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ABSTRACT: One-po(t synthesis 3)f 3,4-benzo[c]-f-carbolines was -

achieved from 2-aryl(tosylamino)methyl-3-bromoindoles via 10 Br 'er KoCO4/OMF

mol % Pd(OAc),/PPh;-mediated intramolecular Heck coupling %\ ) 110 °C Q_/C\ Q_ﬁ)
using K,CO; as a base in DMF at 110 °C with concomitant 24n :
aromatization through an elimination of tosylsulfinic acid. Under
identical conditions, the isomeric 3-aryl(tosylamino)methyl-2-
bromoindoles upon intramolecular Heck reaction furnished
benzo[4,5Jisothiazolo[2,3-a]indole §,5-dioxides instead of the expected y-carbolines. However, synthesis of the expected y-
carboline framework, 3-tosyl-6,9-dihydro-1,2-benzo[a]-y-carbolines, could be achieved from 3-aryl(tosylamino)methyl-2-
bromoindoles containing a mesitylene sulfonyl unit as a protecting group on the indole nitrogen.

$O,Ph SOzPh ) Mts

1
(65-90%) (35 88%) (62 76%)

C arbolines are pyridine-fused indole heterocycles present o !
in many natural products and bioactive compounds. R g2 %N’B"'
Among the four regioisomeric a-, -, y-, and §-carbolines, f- { 0’> N Q_E:E
carbolines are most extensively dispersed in nature. S- N RO Ry o N\ \©\
Carboline units are present in a wide variety of indole Bn s, | rets &5 s0.ph R
alkaloids." The S-carboline-based alkaloids possess significant % R2 ?:"%ng\g’ NH,
biological activities such as antiplasmodial, antlthrombotlc, Q . N RY  R3i)Pd(0)
parasiticidal, anti-HIV, anti-Alzheimer, and antifungal effects.’ g N g(‘,’{ﬁ’)“' =( ipamy . O
These compounds are known for their cytotoxicity, DNA oN 1 PO L N
intercalation, and topoisomerase inhibition.’ Traditionally, - Ref-11g2
carbolines and their derivatives are obtained via Bischler— / 9
Napieralski, Fischer indolization, and Pictet—Spengler cycliza- R Q§ o
tion reactions. %‘

Some of the recently reported methodologies to access f- Q_ﬁ\//N’Bu
carbolines (Figure 1) involve Pd-catalyzed coupling of 3-iodo- 21

2-iminoindole with substituted acetylene derivatives followed
by cyclization,” BusSnH-mediated radical cyclization of 3-
bromo-2-aryl-(N-tosylamino )methylindole,® and regioselective
Buchwald—Hartwig amination followed by Heck-type intra-
molecular arylation of 3-(2-bromophenylamino)quinolines,”
electrocyclization of imino ether precursors,® Pd(0)-catalyzed
coupling of indole with 1-iodo-2-nitrobenzene followed by
reductive cyclization,” Pd(II)-catalyzed coupling of 2-iminoin-
dole with acetylene derivatives followed by cyclization,"
Ullmann cross-coupling of 2-iodocyclohex-2-en-1-ones with
3-nitro-4-iodopyrdine followed by Pd-catalyzed sequential
reductive cyclization and dehydrogenation,'" and condensation
of an in situ generated 1,5-diketone with ammonia.'” Apart
from these reports, Mulcahy and co-workers outlined the
synthesis of pyrido[3,4- b]mdoles utilizing Rh(I)-catalyzed
cyclization methodology."® Tilve and Volvoikar reported the

Figure 1. Summary of recent strategies for f-carboline synthesis.

synthesis of indolo[2,3-c]quinoline and indolo[3,2-c]quinoline
salts involving I,/ TBHP mediated intramolecular dehydrogen-
ative coupling reaction.'* Very recently, Vyalyh and co-workers
reported the synthesis of carbolines involving LDA-mediated
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cycloaddition of 3-benzoyl-2-methylindole with nitriles."

Invariably, most of these methods suffer from disadvantages
such as restricted substitution and harsh reaction conditions.

Our strategy is to utilize N-aryltryptamine as well as N-
arylisotryptamine precursors for the construction of cyclo-
fused carbolines via intramolecular Heck coupling of N-((3/2-
bromo-1-(phenylsulfonyl)-1H-indol-2/3-yl)methyl)-4-methyl-
N-arylbenzenesulfonamides. To 1n1t1ate this work, the known
3-bromo-2-bromomethylindole 1° was reacted with 4-methyl-
N-phenylbenzenesulfonamide 2a in the presence of K,COj in
DMF to afford 2-(phenylaminomethyl)-3-bromoindole 3a in
75% vyield. Initially, intramolecular Heck coupling of 2-
(phenylaminomethyl)-3-bromoindole 3a using 10 mol %
Pd(PPh;), in the presence of K,CO; in DMF at 100 °C for
12 h led to the isolation of benzo-f-carboline 4a in 36% yield.
Subsequently, the intramolecular coupling reaction employing
an in situ generated zerovalent Pd (10 mol %) using
Pd(OAc),—PPh, in the presence of K,CO; in DMF at 110
°C for 6 h gave the benzo-f-carboline 4a in 78% yield (Scheme

).

Scheme 1. Synthesis of Benzo-f-carboline 4a

Br o, PdOAc),
N TS pPh; (20 mol%) \
) K,CO4/DMF
SO,Ph 2¥>3 :
3. 6h, 110 °C SO,Ph
4a (78%)

Having achieved the synthesis of f-carboline 4a, next,
synthesis of f-carboline derivatives having different substitu-
ents on the benzene portion was planned. With that idea in
mind, the required 2-arylaminomethyl-3-bromoindoles 3b—i
were prepared via the reaction of 3-bromo-2-bromomethy-
lindole 1 with substituted 4-methyl-N-arylbenzenesulfona-
mides 2b—i using K,CO; in DMF at room temperature for
12 h. As expected, 2-arylaminomethyl-3-bromoindole 3b—i
upon reaction with 10 mol % Pd(OAc),—PPh;(20 mol %) and
K,CO; in DMF at 110 °C for 6 h underwent intramolecular
coupling followed by a subsequent tosyl group elimination to
furnish the respective fB-carbolines 4b—i in 65—90% yields
(Table 1). It should be noted that the Pd-catalyzed
intramolecular coupling of 2-piperonylaminomethyl-3-bro-
moindole 3g furnished f-carboline 4g as an exclusive product
in 78% yield. To our delight, the synthesis of naptho[b]-5-
carboline 4h was also achieved by an intramolecular Heck
coupling of the respective 2-naphthylaminomethyl-3-bromoin-
dole 3h. The 2-phenylaminomethyl-3-bromoindole 3i contain-
ing an electron-withdrawing acetyl unit in the benzene portion
also underwent the Pd-catalyzed intramolecular coupling
reaction followed by aromatization to afford the respective f-
carboline 4i in 65% yield. Except in the case of 3-bromoindole
3i, in all other cases, the 10% Pd(0)-catalyzed intramolecular
cyclization followed by base-mediated elimination of p-
toulenesulfinic acid furnished the corresponding p-carbolines
in very good yields. The structures of the f-carbolines 4a and
4h were confirmed by single-crystal X-ray diffraction analyses
(see the SI).

Based on the facile synthesis of benzo-f-carbolines 4a—i,
next, the synthesis of 4-susbtituted $-carboline was planned by
employing the similar sequence of reactions. As expected, the
reaction of 3-bromo-2-phenylsulfonylaminomethylindole 5'°

1926

Table 1. Synthesis of Benzo-f-carbolines 4b—i

2b-i

1 _KeCOy/DMF
rt, 12 h
68-90%

2b-i
2bR',R% R*=H, R®=CH,
2cR",R? R*=H,R¥=ClI

R%2d R, R2 R* = H, R® = OCH5

K,CO4/DMF O ¢\ 2 R'. R® = OCHs, R?, R* = H
6 h, 110 °C N7 2fR", R3=H, R%, R* = OCH,
65-90% $0.Ph 2g R', R* = H, R? R®= OCH,0
tbi 2h R', R? = (CH=CH),,R3, R* = H
2i R' = COMe, R>-R* = H
3-Bromo-2-ary lamino B-carbolines 4b-i* Yield
methylindoles 3b-i (%)°
BrTs
gt M we
N R
SO,Ph .
2
1 _ 88
3b Rl = Me 4b Rl = Me 75
3¢R' =Cl 4cR =Cl 7
3dR' = OMe 4dR" =OMe
SOzPh
$0,Ph
4e R', R’ = OMe;
3eR', R*= OMe; Rz 85
R ; R H 4fR', R® = H:
3fR, R’ =H; RZ R4 OMe 90
R2 R* = OMe 4g R R = H:
3gRl R'=H; PV 78
R’, R" = OCH,0O
R, R} = ocH2 :
90
SOzPh
e
\ 65
SO,Ph
3i

“p-Carbolines 4b—i were obtained using 3-bromoindole 3b—i (1
equiv), Pd(OAc), (10 mol %), PPhy(20 mol %), and K,CO; (3
equiv) in DMF at 110 °C under N, atmosphere for 6 h. “Isolated
yield of f-carbolines 4b—i by column chromatography.

with allyl bromide/cinnamyl bromide using K,CO; in CH;CN
at reflux led to the formation of 3-bromoindoles 6a and 6b,
respectively. Using the established conditions as mentioned
above, compound 6a/6b underwent smooth Pd(0)-catalyzed

https://dx.doi.org/10.1021/acs.joc.0c02152
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http://pubs.acs.org/doi/suppl/10.1021/acs.joc.0c02152/suppl_file/jo0c02152_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02152?fig=sch1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02152?fig=sch1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02152?fig=tbl1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02152?fig=tbl1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02152?fig=tbl1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02152?fig=tbl1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02152?fig=tbl1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02152?fig=tbl1&ref=pdf
pubs.acs.org/joc?ref=pdf
https://dx.doi.org/10.1021/acs.joc.0c02152?ref=pdf

The Journal of Organic Chemistry

pubs.acs.org/joc

intramolecular Heck coupling followed by aromatization to
furnish p-carbolines 7a and 7b in 76% and 80% yields,
respectively (Scheme 2).

Scheme 2. Synthesis of 4-Substituted f-Carbolines 7a and
7b

R1
Br ___R'Pd(OAC); (10 mol%)
QL (" PPhy (20 mol%) =
N. — N
N SOPh  K,CO4DMF \
$0,Ph 110 °C, 6 h Xo.pn
6aR'=H (81%) 7aR'= H (76%)

1= o)
6b R" = Ph (86%) 7b R' = Ph (80%)

Having achieved the synthesis of f-carboline derivatives 4a—
i/7a/7b, next, the synthesis of y-carboline congeners involving
the Pd-catalyzed intramolecular coupling reaction of isomeric
2-bromoindoles was initiated. Accordingly, the required
starting material, 2-bromo-3-arylaminomethylindole 9a, was
prepared via the reaction of 2-bromo-3-bromomethyl-1-
phenylsulfonylindole 8 with 4-methyl-N-phenylbenzenesulfo-
namide 2a using K,COj; as base in DMF at room temperature.
However, the Pd-catalyzed intramolecular Heck coupling
reaction of 2-bromo-3-phenylaminomethylindole 9a in the
presence of K,COj; in DMF at 110 °C for 4 h failed to produce
the expected benzo-y-carboline 11 (Scheme 3). On the basis of

Scheme 3. Pd-Catalyzed Cyclization of 2-Bromo-3-
phenylaminomethylindole 9a

Ph Pd(OAc),/PPhs

N K,COs DMF N O =N
QL ¢
N” TBr  110°C,4h N Q
Lo,ph $0,Ph
9a 0 10a (76%) 1 (0%)

the 'H and C NMR spectral data, the structure of the
unusual product obtained during the Pd-catalyzed intra-
molecular coupling reaction of 9a was assigned as a
sulfonamide 10a. The formation of the sulfonamide 10a
clearly confirmed that the phenyl group of 3-phenyl-
aminomethylindole 9a is not in the proximal position of the
intermediate 2-indolyl-Pd species to induce the required
coupling reaction with the 2-position of N-tosylaniline to
yield the expected y-carboline 11. Obviously, the 2-indolyl-Pd
species formed underwent facile intramolecular coupling
reaction with the N-phenylsulfonyl group to give the
sulfonamide 10a. A survey of the literature indicated that
Laha and co-workers'” recently observed a similar type of
sulfonamide formation involving Pd-catalyzed CH activation of
N-phenylsulfonylindoles.

Toward unravelling the electronic influence of aryl units on
the observed Pd-catalyzed coupling reaction, a series of 2-
bromo-3-arylaminomethylindoles 9b—g containing different
substituents were prepared from 3-bromomethylindole 8. As
expected, the coupling reaction of 2-bromo-3-arylaminome-
thylindoles 9b—g using Pd(OAc),—PPh, in the presence of
K,COj; as a base in DMF followed by workup afforded, only,
the respective sulfonamides 10b—g as the exclusive products
(Table 2). The 'H and '*C NMR spectral data of sulfonamides
10b—g were consistent with their structures.
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Table 2. Synthesis of Benzo[4,5]isothiazolo[2,3-a]indole
5,5-dioxides 10b—g

R4

Ts\N,H R3 R4 R?
o e
R2 R4 N R! Pd(OAc),/PPh3 N R
R® { Ts _KCO; DME
8 K,CO3/DMF N Br 110 °C, 4 h
rt, 12 h SO,Ph 66-85%
78-90% 9b-g o
10b-g
2-Bromo-3-ary lamino Benzo[4,5]isothiazo |Yield
methylindoles 9b-g lo [2,3-alindole 5,5- (%)°
dioxides 10b-g*
s
N
Oala)
N B R
SO,Ph
9bR' =Me
9¢ R' = OMe 82
85
R4 RS
Ei \S\RZ
N\ R
Qg
N Br
éozph
9d R!, R’ = OMe; - 85
2 R4 = 10dR', R’ = OMe;
R, R*=H R
9¢R', R’ =H; R.R =H 85
R2 R* = OMe 10e R, R’ =H;
9fR', R* = H; R’ R'=OMe | o
RZ R = OMe 10fR', R* =H;
? 2 3 _
9g R! = COMe RER7=0OMe |
R*R*=H 10g R" = COMe
R*-R'=H

“Indole sulfonamides 10b—g were obtained using 2-bromoindole
9b—g (1 equiv), Pd(OAc), (10 mol %), PPh;(20 mol %), and K,CO,
(3 equiv) in DMF at 110 °C under N, atmosphere for 4 h. bIsolated
yield of indole sulfonamides 10b—g by column chromatography.

The 2-bromo-3-bromomethyl-1-phenylsulfonylindole 8
upon reaction with 3,4-methylenedioxyanilinylsulfonamide 2g
using K,CO; in dry DMF gave compound 9h in 78% yield. To
our surprise, intramolecular Heck coupling reaction of 9h
using Pd(OAc),/PPh, and K,COj; in DMF at 110 °C for 6 h
followed by workup furnished sulfonamide 10h and y-
carboline 12 in 35% and 34% yields, respectively. The
formation of y-carboline 12 could be realized through the
intramolecular coupling reaction of 9h followed by base-
mediated migration of the tosyl group to give dihydrocarboline
14. The dihydrocarboline 14 uponsubsequent aromatization
could lead to the formation of y-carboline 12 (Scheme 4). As a
representative case, the structure of sulfonamide 10h could be
confirmed by a single-crystal X-ray diffraction analysis (see SI).

https://dx.doi.org/10.1021/acs.joc.0c02152
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Scheme 4. Pd-Catalyzed Cyclization of 2-Bromo-3-
piperonylaminomethylindole 9h

DMF/K,CO;
t, 12 h
FagW Q
o} SOzPh
29 H 9h (78%

Pd(OAGC),/PPh;

K,COj3, DMF
110 °C, 6 h

Next, 2-bromo-3-bromomethyl-1-phenylsulfonylindole 8
upon reaction with the 4-methylbenzenesulfonamide in
acetonitrile at reflux gave 2-bromo-3-N-tosylaminomethyl-1-
phenylsulfonylindole 15. Then the subsequent N-alkylation of
compound 15 with allyl bromide afforded allylaminomethy-
lindole 16 in 85% yield. As expected, the Pd(0)-catalyzed Heck
coupling reaction of compound 16 led to the formation of y-
carboline derivative 17 as an exclusive product in 79% yield
(Scheme §S).

Scheme S. Pd-Catalyzed Cyclization of 2-Bromo-3-allyl-N-
tosylaminomethylindole 16

Ts
N Pd(OAc),/PPhg N,TS
Q—ﬁ K,CO3, DMF {
A\ o
N B 110 ?,Gh N
$0,Ph 79% $o,prCH2
16 17

Contrary to the 2-bromo-3-arylaminomethylindoles 9b—g,
the allylaminomethylindole 16 underwent an exclusive intra-
molecular Heck coupling with vinyl unit rather than the
intramolecular coupling reaction with an N-phenylsulfonyl
group.

To overcome the unexpected intramolecular Heck coupling
of 2-bromoindole with the N-benzenesulfonyl unit, synthesis of
2-bromomethylindoles containing a 2-mesitylenesulfonyl
(Mts) unit at the indole-1-position was initiated. Accordingly,
the required bromomethylindole 18 was prepared via N-
mesitylsulfonylation of 3-methylindole followed by ring
bromination and subsequent benzylic bromination to give 1-
(mesitylenesulfonyl)-2-bromo-3-bromomethylindole 18. The
N-alkylation of bromomethylindole 18 with N-arylbenzene-
sulfonamide 2a,b/2j/2k in the presence of K,COj as a base in
DMEF at room temperature furnished the 3-arylaminomethyl-2-
bromoindoles 19a—d in 78—90% yields (Scheme 6).

