bromo-1H-indol-3-yl)but-2-enoaté (146.5 mg, 0.5 mmol) in
123.8, 121.1, 118.3, 102.3, 51.6, 51.1. HRMS (EM}H]]*  toluene 2 mL, Pd(OAc)X11.2 mg, 10 mol %), Cu(OA£)2.0
Calcd for [G7H1sCINO,] 332.0690, found 332.0694. equiv) and ethyl acrylatelf (1.0 mmol) were added. The
resulting reaction mixture was heated at 100 °C Zdr h.
gi C;Egg/ll ate g—f;nethyl 6-chloro-4-methyl-OH-carbazole-1,3- Progression of the reaction was monitored by TLC evhaticing
’ complete consumption oE)-methyl 3-(5-bromo-1H-indol-3-
In a oven-dried round bottom flask, a solution Bf-(hethyl  yl)but-2-enoate, the reaction was brought to roomperature.
3-(5-chloro-H-indol-3-yl)but-2-enoatd&h (124.5 mg, 0.5 mmol) The additional amount of acrylate also added ifunesgl for
in toluene 2 mL, Pd(OAc)J11.2 mg, 10 mol %), Cu(OA£)2.0  complete conversion. The reaction mixture was dilwtéh ethyl
equiv) and ethyl acrylatelf (1.0 mmol) were added. The acetate (10 mL) and water (15 mL) and then filtetedugh a
resulting reaction mixture was heated at 100 °C 28r h. plug of celite. The layers were separated, and thanic layer
Progression of the reaction was monitored by TLC evhdticing  was washed with aqueous saturated brine solutiond dner
complete consumption ofEj-methyl 3-(5-chloro-H-indol-3- N&SQ, The organic layer was concentrated under reduced
yhbut-2-enoate, the reaction was brought to roompierature. pressure. The crude material so obtained was pubfjezblumn
The additional amount of acrylate also added ifumesgl for  chromatography on silica gel (hexane: ethylacet@@10) to
complete conversion. The reaction mixture was dilwtéh ethyl  give the title compoundh (140.4 mg, 72%) as a pale yellow
acetate (10 mL) and water (15 mL) and then filtettedbugh a  needles, mp: 167-16%C; FTIR (Zn-Se ATR, cm-1 ) 3240,
plug of celite. The layers were separated, and thanic layer 2955, 2853, 1718, 1683, 1493, 1453, 1216, 756:NMR (400
was washed with aqueous saturated brine solutiond drier  MHz, DMSO-d) ¢ 11.92 (1H, br s, NH), 8.61 (1H, s, CH), 8.50
N&SQ,. The organic layer was concentrated under reduce(lH, s, CH), 7.77 (1H, d] = 9.2 Hz, CH), 7.64 (1H, dd,= 8.4
pressure. The crude material so obtained was pubffetblumn  and 2.3 Hz, CH), 4.37 (2H, d,= 7.6 Hz, OCH), 3.87 (3H, s,
chromatography on silica gel (hexane: ethylaceta®10) to OCH,), 3.08 (3H, s, Ck), 1.39-1.34 (3H, m, Ct °C NMR
give the title compoundf (122.4 mg, 71%) as a pale yellow (100 MHz, DMSO-¢) § 165.2, 164.1, 145.7, 139.6, 133.3,
needles, mp: 273-27%; FTIR (Zn-Se ATR, cm-1 ) 3367, 130.1, 128.2, 127.4, 126.8, 124.9, 124.1, 122.8.5,1109.4,
2956, 2870, 1688, 1508, 1305, 1246, 1025, 7B0NMR (400  60.9, 52.0, 17.9, 14.4. HRMS (ESI) [M+H]Calcd for
MHz, DMSO-d) § 11.86 (1H, br s, NH), 8.47 (1H, s, CH), 8.18 [C1gH;,BrNO,] 390.0341, found 390.0344.
(1H, d,J = 1.3 Hz, CH), 7.79 (1H, d, = 9.2 Hz, CH), 7.51 (1H, .
dd,J = 8.4 and 1.5 Hz, CH), 4.45 (2H, &= 6.9 Hz, CH), 3.86 (7i)3-EthyI 1-methyl 4-methyl-9H-carbazole-1,3-dicarboxylate
(3H, s, OCH), 3.05 (3H, s, CFJ), 1.39 (3H, tJ = 6.8 Hz, CH);
*C NMR (100 MHz, DMSO—-g) § 167.1, 165.2, 141.9, 139.2, In a oven-dried round bottom flask, a solution Bf-éthyl 3-
130.1, 128.2, 127.4, 125.7, 124.6, 122.8, 122.@.2,2114.0, (1H-indol-3-yl)but-2-enoaté8a (114.5 mg, 0.5 mmol) in toluene
109.4, 60.9, 52.0, 17.9, 14.3. HRMS (ESI) [M+Hgalcd for 2 mL, Pd(OAc)) (10 mol %), Cu(OAg) (2.0 equiv) and methyl
[C1eH1,CINO,] 346.0846, found 346.0841. acrylate 1e (1.0 mmol) were added. The resulting reaction
: . mixture was heated at 100 °C for 18 h. Progressibrihe
(7g§)|methyl 6-bromo-4-methyl-OH-carbazole-1,3-dicarboxylate - vioh “was monitored by TLC while noticing complete
consumption of K)-ethyl 3-(1H-indol-3-yl)but-2-enoate, the
In a oven-dried round bottom flask, a solution Bf-fnethyl  reaction was brought to room temperature. The auiditi
3-(5-bromo-1H-indol-3-yl)but-2-enoaté& (146.5 mg, 0.5 mmol) amount of acrylate also added if required for catepl
in toluene 2 mL, Pd(OA))10 mol %), Cu(OAg) (2.0 equiv)  conversion. The reaction mixture was diluted withyktcetate
and methyl acrylatde (1.0 mmol) were added. The resulting (10 mL) and water (15 mL) and then filtered throwgiplug of
reaction mixture was heated at 100 °C for 24 hgfssion of celite. The layers were separated, and the orgkyer was
the reaction was monitored by TLC while noticing céetgp  washed with aqueous saturated brine solution, dred NgSO,.
consumption of K)-methyl 3-(5-bromo-H-indol-3-yl)but-2-  The organic layer was concentrated under reducessypre. The
enoate, the reaction was brought to room temperaflhe crude material so obtained was purified by column
additional amount of acrylate also added if requfiee complete  chromatography on silica gel (hexane: ethylacet@@®10) to
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give the title compoundi (124.4 mg, 80%) as a yellow needles, Hz, CH,), 4.35 (2H, gqJ = 7.6 Hz, OCH), 3.05 (3H, s, Ch),
mp: 143-145C; FTIR (Zn-Se ATR, cm-1 ) 3394, 2985, 2952, 1.40 (3H, tJ = 7.6 Hz, CH), 1.36 (3H, tJ = 6.9 Hz, CH); °C