Gratifyingly, the intramolecular Heck coupling reaction of
the 3-phenylaminomethyl-2-bromoindoles 19a—d using Pd(0)
in the presence of K,COj; in DMF at 110 °C for 24 h gave the
respective dihydro-y-carbolines 20a—d in 62—76% yields
(Scheme 7). As a representative case, the intramolecular
Heck coupling reaction of the 3-(4-methylphenyl)-

1928

Scheme 6. Synthesis of 1-Mesitylenesulfonyl-2-bromo-3-
aryl-N-tosylaminomethylindoles 19a—d

2a-c/2k
ch03 DMF
, 12 h
0,
78-90% Mits
18 19a-d

19a R', R? = H (84%)
19b R = H, R? = CHj; (78%)
19¢ R' = H, R? = CI (90%)

19d R', R% = CI (86%)

Scheme 7. Pd-Catalyzed Cyclization of 1-
Mesitylenesulfonyl-2-bromo-3-aryl-N-
tosylaminomethylindoles 19a—d

Pd(OAc),/PPh; Ts

K,CO3, DMF 20aR', R?=H (68%)

19a-d 10°C, 241 20b R' = H, R? = CHj (62%)
R'20c R' = H, R? = CI (76%)
k2 20d R', R? = CI (68%)
Pd(OAC),/PPh, 20a-d
K,CO3 (excess)
20c + O \ /
DMF/130°C  (42%) Q
36 h

(26% Cl

tosylaminomethyl-2-bromoindole 19b using Pd(0) with an
excess of K,COj; in DMF at 130 °C for 36 h led to the isolation
dihydro-y-carboline 20c and benzo-y-carboline 21 in 42% and
26% vyields, respectively.

The probable mechanism for the formation of carbolines 4a
and 20a as well as benzo[4,5]isothiazolo[2,3-a]indole S,5-
dioxide 10a is outlined (see SI Figure 1 [DMH]).

Finally, the representative N-sulfonyl-f-carbolines 4a—c
could be hydrolyzed using 30% NaOH in DMSO at room
temperature to give N-free f-carbolines 22a—c (Scheme 8). As
a representative case, gram-scale synthesis of benzo-f-carboline
4a as well as benzo[4,5]isothiazolo[2,3-a]indole $,5-dioxide
10f could be achieved in acceptable yields.

Scheme 8. Cleavage of the N-Phenylsulfonyl Unit of
Representative fi-Carbolines 4a—c [DM2]

DMSO 22aR'=H (87%)
N 1= 0,
12 h 22b R1 CH3 (82%)
H 22¢ R" = CI (86%)
22a-c

In summary, we have developed an efficient one pot
synthesis of 3,4-benzo[c]-fB-carbolines involving the Pd-
catalyzed intramolecular Heck coupling reaction of 2-aryl-
(tosylamino)methyl-3-bromoindoles. The methodology was
found to be useful for accessing 4-substituted f-carbolines as
well. In the case of isomeric 3-aryl(tosylamino)methyl-2-
bromoindoles, the Pd-catalyzed intramolecular Heck coupling
led to the formation of benzo[4,5 Jisothiazolo[2,3-a]indole $,5-
dioxides instead of the expected y-carbolines. However, the 3-
aryl(tosylamino)methyl-2-bromoindoles containing mesityle-
nesulfonyl unit on the indole nitrogen underwent Pd(0)-
mediated intramolecular Heck coupling reaction to furnish the

https://dx.doi.org/10.1021/acs.joc.0c02152
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required y-carboline frameworks in reasonable yields. Thus, by
the appropriate choice of protecting group on the indole
nitrogen, the Pd(0)-catalyzed Heck coupling reaction can be
fine tuned to access a wide variety of carboline as well as
benzo[ 4,5 Jisothiazolo[2,3-a]indole 5,5-dioxide heterocycles.
The structures of the representative benzo[c]f-carbolines
and benzo[4,5]isothiazolo[2,3-a]indole 5,5-dioxide were con-
firmed through single-crystal X-ray analyses.

B EXPERIMENTAL SECTION

General Methods. All melting points were uncorrected. Solvents
were dried by standard procedures. All of the experiments were
carried out under nitrogen atmosphere unless otherwise stated.
Reactions other than room temperature were carried out in an oil
bath. The progression of all of the reactions was monitored by TLC
using a hexanes/ethyl acetate (EA) mixture. Column chromatography
was carried out on silica gel (230—400 mesh, Merck) by increasing
the polarity. 'H, "*C, and DEPT spectra were recorded in CDCl,
using TMS as an internal standard on Bruker 300 and 400 MHz
spectrometers at room temperature. Chemical shift values are quoted
in parts per million (ppm), and coupling constants are quoted in hertz
(Hz). HRMS were recorded on Xevo G2S QTof instrument.

3-Bromo-2-(bromomethyl)-1-(phenylsulfonyl)-1H-indole
(1). To a solution of 3-bromo-2-methyl-1-phenylsulfonylindole (1 g,
2.86 mmol) in CCl, (30 mL) were added NBS (0.66 g, 3.72 mmol)
and AIBN (0.1 g, 0.28 mmol), and the solution was refluxed for 1 h.
After completion of the reaction (monitored by TLC), the floated
succinimide was filtered off and filtrate was concentrated under
reduced pressure. The crude product was crystallized from methanol
(3 mL) to afford 3-bromo-2-bromomethylindole 1 as a colorless solid
(1.12 g, 92%). Mp: 100—102 °C. 'H NMR (300 MHz, CDCL;): 8.14
(d, J = 8.4 Hz, 1H), 7.95 (d, ] = 7.8 Hz, 2H), 7.60—7.52 (m, 2H),
7.48—7.37 (m, 3H), 7.35—7.32 (m, 1H), 5.14 (s, 2H) ppm. C{'H}
NMR (75 MHz, CDCl,)138.5, 136.3, 134.2, 133.3, 129.3, 128.6,
127.1, 124.6, 120.3, 115.0, 106.1, 22.6 ppm.

General Procedure for the Preparation of Compounds 3a—
i. To a solution of 3-bromo-2-bromomethylindole 1 (0.58 mmol) in
DMF (10 mL) were added N-tosylanilines 2a—i (0.70 mmol) and
K,CO; (1.75 mmol). The reaction mixture was stirred at room
temperature for 12 h. After completion of the reaction (monitored by
TLC), the mixture was poured over crushed ice containing concd
HCI (5 mL). The solid obtained was filtered, washed with water (2 X
20 mL), and dried (Na,SO,). The crude product was recrystallized
from methanol (5 mL) to afford sulfonamides 3a—i.

N-((3-Bromo-1-(phenylsulfonyl)-1H-indol-2-yl)methyl)-4-methyl-
N-phenylbenzenesulfonamide (3a). The reaction of 3-bromo-2-
bromomethylindole 1 (250 mg, 0.58 mmol) with N-tosylaniline 2a
(172 mg, 0.70 mmol) using K,CO; (241 mg, 1.75 mmol) in DMF
(10 mL) following the general procedure as mentioned above
furnished sulfonamide 3a as a colorless solid (260 mg, 75%). Mp:
220-222 °C. 'H NMR (300 MHz, CDCL,): § 7.97 (d, ] = 8.7 Hg,
1H),7.72 (d, ] = 8.1 Hz, 2H), 7.46 (d, ] = 7.5 Hz, 3H), 7.35 (t, ] = 7.5
Hz, 2H), 7.25-7.13 (m, SH), 7.00—6.93 (m, 3H), 6.70 (d, ] = 7.2 Hz,
2H), 5.26 (s, 2H), 2.33 (s, 3H) ppm. “C{'H} NMR (75 MHz,
CDCL): § 1437, 1382, 137.9, 136.4, 134.6, 134.1, 130.8, 129.4,
129.3, 128.5, 128.3, 1282, 128.1, 1267, 126.5, 124.2, 120.0, 115.1,
107.3, 45.9, 21.6 ppm. Anal. Calcd for C,4H,3BrN,0,S,: C, 56.47; H,
3.89; N, 4.70; S, 10.77. Found: C, 56.32; H, 3.65; N, 4.38; S, 10.92.

N-((3-Bromo-1-(phenylsulfonyl)-1H-indol-2-yl)methyl)-4-methyl-
N-p-tolylbenzenesulfonamide (3b). The reaction of 3-bromo-2-
bromomethylindole 1 (250 mg, 0.58 mmol) with N-tosyl-4-
methylaniline 2b (183 mg, 0.70 mmol) using K,CO; (241 mg, 1.75
mmol) in DMF (10 mL) adopting the above-mentioned general
procedure afforded sulfonamide 3b as a colorless solid (290 mg,
82%). Mp: 185—187 °C. 'H NMR (300 MHz, CDCl): § 8.09 (d, ] =
8.1 Hz, 1H) 7.82 (d, J = 7.5 Hz, 2H), 7.60—7.55 (m, 3H), 7.47—7.42
(m, 2H), 7.37—7.35 (m, 2H), 7.31-7.26 (m, 3H), 6.86 (d, ] = 7.8 Hz,
2H), 6.71 (d, ] = 7.8 Hz, 2H), 5.35 (s, 2H), 2.44 (s, 3H), 2.19 (s, 3H)
ppm. BC{'H} NMR (75 MHz, CDCL,): § 143.5, 138.6, 137.9, 136.6,
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135.6, 135.3, 134.0, 131.3, 129.3 (2C), 129.1, 128.8, 128.4, 126.8,
126.4, 124.3, 120.1, 115.3, 107.3, 46.0, 21.5, 21.0 ppm. Anal. Calcd for
CyoH,BrN,0,S,: C, 57.14; H, 4.13; N, 4.60; S, 10.52. Found: C,
57.31; H, 3.96; N, 4.81; S, 10.37.

N-((3-Bromo-1-(phenylsulfonyl)-1H-indol-2-yl)methyl)-N-(4-
chlorophenyl)-4-methylbenzenesulfonamide (3c). The reaction of
3-bromo-2-bromomethylindole 1 (250 mg, 0.58 mmol) with N-tosyl-
4-chloroaniline 2¢ (196 mg, 0.70 mmol) using K,CO; (241 mg, 1.75
mmol) in DMF (10 mL) following the general procedure gave
sulfonamide 3c as a colorless solid (249 mg, 68%). Mp: 188—190 °C.
'H NMR (300 MHz, CDCL,): § 7.99 (d, ] = 8.4 Hz, 1H), 7.70 (d, ] =
7.8 Hz, 2H), 7.52—7.46 (m, 3H), 7.36 (t, ] = 7.35 Hz, 2H), 7.26 (4, ]
=7.35 Hz, 2H), 7.20—7.14 (m, 3H), 6.93 (d, ] = 8.7 Hz, 2H), 6.65 (d,
J = 8.7 Hz, 2H), 5.23 (s, 2H), 2.35 (s, 3H) ppm. “C{'H} NMR (75
MHz, CDCL): 5 144.0, 138.3, 136.6, 1364, 134.3, 1342, 134.0,
130.7, 130.4, 129.5, 129.4, 128.6, 128.4, 1282, 126.7 (2C), 124.4,
120.1, 115.2, 107.4, 45.8, 21.6 ppm. Anal. Calcd for
C,eH,,BrCIN,0,S,: C, 53.38; H, 3.52; N, 4.45; S, 10.18. Found: C,
5321; H, 3.36; N, 4.58; S, 9.96.

N-((3-Bromo-1-(phenylsulfonyl)- 1H-indol-2-yl)methyl)-N-(4-me-
thoxyphenyl)-4-methylbenzenesulfonamide (3d). The reaction of 3-
bromo-2-bromomethylindole 1 (250 mg, 0.58 mmol) with N-tosyl-4-
methoxyaniline 2d (194 mg, 0.70 mmol) using K,CO; (241 mg, 1.7§
mmol) in DMF (10 mL) adopting the general procedure afforded
sulfonamide 3d as a colorless solid (288 mg, 79%). Mp: 175—177 °C.
'H NMR (300 MHz, CDCl,): 6 8.00 (d, ] = 8.4 Hz, 1H), 7.73 (d, ] =
7.5 Hz, 2H), 7.50—7.48 (m, 3H), 7.39—7.35 (m, 2H), 7.28—7.17 (m,
SH), 6.59 (d, ] = 7.2 Hz, 2H), 6.46 (d, ] = 7.8 Hz, 2H), 5.23 (s, 2H),
3.58 (s, 3H), 2.36 (s, 3H) ppm. *C{'H} NMR (75 MHz, CDCL,): §
159.0, 143.6, 138.4, 136.4, 134.8, 134.1, 130.9, 130.7, 1302, 129.3,
128.5, 128.3, 126.7, 126.5, 1242, 120.1, 1152, 113.6, 107.3, 55.2,
45.9, 21.6 ppm. Anal. Calcd for CooH,BrN,O;S,: C, 55.68; H, 4.03;
N, 4.48; S, 10.25. Found: C, $5.58; H, 4.26; N, 4.57; S, 10.01.

N-((3-Bromo-1-(phenylsulfonyl)-1H-indol-2-yl)methyl)-N-(2,4-di-
methoxyphenyl)-4-methylbenzenesulfonamide (3e). The reaction
of 3-bromo-2-bromomethylindole 1 (250 mg, 0.58 mmol) with N-
tosyl-2,4-dimethoxyaniline 2e (215 mg, 0.70 mmol) using K,CO4
(241 mg, 1.75 mmol) in DMF (10 mL) following the general
procedure furnished sulfonamide 3e as a colorless solid (286 mg,
75%). Mp: 70—72 °C. '"H NMR (300 MHz, CDCl;): § 7.96 (d, ] =
8.1 Hz, 1H), 7.65 (d, J = 7.8 Hz, 2H), 7.54 (d, ] = 7.8 Hz, 2H), 7.42
(t, J = 7.2 Hz, 1H), 7.32=7.11 (m, SH), 6.79 (d, ] = 8.7 Hz, 1H),
6.11-6.04 (m, 4H), 5.43—5.27 (m, 2H), 3.60 (s, 3H), 3.15 (s, 3H),
2.31 (s, 3H) ppm. *C{'H} NMR (75 MHz, CDCl,): § 160.8, 157.8,
142.6, 138.0, 137.3, 136.4, 134.0, 133.9, 132.1, 129.1, 1289, 128.7,
128.0, 126.6, 126.3, 124.2, 120.0, 118.5, 115.3, 107.6, 103.7, 98.5,
55.3, 544, 45.1, 21.5 ppm. Anal. Calcd for C;H,,BrN,OS,: C,
54.96; H, 4.15; N, 4.27; S, 9.78. Found: C, 55.23; H, 4.43; N, 4.00; S,
10.02.

N-((3-Bromo-1-(phenylsulfonyl)-1H-indol-2-yl)methyl)-N-(3,5-di-
methoxyphenyl)-4-methylbenzenesulfonamide (3f). The reaction
of 3-bromo-2-bromomethylindole 1 (250 mg, 0.58 mmol) with N-
tosyl-3,5-dimethoxyaniline 2f (241 mg, 0.70 mmol) using K,CO,
(241 mg, 1.75 mmol) in DMF (10 mL) adopting the general
procedure afforded sulfonamide 3f as a colorless solid (344 mg, 90%).
Mp: 110-112 °C. 'H NMR (300 MHz, CDCL,): 5 8.03 (d, J = 8.1
Hz, 1H), 7.72 (d, ] = 7.5 Hz, 2H), 7.62 (d, ] = 7.8 Hz, 2H), 7.51 (t, ]
= 7.35 Hz, 1H), 7.40—7.19 (m, 7H), 6.88 (d, ] = 8.7 Hz, 1H), 6.19—
6.16 (m, 1H), 6.12 (s, 1H), 5.50—5.35 (m, 2H), 3.68 (s, 3H), 3.23 (5,
3H), 2.39 (s, 3H) ppm. BC{'H} NMR (75 MHz, CDCL): § 160.8,
157.9, 142.6, 138.0, 137.4, 136.4, 134.6, 133.9, 132.2, 129.2, 129.0,
128.8, 128.0, 126.6, 126.3, 124.2, 120.1, 118.6, 115.4, 107.6, 163.7,
98.5, 21.5 ppm. Anal. Calcd for C30H,,BrN,OS,: C, 54.96; H, 4.15;
N, 4.27; S, 9.78. Found: C, 55.23; H, 4.43; N, 4.00; S, 10.02.

N-((3-Bromo-1-(phenylsulfonyl)-1H-indol-2-yl)methyl)-N-(3,4-
methylenedioxyphenyl)-4-methylbenzenesulfonamide (3g). The
reaction of 3-bromo-2-bromomethylindole 1 (250 mg, 0.58 mmol)
with N-tosyl-3,4-methyledioxyaniline 2g (203 mg, 0.70 mmol) using
K,CO; (241 mg, 1.75 mmol) in DMF (10 mL) following the general
procedure furnished sulfonamide 3g as a colorless solid (283 mg,

https://dx.doi.org/10.1021/acs.joc.0c02152
J. Org. Chem. 2021, 86, 1925—-1937


pubs.acs.org/joc?ref=pdf
https://dx.doi.org/10.1021/acs.joc.0c02152?ref=pdf

The Journal of Organic Chemistry

pubs.acs.org/joc

76%). Mp: 168—170 °C. '"H NMR (300 MHz, CDCL,;): 6 8.10 (d, ] =
8.1 Hz, 1H), 7.82 (d, J = 7.5 Hz, 2H), 7.59 (d, ] = 8.1 Hz, 2H), 7.55—
7.54 (m, 1H), 7.45—7.42 (m, 2H), 7.35—7.31 (m, 2H), 7.25-7.21
(m, 2H), 6.41 (d, ] = 5.1 Hz, 1H), 6.24—6.23 (m, 1H), 6.21—6.19 (m,
1H), 5.80 (s, 2H), 5.27 (s, 2H), 2.41 (s, 3H) ppm. *C{'H} NMR
(75 MHz, CDCl,): § 147.3, 147.1, 143.8, 138.3, 136.4, 134.6, 134.2,
131.4, 107, 129.4 (2C), 128.5, 128.3, 1267, 126.6, 126.3, 123.1,
120.1, 1152, 110.7, 107.3, 101.5, 46.0, 21.6 ppm. Anal. Calcd for
CooH,3BiN,OS,: C, 54.46; H, 3.63; N, 4.38; S, 10.03. Found; C,
54.24; H, 3.39; N, 4.51; S, 10.15.
N-((3-Bromo-1-(phenylsulfonyl)-1H-indol-2-yl)methyl)-4-methyl-
N-(naphthalen-1-yl)benzenesulfonamide (3h). The reaction of 3-
bromo-2-bromomethylindole 1 (250 mg, 0.58 mmol) with N-tosyl-1-
naphthylamine 2h (207 mg, 0.70 mmol) using K,CO5 (241 mg, 1.75
mmol) in DMF (10 mL) following the general procedure gave
sulfonamide 3h as a colorless solid (330 mg, 88%). Mp: 70—72 °C.
'H NMR (300 MHz, CDCl,): 6 8.28—8.25 (m, 1H), 7.86 (d, ] = 8.1
Hz, 1H), 7.72—7.61 (m, 4H), 7.56 (d, ] = 7.5 Hz, 2H), 7.45 (d, ] =
7.2 Hz, 1H), 7.34—7.20 (m, 8H), 7.17—7.11 (m, 3H), 5.76 (d, | =
13.8 Hz, 1H), 5.37 (d, J = 13.8 Hz, 1H), 2.43 (s, 3H) ppm. *C{'H}
NMR (75 MHz, CDCl,): § 143.6, 137.7, 136.6, 135.8, 134.8, 134.3,
133.9, 133.5, 131.3, 129.3, 129.2, 129.1, 129.0, 128.6, 128.3 127.4,
126.5, 1264, 126.2, 126.0, 124.6, 124.5, 124.4, 120.0, 115.6, 109.3,
47.0, 21.5 ppm. Anal. Calcd for C3,H,sBrN,0,S,: C, 59.54; H, 3.90;
N, 4.34; S, 9.93. Found; C, 59.42; H, 3.67; N, 4.48; S, 9.76.
N-(2-Acetylphenyl)-N-((3-bromo-1-(phenylsulfonyl)-1H-indol-2-
yl)methyl)-4-methylbenzenesulfonamide (3i). The reaction of 3-
bromo-2-bromomethylindole 1 (250 mg, 0.58 mmol) with N-tosyl-2-
acetylaniline 2i (202 mg, 0.70 mmol) using K,CO; (241 mg, 1.75
mmol) in DMF (10 mL) following the general procedure afforded
sulfonamide 3i as a colorless solid (278 mg, 75%). Mp: 180—182 °C.
'H NMR (300 MHz, CDCL,): 6 8.02 (d, ] = 8.1 Hz, 1H), 7.61-7.52
(m, SH), 7.44 (t, ] = 7.2 Hz, 1H), 7.32—7.25 (m, 6H), 7.22—7.11 (m,
3H), 6.69 (d, ] = 7.8 Hz, 1H), 5.62 (s, 2H), 2.56 (s, 3H), 2.38 (s, 3H)
ppm. *C{'H} NMR (75 MHz, CDCL,): § 199.9, 143.4, 141.9, 137.2,
137.1, 136.8, 135.8, 133.9, 132.4, 132.2, 130.9, 129.6, 129.3, 129.2,
129.1, 128.6, 128.4, 126.8, 126.5, 124.9, 120.3, 116.2, 110.4, 47.3,
29.8, 21.5 ppm. Anal. Calcd for C30H,;BrN,O,S,: C, 56.52; H, 3.95;
N, 4.39; S, 10.06. Found: C, 56.28; H, 4.14; N, 4.18; S, 9.81.
General Procedure for the Preparation of -Carbolines 4a—
i. To a solution of 3-bromo-2-arylaminomethylindoles 3a—i (0.25
mmol) in DMF (8 mL) were added Pd(OAc), (0.025 mmol), PPh,
(0.052 mmol), and K,CO;(0.63 mmol). Then the reaction mixture
was stirred at 110 °C for 6 h. After completion of the reaction
(monitored by TLC), it was filtered through a Celite bed. It was then
washed with ethyl acetate (10 mL). The combined filtrate was diluted
with ethyl acetate (20 mL), washed with brine solution (2 X 10 mL),
and dried (Na,SO,). Removal of solvent followed by column
chromatographic purification (silica gel, EtOAc—hexane) afforded f-
carbolines 4a—i in good yields.
7-(Phenylsulfonyl)-7H-indolo[2,3-cIquinoline (4a). The intra-
molecular cyclization of 3-bromo-2-aminomethylindoles 3a (150
mg, 0.25 mmol) using Pd(OAc), (6 mg, 0.025 mmol), PPh; (13 mg,
0.052 mmol), and K,CO;(87 mg, 0.63 mmol) in DMF (8 mL) at 110
°C for 6 h followed by workup and chromatographic purification
(silica gel, EtOAc—hexane 1:9) furnished f-carboline 4a as a colorless
solid (70 mg, 78%). Mp: 232—234 °C. "H NMR (300 MHz, CDCl,):
59.96 (s, 1H), 8.55 (d, J = 6.9 Hz, 1H), 8.64 (d, ] = 8.4 Hz, 1H), 8.41
(d,]=7.8 Hz, 1H), 8.22 (d, ] = 8.1 Hz, 1H), 7.79 (d, ] = 7.5 Hz, 1H),
7.67—7.59 (m, 4H), 7.48 (t, ] = 7.5 Hz, 1H), 7.27-7.22 (m, 3H)
ppm. *C{'H} NMR (75 MHz, CDCL,): § 144.9, 139.5, 138.5, 137.5,
134.2, 131.6, 130.5, 129.3, 128.9, 127.9, 127.7, 126.5, 125.3, 124.9,
123.4, 115.5 ppm. HRMS (ESI-TOF): m/z caled [M]* for
C, H,N,0,S 358.0776, found 358.0775.
2-Methyl-7-(phenylsulfonyl)-7H-indolo[2,3-c]quinoline (4b). The
cyclization reaction of 3-bromo-2-aminomethylindole 3b (154 mg,
0.25 mmol) using Pd(OAc),(6 mg, 0.025 mmol), PPh,(13 mg, 0.052
mmol), and K,CO; (87 mg, 0.63 mmol) in DMF (8 mL) at 110 °C
for 6 h followed by workup and column chromatographic purification
(silica gel, EtOAc—hexane 1:9) afforded f-carboline 4b as a colorless
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solid (82 mg, 88%). Mp: 204—206 °C. 'H NMR (300 MHz, CDCL,):
59.96 (s, 1H), 8.55 (d, J = 7.4 Hz, 1H), 8.49 (d, ] = 7.8 Hz, 1H), 8.37
(s, 1H), 8.19 (d, ] = 8.7 Hz, 1H), 7.87 (d, ] = 8.1 Hz, 2H), 7.69 (t, ] =
7.2 Hz, 1H), 7.59—7.54 (m, 2H), 7.46 (t, ] = 6.9 Hz, 1H), 7.36—7.28
(m, 2H), 2.67 (s, 3H) ppm. “C{'H} NMR (75 MHz, CDClL,): §
143.5, 138.5, 138.4, 137.9, 137.5, 134.2, 131.7, 130.1, 130.0, 129.3,
1287, 126.5, 1259, 125.5, 124.8, 123.5, 123.4, 122.5, 115.5, 22.1
ppm. HRMS (ESI-TOF): m/z caled [M]* for C,,H;(N,0,S
372.0932, found 372.0930.
2-Chloro-7-(phenylsulfonyl)-7H-indolo[2,3-c]quinoline (4c). To a
solution of 3-bromo-2-aminomethylindole 3¢ (158 mg, 0.25 mmol) in
DMF (8 mL) were added Pd(OAc), (6 mg, 0.025 mmol), PPh,(13
mg, 0.052 mmol), and K,CO; (87 mg, 0.63 mmol), and the mixture
was stirred at 110 °C for 6 h followed by workup and column
chromatographic purification (silica gel, EtOAc—hexane 1:9) afforded
p-carboline 4c as a colorless solid (74 mg, 75%). Mp: 189—190 °C.
'"H NMR (300 MHz, CDCl,): § 9.92 (s, 1H), 8.47—8.44 (m, 2H),
8.34 (d, ] = 7.8 Hz, 1H), 8.14 (d, ] = 8.7 Hz, 1H), 7.79 (d, ] = 7.5 Hz,
2H), 7.65—7.58 (m, 3H), 7.49 (t, ] = 7.5 Hz, 1H), 7.29-7.24 (m,
2H) ppm. BC{'H} NMR (75 MHz, CDCl,): § 143.2, 139.6, 138.5,
137.4, 134.4, 133.7, 131.9, 130.7, 130.3, 129.8, 129.4, 129.2, 128.7,
127.5, 126.8, 126.5, 125.5, 125.0, 124.0, 123.5, 123.2, 122.5, 115.6
ppm. HRMS (ESI-TOF): m/z caled [M]* for C,H;;CIN,0,S
392.0386, found 392.0385.
2-Methoxy-7-(phenylsulfonyl)-7H-indolo[2,3-c]quinoline (4d).
The intramolecular Heck reaction of 3-bromo-2-aminomethylindoles
3d (158 mg, 0.25 mmol) using Pd(OAc), (6 mg, 0.025 mmol), PPh,
(13 mg, 0.052 mmol), and K,CO; (87 mg, 0.63 mmol) in DMF (8
mL) at 110 °C for 6 h followed by workup and column
chromatographic purification (silica gel, EtOAc—hexane 1.5:8.5)
furnished p-carboline 4d as a colorless solid (77 mg, 79%). Mp:
235-237 °C. "H NMR (300 MHz, CDCL,): § 9.79 (s, 1H), 8.45 (d, J
= 8.4 Hz, 1H), 8.30 (d, ] = 7.8 Hz, 1H), 8.11 (d, ] = 9.0 Hz, 1H), 7.78
(d, J = 7.5 Hz, 3H), 7.60 (t, ] = 7.2 Hz, 1H), 7.49—7.22 (m, SH), 3.97
(s, 3H) ppm. BC{'H} NMR (75 MHz, CDCL): § 158.9, 140.8,
138.4, 137.6, 136.8, 134.2, 132.0, 131.9, 129.3, 128.6, 126.5, 125.5
(2C), 1247, 1244, 123.0, 119.5, 115.5, 102.5, 55.7 ppm. HRMS
(ESI-TOE): m/z caled for [M]" C,,H;¢N,0,S 388.0882, found
388.0880.
2,4-Dimethoxy-7-(phenylsulfonyl)-7H-indolo[2,3-c]quinoline
(4e). The cyclization reaction of 3-bromo-2-aminomethylindole 3e
(165 mg, 0.25 mmol) using Pd(OAc),(6 mg, 0.025 mmol), PPh,(13
mg, 0.052 mmol), and K,CO; (87 mg, 0.63 mmol) in DMF (8 mL) at
110 °C for 6 h followed by workup and column chromatographic
purification (silica gel, EtOAc—hexane 2:8) afforded f-carboline 4e as
a colorless solid (89 mg, 85%). Mp: 200—202 °C. '"H NMR (300
MHz, CDCly): 6 9.87 (s, 1H), 8.56 (d, ] = 8.4 Hz, 1H), 8.35 (d, ] =
8.1 Hz, 1H), 7.86 (d, ] = 7.8 Hz, 2H), 7.71-7.66 (m, 1H), 7.58—7.53
(m, 1H), 7.45—7.28 (m, 4H), 6.77 (s, 1H), 4.13 (s, 3H), 4.06 (s, 3H)
ppm. BC{'H} NMR (75 MHz, CDCL,): § 159.9, 157.1, 138.5, 137.6,
135.3, 1342, 133.0, 132.6, 129.2, 128.6, 126.5, 125.6, 1252, 124.7,
123.0, 115.5, 99.5, 93.9, 56.2, 55.6 ppm. HRMS (ESI-TOF): m/z
caled [M]* for C,3H N,0,S 418.0987, found 418.098S.
1,3-Dimethoxy-7-(phenylsulfonyl)-7H-indolo[2,3-c]quinoline
(4f). The cyclization reaction of 3-bromo-2-aminomethylindole 3f
(165 mg, 0.25 mmol) using Pd(OAc), (6 mg, 0.025 mmol), PPh; (13
mg, 0.052 mmol), and K,CO; (87 mg, 0.63 mmol) in DMF (8 mL) at
110 °C for 6 h followed by workup and column chromatographic
purification (silica gel, EtOAc—hexane 2:8) afforded f-carboline 4f as
a colorless solid (95 mg, 90%). Mp: 228—230 °C. '"H NMR (300
MHz, CDCl,;): 6 9.98 (s, 1H), 8.87 (d, ] = 6.3 Hz, 1H), 8.52 (d, ] =
6.3 Hz, 1H), 7.79 (d, ] = 6 Hz, 2H), 7.64 (t, ] = 6 Hz, 1H), 7.45 (m,
2H), 7.31=7.26 (m, 3H), 6.72 (s, 1H), 4.09 (s, 3H), 3.98 (s, 3H)
ppm. *C{'H} NMR (75 MHz, CDCl,): § 159.9, 156.4, 148.2, 140.1,
139.8, 1382, 133.9, 131.4, 129.2, 128.9, 128.0, 127.9, 126.6, 126.2,
124.1, 1152, 102.4, 1004, 55.7, 55.4 ppm. HRMS (ESI-TOF): m/z
caled [M]* for C,3H;gN,0,S 418.0987, found 418.0983.
8-(Phenylsulfonyl)-8H-[1,3]dioxolo[4,5-f ]indolo[2,3-c]quinoline
(4g). The cyclization reaction of 3-bromo-2-aminomethylindoles 3a
(101 mg, 0.25 mmol) using Pd(OAc), (6 mg, 0.025 mmol), PPh; (13
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mg, 0.052 mmol.), and K,CO; (87 mg, 0.63 mmol) in DMF (8 mL)
at 110 °C for 6 h followed by workup and chromatographic
purification (silica gel, EtOAc—hexane 2:8) furnished f-carboline 4g
as a colorless solid (79 mg, 78%). Mp: 202—204 °C. '"H NMR (300
MHz, CDCl;): 6 9.81 (s, 1H), 9.01 (d, J = 8.1 Hz, 1H), 849 (d, ] =
8.4 Hz, 1H), 7.91-7.85 (m, 3H), 7.67 (t, ] = 8.1 Hz, 1H), 7.49—7.32
(m, SH), 6.18 (s, 2H) ppm. *C{'H} NMR (75 MHz, CDCL): §
145.1, 141.7, 139.9, 138.3, 137.8, 137.5, 134.2, 131.4, 129.3, 128.8,
126.5, 125.8, 125.1, 125.0, 124.4, 124.0, 114.8, 111.4, 110.0, 101.6
ppm. Anal. Calcd for C,,H|,N,0,S: C, 65.66; H, 3.51; N, 6.96; S,
7.97. Found: C, 65.42; H, 3.67; N, 6.86; S, 8.11.
7-(Phenylsulfonyl)-7H-benzo[h]indolo[2,3-c]quinolone (4h). The
intramolecular cyclization of 3-bromo-2-aminomethylindole 3h (160
mg, 0.25 mmol) using Pd(OAc), (6 mg, 0.025 mmol), PPh; (13 mg,
0.052 mmol), and K,CO; (87 mg, 0.63 mmol) in DMF (8 mL) at 110
°C for 6 h followed by workup and column chromatographic
purification (silica gel, EtOAc—hexane 1:9) afforded f3-carboline 4h as
a colorless solid (91 mg, 90%). Mp: 186—188 °C. '"H NMR (300
MHz, CDCl,): 6 10.09 (s, 1H), 9.38 (d, ] = 6.3 Hz, 1H), 8.56—8.53
(m, 3H), 8.00 (d, ] = 6.6 Hz, 1H), 7.95 (d, ] = 5.7 Hz, 1H), 7.85 (d, ]
= 6.0 Hz, 2H), 7.79 (t, ] = 6 Hz, 1H) 7.70 (t, ] = 5.7 Hz, 2H), 7.56 (t,
J = 5.55 Hz, 1H), 7.45 (t, ] = 5.55 Hz, 1H), 7.32 (t, ] = 5.7 Hz, 2H)
ppm. BC{'H} NMR (75 MHz, CDCL,): § 142.4, 138.8, 137.5, 137.0,
134.2, 132.7, 132.4, 131.9, 129.3, 129.1, 129.0, 127.8, 127.7, 127.5,
127.3, 126.5, 125.5, 124.8, 124.7, 123.8, 121.2, 120.9, 115.5 ppm.
HRMS (ESI-TOF): m/z caled [M]" for C,qH;(N,O,S 408.0932,
found 408.0928.
1-(7-(Phenylsulfonyl)-7H-indolo[2,3-c]quinolin-4-yl)ethanone
(4i). The cyclization of 3-bromo-2-aminomethylindole 3i (160 mg,
0.25 mmol) using Pd(OAc), (6 mg, 0.025 mmol), PPh; (13 mg,
0.052 mmol), and K,CO; (87 mg, 0.63 mmol) in DMF (8 mL) at 110
°C for 6 h followed by workup and column chromatographic
purification (silica gel, EtOAc—hexane 1:9) afforded f-carboline 4h as
a colorless solid (66 mg, 65%). Mp: 182—184 °C. '"H NMR (300
MHz, CDCl,): 6 10.01 (s, 1H), 8.71 (d, J = 1.2 Hz, 1H), 8.68 (d, ] =
1.2 Hz, 1H), 8.47 (d, ] = 1.2 Hz, 1H), 7.83 (d, ] = 7.2 Hz, 3H), 7.72—
7.63 (m, 3H), 7.51 (t, J = 8.1 Hz, 1H), 7.43 (t, ] = 7.2 Hz, 1H), 7.29
(t, J = 8.1 Hz, 1H), 2.91 (s, 3H) ppm. “C{'H} NMR (75 MHz,
CDCly): § 204.6, 141.9, 141.1, 139.4, 138.5, 137.5, 134.4, 131.6,
129.4, 1292, 127.3, 1269, 126.5, 1263, 125.1, 124.9, 123.6, 123.5,
115.6, 32.8 ppm. HRMS (ESI-TOF, MeOH): m/z caled [M]* for
C,3H,¢N,0,S 400.0882, found 400.0880.
N-((3-Bromo-1-(phenylsulfonyl)-1H-indol-2-yl)methyl)-
benzenesulfonamide (5). To a solution of 3-bromo-2-bromomethy-
lindole 1 (2 g 4.66 mmol) in DMF (15 mL) were added
benzenesulfonamide (0.98 g, 5.59 mmol), and K,CO; (1.28 g 9.32
mmol). The reaction mixture was stirred at room temperature for 12
h. After completion of the reaction (monitored by TLC), the mixture
was poured over crushed ice (100 g) containing Conc. HCI (S mL).
The solid obtained was filtered, washed with water (2 X 30 mL), and
dried (Na,SO,). Purification of the crude product by column
chromatography (silica gel, EtOAc—hexane 2:8) afforded sulfonamide
5 as a colorless solid (1.93 g, 82%). Mp: 140—142 °C. '"H NMR (300
MHz, CDCL,): § 7.92 (d, ] = 7.8 Hz, 1H), 7.76=7.75 (m, 2H), 7.60
(d, J = 7.5 Hz, 2H), 7.51 (t, ] = 7.2 Hz, 1H), 7.39-7.26 (m, SH),
7.17-7.16 (m, 3H), 5.75—5.73 (m, 1H), 4.64 (d, ] = 6.9 Hz, 2H)
ppm. BC{'H} NMR (75 MHz, CDCl,): § 140.2, 137.7, 135.8, 134.4,
132.0, 1319, 129.6, 128.6, 128.4, 126.8, 126.7, 126.3, 124.8, 120.4,
114.8, 105.9, 39.6 ppm. Anal. Calcd for C,H;,BrN,0,S,: C, 49.91;
H, 3.39; N, 5.54; S, 12.69. Found: C, 49.68; H, 3.52; N, 5.49; S,
12.51.
N-Allyl-N-((3-bromo-1-(phenylsulfonyl)-1H-indol-2-yl)methyl)-
benzenesulfonamide (6a). To a solution of 3-bromo-2-(amino)-
methylindole § (250 mg, 0.49 mmol) in acetonitrile (20 mL), allyl
bromide (72 mg, 0.59 mmol), and K,CO; (204 mg, 1.48 mmol) were
added, and the reaction mixture was stirred at reflux for 6 h. After
completion of the reaction (monitored by TLC), it was concentrated
under reduced pressure. Then the residue was diluted with ethyl
acetate (1S mL), washed with water (2 X 10 mL), and dried
(Na,S0,). Evaporation of the solvent followed by trituration of the
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crude product with methanol afforded N-allyl sulfonamide 6a as a
colorless solid (218 mg, 81%). Mp: 168—170 °C. 'H NMR (300
MHz, CDCly): 6 8.13 (d, ] = 8.1 Hz, 1H), 7.86—7.79 (m, 4H), 7.59—
7.54 (m, 2H), 7.51-7.38 (m, 6H), 7.34—7.28 (m, 2H), 5.32—5.23
(m, 1H), 4.91 (s, 2H), 4.84 (d, ] = 17.4 Hz, 1H), 4.69 (d, ] = 10.2 Hz,
1H), 3.82 (d, ] = 6 Hz, 2H) ppm. “C{'H} NMR (75 MHz, CDCl,):
0 138.9, 137.9, 136.3, 134.2, 132.9, 132.5, 130.8, 129.3, 128.8, 128.7,
126.7, 124.5, 1209, 117.3, 115.3, 107.9, 51.3, 43.8 ppm. Anal. Calcd
for C,sH,3BrN,0,S,: C, 53.67; H, 4.14; N, 5.01; S, 11.46. Found; C,
53.42; H, 431; N, 5.26; S, 11.72.
N-((3-Bromo-1-(phenylsulfonyl)-1H-indol-2-yl)methyl)-N-cinna-
mylbenzenesulfonamide (6b). To a solution of 3-bromo-2-amino-
methylindole § (250 mg, 0.49 mmol) in acetonitrile (20 mL) were
added cinnamyl bromide (117 mg, 0.59 mmol) and K,COj (204 mg,
1.48 mmol), and the reaction mixture was stirred at reflux for 6 h.
Then the usual workup adopting the above-mentioned procedure
furnished 6b as a colorless solid (264 mg, 86%). Mp: 124—126 °C. 'H
NMR (300 MHz, CDCL,): § 8.06 (d, ] = 8.1 Hz, 1H), 7.92 (d, ] = 7.2
Hz, 2H), 7.84 (d, ] = 7.8 Hz, 2H), 7.58—7.23 (m, 9H), 7.14—7.12 (m,
3H), 6.81—6.80 (m, 2H), 6.01 (d, J = 15.9 Hz, 1H), 5.60—5.50 (m,
1H), 4.99 (s, 2H), 3.90 (d, ] = 6.9 Hz, 2H) ppm. 3C{'H} NMR (75
MHz, CDCL): & 138.5, 137.8, 136.3, 135.9, 134.0, 132.5, 132.3,
130.5, 129.1, 128.8, 128.4, 127.9, 127.4, 1272, 126.7, 126.0, 124.3,
123.9, 119.9, 115.1, 107.6, 50.5, 43.8 ppm. Anal. Calcd for
CyoH,BrN,0,S,: C, 57.97; H, 4.05; N, 4.51; S, 10.32. Found: C,
58.12; H, 3.80; N, 4.61; S, 10.04.
4-Methyl-9-(phenylsulfonyl)-9H-pyrido[3,4-bJindole (7a). The
intramolecular cyclization reaction of 3-bromo-2-phenylaminomethy-
lindole 6a (140 mg, 0.25 mmol) using Pd(OAc), (6 mg 0.025
mmol), PPh; (13 mg, 0.052 mmol), and K,CO; (87 mg, 0.63 mmol)
in DMF (8 mL) at 110 °C for 6 h adopting the above-mentioned
general procedure for 4a—i followed by column chromatographic
purification (silica gel, EtOAc—hexane 1:9) afforded f-carboline 7a as
a colorless solid (61 mg, 76%). Mp: 208—210 °C. '"H NMR (300
MHz, CDCLy): 6 9.24 (s, 1H) 8.14 (d, ] = 7.8 Hz, 2H), 7.85 (d, ] =
7.8 Hz, 1H), 7.60 (d, ] = 7.8 Hz, 2H), 7.42 (t, ] = 7.5 Hz, 1H), 7.30—
7.11 (m, 4H), 2.50 (s, 3H) ppm. BC{'H} NMR (75 MHz, CDCL,): §
144.1, 138.5, 136.9, 134.2, 134.0, 131.1, 129.4, 129.2, 126.3, 126.2,
124.8, 124.4, 123.7, 114.7, 17.1 ppm. HRMS (ESI-TOF): m/z calcd
[M]* for C,4H,4N,0,S 322.0776, found 322.0775.
4-Benzyl-9-(phenylsulfonyl)-9H-pyrido[3,4-bjindole (7b). To a
solution of 3-bromo-2-cinnamylaminomethylindole 6b (157 mg, 0.25
mmol) in DMF were added Pd(OAc), (6 mg, 0.025 mmol), PPh; (13
mg, 0.052 mmol), and K,CO; (86 mg, 0.62 mmol). The reaction
mixture was then stirred at 110 °C for 6 h. The usual workup
adopting the general procedure as mentioned above followed by
column chromatographic purification (silica gel, EtOAc—hexane 1:9)
furnished f-carboline 7b as a colorless solid (80 mg, 80%). Mp: 192—
194 °C. 'H NMR (300 MHz, CDCL,): 5 9.65 (s, 1H), 8.43 (d, ] = 8.4
Hz, 1H), 8.38 (s, 1H), 7.92—7.88 (m, 3H), 7.61 (t, ] = 7.5 Hz, 1H),
7.51 (t, ] = 7.5 Hz, 1H), 7.40—7.23 (m, 6H), 7.14 (d, ] = 7.2 Hz, 2H),
4.51 (s, 2H) ppm. BC{'H} NMR (75 MHz, CDCl,): § 145.4, 138.9,
137.9, 137.4, 135.6, 134.7, 134.2, 131.1, 129.5, 129.3, 129.1, 128.8,
1284, 1267, 126.6, 124.5, 124.4, 124.0, 115.0, 36.8 ppm. HRMS
(ESI-TOF): m/z caled [M]* for C,H;sN,0,S 398.1089, found
398.1088.
2-Bromo-3-(bromomethyl)-1-(phenylsulfonyl)-1H-indole (8). To
a solution of 2-bromo-3-methylindole (1 g, 2.86 mmol) in CCl,(30
mL), NBS (0.66 g, 3.72 mmol), and AIBN (0.1 g, 0.28 mmol) were
added and refluxed for 1 h. After completion of the reaction
(monitored by TLC), the floated succinimide was filtered off and
filtrate was concentrated under reduced pressure. The crude product
was recrystallized from methanol (3 mL) to afford 2-bromo-3-
bromomethylindole 8 as a colorless solid (1.0S g, 86%). Mp: 108—
110 °C. 'H NMR (300 MHz, CDCL): & 8.14 (d, ] = 8.4 Hz, 1H),
7.95 (d, ] = 7.8 Hz, 2H), 7.60—7.52 (m, 2H), 7.48—7.37 (m, 3H),
7.35—7.32 (m, 1H), 5.14 (s, 2H) ppm. *C{'H} NMR (75 MHz,
CDCL): § 138.5, 136.3, 134.2, 133.3, 129.3, 128.6, 127.1, 124.6,
120.3, 115.0, 106.1, 22.6 ppm. Anal. Caled for C,sH,;Br,NO,S: C,
41.98; H, 2.58; N, 3.26. Found: C, 41.78; H, 2.45; N, 3.42.
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N-((2-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl)methyl)-4-methyl-
N-phenylbenzenesulfonamide (9a). The reaction of 2-bromo-3-
bromomethylindole 8 (250 mg, 0.58 mmol) with N-tosylaniline 2a
(172 mg, 0.70 mmol) using K,CO; (241 mg, 1.75 mmol) in DMF
(10 mL) at room temperature stirring for 12 h following the general
procedure furnished sulfonamide 9a as a colorless solid (270 mg,
78%). Mp: 118—120 °C. 'H NMR (300 MHz, CDCl,): & 8.19—8.16
(m, 1H), 7.99=7.96 (m, 1H), 7.59—7.48 (m, SH), 7.35-7.26 (m,
6H), 7.12—7.07 (m, 1H), 7.00 (t, ] = 7.5 Hz, 2H), 6.59 (d, ] = 8.4 Hz,
2H), 4.80 (s, 2H), 2.46 (s, 3H) ppm. “C{'H} NMR (75 MHz,
CDCly): 6 143.8, 137.9, 137.7, 137.3, 134.8, 133.9, 131.6, 130.1,
129.6, 129.1, 128.7, 128.5, 128.0, 127.8, 126.6, 125.5, 124.4, 119.8,
119.2, 115.0, 111.5, 46.0, 21.6 ppm. Anal. Calcd for CyH,;BrN,O,S,:
C, 56.47; H, 3.89; N, 4.70; S, 10.77. Found: C, 56.42; H, 3.78; N,
4.92; S, 10.56.