2839, 1700, 1596, 1485, 1309, 1223, 1167, 1037, 7TAANMR
(400 MHz, CDCJ) 6 10.15 (1H, br s, NH), 8.60 (1H, s, CH),
8.25-8.23 (1H, m, CH), 7.57-7.53 (1H, m, CH), 7.50-148,
m, CH), 7.33-7.29 (1H, m, CH), 4.42 (2H,Jf 6.9 Hz, OCH),
4.01 (3H, s, OCH), 3.16 (3H, s, CH), 1.45 (3H, tJ = 6.9 Hz,
CH,); °C NMR (100 MHz, CDG)) § 167.8, 167.4, 142.5, 136.3,
130.2, 126.3, 124.6, 124.0, 123.1, 121.4, 121.%.612116.3,
60.8, 52.0, 18.3, 14.4. HRMS (ESI) [M+H]Calcd for
[C1eH1gNO,] 312.1236, found 312.1232.

3-Ethyl  1-methyl  6-methoxy-4-methyl-9H-carbazole-1,3-
dicarboxylate (7j)

In a oven-dried round bottom flask, a solution Bj-€thyl 3-
(5-methoxy-1H-indol-3-yl)but-2-enoa@b (129.5 mg, 0.5 mmol)
in toluene 2 mL, Pd(OAQ)10 mol %), Cu(OAg) (2.0 equiv)

NMR (100 MHz, DMSO—¢) § 166.7, 165.2, 141.7, 140.2, 139.5,
130.0, 128.8, 124.9, 124.0, 122.7, 120.7, 114.2.511109.4,
60.9, 60.6, 17.9, 14.3, 14.2. HRMS (ESI) [M+HZalcd for
[C1H1BrNO,] 404.0497, found 404.0492.

Ethyl 1-propionyl-9H-carbazol e-3-carboxylate (8a).

In a oven-dried round bottom flask, a solution Bf-¢thyl 3-
(1H-indol-3-yl)acrylate3m (107.5 mg, 0.5 mmol) in toluene 2
mL, Pd(OAc) (10 mol %), Cu(OAg) (2.0 equiv) and pent-1-en-
3-one 4b (1.0 mmol) were added. The resulting reaction méxtur
was heated at 100 °C for 18 h. Progression of thetimn was
monitored by TLC while noticing complete consumptiw(E)-
ethyl 3-(H-indol-3-yl)acrylate, the reaction was brought tomo
temperature. The additional amount of acrylate added if
required for complete conversion. The reaction orixtwas

and methyl acrylatde (1.0 mmol) were added. The resulting diluted with ethyl acetate (10 mL) and water (15 rabd then

reaction mixture was heated at 100 °C for 18 hgfssion of
the reaction was monitored by TLC while noticing cdete
consumption of K)-ethyl 3-(5-methoxy-#H-indol-3-yl)but-2-
enoate, the reaction was brought to room temperatline
additional amount of acrylate also added if reqliie@ complete
conversion. The reaction mixture was diluted withyktcetate
(10 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgkyer was
washed with aqueous saturated brine solution, dued HgSO,.