N-((2-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl)methyl)-4-methyl-
N-p-tolylbenzenesulfonamide (9b). A mixture of 2-bromo-3-
bromomethylindole 8 (250 mg, 0.58 mmol), N-tosyl-4-methylaniline
2b (183 mg, 0.70 mmol), and K,CO; (241 mg, 1.75 mmol) in DMF
(10 mL) was stirred at room temperature for 12 h. Then the usual
workup adopting the above-mentioned general procedure afforded
sulfonamide 9b as a colorless solid (319 mg, 90%). Mp: 206—208 °C.
'"H NMR (300 MHz, CDCL;): § 8.09 (d, ] = 5.1 Hz, 1H), 7.91 (d, ] =
3.6 Hz, 1H), 7.52—7.40 (m, SH), 7.24—7.19 (m, 6H), 6.71 (d, ] = 7.8
Hz, 2H), 6.53 (d, ] = 7.8 Hz, 2H), 4.70 (s, 2H), 2.36 (s, 3H), 2.14 (s,
3H) ppm. BC{'H} NMR (75 MHz, CDCl,): § 143.7, 137.9, 137.7,
137.3, 135.0, 134.8, 133.8, 129.5, 129.2, 129.0, 128.7, 128.4, 127.8,
126.6, 125.4, 124.4, 119.8, 119.3, 115.0, 111.5, 46.0, 21.6, 21.1 ppm.
Anal. Calced for C,oH,BrN,0,S,: C, 57.14; H, 4.13; N, 4.60; S, 10.52.
Found: C, 57.03; H, 3.96; N, 4.28; S, 10.37.

N-((2-Bromo-1-(phenylsulfonyl)- 1H-indol-3-yl)methyl)-N-(4-me-
thoxyphenyl)-4-methylbenzenesulfonamide (9c). A mixture of 2-
bromo-3-bromomethylindole 8 (250 mg, 0.58 mmol), N-tosyl-4-
methoxyaniline 2d (194 mg, 0.70 mmol), and K,CO; (241 mg, 1.75
mmol) in DMF (10 mL) was stirred at room temperature for 12 h.
Then the workup adopting the above-mentioned general procedure
gave sulfonamide 9c as a colorless solid (291 mg, 80%). Mp: 108—
110 °C. 'H NMR (300 MHz, CDCL): § 8.22—8.19 (m, 1H), 7.99—
7.96 (m, 1H), 7.61=7.48 (m, SH), 7.36—7.28 (m, 6H), 6.65 (d, ] = 9
Hz, 2H), 6.52 (d, ] = 9 Hz, 2H), 4.81 (s, 2H), 3.73 (s, 3H), 2.47 (s,
3H) ppm. *C{'H} NMR (75 MHz, CDCl;): § 159.1, 143.7, 138.3,
137.6, 135.4, 133.8, 130.5, 130.0, 129.6, 129.0, 128.9, 128.0, 126.8,
125.5, 124.5, 119.9, 119.6, 115.2, 113.9, 111.8, 55.3, 46.2, 21.6 ppm.
Anal. Caled for C,oH,BrN,O,S,: C, 55.68; H, 4.03; N, 4.48; S, 10.25.
Found: C, 55.45; H, 4.16; N, 4.32; S, 10.47.

N-((2-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl)methyl)-N-(2,4-di-
methoxyphenyl)-4-methylbenzenesulfonamide (9d). To a solution
of 2-bromo-3-bromomethylindole 8 (250 mg, 0.58 mmol) in DMF
(10 mL), N-tosyl-2,4-dimethoxyaniline 2e (215 mg, 0.70 mmol), and
K,CO; (241 mg, 1.75 mmol) were added, and it was stirred at room
temperature for 12 h. Then the usual workup produced sulfonamide
9d as a colorless solid (297 mg, 78%). Mp: 160—162 °C. '"H NMR
(300 MHz, CDCL,): & 8.13—8.10 (m, 1H), 7.91—7.88 (m, 1H), 7.53
(t, ] = 8.55 Hz, 4H), 7.44 (t, ] = 7.2 Hz, 1H), 7.28—7.23 (m, 4H),
7.18 (t, ] = 7.8 Hz, 2H), 6.49 (d, ] = 8.4 Hz, 1H), 6.01 (s, 1H), 5.94
(d, J = 8.7 Hz, 1H), 4.97 (d, ] = 13.2 Hz, 1H), 4.70 (d, J = 13.2 Hz,
1H), 3.64 (s, 3H), 3.05 (s, 3H), 2.35 (s, 3H) ppm. “C{'H} NMR
(75 MHz, CDCL,): & 160.6, 157.4, 142.8, 137.9, 137.3, 137.2, 133.8,
133.5, 129.0, 127.6, 126.7, 125.2, 124.3, 120.1, 119.9, 117.8, 114.9,
111.6, 1040, 98.5, 55.3, S4.4, 44.1, 21.5 ppm. Anal. Caled for
CioH,BiN,OS,: C, 54.96; H, 4.15; N, 4.27; S, 9.78. Found: C,
55.19; H, 4.38; N, 4.08; S, 10.02.

N-((2-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl)methyl)-N-(3,5-di-
methoxyphenyl)-4-methylbenzenesulfonamide (9e). A mixture of
2-bromo-3-bromomethylindole 8 (250 mg, 0.58 mmol), N-tosyl-3,5-
dimethoxyaniline 2f (241 mg, 0.70 mmol), and K,COj; (241 mg, 1.75
mmol) in DMF (10 mL) was stirred at room temperature for 12 h.
Then the usual workup adopting the above-mentioned general
procedure afforded sulfonamide 9e as a colorless solid (309 mg, 81%).
Mp: 130—132 °C. 'H NMR (300 MHz, CDCl,): 5 8.11—8.08 (m,
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1H), 7.91-7.88 (m, 1H), 7.50 (d, ] = 7.5 Hz, 4H), 7.41 (t, ] = 7.5 Hz,
1H), 7.26—7.18 (m, 6H), 6.11 (s, 1H), 5.83 (s, 2H), 4.68 (s, 2H),
3.40 (s, 6H), 2.37 (s, 3H) ppm. C{'H} NMR (75 MHz, CDCl,): §
160.0, 143.8, 139.4, 137.8, 137.3, 134.6, 133.9, 129.5, 129.0, 128.7,
1279, 126.5, 125.4, 124.4, 119.8, 115.1, 111.5, 106.7, 101.0, 55.2,
46.1, 21.6 ppm. Anal. Calcd for C;,H,,BrN,OS,: C, 54.96; H, 4.15;
N, 4.27; S, 9.78. Found: C, 54.81; H, 429; N, 4.19; S, 9.52.
N-((2-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl)methyl)-N-(3,4-di-
methoxyphenyl)-4-methylbenzenesulfonamide (9f). A mixture of 2-
bromo-3-bromomethylindole 8 (250 mg, 0.58 mmol), N-tosyl-3,4-
dimethoxyaniline 2j (241 mg, 0.70 mmol), and K,CO; (241 mg, 1.75
mmol) in DMF (10 mL) was stirred at room temperature for 12 h.
Then the usual workup adopting the above-mentioned general
procedure afforded sulfonamide 9f as a colorless solid (305 mg, 80%).
Mp: 100—102 °C. '"H NMR (300 MHz, CDCL): § 8.21—8.18 (m,
1H), 8.00—7.97 (m, 1H), 7.58 (d, ] = 8.4 Hz, 4H), 7.50 (t, ] = 7.5 Hz,
1H), 7.36—7.28 (m, 6H), 6.48 (d, ] = 8.7 Hz, 1H), 6.33 (d, ] = 8.4
Hz, 1H), 6.21 (s, 1H), 4.81(s, 2H), 3.80 (s, 3H), 3.45 (s, 3H), 2.47
(s, 3H) ppm. BC{'H} NMR (75 MHz, CDCL): § 148.9, 148.6,
143.4, 138.2, 137.6, 135.3, 133.9, 130.7, 129.5, 129.0, 128.9, 128.1,
126.6, 125.5, 124.4, 121.3, 119.9, 119.5, 115.3, 112.8, 111.8, 110.6,
55.9, 55.7, 46.3, 21.5 ppm. Anal. Calcd for C;H,,BrN,OS,: C,
54.96; H, 4.15; N, 4.27; S, 9.78. Found: C, 55.08; H, 4.00; N, 4.52; S,
9.92.
N-((2-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl)methyl)-N-(2-ace-
tylphenyl)-4-methylbenzenesulfonamide (9g). The reaction of 2-
bromo-3-bromomethylindole 8 (600 mg, 1.40 mmol) with N-tosyl-2-
acetylaniline 2i (480 mg, 1.69 mmol) using K,CO; (290 mg, 2.11
mmol) in DMF (10 mL) at room temperature stirring for 12 h
followed by usual workup furnished sulfonamide 9g as a colorless
solid (710 mg, 79%). Mp: 176—178 °C. 'H NMR (300 MHz,
CDCly): 6 8.25 (d, J = 8.1 Hz 1H), 7.77-7.70 (m, 3H), 7.58—7.51
(m, 3H), 7.43 (d,] = 1.2 Hz, 1H), 7.38—7.27 (m, 7H), 7.11 (t, ] = 7.5
Hz, 1H), 6.65 (d, J = 7.5 Hz, 1H), 5.2 (m, 1H), 4.87 (m, 1H), 2.46 (s,
3H), 2.04 (s, 3H) ppm. BC{'H} NMR (75 MHz, CDCL): § 1994,
143.9, 141.5, 138.3, 137.4, 135.9, 135.6, 144.0, 131.1, 130.9, 129.6,
1294, 129.3, 129.1, 128.5, 128.2, 127.0, 125.6, 124.4, 119.9, 119.7,
115.2, 112.8, 46.5, 29.6, 21.5 ppm. Anal. Calcd for C30H,sBrN,O;S,:
C, 56.52; H, 3.95; N, 4.39; S, 10.06. Found; C, 56.68; H, 4.02; N,
4.26; S, 9.87.
N-((2-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl)methyl)-N-(3,4-
methylendioxyphenyl)-4-methylbenzenesulfonamide (9h). The
reaction of 2-bromo-3-bromomethylindole 8 (250 mg, 0.58 mmol)
with N-tosyl-3,4-methylenedioxyaniline 2g (203 mg, 0.70 mmol)
using K,CO; (241 mg, 1.75 mmol) in DMF (10 mL) at room
temperature stirring for 12 h followed by usual workup furnished
sulfonamide 9h as a colorless solid (290 mg, 78%). Mp: 98—100 °C.
'H NMR (300 MHz, CDCl,): § 8.22—8.19 (m, 1H), 7.97—7.94 (m,
1H), 7.63=7.49 (m, SH), 7.36—7.26 (m, 6H), 6.37 (d, ] = 8.1 Hz,
1H), 6.25 (d, ] = 1.2 Hz, 1H), 6.13 (d, J = 8.4 Hz, 1H), 5.89 (s, 2H),
4.73 (s, 2H), 2.45 (s, 3H) ppm. “C{'H} NMR (75 MHz, CDCL,): §
147.3, 147.2, 143.8, 137.8, 137.3, 134.6, 133.9, 131.3, 129.6, 129.0,
1287, 127.7, 126.7, 125.5, 124.5, 122.3, 119.7, 119.2, 115.1, 111.6,
109.8, 107.5, 101.4, 46.2, 21.6 ppm. Anal. Calcd for CooH,;BrN,OS,:
C, 54.46; H, 3.63; N, 4.38; S, 10.03. Found; C, 54.58; H, 3.57; N,
4.16; S, 9.87.
N-((5,5-Dioxidobenzo[4,5]isothiazolo[2,3-a]indol-11-yl)methyl)-
4-methyl-N-phenylbenzenesulfonamide (10a). The intramolecular
cyclization reaction of 2-bromo-3-aminomethylindole 9a (150 mg,
0.25 mmol) using Pd(OAc), (6 mg, 0.025 mmol), PPh; (13 mg,
0.052 mmol), and K,CO; (90 mg, 0.63 mmol) in DMF (8 mL) at 110
°C for 4 h adopting the above-mentioned general procedure for 4a—i
followed by column chromatographic purification (silica gel, EtOAc—
hexane 1:9) afforded sulfonamide 10a as a colorless solid (99 mg,
76%). Mp: 186—188 °C. 'H NMR (300 MHz, CDCL,): 5 7.98 (d, ] =
8.1 Hz, 1H), 7.79 (d, ] = 7.8 Hz, 1H), 7.67 (t, ] = 7.5 Hz, 1H), 7.60—
7.57 (m, 3H), 7.51-7.48 (m, 2H), 7.32—7.26 (m, 3H), 7.17—7.09
(m, 4H), 6.90-6.87 (m, 2H), 5.10 (s, 2H), 2.47 (s, 3H) ppm.
BC{'H} NMR (75 MHz, CDCl,): 5 144.0, 138.4, 138.0, 134.8, 134.2,
1327, 132.1, 131.3, 129.6, 129.2, 129.0, 128.9, 128.5, 128.0, 127.0,
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126.1, 1237, 123.3, 122.5, 120.7, 111.6, 110.9, 44.8, 21.6 ppm. Anal.
Calcd for CogH,,N,0,S,: C, 65.35; H, 4.31; N, 5.44; S, 12.46. Found:
C, 65.14; H, 4.50; N, 5.21; S, 12.35.
N-((5,5-Dioxidobenzo[4,5]isothiazolo[2,3-a]indol-11-yl)methyl)-
4-methyl-N-(p-tolyl)benzenesulfonamide (10b). The cyclization
reaction of 2-bromo-3-aminomethylindole 9b (154 mg, 0.25 mmol)
using Pd(OAc), (6 mg, 0.025 mmol), PPh; (13 mg, 0.052 mmol),
and K,CO; (87 mg, 0.63 mmol) in DMF (8 mL) at 110 °C for 4 h
adopting the above-mentioned general procedure followed by column
chromatographic purification (silica gel, EtOAc—hexane 1:9) afforded
sulfonamide 10b as a colorless solid (109 mg, 82%). Mp: 250—252
°C. 'H NMR (300 MHz, CDCL;): 6 7.98 (d, J = 7.8 Hz, 1H), 7.89 (d,
J=7.8 Hz, 1H), 7.67 (t, ] = 7.8 Hz, 1H), 7.61—7.57 (m, 3H), 7.55—
7.46 (m, 2H), 7.33—7.26 (m, 3H), 7.18 (t, ] = 7.5 Hz, 1H), 6.88 (d, ]
= 8.1 Hz, 2H), 6.76 (d, ] = 8.4 Hz, 2H), 5.10 (s, 2H), 2.47 (s, 3H),
2.17 (s, 3H) ppm. C{'H} NMR (75 MHz, CDCL): § 143.9, 138.5,
138.1, 135.6, 134.9, 134.2, 132.8, 132.1, 131.3, 129.7, 129.6, 129.2,
128.5, 1280, 127.1, 126.1, 123.8, 123.4, 122.5, 1209, 111.6, 111.1,
44.8, 21.6, 21.0 ppm. HRMS (ESI-TOF): m/z caled [M]* for
CyoH,,N,0,5,528.1177, found 528.1175.
N-((5,5-Dioxidobenzo[4,5]isothiazolo[2,3-a]indol-11-yl)methyl)-
N-(4-methoxyphenyl)-4-methylbenzenesulfonamide (10c). The
cyclization reaction of 3-bromo-2-aminomethylindole 9¢ (158 mg,
0.25 mmol) using Pd(OAc), (6 mg, 0.025 mmol), PPh; (13 mg,
0.052 mmol), and K,COj; (87 mg, 0.63 mmol) in DMF (8 mL) at 110
°C for 4 h adopting the above-mentioned general procedure followed
by column chromatographic purification (silica gel, EtOAc—hexane
1.5:8.5) furnished sulfonamide 10c as a colorless solid (117 mg, 85%).
Mp: 200—202 °C. '"H NMR (300 MHz, CDCly): 6 7.97 (d, ] = 8.1
Hz, 1H), 7.80 (d, ] = 7.5 Hz, 1H), 7.69—7.60 (m, 4H), 7.55—7.47 (m,
2H), 7.35—7.28 (m, 3H), 7.18 (t, ] = 7.5 Hz, 1H), 6.80 (d, ] = 9.0 Hz,
2H), 6.60 (d, ] = 9.0 Hz, 2H), 5.11 (s, 2H), 3.66 (s, 3H), 2.48 (s, 3H)
ppm. BC{'H} NMR (75 MHz, CDCL,): § 159.5, 143.8, 138.4, 135.5,
134.1, 132.9, 132.4, 131.4, 131.0, 130.2, 129.6, 129.2, 128.1, 127.3,
126.1, 123.8, 123.4, 122.5, 120.9, 114.4, 111.7, 111.3, 53.3, 45.0, 2.5
ppm. Anal. Caled for Cy0H,,N,05S,: C, 63.95; H, 4.44; N, 5.14; S,
11.77. Found C, 63.72; H, 421; N, 5.36; S, 11.92.
N-(2,4-Dimethoxyphenyl)-N-((5,5-dioxidobenzo[4,5]isothiazolo-
[2,3-a]indol-11-yl)methyl)-4-methylbenzenesulfonamide (10d).
The cyclization reaction of 2-bromo-3-aminomethylindole 9d (165
mg, 0.25 mmol) using Pd(OAc), (6 mg, 0.025 mmol), PPh; (13 mg,
0.052 mmol), and K,CO; (87 mg, 0.63 mmol) in DMF (8 mL) at 110
°C for 4 h adopting the above-mentioned general procedure followed
by column chromatographic purification (silica gel, EtOAc—hexane
2:8) afforded sulfonamide 10d as a colorless solid (123 mg, 85%). 'H
NMR (300 MHz, CDCl,): § 7.91 (d, J = 7.8 Hz, 1H), 7.76 (d,] = 7.5
Hz, 1H), 7.65—7.58 (m, SH), 7.45 (t, ] = 7.5 Hz, 1H), 7.35—7.28 (m,
3H),7.19 (t, ] = 7.5 Hz, 1H), 6.82 (d, ] = 8.4 Hz, 1H), 6.17—6.10 (m,
2H), 5.32 (d, ] = 12.6 Hz, 1H), 5.08 (d, ] = 13.8 Hz, 1H), 3.63 (s,
3H), 3.23 (s, 3H), 2.45 (s, 3H) ppm. “C{'H} NMR (75 MHz,
CDCly): § 160.9, 157.2, 143.0, 138.0, 137.1, 134.0, 133.9, 133.1,
132.1, 131.3, 129.0, 127.7, 127.2, 126.0, 123.6, 123.3, 122.3, 121.2,
118.1, 111.8, 111.4, 104.3, 99.0, 55.3, 54.6, 43.0, 21.5 ppm. HRMS
(BESI-TOF): m/z caled [M]* for Cs0HyN,045,574.1232, found
574.1230.
N-(3,5-Dimethoxyphenyl)-N-((5,5-dioxidobenzo[4,5]isothiazolo-
[2,3-aJindol-11-yl)methyl)-4-methylbenzenesulfonamide (10e).
The intramolecular cyclization reaction of 2-bromo-3-aminomethy-
lindole 9e (165 mg, 0.25 mmol) using Pd(OAc), (6 mg, 0.02S
mmol), PPh; (13 mg, 0.052 mmol), and K,CO; (87 mg, 0.63 mmol)
in DMF (8 mL) at 110 °C for 4 h adopting the above-mentioned
general procedure followed by column chromatographic purification
(silica gel, EtOAc—hexane 2:8) afforded sulfonamide 10e as a
colorless solid (123 mg, 85%). Mp: 215—217 °C. '"H NMR (300
MHz, CDCL): § 7.87 (d, J = 7.2 Hz, 1H), 7.73 (4, ] = 6.9 Hz, 1H),
7.61=7.55 (m, SH), 742 (t, ] = 6.9 Hz, 1H), 7.31—=7.28 (m, 3H),
7.16 (t, ] = 6.9 Hz, 1H), 6.17 (s, 1H), 6.00 (s, 2H), 4.98 (s, 2H), 3.46
(s, 6H), 2.43 (s, 3H) ppm. *C{'H} NMR (75 MHz, CDCL,): §
1604, 143.9, 140.0, 137.7, 134.7, 133.9, 132.6, 131.8, 131.0, 129.4,
129.1, 127.8, 126.7, 125.9, 123.5, 123.2, 122.1, 1209, 111.3, 110.9,
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107.0, 100.6, S5.1, 44.8, 21.4 ppm. HRMS (ESI-TOF): m/z caled
[M]* for C3,H,(N,04S, 574.1232, found 574.1231.

N-(3,4-Dimethoxyphenyl)-N-((5,5-dioxidobenzo[4,5]isothiazolo-
[2,3-alindol-11-yl)methyl)-4-methylbenzenesulfonamide (10f). The
cyclization reaction of 2-bromo-3-aminomethylindole 9f (165 mg,
0.25 mmol) using Pd(OAc), (6 mg, 0.025 mmol), PPh; (13 mg,
0.052 mmol), and K,CO5 (87 mg, 0.63 mmol) in DMF (8 mL) at 110
°C for 4 h adopting the above-mentioned general procedure followed
by column chromatographic purification (silica gel, EtOAc—hexane
2:8) afforded sulfonamide 10f as a colorless solid (116 mg, 80%). Mp:
218220 °C. 'H NMR (300 MHz, CDCL,): 5 7.96 (d, ] = 8.1 Hz,
1H), 7.81 (d, J = 7.8 Hz, 1H), 7.68—7.63 (m, 4H), 7.53—7.47 (m,
2H), 7.36—7.28 (m, 3H), 7.18 (t, J = 7.6 Hz, 1H), 6.56 (d, ] = 8.4 Hz,
1H), 6.45 (dd, J; = 8.7 Hz, ], = 2.1 Hz, 1H), 6.34 (d, ] = 2.1 Hz, 1H),
5.12 (s, 2H), 3.74 (s, 3H), 3.50 (s, 3H), 2.48 (s, 3H) ppm. *C{'H}
NMR (75 MHz, CDCL): & 149.5, 149.2, 143.9, 138.5, 135.6, 134.1,
133.0, 131.5, 131.3, 129.6, 129.3, 128.2, 127.3, 126.2, 123.8, 123.5,
122.6, 121.7, 120.9, 113.3, 111.8, 111.4, 111.3, 56.0, 55.9, 45.2, 21.6
ppm. HRMS (ESI-TOF): m/z caled [M]" for C30H,¢N,04S,
574.1232, found 574.1224.

N-(2-Acetylphenyl)-N-((5,5-dioxidobenzo[4,5]isothiazolo[2,3-a]-
indol-11-yl)methyl)-4-methylbenzenesulfonamide (10g). The cyc-
lization reaction of 2-bromo-3-aminomethylindole 9g (310 mg, 0.488
mmol) using Pd(OAc), (32 mg, 0.048 mmol), PPh, (25 mg, 0.097
mmol), and K,CO; (168 mg, 1.220 mmol) in DMF (8 mL) at 110 °C
for 4 h adopting the above-mentioned general procedure followed by
column chromatographic purification (silica gel, EtOAc—hexane 2:8)
afforded sulfonamide 10g as a colorless solid (179 mg, 66%). Mp:
170—172 °C. 'H NMR (300 MHz, CDCL,): 5 7.81 (d, ] = 7.8 Hz,
1H), 7.74 (d, ] = 7.2 Hz, 1H), 7.66 (d, ] = 8.1 Hz, 1H), 7.57 (d, ] =
8.4 Hz, 2H), 7.53—7.47 (m, 2H), 7.44—7.39 (m, 2H), 7.35 (t, ] = 7.5
Hz, 1H), 7.25-7.22 (m, 3H), 7.17 (d, ] = 8.1 Hz, 1H), 7.14—7.07 (m,
1H), 6.55 (d, J = 7.8 Hz, 1H), 5.46 (s, 2H), 2.44 (s, 3H), 2.32 (s, 3H)
ppm. *C{'H} NMR (75 MHz, CDCL,): § 200.7, 143.8, 142.0, 138.4,
136.9, 135.1, 133.9, 133.0, 132.9, 132.5, 132.3, 131.3, 129.6, 129.1,
1289, 128.7, 128.0, 127.1, 126.2, 123.6, 123.5, 122.3, 121.3, 111.8,
111.4, 45.7, 29.6, 21.5 ppm. HRMS (ESI-TOF): m/z caled [M]* for
CioH,,N,0.S, 556.1127, found 556.1122.

Palladium-Catalyzed Coupling Reaction of N-((2-Bromo-1-
(phenylsulfonyl)-1H-indol-3-yl)methyl)-N-(3,4-methylendiox-
yphenyl)-4-methylbenzenesulfonamide (9h). The cyclization
reaction of 2-bromo-3-aminomethylindole 9h (101 mg, 0.25 mmol)
using Pd(OAc), (6 mg, 0.025 mmol), PPh; (13 mg, 0.500 mmol.),
and K,CO; (87 mg, 0.63 mmol) in DMF (8 mL) at 110 °C for 6 h
followed by usual workup and column chromatographic purification
(silica gel, EtOAc—hexane 1:9) furnished y-carboline 12. Further
elution of the column (EtOAc—hexane 2:8) afforded sulfonamide
10h.