The organic layer was concentrated under reducessyre. The
crude material so obtained was
chromatography on silica gel (hexane: ethylacet@@®10) to

filtered through a plug of celite. The layers weeparated, and
the organic layer was washed with aqueous saturaties br
solution, dried over N&O,. The organic layer was concentrated
under reduced pressure. The crude material so neotawas
purified by column chromatography on silica gel @
ethylacetate; 90/10) to give the title compowsal (118.0 mg,
80%) as a off-white needles, mp: 168-1’D ; FTIR (Zn-Se
ATR, cm-1) 3410, 2969, 1715, 1635, 1532, 1445,713867,
1088, 1045, 1012, 933, 812, 7581 NMR (400 MHz, DMSO-
dg) 6 12.12 (1H, br s, NH), 9.00 (1H, s, CH), 8.64 (1HJ ¢, 1.5

purified by columnHz, CH), 8.30 (1H, dJ = 8.4 Hz, CH), 7.78 (1H, dl = 7.6 Hz,

CH), 7.47 (1H, t,J = 6.9 Hz, CH), 7.29-7.24 (1H, m, CH),

give the title compoundj (131.2 mg, 77%) as a yellow needles, 4.40(2H, q,J = 7.6 Hz, OCH), 3.25 (2H, qJ = 6.9 Hz, CH),
mp: 151-153C; FTIR (Zn-Se ATR, cm-1 ) 3246, 2984, 2830, 1.39 (6H, tJ = 6.9 Hz, 3CH); *°C NMR (100 MHz, DMSO-¢)

1674, 1592, 1478, 1284, 1134, 853, 786;NMR (400 MHz,
CDCl) 6 10.05 (1H, br s, NH), 8.62 (1H, s, CH), 7.77 (1H) ¢,
2.3 Hz, CH), 7.44 (1H, d] = 8.7 Hz, CH), 7.15 (1H, dd,= 9.2
and 2.7 Hz,CH), 4.42 (2H, d,= 7.3 Hz, OCH), 4.02 (3H, s,
OCHg), 3.94 (3H, s, OCH), 3.19 (3H, s, CH), 1.45 (3H, t,J =
7.3 Hz, CH); ®C NMR (100 MHz, , CDG) ¢ 167.8, 167.4,
154.4, 142.6, 141.8, 134.8, 130.4, 124.0, 123.9.912114.6,
111.7, 108.6, 107.2, 60.9, 56.2, 52.0, 18.3, 14RMS (ESI)
[M+H] " Calcd for [GoH,oNOs] 342.1341, found 342.1336.

Diethyl
(7).

In a oven-dried round bottom flask, a solution Bf-¢thyl 3-
(5-bromo-H-indol-3-yl)but-2-enoated3d (153.5 mg, 0.5 mmol)
in toluene 2 mL, Pd(OA))10 mol %), Cu(OAg) (2.0 equiv)

6-bromo-4-methyl-9H-carbazole-1,3-dicarboxylate

8 201.0, 165.9, 140.1, 128.2, 127.0, 126.6, 124245, 120.7,
120.5, 119.6, 118.7, 112.8, 60.7, 31.5, 14.4, BRMS (ESI)
[M+H]* Calcd for [GgH1gNO;] 296.1287, found 296.1281.

Methyl 1-propionyl-9H-carbazol e-3-carboxylate (8b).

In a oven-dried round bottom flask, a solution Bf-fnethyl
3-(1H-indol-3-yl)acrylate3l (100.5 mg, 0.5 mmol) in toluene 2
mL, Pd(OAc) (10 mol %), Cu(OAg) (2.0 equiv) and pent-1-en-
3-one4b (1.0 mmol) were added. The resulting reaction mextur
was heated at 100 °C for 18 h. Progression of thetimn was
monitored by TLC while noticing complete consumptii(E)-
methyl 3-(H-indol-3-yl)acrylate, the reaction was brought to
room temperature. The additional amount of acryddse added
if required for complete conversion. The reactioixtare was
diluted with ethyl acetate (10 mL) and water (15 rabd then

and ethyl acrylatele (1.0 mmol) were added. The resulting filtered through a plug of celite. The layers weeparated, and

reaction mixture was heated at 100 °C for 24 hgRssion of
the reaction was monitored by TLC, while noticing @bete
consumption of &)-ethyl 3-(5-bromo-H-indol-3-yl)but-2-
enoate, reaction was brought to room temperature.atditional
amount of acrylate also added if required for catepl
conversion. The reaction mixture was diluted withyktcetate
(10 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgkyer was
washed with aqueous saturated brine solution, dued HgSO,.