12-(Phenylsulfonyl)-7-tosyl-12H-[1,3]dioxolo[4,5-f Jindolo[3,2-c]-
quinoline (12). Colorless solid (48 mg, 34%). Mp: 145—147 °C. 'H
NMR (300 MHz, CDCL): § 7.66—7.62 (m, 1H), 7.58 (d, ] = 7.5 Hz,
2H), 742 (t, ] = 7.5 Hz, 1H), 7.35-7.28 (m, 5H), 7.19—7.16 (m,
2H), 7.03 (d, ] = 8.4 Hz, 1H), 6.91 (d, ] = 8.1 Hz, 2H), 6.67 (d,] =
8.4 Hz, 1H), 5.68 (s, 2H), 2.17 (s, 3H) ppm. “C{'H} NMR (75
MHz, CDCLy): § 146.9, 143.9, 142.8, 139.5, 139.2, 136.1, 133.0,
130.6, 129.5, 129.1, 128.7, 127.4, 126.7, 126.0, 1253, 1243, 122.3,
121.0, 118.8, 1164, 109.6, 107.2, 101.1, 21.4 ppm. HRMS (ESI-
TOE): m/z caled [M]* for C,oH,oN,04S, 556.0763, found 556.0761.

N-(Benzo[d][1,3]dioxol-5-yl)-N-((5,5-dioxidobenzo[4,5]-
isothiazolo[2,3-a]indol-11-yl)methyl)-4-methylbenzenesulfona-
mide (10h). Colorless solid (49 mg, 35%). Mp: 216—218 °C. 'H
NMR (300 MHz, CDCL,): § 7.90 (d, ] = 7.5 Hz, 1H), 7.72 (d, ] = 7.8
Hz, 1H), 7.62—7.53 (m, 4H), 7.44 (t, ] = 9.0 Hz, 2H), 7.26—7.19 (m,
3H), 7.09 (t, ] = 7.5 Hz, 1H), 6.39 (d, ] = 7.8 Hz, 1H), 6.37 (s, 1H),
620 (d, ] = 8.1 Hz, 1H), 5.75 (s, 2H), 4.93 (s, 2H), 2.40 (s, 3H) ppm.
BC{'H} NMR (75 MHz, CDCl,): § 147.8, 147.7, 144.1, 138.0, 134.6,
134.3, 132.8, 132.1, 131.9, 131.3, 129.7, 129.3, 128.0, 127.0, 126.1,
1237, 123.5, 122.6, 122.1, 120.8, 111.6, 110.8, 110.0, 107.9, 101.6,
45.0, 21.7 ppm. HRMS (ESI-TOF): m/z caled [M]* for
Cy0H,,N,045,558.0919, found $58.0902.
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N-((2-Bromo-1-(phenylsulfonyl)-1H-indol-3-yl)methyl)-4-methyl-
benzenesulfonamide (15). To a solution of 2-bromo-3-bromome-
thylindole 8 (S g 11.60 mmol) in acetonitrile (80 mL), 4-
methylbenzenesulfonamide (2.2 g, 13.90 mmol), and K,CO; (3.21
g, 23.3 mmol) were added and the reaction mixture was stirred at
reflux for 6 h. After completion of reaction (monitored by TLC), the
usual workup procedure similar to that of 3a—i led to sulfonamide 15
as a colorless solid (4.8 g, 80%). Mp: 146—148 °C. '"H NMR (300
MHz, CDCl;): 6 8.21 (d, ] = 7.4 Hz, 1H), 7.85 (d, ] = 7.8 Hz, 2H),
7.64 (d, ] = 7.4 Hz, 2H), 7.56 (t, ] = 7.5 Hz, 1H), 7.46—7.41 (m, 3H),
7.33 (t, ] = 6.9 Hz, 1H), 7.28—-7.23 (m, 1H), 7.19-7.15 (m, 2H),
4.88—4.75 (m, 1H), 423 (d, ] = 6.0 Hz, 2H), 2.39 (s, 3H) ppm.
BC{'H} NMR (75 MHz, CDCl,): § 143.6, 138.5, 137.3, 136.8, 134.3,
129.5, 129.3, 128.3, 127.1, 125.5, 124.2, 119.4, 118.8, 115.1, 110.9,
38.4, 21.4 ppm. Anal. Calcd for C,,H,oBrN,0,S,: C, 50.87; H, 3.69;
N, 5.39; S, 12.34. Found: C, 51.04; H, 3.42; N, 5.16; S, 12.18.

N-Allyl-N-((2-bromo-1-(phenylsulfonyl)- 1H-indol-3-yl)methyl)-4-
methylbenzenesulfonamide (16). To a solution of 2-bromo-3-
aminomethylindole 15 (250 mg, 0.48 mmol) in acetonitrile (20 mL)
were added allyl bromide (70 mg, 0.58 mmol) and K,CO; (199 mg,
1.44 mmol), and the reaction mixture was stirred at reflux for 6 h.
Then the usual workup adopting the above-mentioned procedure
gave 2-bromo-3-allylaminomethylindole 16 as a colorless solid (228
mg, 85%). Mp: 108—110 °C. '"H NMR (300 MHz, CDCly): 5 8.28
(d,J=8.1Hz, 1H), 7.90 (d, ] = 7.8 Hz, 1H), 7.83 (d, ] = 7.5 Hz, 2H),
7.71 (d, J = 7.5 Hz, 2H), 7.55 (d, ] = 7.2 Hz, 1H), 7.43 (d, ] = 7.5 Hz,
1H), 7.38 (d, J = 3.9 Hz, 1H), 7.33—7.26 (m, 4H), 5.26—5.08 (m,
1H), 4.72—4.61 (m, 2H), 4.40 (s, 2H), 3.52 (d, ] = 6.0 Hz, 2H), 2.44
(s, 3H) ppm. BC{'H} NMR (75 MHz, CDCL,): § 143.6, 138.1,
137.4, 136.2, 134.2, 131.9, 129.8, 129.1, 128.9, 127.3, 127.0, 125.6,
1244, 120.0, 119.3, 118.1, 115.1, 111.2, 50.2, 43.6, 21.5 ppm. Anal.
Caled for CysH,3BrN,0,S,: C, 53.67; H, 4.14; N, 5.01; S, 11.46.
Found: C, 53.90; H, 3.93; N, 5.25; S, 11.26.

4-Methylene-5-(phenylsulfonyl)-2-tosyl-2,3,4,5-tetrahydro-1H-
pyrido[4,3-bJindole (17). To a solution of 2-bromo-3-allylaminome-
thylindole 16 (150 mg, 0.27 mmol) in DMF (8 mL) were added
Pd(OAc), (6 mg, 0.027 mmol), PPh; (14 mg, 0.054 mmol), and
K,CO; (92 mg, 0.67 mmol). The reaction mixture was then stirred at
110 °C for 6 h followed by workup using the above-mentioned
general procedure gave compound 17 as a colorless solid (101 mg,
79%). Mp: 162—164 °C. '"H NMR (300 MHz, CDCL,): § 8.12 (d, ] =
8.1 Hz, 1H), 7.57 (d, ] = 8.1 Hz, 1H), 7.32—7.28 (m, 4H), 7.17-7.11
(m, 7H), 5.86 (s, 1H), 5.40 (s, 1H), 4.23 (s, 2H), 3.87 (s, 2H), 2.28
(s, 3H) ppm. BC{'H} NMR (75 MHz, CDCl,): § 143.9, 1394,
136.3, 134.0, 133.9, 133.7, 129.6, 128.6, 128.5, 127.5, 126.5, 126.4,
125.1, 121.3, 118.6, 118.6, 117.9, 51.6, 42.6, 21.4 ppm. HRMS (ESI-
TOF): m/z caled [M]* for C,4H,,N,0,S,478.1021, found 478.1020.

2-Bromo-3-(bromomethyl)-1-(2-mesitylenesulfonyl)-1H-indole
(18). Stage 1: 1-(2-Mesitylenesulfonyl)-3-methyl-1H-indole. To a
solution of 3-methylindole (S g, 38.16 mmol) in distilled benzene
(100 mL) were added 2-mesitylenesulfonyl chloride (9.15 g, 41.98
mmol) and 60% aqueous NaOH solution (25 g in 40 mL) along with
tetra-n-butylammonium hydrogen sulfate (1.0 g) at room temper-
ature. Then this two-phase system was warmed to 60 °C for 1 h with
continuous stirring. After the reaction was completed (TLC), the
mixture was diluted with water (200 mL), and the organic layer was
separated. The aqueous layer was extracted with benzene (2 X 30
mL), and the combined organic extract was dried (Na,SO,). Removal
of the solvent followed by trituration of the crude product with
MeOH afforded N-mesitylenesulfonylindole as a dull white solid
(9.31 g, 78%). Mp: 128—130 °C. 'H NMR (300 MHz, CDCLy): §
7.51-7.46 (m, 1H), 7.40—7.34 (m, 1H), 7.31 (d, ] = 0.9 Hz, 1H),
7.23=7.17 (m, 2H), 6.92 (s, 2H), 2.53 (s, 6H), 2.56 (s, 6H) ppm.
BC{'H} NMR (75 MHz, CDCl,): § 143.8, 140.2, 135.1, 133.3, 132.4,
131.1, 1242, 123.3, 122.4, 119.5, 115.9, 112.6, 22.7, 21.0, 9.6 ppm.

Stage 2: 2-Bromo-1-(2-mesitylenesulfonyl)-3-methyl-1H-indole.
To a solution of 1-(2-mesitylenesulfonyl)-3-methyl-1H-indole (S g,
15.97 mmol) in dry DCM (30 mL) at 0 °C was added NBS (3.12 g,
17.57 mmol) in portions (10 times). After the reaction was completed
(TLC), the mixture was poured into ice—water and the organic layer
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was separated. The aqueous layer was extracted with DCM (2 X 30
mL), and the combined organic extract was dried (Na,SO,). Removal
of the solvent followed by trituration of the crude product with
methanol afforded 1-mesitylenesulfonyl-2-bromo-3-methylindole as a
colorless solid (5.13 g, 82%). Mp: 136—138 °C. '"H NMR (300 MHz,
CDCL,): 5822 (d, ] = 8.1 Hz, 1H), 7.46 (d, ] = 7.2 Hz, 1H), 7.35—
7.25 (m, 2H), 6.94 (s, 2H), 2.44 (s, 6H), 2.31 (s, 3H), 2.18 (s, 3H)
ppm. *C{'H} NMR (75 MHz, CDCL,): § 143.9, 140.3, 137.8, 134.9,
132.0, 128.7, 124.6, 122.8, 119.1, 118.6, 115.3, 108.2, 22.6, 21.1, 10.0
ppm.

Stage 3: 2-Bromo-3-(bromomethyl)-1-(2-mesitylenesulfonyl)-
TH-indole (18). To a solution of 2-bromo-1-(mesitylenesulfonyl)-3-
methylindole (4.0 g, 10.20 mmol) and AIBN (0.0S g) in dry carbon
tetrachloride (80 mL) was added finely powdered NBS (2.0 g, 11.22
mmol). The reaction mixture was refluxed for 0.5 h and cooled to
room temperature. The floated succinimide was filtered off and
washed with carbon tetrachloride (15 mL). The combined filtrate was
concentrated in vacuo to afford bromo compound 18 as a light brown
solid (3.65 g, 76%). Mp: 118—120 °C. "H NMR (300 MHz, CDCl,):
5823 (d, ] = 7.8 Hz, 1H), 7.65—7.62 (m, 1H), 7.40—7.31 (m, 2H),
6.96 (s, 2H), 4.58 (s, 2H), 2.43 (s, 6H), 2.32 (s, 3H) ppm. C{'H}
NMR (75 MHz, CDCLy): § 144.4, 140.3, 138.0, 134.4, 132.2, 1264,
125.3, 123.4, 119.1, 118.7, 115.5, 110.9, 23.1, 22.5, 21.1 ppm. Anal.
Calcd for C;gH;,Br,NO,S: C, 45.88; H, 3.64; N, 2.97; S, 6.80. Found
C, 45.64; H, 3.52; N, 3.15; S, 6.58.

General Procedure for Preparation of N-Phenylbenzene-
sulfonamides (19a—d). To a solution of 2-bromo-3-bromomethy-
lindole 18 (1 equiv) in DMF (10 mL) were added N-tosylanilines
(2a-c/2k) (1.2 equiv) and K,CO; (3 equiv). The reaction mixture
was stirred at room temperature for 12 h. After completion of the
reaction (monitored by TLC), it was then poured over crushed ice
containing concd HCl (S mL). The solid obtained was filtered,
washed with water (2 X 20 mL), and dried (Na,SO,). The crude
product was crystallized from methanol (5 mL) to afford
sulfonamides 19a—d.

N-((2-Bromo-1-(2-mesitylenesulfonyl)-1H-indol-3-yl)methyl)-4-
methyl-N-phenylbenzenesulfonamide (19a). To a solution of 2-
bromo-3-bromomethylindole 18 (300 mg, 0.637 mmol) in DMF (10
mL) were added N-tosylaniline 2a (189 mg, 0.764 mmol) and K,CO,
(263 mg, 1.91 mmol). The reaction mixture was stirred at room
temperature for 12 h. Then the usual workup adopting the above-
mentioned general procedure gave sulfonamide 19a as a colorless
solid (341 mg, 84%). Mp: 194—196. 'H NMR (300 MHz, CDCl,): §
8.08—8.05 (m, 1H), 7.97—7.94 (m, 1H), 7.54 (d, J = 8.1 Hz, 2H),
7.31=7.25 (m, 4H), 7.10 (t, J = 7.35 Hz, 1H), 7.01 (t, ] = 7.5 Hz,
2H), 6.81—6.79 (m, 4H), 4.82 (s, 2H), 2.43 (s, 3H), 2.27 (s, 3H),
2.09 (s, 6H) ppm. C{'H} NMR (75 MHz, CDCL): § 143.7, 143.6,
140.1, 138.1, 138.0, 135.2, 134.9, 131.9, 129.5, 128.9, 128.5, 127.9,
127.8, 127.0, 125.0, 1234, 119.7, 116.5, 115.0, 111.0, 45.7, 22.1, 215,
21.0 ppm. Anal. Caled for C;H,oBrN,0,S,: C, 58.40; H, 4.58; N,
4.39; S, 10.06. Found C, 58.22; H, 4.46; N, 4.52; S, 9.84.

N-((2-Bromo-1-(2-mesitylenesulfonyl)-1H-indol-3-yl)methyl)-4-
methyl-N-(p-tolyl)benzenesulfonamide (19b). A mixture of 2-
bromo-3-bromomethylindole 18 (300 mg, 0.637 mmol), N-tosyl-4-
methylaniline 2b (199 mg, 0.764 mmol), and K,CO; (263 mg, 1.91
mmol) in DMF (10 mL) was stirred at room temperature for 12 h.
Then the workup adopting the above-mentioned procedure furnished
sulfonamide 19b as a colorless solid (323 mg, 78%). Mp: 232—234
°C. 'H NMR (300 MHz, CDCL): § 8.02—7.99 (m, 1H), 7.94—7.91
(m, 1H), 7.46 (d, ] = 8.1 Hz, 2H), 7.26—7.18 (m, 4H), 6.74—6.71 (m,
4H), 6.56 (d, ] = 8.1 Hz, 2H), 4.70 (s, 2H), 2.36 (s, 3H), 2.21 (s,
3H), 2.16 (s, 3H), 1.99 (s, 6H) ppm. BC{'H} NMR (75 MHz,
CDCly): 6 143.7, 143.6, 140.1, 137.9, 137.6, 135.1, 134.9, 134.7,
131.8, 129.5, 129.1, 128.6, 127.9, 126.8, 125.1, 123.4, 119.7, 116.4,
114.9, 110.8, 45.6, 22.2, 21.6, 21.2, 21.1 ppm. Anal. Calcd for
C3,H, BN, 0,S,: C, $8.98; H, 4.80; N, 4.30; S, 9.84. Found C, $8.72;
H, 476; N, 4.11; S, 9.98.

N-((2-Bromo-1-(2-mesitylenesulfonyl)- 1H-indol-3-yl)methyl)-N-
(4-chlorophenyl)-4-methylbenzenesulfonamide (19c). A mixture of
2-bromo-3-bromomethylindole 18 (300 mg, 0.637 mmol), N-tosyl-4-
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chloroaniline 2¢ (214 mg, 0.764 mmol), and K,CO; (263 mg, 1.91
mmol) in DMF (10 mL) was stirred at room temperature for 12 h.
Then the usual workup adopting the above-mentioned procedure
afforded sulfonamide 19c as a colorless solid (385 mg, 90%). Mp:
198—200 °C. 'H NMR (300 MHz, CDCL,): § 8.05—8.01 (m, 1H),
7.88—7.85 (m, 1H), 7.45 (d, J = 8.1 Hz, 2H), 7.24—7.17 (m, 4H),
6.87 (d, ] = 8.4 Hz, 2H), 6.76 (s, 2H), 6.63 (d, ] = 8.4 Hz, 2H), 4.70
(s, 2H), 2.35 (s, 3H), 2.22 (s, 3H), 1.97 (s, 6H) ppm. *C{'H} NMR
(75 MHz, CDCL,): & 144.0, 143.9, 140.1, 138.1, 136.6, 134.8, 133.6,
131.8, 130.1, 129.7, 128.6, 127.8, 126.6, 125.2, 123.5, 119.5, 116.0,
115.1, 111.0, 4S.5, 22.0, 21.5, 20.9 ppm. Anal. Calcd for
Cy,HysBrCIN,0,S,: C, 55.40; H, 4.20; N, 4.17; S, 9.54. Found C,
55.26; H, 4.04; N, 3.91; S, 9.29.
N-((2-Bromo-1-(2-mesitylenesulfonyl)-1H-indol-3-yl)methyl)-N-
(3,4-dichlorophenyl)-4-methylbenzenesulfonamide (19d). A mix-
ture of 2-bromo-3-bromomethylindole 18 (300 mg, 0.637 mmol), N-
tosyl-3,4-dichloroaniline 2k (241 mg, 0.764 mmol), and K,CO; (263
mg, 1.91 mmol) in DMF (10 mL) was stirred at room temperature for
12 h. Then the usual workup adopting the above-mentioned
procedure gave sulfonamide 19d as a colorless solid (342 mg,
86%). Mp: 200—202 °C. 'H NMR (300 MHz, CDCL;): 6 8.09 (dd, J*
= 6.1 Hz, J* = 3.1 Hz, 1H), 7.98 (dd, J' = 6 Hz, J? = 3 Hz, 1H), 7.57
(d,] = 8.1 Hz, 2H), 7.34—7.28 (m, 3H), 7.13 (t, ] = 7.2 Hz, 1H), 7.04
(t, J = 7.8 Hz, 2H), 6.84—6.82 (m, 3H), 4.85 (s, 2H), 2.45 (s, 3H),
2.30 (s, 3H), 2.12 (s, 6H) ppm. BC{'H}NMR (75 MHz, CDCL,): §
143.72, 143.68, 140.1, 138.1, 138.0, 135.2, 134.9, 131.9, 129.5, 128.9,
128.5, 127.9, 127.8, 127.1, 125.0, 123.4, 119.7, 116.5, 115.0, 111.0,
45.7,22.1, 21.5, 21.0 ppm. Anal. Caled for C;H,,BrC1,N,0,S,: C,
52.70; H, 3.85; N, 3.97; S, 9.08. Found C, 52.86; H, 3.97; N, 3.74; S,
9.31.
11-(2-Mesitylenesulfonyl)-5-tosyl-6, 11-dihydro-5H-indolo[3,2-c]-
quinolone (20a). To a solution of 2-bromo-3-aminomethylindole 19a
(159 mg, 0.25 mmol) in DMF (8 mL) were added Pd(OAc), (6 mg,
0.02S mmol), PPh; (13 mg, 0.0S mmol), and K,CO; (86 mg, 0.625
mmol). Then the reaction mixture was stirred at 110 °C for 24 h.
Then the usual workup adopting the above-mentioned procedure for
4a—i followed by column chromatographic purification (silica gel,
EtOAc—hexane 1:9) afforded carboline 20a as a colorless solid (94
mg, 68%). Mp: 184—186 °C. 'H NMR (300 MHz, CDCl,): 5 8.09—
8.06 (m, 1H), 8.00—7.97 (m, 1H), 7.53 (d, J = 8.1 Hz, 2H), 7.32—
7.25 (m, 4H), 7.11 (t, ] = 7.2 Hz, 1H), 7.01 (t, ] = 7.65 Hz, 2H), 6.79
(d, J = 4.8 Hz, 2H), 4.80 (s, 2H), 2.42 (s, 3H), 2.27 (s, 3H), 2.06 (s,
6H) ppm. BC{'HNMR (75 MHz, CDCl;): § 143.8, 140.0, 137.9,
137.8, 134.7, 134.6, 131.9, 129.6, 128.8, 128.5, 127.9, 127.8, 126.8,
125.1, 123.4, 119.7, 116.3, 115.0, 110.9, 45.6, 22.2, 21.6, 21.0 ppm.
HRMS (ESI-TOF): m/z caled [M]* for C;;H,N,0,5,556.1490,
found 556.1496.
11-(2-Mesitylenesulfonyl)-2-methyl-5-tosyl-6,11-dihydro-5H-
indolo[3,2-cIquinolone (20b). To a solution of 2-bromo-3-amino-
methylindole 19b (163 mg, 0.25 mmol) in DMF (8 mL) were added
Pd(OAc), (6 mg, 0.025 mmol), PPh; (13 mg, 0.05 mmol), and
K,CO; (86 mg, 0.625 mmol). Then the reaction mixture was stirred
at 110 °C for 24 h. Then the usual workup adopting the above-
mentioned procedure followed by column chromatographic purifica-
tion (silica gel, EtOAc—hexane 1:9) afforded carboline 20b as a
colorless solid (88 mg, 62%). Mp: 194—196 °C. 'H NMR (300 MHz,
CDCL): 5 7.76—7.74 (m, 1H), 7.68—7.65 (m, 1H), 7.46 (d, ] = 8.1
Hz, 1H), 7.31-7.29 (m, 4H), 7.14—7.11 (m, 4H), 6.96—6.95 (m,
4H), 4.93 (s, 2H), 2.28 (s, 3H), 2.21 (s, 6H), 2.15 (s, 3H), 2.11 (m,
3H) ppm. *C{'H} NMR (75 MHz, CDCly): § 143.9, 143.3, 138.2,
137.6, 135.6, 135.2, 132.8, 132.2, 132.1, 129.4, 128.4, 127.0, 126.2,
126.1, 125.8, 125.3, 123.7, 123.5, 119.9, 119.7, 42.7, 21.5, 20.9, 20.5,
20.4 ppm. HRMS (ESI-TOF): m/z caled [M]" for C3,H;0N,0,S,
570.1647, found 570.1653.
2-Chloro-11-(2-mesitylenesulfonyl)-5-tosyl-6,11-dihydro-5H-
indolo[3,2-cIlquinolone (20c). A mixture of 2-bromo-3-amino-
methylindole 19¢ (0.168 g, 0.25 mmol), Pd(OAc), (6 mg, 0.025
mmol), PPh; (13 mg, 0.05 mmol), and K,CO; (86 mg, 0.625 mmol)
in DMF (8 mL) was stirred at 110 °C for 24 h. Then the usual
workup adopting the above-mentioned procedure followed by column
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chromatographic purification (silica gel, EtOAc—hexane 1:9) afforded
carboline 20c as a colorless solid (112 mg, 76%). Mp: 156—158 °C.
'H NMR (300 MHz, CDCl,): 6 7.87—7.85 (m, 1H), 7.65 (d, ] = 8.4
Hz, 1H), 7.47—-7.44 (m, 1H), 7.29-7.12 (m, 7H), 6.95 (s, 2H),
6.84—6.82 (m, 2H), 4.88 (s, 2H), 2.32—2.30 (m, 9H), 2.16 (s, 3H)
ppm. BC{'H} NMR (75 MHz, CDCL,): § 143.9, 143.8, 138.9, 136.7,
135.6, 1344, 132.5, 132.1, 131.7, 129.5, 1292, 127.7, 126.7, 126.1,
126.0, 125.9, 125.7, 123.6, 119.9, 119.1, 1163, 43.2, 22.3, 21.4, 20.9
ppm. HRMS (ESI-TOF): m/z caled [M]* for C,H,,CIN,O,S,
590.1101, found 590.1098.

2,3-Dichloro-11-(2-mesitylenesulfonyl)-5-tosyl-6,11-dihydro-5H-
indolo[3,2-clquinolone (20d). A mixture of 2-bromo-3-arylamino-
methylindole 19d (176 mg, 0.25 mmol), Pd(OAc), (6 mg, 0.02S
mmol), PPh; (13 mg, 0.05S mmol), and K,CO; (86 mg, 0.625 mmol)
in DMF (8 mL) was stirred at 110 °C for 24 h. Then the usual
workup and column chromatographic purification (silica gel, EtOAc—
hexane 1:9) afforded carboline 20d as a colorless solid (106 mg,
68%). Mp: 140—142 °C. 'H NMR (300 MHz, CDCl,): 5§ 7.82 (d, ] =
7.5 Hz, 1H), 7.56 (d, ] = 8.1 Hz, 2H), 7.31 (d, ] = 8.4 Hz, 2H), 7.25—
7.20 (m, 2H), 7.17—7.14 (m, 1H), 6.98 (d, J = 2.1 Hz, 1H), 6.87 (s,
2H), 6.76 (dd, J; = 8.1 Hz, ], = 2.4 Hz, 1H), 4.80 (s, 2H), 2.45 (s,
3H), 2.26—2.23 (m, 9H) ppm. ®C{'H} NMR (75 MHz, CDCL,): §
144.3, 144.2, 140.1, 1382, 135.1, 134.7, 132.9, 132.7, 132.4, 132.1,
130.5, 130.3, 129.8, 128.7, 128.1, 127.8, 126.0, 124.8, 1232, 120.2,
113.6, 112.6, 45.8, 22.1, 21.5, 21.0 ppm. HRMS (ESI-TOF): m/z
caled [M]* for Cy,H,,CL,N,0,S, 624.0711, found 624.0704.

2-Chloro-11H-indolo[3,2-c]quinoline (21). A mixture of 2-bromo-
3-arylaminomethylindole 19¢ (150 mg, 0.22 mmol), Pd(OAc), (S
mg, 0.022 mmol), PPh; (13 mg, 0.044 mmol), and K,CO; (150 mg,
1.11 mmol) in DMF (8 mL) was stirred at 130 °C for 36 h. Then the
usual workup adopting the above-mentioned procedure followed by
column chromatic purification (silica gel, EtOAc—hexane 1:9)
furnished N-tosyldihydrocarboline 20c as a colorless solid (SS mg,
42%). Further elution of the column afforded carboline 21 as a pale
yellow solid (15 mg, 26%). Mp: 292—294 °C. '"H NMR (300 MHe,
CDCL,): 6 12.70 (s, 1H), 9.61 (s, 1H), 8.64 (d, ] = 2.4 Hz, 1H), 8.33
(d, J=7.8 Hz, 1H), 8.15 (d, ] = 8.7 Hz, 1H), 7.73 (d, ] = 8.4 Hz, 2H),
7.53 (t, J = 7.35 Hz, 1H), 7.73 (t, ] = 7.5 Hz, 1H) ppm. BC{'H}
NMR (75 MHz, CDCly): § 145.2, 143.8, 138.9, 131.6, 129.9, 128.2,
1259, 121.7, 121.2, 120.8, 1202, 117.9, 114.9, 112.0 ppm. HRMS
(ESI-TOF): m/z caled [M]* for C,sHyCIN,252.0454, found
252.0451.

7H-Indolo[2,3-c]quinoline (22a). To a stirred solution of N-
(phenylsulfonyl)carboline 4a (80 mg, 0.22 mmol) in DMSO (S mL)
was added 30% NaOH (2 mL) and the mixture stirred at room
temperature for 12 h. After the completion of the reaction (TLC), the
mixture was poured over crushed ice (50 g) containing concd HCI (S
mL). The precipitate obtained was filtered and dried (CaCl,).
Trituration of the crude product with MeOH (S mL) afforded N-free
carboline 22a as a yellow solid (42 mg, 87%). Mp: >300 °C. 'H NMR
(300 MHz, CDCl,): 6 12.19 (s, 1H), 9.29 (s, 1H), 8.80 (d, J = 8.1
Hz, 1H), 8.68 (d, ] = 8.1 Hz, 1H), 8.19 (d, J = 8.1 Hz, 1H), 7.79—
7.70 (m, 2H), 7.70—=7.57 (m, 2H), 7.40 (t, ] = 7.5 Hz, 1H) ppm.
BC{'H} NMR (75 MHz, CDCL,): § 142.2, 139.4, 138.8, 132.7, 129.9,
127.0, 126.7, 1252, 124.3, 1232, 122.9, 121.3, 120.3, 119.4, 112.7
ppm. HRMS (ESI-TOF): m/z caled for [M]* CsH (N, 218.0844,
found 218.0857.

2-Methyl-7H-indolo[2,3-c]quinolone (22b). To a stirred solution
of N-(phenylsulfonyl)carboline 4b (80 mg, 0.21 mmol) in DMSO (S
mL), 30% NaOH (2 mL) was added. The heterogeneous solution was
stirred at room temperature for 12 h. The usual workup followed by
trituration of the crude product with MeOH (S mL) gave N-free
carboline 22b as a brown solid (41 mg, 82%). Mp: >300 °C. '"H NMR
(300 MHz, CDCl,): 6 12.10 (s, 1H), 9.20 (s, 1H), 8.71 (d, J = 8.1
Hz, 1H), 8.57 (s, 1H), 8.07 (d, ] = 8.4 Hz, 1H), 7.75 (t, ] = 8.1 Hz,
1H), 7.61-7.56 (m, 1H), 7.51-7.47 (m, 1H), 7.42—7.37 (m, 1H),
2.66 (m, 3H) ppm. *C{'"H} NMR (75 MHz, CDCL,): § 140.6, 139.3,
137.7, 136.7, 132.8, 129.7, 127.2, 126.5, 124.2, 123.0, 122.3, 121.3,
120.2, 119.0, 112.6, 21.5 ppm. HRMS (ESI-TOF): m/z caled [M]*
for C,¢H,,N, 232.1000, found 232.0993.
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2-Chloro-7H-indolo[2,3-c]quinolone (22c). The heterogeneous
solution of N-(phenylsulfonyl)carboline 6¢ (80 mg, 0.20 mmol) in
DMSO (5 mL) and 30% NaOH (2 mL) was stirred at room
temperature for 12 h. Then the usual workup followed by trituration
of the crude product with MeOH (S mL) gave N-free carboline 22c
as a brown solid (44 mg, 86%). Mp: >300 °C. 'H NMR (300 MHz,
CDCly): 6 12.32 (s, 1H), 9.31 (s, 1H), 8.75 (d, J = 2.1 Hz, 1H), 8.70
(d,J=7.8 Hz, 1H), 8.20 (d, ] = 8.7 Hz, 1H), 7.79 (d, ] = 8.4 Hz, 1H),
7.70—7.60 (m, 2H), 7.42 (t, ] = 7.5 Hz, 1H) ppm. *C{'"H} NMR (75
MHz, CDCL): § 140.5, 139.4, 139.3, 131.9, 131.7, 129.1, 127.0,
125.7, 122.9, 121.9, 1209, 120.6, 118.5, 112.8 ppm. HRMS (ESI-
TOF): m/z caled [M]* for C,sHyCIN,252.0454, found 252.0451.

Gram-Scale Synthesis of Benzo-f-carboline (4a). The intra-
molecular cyclization of 3-bromo-2-aminomethylindole 3a (1.17 g,
1.96 mmol) using Pd(OAc), (133 mg, 0.196 mmol), PPh; (103 mg,
0.393 mmol), and K,CO; (679 mg, 4.9 mmol) in DMF (30 mL) at
110 °C for 8 h followed by workup and chromatographic purification
(silica gel, EtOAc—hexane 1:9) furnished f-carboline 4a (510 mg,
72%).

Gram-Scale Synthesis of Benzo[4,5]isothiazolo[2,3-alindole
5,5-dioxides (10f). The intramolecular cyclization of 2-bromo-3-
aminomethylindole 9f (1.4 g, 2.15 mmol) using Pd(OAc), (144 mg,
0.214 mmol), PPh; (113 mg, 0.428 mmol), and K,CO; (738 mg, 5.35
mmol) in DMF (30 mL) at 110 °C for 6 h followed by workup and
column chromatographic purification (silica gel, EtOAc—hexane 2:8)
afforded 10f as a colorless solid (940 mg, 76%).

B ASSOCIATED CONTENT

© Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.joc.0c02152.

Copies of "H and "*C NMR spectra for 1, 3a—i, 4a—i, 5,
6ab, 7ab, 8, 9a—h, 10a—h, 12, 15—-18, 19a—d, 20a—d,
21, and 22a—c (PDF)

Accession Codes

CCDC 1894094, 1936760, and 1990919 contain the
supplementary crystallographic data for this paper. These
data can be obtained free of charge via www.ccdc.cam.ac.uk/
data_request/cif, or by emailing data_request@ccdc.cam.ac.
uk, or by contacting The Cambridge Crystallographic Data
Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44
1223 336033.

B AUTHOR INFORMATION

Corresponding Author
Arasambattu K. Mohanakrishnan — Department of Organic
Chemistry, School of Chemical Sciences, University of
Madras, Chennai 600 025, Tamil Nadu, India;
orcid.org/0000-0002-3758-4578;
Email: mohanakrishnan@unom.ac.in, mohan_67@
hotmail.com

Authors

Potharaju Raju — Department of Organic Chemistry, School of
Chemical Sciences, University of Madras, Chennai 600 025,
Tamil Nadu, India

Velu Saravanan — Department of Organic Chemistry, School
of Chemical Sciences, University of Madras, Chennai 600
025, Tamil Nadu, India

Vinayagam Pavunkumar — Department of Organic Chemistry,
School of Chemical Sciences, University of Madras, Chennai
600 025, Tamil Nadu, India

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.joc.0c02152

1936

Author Contributions
"P.R. and V.S. contributed equally to this work.

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

The authors graciously acknowledge the Council of Scientific
and Industrial Research (CSIR) Project (02(0376)/19/EMR-
II) and University Grants Commission (UGC)-Mid Career
Award (F-19-230/20189(BSR)) New Delhi for financial
support. P.R. thanks the University Grants Commission
(UGC) New Delhi for fellowship. V.S. thanks the Council of
Scientific and Industrial Research (CSIR) New Delhi for a
fellowship. The authors thank the Department of Science and
Technology Funds for the Improvement of Science and
Technology (DST-FIST) New Delhi for NMR and HRMS
facilities.

B REFERENCES

(1) (a) Ishida, J.; Wang, H. K; Bastow, K. F.; Lee, K. H. Antitumor
agents 201. Cytotoxicity of harmine and f-carboline analogs. Bioorg.
Med. Chem. Lett. 1999, 9, 3319—3324. (b) Thompson, M. J.; Louth, J.
C,; Little, S. M.; Jackson, M. P.; Boursereau, Y.; Chen, B.; Coldham, L.
Synthesis and Evaluation of 1-Amino-6-halo-B-carbolines as Anti-
malarial and Antiprion Agents. ChemMedChem 2012, 7, 578—586.
(c) Pedroso, R. B,; Tonin, L. T.; Veda-Nakamura, T.; Dias Filho, B.
P.; Sarragiotto, M. H.; Nakamura, C. V. p-Carboline-3-carboxamide
derivatives as promising antileishmanial agents. Ann. Trop. Med.
Parasitol. 2011, 10S, 549—557. (d) Whittell, L. R; Batty, K. T.; Wang,
R. P. M; Murray, P. E. Synthesis and antimalarial evaluation of novel
isocryptolepine derivatives. Bioorg. Med. Chem. 2011, 19, 7519—7525.
(e) Subbaraju, G. V.; Kavitha, J.; Rajasekaran, D.; Jimenez, J. L
Jusbetonin, The First Indolo[3,2-b]quinoline Alkaloid Glycoside,
from Justicia betonica. J. Nat. Prod. 2004, 67, 461—468.