Organic layer was concentrated under reduced pes3ire
crude material so obtained was
chromatography on silica gel (hexane: ethylacet@@®10) to

the organic layer was washed with aqueous saturates br
solution, dried over N&O,. The organic layer was concentrated
under reduced pressure. The crude material so naotawas
purified by column chromatography on silica gel @rex
ethylacetate; 90/10) to give the title compouwid (109.5 mg,
78%) as a off-white needles, mp: 196-1%8 FTIR (Zn-Se
ATR, cm-1) 3390, 2985, 1715, 1650, 1544, 1444,713A85,
1090, 1045, 1012, 956, 812, 758 NMR (400 MHz, CDCJ) §
10.79 (1H, br s, NH), 8.95 (1H, s, CH), 8.72 (1HJd; 1.5 Hz,
CH), 8.13 (1H, dJ = 7.6 Hz, CH), 7.54-7.48 (2H, m, 2CH),

purified by column7.35-7.29 (1H, m, CH), 4.01 (3H, s, OgH3.24 (2H, qJ=7.6

Hz, CH,), 1.34-1.30 (3H, m, C§t °C NMR (100 MHz, CDG))

give the title compound@k (141.4 mg, 70%) as a yellow needles, ¢ 202.8, 167.2, 140.4, 128.7, 127.2, 127.18, 12820,2, 121.0,
mp: 258-260°C; FTIR (Zn-Se ATR, cm-1) 3420, 2979, 1709, 120.6, 120.2, 118.2, 111.6, 52.2, 31.7, 8.3. HRMSIYEM+H]"

1640, 1540, 1463, 1381, 1178, 1094, 1039, 1002, 855, 768;
'H NMR (400 MHz, DMSO—-g) 6 11.84 (1H, br s,NH), 8.46 (1H,
s, CH) 8.31 (1H, dJ = 2.3 Hz, CH), 7.75 (1H, d] = 8.4 Hz,
CH), 7.61 (1H, dd)) = 8.4 and 1.5 Hz, CH), 4.46 (2H, = 6.9

Calcd for [G;H1¢NO;] 282.1130, found 282.1125.

Ethyl 6-methoxy-4-methyl - 1-propionyl-9H-car bazole-3-
carboxylate (8c).
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In a oven-dried round bottom flask, a solution©f-éthyl
3-(5-methoxy-H-indol-3-yl)but-2-enoate 3b  (129.5 mg, 0.5
mmol) in toluene 2 mL, Pd(OAg)J10 mol %), Cu(OAg) (2.0
equiv) and pent-1-en-3-ondb (1.0 mmol) were added. The
resulting reaction mixture was heated at 100 °C Zér h.
Progression of the reaction was monitored by TLC, lavhi
noticing complete consumption oE)ethyl 3-(5-methoxy-H-
indol-3-yl)but-2-enoate, reaction was brought to mmoo
temperature. The additional amount of acrylate added if
required for complete conversion. The reaction omixtwas
diluted with ethyl acetate (10 mL) and water (15 raiod then
filtered through a plug of celite. The layers weeparated, and
the organic layer was washed with aqueous saturaties br
solution, dried over N&Q,. Organic layer was concentrated
under reduced pressure. The crude material so neotawas
purified by column chromatography on silica gel @
ethylacetate; 90/10) to give the title compouwd (132.2 mg,
78%) as a yellow needles, mp: 168—2@0) FTIR (Zn-Se ATR,
cm-1) 3412, 2915, 2865, 1712, 1613, 1416, 1296212099,
750, 660; 'H NMR (400 MHz, DMSO—¢) § 11.92 (br s, 1H), 8.
47 (s, 1H), 7.72 (dJ = 9.2 Hz, 1H), 7.67 (d) = 2.3 Hz, 1H),
7.13 (dd,J = 9.2 and 2.3 Hz, 1H), 4.34 (4~ 6.9 Hz, 2H), 3.85
(s, 3H), 3.33 (s, 3H), 3.16 (4,= 7.6 Hz, 2H), 1.37 (1) = 7.6 Hz,
3H), 1.19-1.15 (m, 3H)**C NMR (100 MHz, DMSO—g ¢
200.6, 167.1, 153.9, 141.5, 139.4, 135.6, 129.8.612122.4,
119.6, 116.2, 114.8, 113.3, 105.9, 60.5, 55.6,,30830, 14.2,
8.2. HRMS (ESI) [M+H] Calcd for [GgH»NO,] 340.1549,
found 340.1543.

Ethyl 6-chloro-4-methyl-1-propionyl-9H-car bazol e-3-
carboxylate (8d).

In a oven-dried round bottom flask, a solution Bf-¢thyl 3-
(5-chloro-H-indol-3-yl)but-2-enoat&c (131.5 mg, 0.5 mmol) in
toluene 2 mL, Pd(OAc)X10 mol %), Cu(OAg) (2.0 equiv) and
pent-1-en-3-oned4b (1.0 mmol) were added. The resulting
reaction mixture was heated at 100 °C for 24 hgRssion of
the reaction was monitored by TLC, while noticing @bete
consumption of K)-ethyl 3-(5-chloro-H-indol-3-yl)but-2-
enoate, reaction was brought to room temperature.atiditional
amount of acrylate also added if required for catepl
conversion. The reaction mixture was diluted withykticetate
(10 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgkyer was
washed with aqueous saturated brine solution, dued HgSO,.
Organic layer was concentrated under reduced pes3ire
crude material so obtained was
chromatography on silica gel (hexane: ethylacet@@®10) to
give the title compoun@®d (130.4 mg, 76%) as a pale yellow
needles, mp: 194-19%; FTIR (Zn-Se ATR, cm-1 ) 3420,
2925, 2855, 1702, 1691, 1452, 1289, 1212, 1092, @68; ‘H
NMR (400 MHz, CDCJ) ¢ 10.88 (1H, br s, NH), 8.58 (1H, s,
CH), 8.20 (1H, s, CH), 7.45 (2H, d,= 1.4 Hz, 2CH), 4.45 (2H,
g,J=7.3 Hz, OCH), 3.22-3.18 (2H, m, C}j, 3.16 (3H, s, CH},
1.47 (3H, tJ = 6.4 Hz, CH), 1.31 (3H, tJ = 7.3 Hz, CH); °C
NMR (100 MHz, CDC)) ¢ 202.4, 167.7, 143.2, 140.9, 138.5,
130.6, 126.4, 126.2, 124.0, 123.6, 122.8, 121.4.5,1112.4,
61.1, 31.5, 18.5, 14.5, 8.3 HRMS (APCI) [M+HTalcd for
[C1gH1oCINO;] 344.1053, found 344.1048.

Methyl
carboxylate (8e).

8-(benzyl oxy)-1-propionyl-9H-carbazole-3-

In a oven-dried round bottom flask, a solution Bj-(nethyl
3-(7-(benzyloxy)-1H-indol-3-yl)acrylate3s (153.5 mg, 0.5
mmol) in toluene 2 mL, Pd(OAg)J10 mol %), Cu(OAg) (2.0
equiv) and pent-1-en-3-ondb (1.0 mmol) were added. The
resulting reaction mixture was heated at 100 °C Zdr h.

Tetrahedron

Progression of the reaction was monitored by TLC evhdticing
complete consumption of (E)-methyl 3-(7-(benzylefyj-indol-
3-yhacrylate, the reaction was brought to room terafure. The
additional amount of acrylate also added if reqliie@ complete
conversion. The reaction mixture was diluted withyktcetate
(20 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgkyer was
washed with aqueous saturated brine solution, dued HgSO,.
The organic layer was concentrated under reducessyre. The
crude material so obtained was purified by column
chromatography on silica gel (hexane: ethylacet&®10) to
give the title compoun@®e (139.3 mg, 72%) as a pale brown
needles, mp: 155-157C; FTIR (Zn-Se ATR, cm-1 ) 3442,
2924, 2855, 1710, 1461, 1323, 1249, 1121, 992, 76RNMR
(400 MHz, CDC}) 6 10.79 (1H, br s, NH), 8.91 (1H, s, CH), 8.69
(1H, s, CH), 7.70 (1H, d) = 7.6 Hz, CH), 7.48 (2H, d = 7.6
Hz, 2CH), 7.42-7.38 (2H, m, 2CH), 7.36—7.32 (1H, m, GH)9
(1H, t,J = 7.6 Hz, CH), 7.00 (1H, dl = 7.6 Hz CH,), 5.26 (2H,
s, OCH), 3.98 (3H, s, OC}}, 3.21 (2H, q,J = 7.6 Hz, CH),
1.31-1.27 (3H, m, CH; °C NMR (100 MHz, CDGCJ) 6 202.5,
167.1, 145.2, 140.9, 136.5, 131.0, 128.7, 128.63.11,1108.7,
70.5, 52.2, 31.6, 8.2. HRMS (ESI) [M+H]Calcd for
[C24H,2NO,] 388.1549, found 388.1543.

1-(3-Phenyl-9H-carbazol - 1-yl) propan-1-one (8f).

In a oven-dried round bottom flask, a solution B)-8-styryl-
1H-indole 3w (109.5 mg, 0.5 mmol) in toluene 2 mL, Pd(OAc)
(20 mol %), Cu(OAcg) (2.0 equiv) and pent-1-en-3-odb (1.0
mmol) were added. The resulting reaction mixture heasted at
100 °C for 24 h. Progression of the reaction wasitoted by
TLC while noticing complete consumption dE){3-styryl-1H-
indole, the reaction was brought to room temperatdree
additional amount of acrylate also added if reqlifi@ complete
conversion. The reaction mixture was diluted withyktcetate
(20 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgeyer was
washed with aqueous saturated brine solution, dued HgSO,.
The organic layer was concentrated under reducessymre. The
crude material so obtained was purified by column
chromatography on silica gel (hexane: ethylacet@@®10) to
give the title compoungf (104.6 mg, 70%) as a yellow needles,
mp: 145-147C; FTIR (Zn-Se ATR, cm-1) 3431, 2926, 2856,
1710, 1658, 1481, 1206, 1023, 754 NMR (400 MHz, CDC))

0 10.58 (1H, br s, NH), 8.48 (1H, s, CH), 8.21 (1H, s, G343
(1H, d,J = 7.6 Hz, CH), 7.71 (2H, d, = 7.6 Hz, CH), 7.54-7.46

purified by column(4H, m, 4CH), 7.40-7.37 (1H, m, CH), 7.29 (1HJ & 7.6 Hz,

CH), 3.24 (2H, qJ = 6.1 Hz, CH), 1.36-1.32 (3H, m, C§}t *°C
NMR (100 MHz, DMSO—g) 6 201.7, 141.0, 140.5, 137.3, 130.5,
130.0, 129.0, 127.0, 126.8, 126.4, 126.1, 125.3.912121.6,
120.5, 119.6, 119.4, 112.5, 31.2, 8.3. HRMS (ESH-Hf Calcd
for [C,H1sNO] 300.1388, found 300.1385.

General Procedure and analytical data for the one pot
carbazoles synthesis:

9H-Carbazole-1,3-dicarbonitrile (9a).

In a oven-dried round bottom flask, a solution bifihdole 2a
(58.5 mg, 0.5 mmol) in DMF/DMSO (5:1; 2 mL), Pd(OA€)5
mol %), Cu(OAc) (2.0 equiv) and acrylonitrilda (2.0 mmol)
were added. The resulting reaction mixture was heatetd °C
for 24 h. Progression of the reaction was monitdogdTLC
while noticing complete consumption of indole, teagtion was
brought to room temperature. The additional amaifrecrylate
also added if required for complete conversion. Tlaction
mixture was diluted with ethyl acetate (10 mL) and exgtl5
mL) and then filtered through a plug of celite. Tlagers were



separated, and the organic layer was washed withoague
saturated brine solution, dried over,N@,. The organic layer
was concentrated under reduced pressure. The cratiiah so
obtained was purified by column chromatography oicesigel
(hexane: ethylacetate, 90/10) to give the title goumd9a (65.1
mg, 60%) as a off-white needles, mp: 119-£21(65.1 mg,
60%); FTIR (Zn-Se ATR, cm-1) 3281, 2921, 2853, 22881,
1570, 1460, 1283, 1242'H NMR (400 MHz, DMSO—g) &
12.97 (1H, br s, NH), 9.02 (1H, s, CH), 8.40 (1HJd&; 1.5 Hz,
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HRMS (ESI) [M+H] Calcd for [GsHioN3] 232.0875, found
232.0875.

Dimethyl 6-chloro-9H-carbazole-1,3-dicarboxylate (9d).

In a oven-dried round bottom flask, a solutionSe¢hloro-H-
indole 2¢ (75.5 mg, 0.5 mmol) in DMF/DMSO (5:1; 2 mL),
Pd(OACc) (15 mol %), Cu(OAc) (2.0 equiv) and methyl acrylate
1le (2.0 mmol) were added. The resulting reaction méxtwas
heated at 70 °C for 24 h. Progression of the reactvas

CH), 8.29 (1H, dJ = 7.6 Hz, CH), 7.67-7.62 (1H, m, CH), 7.57 monitored by TLC while noticing complete consumptioih5-

(1H, t,J = 7.6 Hz, CH), 7.38-7.33 (1H, m, CHJC NMR (100

chloro-1H-indole, reaction was brought to room temperatuhe T

MHz, DMSO-q4) ¢ 141.0, 129.8, 128.3, 124.3, 122.6, 121.4,additional amount of acrylate also added if reqlifie complete

121.2,120.6, 118.3, 115.8, 112.3, 100.9, 94.2L.3IRMS (ESI)
[M+H] " Calcd for [G4HgN4] 218.0718, found 218.0720.

6-Methyl-9H-carbazole-1,3-dicarbonitrile (9b).

In a oven-dried round bottom flask, a solution efmBthyl-
1H-indole 2f (65.5 mg, 0.5 mmol) in DMF/DMSO (5:1; 2 mL),
Pd(OACc) (15 mol %), Cu(OAg) (2.0 equiv) and acrylonitrilda
(2.0 mmol) were added. The resulting reaction metwas
heated at 70 °C for 24 h. Progression of the reactvas
monitored by TLC while noticing complete consumptioih5-
methyl-1H-indole, the reaction was brought to room tempeeatur
The additional amount of acrylate also added ifunesgyl for
complete conversion. The reaction mixture was diluwtéh ethyl
acetate (10 mL) and water (15 mL) and then filtetredugh a
plug of celite. The layers were separated, and tganic layer
was washed with aqueous saturated brine solutiond drier

N&SQ, The organic layer was concentrated under reduced

pressure. The crude material so obtained was pubffezblumn
chromatography on silica gel (hexane: ethylacet8®#10) to

give the title compoun@b (66.9 mg, 58%) as a yellow needles,

mp: 215-217°C (66.9 mg, 58%); FTIR (Zn-Se ATR, cm-1 )
3271, 2901, 2833, 2232, 2214, 1560, 1434, 124NMR (400

conversion. The reaction mixture was diluted withybticetate
(10 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgeyer was
washed with aqueous saturated brine solution, dued HgS0O;.
The organic layer was concentrated under reducessyre. The
crude material so obtained was purified by column
chromatography on silica gel (hexane: ethylaceta®®/10) to
give the title compoun@d (103.0 mg, 65%) as a yellow needles,
mp: 240-242C; FTIR (Zn-Se ATR, cm-1 ) 3381, 2922, 2856,
1713, 1572, 1461, 1282, 1242, 778 NMR (400 MHz, CDCJ)

0 10.11 (1H, br s, NH), 8.87 (1H, d= 1.4 Hz, CH), 8.76 (1H, d,
J=1.8 Hz, CH), 8.07 (1H, s, CH), 7.45 (2HJd; 1.4 Hz, 2CH),
4.04 (3H, s, OCh), 3.99 (3H, s, OCH; *C NMR (100 MHz, ,
CDCly) 6 167.1, 166.8, 142.7, 138.4, 129.6, 127.4, 127128,5,
123.8,123.7,121.1, 120.5, 112.4, 111.6, 52.2.92RMS (ESI)
[M+H] " Calcd for [GgH15CINO,] 318.0533, found 318.0528.

Ethyl 1-cyano-9-(2-cyanoethyl)-6-methoxy-4-methyl -9H-
carbazole-3-carboxylate (10a)
In a oven-dried round bottom flask, a solution Bf-éthyl 3-(5-

methoxy-H-indol-3-yl)but-2-enoat&b (129.5 mg, 0.5 mmol) in
DMF/DMSO (5:1; 2 mL), Pd(OAg)(15 mol %), Cu(OAg) (2.0

MHz, DMSO-d) ¢ 12.65 (1H, br s, NH), 8.92 (1H, s, CH), 8.34 equiv) and acrylonitrilela (2.0 mmol) were added. The resulting

(1H, s, CH), 8.07 (1H, s, CH), 7.51 (1H,Hs 8.4Hz, CH), 7.39
(1H, d,J = 8.4 Hz, CH), 2.47 (3H, s, GH °C NMR (100 MHz,

reaction mixture was heated at 70 °C for 24 h. Rsgjon of the
reaction was monitored by TLC while noticing complete

DMSO-d;) ¢ 141.7, 139.0, 133.0, 130.3, 129.6, 129.5, 124.1consumption of K)-ethyl 3-(5-methoxy-#-indol-3-yl)but-2-

121.4, 121.0, 118.9, 115.8, 112.0, 100.7, 94.1, BRMS (ESI)
[M+Na]* Calcd for [GsHoNsNa] 254.0694, found 254.0689.

8-Methyl-9H-carbazole-1,3-dicarbonitrile (9c).

In a oven-dried round bottom flask, a solution efm&thyl-1H-
indole 2g (65.5 mg, 0.5 mmol) in DMF/DMSO (5:1; 2 mL),
Pd(OACc) (15 mol %), Cu(OAGg) (2.0 equiv) and acrylonitrileda
(2.0 mmol) were added. The resulting reaction metwas
heated at 70 °C for 24 h. Progression of the reactvas
monitored by TLC, while noticing complete consumptiof 7-

enoate, reaction was brought to room temperature.atiditional
amount of acrylate also added if required for catepl
conversion. The reaction mixture was diluted withykticetate
(10 mL) and water (15 mL) and then filtered throwglplug of
celite. The layers were separated, and the orgeyer was
washed with aqueous saturated brine solution, dued HgSO,.
The organic layer was concentrated under reducessymre. The
crude material so obtained was purified by column
chromatography on silica gel (hexane: ethylacet@@®10) to
give the title compoundOa (131.7 mg, 73%) as a pale yellow

methyl-1H-indole, reaction was brought to room temperatureneedles, mp: 183-18%C; FTIR (Zn-Se ATR, cm-1 ) 2924,

The additional amount of acrylate also added ifunexl for
complete conversion. The reaction mixture was dilutéh ethyl
acetate (10 mL) and water (15 mL) and then filtettedugh a
plug of celite. The layers were separated, and thanic layer
was washed with aqueous saturated brine solutiond drier

2850, 2232, 2228, 1465, 1268, 1226, 758 NMR (400 MHz,
CDCly) 6 8.31(1H, dJ = 2.3 Hz, CH), 7.75 (1H, dl = 2.3 Hz,
CH), 7.51-7.49 (1H, m, CH), 7.28-7.23 (1H, m, CH), 424
.9, J = 6.1 Hz, OCH), 4.44-4.39 (2H, m, NC}}, 3.94 (3H, s,
OCHy), 3.15 (3H, s, CH), 3.03-2.99 (2H, m, Chl 1.47-1.43

NaSO, The organic layer was concentrated under reduce(B8H, m, CH); *C NMR (100 MHz, CDG)) § 166.4, 155.3,

pressure. The crude material so obtained was pubfiecblumn
chromatography on silica gel (hexane: ethylacet8®#10) to

give the title compoun@c (63.5 mg, 55%) as a brown needles,

mp: 221-223C (63.5 mg, 55%); FTIR (Zn-Se ATR, cm-1 )
3271, 2924, 2843, 2228, 2212, 1460, 1283, 1232, TRANMR
(400 MHz, DMSO—g) 6 12.57 (1H, br s, NH), 8.99 (1H, s, CH),
8.37 (1H, s, CH), 8.15-8.10 (1H, m, CH), 7.36 (1HJd; 7.6
Hz, CH), 7.24 (1H, d) = 7.6 Hz, CH), 2.61 (3H, s, GH °C

NMR (100 MHz, DMSO—-¢) 6 141.4, 133.6, 129.6, 129.0, 126.4,

124.9,123.2, 122.5, 121.4, 121.2, 120.7, 118.6,0.®4.4, 17.3.

142.9, 139.6, 135.3, 134.5, 124.5, 123.7, 122.4,9,1116.8,
115.3, 109.6, 107.8, 89.8, 61.3, 56.1, 39.3, 1882, 14.3.
HRMS (ESI) [M+H] Calcd for [G;H,oN3O4] 362.1505, found
362.1499.

9-(2-Cyanoetshyl)-6-nitro-9H-carbazole-1,3-dicarbonitrile
(10b). In a oven-dried round bottom flask, a solutiorbetfitro-
1H-indole 2h (131.0 mg, 0.5 mmol) in DMF/DMSO (5:1; 2 mL),
Pd(OACc) (15 mol %), Cu(OAG) (2.0 equiv) and acrylonitrilda
(2.0 mmol) were added. The resulting reaction metwas
heated at 70 °C for 24 h. Progression of the reactvas
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monitored by TLC while noticing complete consumptadrb-
nitro-1H-indole, the reaction was brought to room tempeeatur
The additional amount of acrylate also added ifunesgyl for
complete conversion. The reaction mixture was dilwéh ethyl
acetate (10 mL) and water (15 mL) and then filtettedugh a
plug of celite. The layers were separated, and tganic layer
was washed with aqueous saturated brine solutiond drier

Tetrahedron

(6) (a) Garcia-Rubia, A.; Laga, E.; Cativiela, C.; Ulabeitia, E. P.;
Gomez-Arrayas, R.; Carretero, J. £.0Org. Chem., 2015, 80, 3321.
(b) Zhou, P.-X.; Ye,Y.-Y. ; Liu,C.; Zhao,L.-B.;Hou, J.-Y.;
Chen, D.-Q.; Tang, Q.; Wang, A.-Q.; Zhang, J.-Y.uaHg, Q.-X.;
Xu, P.-F.; Liang, Y.-M.ACS Catal., 2015, 5, 4927. (c) Huang, C;
Chattopadhyay, B.; Gevorgyan, V. J Am. Chem.
Soc., 2011, 133,12406. (d) Dai, H.; Yu, C.; Wang, Z.; Yan, H.; L@,

N&SQ, The organic layer was concentrated under reduced Org. Lett., 2016, 18, 34100ther references cited therein.

pressure. The crude material so obtained was pubfiezblumn
chromatography on silica gel (hexane: ethylacet@@®10) to
give the title compoundOb (70.8 mg, 45%) as a brown crystal,

mp 106-108 °C; (70.8 mg, 45%), FTIR (Zn-Se ATR, cm-1)

2914, 2847, 2223, 2223, 1456, 1245, 1223, 784;NMR (400
MHz, CDCk) 6 8.60 (1H, s, CH), 8.16 (1H, d,= 9.2 Hz, CH),
7.38-7.33(2H, m, CH), 6.76 (1H, s, CH), 45850 (2H, m,
NCH,), 2.90-2.87 (2H, m, Ch); *C NMR (100 MHz, CDCJ) ¢
142.1, 138.2, 130.6, 130.4, 128.2, 118.6, 118.5,9,1117.8,
116.7, 108.7, 108.6, 105.5, 105.4, 42.4, 19.3; HRES) Calcd
for [C17HgNsO;] requires [M] 315.0756 found 315.0787.
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Highlights

A regioselective synthesis of highly functionalized carbazoles by using Pd(11)-Cu bimetdlic
system. The dtericaly hindered substrate bearing electron-rich and €eectron-deficient
styrylindoles with akenes, were examined for the synthesises of the tri- and di-substituted
carbazoles.

The results of the designed protocol suggested that the C-H activation is preferred over [4+2]
cycloaddition.

The designed one-pot strategy was al so successful in providing the tricyclic N-heterocycle.
N-Protected carbazoles were prepared by double and triple C-H activation followed by
concomitant Michael addition.

The C-H activation strategy for the synthesis of carbazole has been well supported by the
proposed mechanistic pathway via di-Heck intermediate.