(2) (a) Youssef, D. T. A.; Shaala, L. A; Asfour, H. Z. Bioactive
Compounds from the Red Sea Marine Sponge Hyrtios Species. Mar.
Drugs 2013, 11, 1061—1071. (b) Shilabin, A. G.; Kasanah, N.;
Tekwani, B. L.; Hamann, M. T. Kinetic Studies and Bioactivity of
Potential Manzamine Prodrugs. J. Nat. Prod. 2008, 71, 1218—1221.
(c) Gupta, L.; Srivastava, K; Singh, S.; Puri, S. K.; Chauhan, P. M. S.
Synthesis of 2-[3-(7-Chloro-quinolin-4-ylamino)-alkyl]-1-(substituted
phenyl)-2,3,4,9-tetrahydro-1H-f-carbolines as a new class of anti-
malarial agents. Bioorg. Med. Chem. Lett. 2008, 18, 3306—3309.
(d) Xu, Z.; Chang, F.-R;; Wang, H. K; Kashiwada, Y.; McPhail, A. T ;
Bastow, K. F.; Tachibana, Y.; Cosentino, M.; Lee, K. H. Anti-HIV
Agents 45 (1) and Antitumor Agents 20S. (2) two New
Sesquiterpenes, Leitneridanins A and B, and the Cytotoxic and
Anti-HIV Principles from Leitneria floridana. J. Nat. Prod. 2000, 63,
1712—1715. (e) Yu, X; Lin, W,; Li, J; Yang, M. Synthesis and
biological evaluation of novel f-carboline derivatives as Tat-TAR
interaction inhibitors. Bioorg. Med. Chem. Lett. 2004, 14, 3127—3130.
(f) Guan, H.; Chen, H,; Peng, W,; Ma, Y.; Cao, R; Liu, X; Xu, A.
Design of f-carboline derivatives as DNA-targeting antitumor agents.
Eur. ]. Med. Chem. 2006, 41, 1167—1179. (g) Brahmbhatt, K. G;
Ahmed, N.; Sabde, S.; Mitra, D. Synthesis and evaluation of f-
carboline derivatives as inhibitors of human immunodeficiency virus.
Bioorg. Med. Chem. Lett. 2010, 20, 4416—4419. (h) Rook, Y;
Schmidtke, K.; Gaube, F.; Schepmann, D.; Wiinch, B.; Heilmann, J.;
Lehmann, J.; Winckler, T. Bivalent p-Carbolines as Potential
Multitarget Anti-Alzheimer Agents. J. Med. Chem. 2010, 53, 3611—
3617.

(3) (a) El Sayed, I; Van der Veken, P.; Steert, K; Dhooghe, L.;
Hostyn, S.; Baelen, V. G.; Lemiere, G.; Maes, B. V. W,; Cos, P.; Maes,
L.; Joossens, J.; Haemers, A.; Pieters, L.; Augustyns, K. Synthesis and
Antiplasmodial Activity of Aminoalkylamino-Substituted Neocrypto-
lepine Derivatives. J. Med. Chem. 2009, 52, 2979—2988. (b) Srihari,
P.; Padmabhavani, B.; Ramesh, S.; Bharath Kumar, Y.; Singh, A;

https://dx.doi.org/10.1021/acs.joc.0c02152
J. Org. Chem. 2021, 86, 1925—-1937


https://pubs.acs.org/doi/10.1021/acs.joc.0c02152?goto=supporting-info
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.0c02152/suppl_file/jo0c02152_si_001.pdf
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:1894094&id=doi:10.1021/acs.joc.0c02152
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:1936760&id=doi:10.1021/acs.joc.0c02152
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:1990919&id=doi:10.1021/acs.joc.0c02152
http://www.ccdc.cam.ac.uk/data_request/cif
http://www.ccdc.cam.ac.uk/data_request/cif
mailto:data_request@ccdc.cam.ac.uk
mailto:data_request@ccdc.cam.ac.uk
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Arasambattu+K.+Mohanakrishnan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0002-3758-4578
http://orcid.org/0000-0002-3758-4578
mailto:mohanakrishnan@unom.ac.in
mailto:mohan_67@hotmail.com
mailto:mohan_67@hotmail.com
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Potharaju+Raju"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Velu+Saravanan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Vinayagam+Pavunkumar"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c02152?ref=pdf
https://dx.doi.org/10.1016/S0960-894X(99)00598-3
https://dx.doi.org/10.1016/S0960-894X(99)00598-3
https://dx.doi.org/10.1002/cmdc.201200002
https://dx.doi.org/10.1002/cmdc.201200002
https://dx.doi.org/10.1179/2047773211Y.0000000005
https://dx.doi.org/10.1179/2047773211Y.0000000005
https://dx.doi.org/10.1016/j.bmc.2011.10.037
https://dx.doi.org/10.1016/j.bmc.2011.10.037
https://dx.doi.org/10.1021/np030392y
https://dx.doi.org/10.1021/np030392y
https://dx.doi.org/10.3390/md11041061
https://dx.doi.org/10.3390/md11041061
https://dx.doi.org/10.1021/np800163u
https://dx.doi.org/10.1021/np800163u
https://dx.doi.org/10.1016/j.bmcl.2008.04.030
https://dx.doi.org/10.1016/j.bmcl.2008.04.030
https://dx.doi.org/10.1016/j.bmcl.2008.04.030
https://dx.doi.org/10.1021/np000260u
https://dx.doi.org/10.1021/np000260u
https://dx.doi.org/10.1021/np000260u
https://dx.doi.org/10.1021/np000260u
https://dx.doi.org/10.1016/j.bmcl.2004.04.022
https://dx.doi.org/10.1016/j.bmcl.2004.04.022
https://dx.doi.org/10.1016/j.bmcl.2004.04.022
https://dx.doi.org/10.1016/j.ejmech.2006.05.004
https://dx.doi.org/10.1016/j.bmcl.2010.06.052
https://dx.doi.org/10.1016/j.bmcl.2010.06.052
https://dx.doi.org/10.1021/jm1000024
https://dx.doi.org/10.1021/jm1000024
https://dx.doi.org/10.1021/jm801490z
https://dx.doi.org/10.1021/jm801490z
https://dx.doi.org/10.1021/jm801490z
pubs.acs.org/joc?ref=pdf
https://dx.doi.org/10.1021/acs.joc.0c02152?ref=pdf

The Journal of Organic Chemistry

pubs.acs.org/joc

Ummanni, R. PMA-SiO, catalyzed synthesis of indolo[2,3-c]-
quinolines as potent anticancer agents. Bioorg. Med. Chem. Lett.
20185, 25, 2360—2365.

(4) (a) Wadsworth, A. D.; Naysmith, B. J.; Brimble, M. A. A review
of the synthesis of a-carbolines. Eur. J. Med. Chem. 2015, 97, 816—
829. (b) Alekseyev, R. S.; Kurkin, A. V.; Yurovskaya, M. A. y-
Carbolines and their hydrogenated derivatives. 2.* Hydrogenated
derivatives of y-carbolines: methods of synthesis. Chem. Heterocycl.
Compd. 2010, 46, 777—821. (c) Li, J.; Tang, Y.; Jin, H.-J,; Cui, Y.-D;
Zhang, L.-]; Jiang, T. An efficient synthesis method targeted to
marine alkaloids marinacarbolines A—D and their antitumor activities.
J. Asian Nat. Prod. Res. 2015, 17, 299—305. (d) Wang, G.; You, X;
Gan, Y,; Liu, Y. Synthesis of 6- and a-Carbolines via Nickel-Catalyzed
[2 + 2 + 2] Cycloaddition of Functionalized Alkyne-Nitriles with
Alkynes. Org. Lett. 2017, 19, 110—113. (e) Kamal, A;; Tangella, Y.;
Manasa, K. M.; Sathish, M,; Srinivasulu, V.; Chetna, J.; Alarifi, A.
PhI(OAc),-mediated one-pot oxidative decarboxylation and aroma-
tization of tetrahydro-f-carbolines: synthesis of norharmane,
harmane, eudistomin U and eudistomin I. Org. Biomol. Chem. 2015,
13, 8652—8662. (f) Hamann, M. T.; Choo, Y.-M. An Improved
Pictet-Spengler Condensation: A Convenient Synthetic Route to
Bioactive Manzamine Derivatives. Heterocycles 2007, 71, 245—252.
(g) Panarese, J.; Waters, S. P. Room-Temperature Aromatization of
Tetrahydro-f-carbolines by 2-Iodoxybenzoic Acid: Utility in a Total
Synthesis of Eudistomin U. Org Lett. 2010, 12, 4086—4089.
(h) Meesala, R; Mordi, M. N.; Mansor, S. M. Copper-Catalyzed
Protodecarboxylation and Aromatization of Tetrahydro-f-Carboline-
3-Carboxylic Acids. Synlett 2013, 25, 120—122.

(5) (a) Zhang, H.; Larock, R. C. Synthesis of - and y-Carbolines by
the Palladium-Catalyzed Iminoannulation of Alkynes. Org. Lett. 2001,
3, 3083—3086. (b) Zhang, H.; Larock, R. C. Synthesis of f- and y-
Carbolines by the Palladium-Catalyzed Iminoannulation of Alkynes. J.
Org. Chem. 2002, 67, 9318—9330.

(6) Kannadasan, S.; Srinivasan, P. C. A Facile Synthesis of 3,4-
Benzo-f-carbolines. Synth. Commun. 2004, 34, 1325—133S.

(7) (a) Hostyn, S.; Maes, B. U. W.; Baelen, G. V.; Gulevskaya, A;
Meyers, C.; Smits, K. Synthesis of 7H-indolo[2,3-c]quinolines: study
of the Pd-catalyzed intramolecular arylation of 3-(2-
bromophenylamino)quinolines under microwave irradiation. Tetrahe-
dron 2006, 62, 4676—4684. (b) Boganyi, B.; Kalman, J. A concise
synthesis of indoloquinoline skeletons applying two consecutive Pd-
catalyzed reactions. Tetrahedron 2013, 69, 9512—9519.

(8) Clayton, K. A; Black, D. StC.; Harper, J. B. Mechanisms of
cyclisation of indolo oxime ethers I. Formation of ethyl 9,11-
dimethoxy indolo[2,3-c]quinoline-6-carboxylates. Tetrahedron 2007,
63, 10615—10621.

(9) Agarwal, P. K.; Sawant, D.; Sharma, S.; Kundu, B. New Route to
the Synthesis of the Isocryptolepine Alkaloid and Its Related
Skeletons Using a Modified Pictet—Spengler Reaction. Eur. J. Org.
Chem. 2009, 2009, 292—303.

(10) Ding, S.; Shi, Z.; Jiao, N. Pd(II)-Catalyzed Synthesis of
Carbolines by Iminoannulation of Internal Alkynes via Direct C-H
Bond Cleavage Using Dioxygen as Oxidant. Org. Lett. 2010, 12,
1540—1543.

(11) (a) Banwell, M. G.; Lupton, D. W.; Ma, X.; Renner, J.; Sydnes,
M. O. Synthesis of Quinolines, 2-Quinolones, Phenanthridines, and
6(SH)-Phenanthridinones via Palladium[0]-Mediated Ullmann
Cross-Coupling of 1-Bromo-2-nitroarenes with $-Halo-enals, -enones,
or -esters. Org. Lett. 2004, 6, 2741—2744. (b) Yan, Q. Gin, E;
Banwell, M. G.; Willis, A. C.; Carr, P. D. A Unified Approach to the
Isomeric a-, f-, y-, and J-Carbolines via their 6,7,8,9-Tetrahydro
Counterparts. J. Org. Chem. 2017, 82, 4328—4335.

(12) Alves Esteves, C. H,; Smith, P. D.; Donohoe, T. J. Catalytic
Enolate Arylation with 3-Bromoindoles Allows the Formation of f-
Carbolines. J. Org. Chem. 2017, 82, 4435—4443.

(13) Varelas, J. G.; Khanal, S.; O’Donnell, M. A.;; Mulcahy, S. P.
Concise Synthesis of Annulated Pyrido[3,4-b]indoles via Rh(I)-
Catalyzed Cyclization. Org. Lett. 2015, 17, 5512—5514.

1937

(14) Volvoikar, P. S.; Tilve, S. G. Iodine-Mediated Intramolecular
Dehydrogenative Coupling: Synthesis of N-Alkylindolo[3,2-c]- and
-[2,3-c]quinoline Iodides. Org. Lett. 2016, 18, 892—895.

(15) Vyalyh, J. V.; Suzdalev, K. F.; Lisovin, A. V.; Kletskii, M. E,;
Burov, O.; Kurbatov, S. V. From 3-Acyl-2-methylindoles to y-
Carbolines: Li-Promoted Cycloaddition Reaction and Its Quantum
Chemical Study. J. Org. Chem. 2019, 84, 13721—13732.

(16) Umadevi, M.; Raju, P.; Yamuna, R; Mohanakrishnan, A. K;
Chakkaravarthi, G. Crystal structure of N-{[3-bromo-1-(phenyl-
sulfonyl)-1H-indol-2-ylJmethyl}benzenesulfonamide. Acta Crystallogr.
E Crystallogr. Commun. 2015, 71, No. 0756-0757.

(17) Laha, J. K; Dayal, N.; Jethava, K. P.; Prajapati, D. V. Access to
Biaryl Sulfonamides by Palladium-Catalyzed Intramolecular Oxidative
Coupling and Subsequent Nucleophilic Ring Opening of Heterobiaryl
Sultams with Amines. Org. Lett. 2015, 17, 1296—1299.

https://dx.doi.org/10.1021/acs.joc.0c02152
J. Org. Chem. 2021, 86, 1925—-1937


https://dx.doi.org/10.1016/j.bmcl.2015.04.018
https://dx.doi.org/10.1016/j.bmcl.2015.04.018
https://dx.doi.org/10.1016/j.ejmech.2014.11.038
https://dx.doi.org/10.1016/j.ejmech.2014.11.038
https://dx.doi.org/10.1007/s10593-010-0588-9
https://dx.doi.org/10.1007/s10593-010-0588-9
https://dx.doi.org/10.1007/s10593-010-0588-9
https://dx.doi.org/10.1080/10286020.2014.1003049
https://dx.doi.org/10.1080/10286020.2014.1003049
https://dx.doi.org/10.1021/acs.orglett.6b03385
https://dx.doi.org/10.1021/acs.orglett.6b03385
https://dx.doi.org/10.1021/acs.orglett.6b03385
https://dx.doi.org/10.1039/C5OB00871A
https://dx.doi.org/10.1039/C5OB00871A
https://dx.doi.org/10.1039/C5OB00871A
https://dx.doi.org/10.3987/COM-06-10937
https://dx.doi.org/10.3987/COM-06-10937
https://dx.doi.org/10.3987/COM-06-10937
https://dx.doi.org/10.1021/ol101688x
https://dx.doi.org/10.1021/ol101688x
https://dx.doi.org/10.1021/ol101688x
https://dx.doi.org/10.1055/s-0033-1340053
https://dx.doi.org/10.1055/s-0033-1340053
https://dx.doi.org/10.1055/s-0033-1340053
https://dx.doi.org/10.1021/ol010124w
https://dx.doi.org/10.1021/ol010124w
https://dx.doi.org/10.1021/jo026317u
https://dx.doi.org/10.1021/jo026317u
https://dx.doi.org/10.1081/SCC-120030323
https://dx.doi.org/10.1081/SCC-120030323
https://dx.doi.org/10.1016/j.tet.2005.12.062
https://dx.doi.org/10.1016/j.tet.2005.12.062
https://dx.doi.org/10.1016/j.tet.2005.12.062
https://dx.doi.org/10.1016/j.tet.2013.08.019
https://dx.doi.org/10.1016/j.tet.2013.08.019
https://dx.doi.org/10.1016/j.tet.2013.08.019
https://dx.doi.org/10.1016/j.tet.2007.08.026
https://dx.doi.org/10.1016/j.tet.2007.08.026
https://dx.doi.org/10.1016/j.tet.2007.08.026
https://dx.doi.org/10.1002/ejoc.200800929
https://dx.doi.org/10.1002/ejoc.200800929
https://dx.doi.org/10.1002/ejoc.200800929
https://dx.doi.org/10.1021/ol100272s
https://dx.doi.org/10.1021/ol100272s
https://dx.doi.org/10.1021/ol100272s
https://dx.doi.org/10.1021/ol0490375
https://dx.doi.org/10.1021/ol0490375
https://dx.doi.org/10.1021/ol0490375
https://dx.doi.org/10.1021/ol0490375
https://dx.doi.org/10.1021/acs.joc.7b00323
https://dx.doi.org/10.1021/acs.joc.7b00323
https://dx.doi.org/10.1021/acs.joc.7b00323
https://dx.doi.org/10.1021/acs.joc.7b00299
https://dx.doi.org/10.1021/acs.joc.7b00299
https://dx.doi.org/10.1021/acs.joc.7b00299
https://dx.doi.org/10.1021/acs.orglett.5b02807
https://dx.doi.org/10.1021/acs.orglett.5b02807
https://dx.doi.org/10.1021/acs.orglett.5b03392
https://dx.doi.org/10.1021/acs.orglett.5b03392
https://dx.doi.org/10.1021/acs.orglett.5b03392
https://dx.doi.org/10.1021/acs.joc.9b01926
https://dx.doi.org/10.1021/acs.joc.9b01926
https://dx.doi.org/10.1021/acs.joc.9b01926
https://dx.doi.org/10.1107/S2056989015016874
https://dx.doi.org/10.1107/S2056989015016874
https://dx.doi.org/10.1021/acs.orglett.5b00290
https://dx.doi.org/10.1021/acs.orglett.5b00290
https://dx.doi.org/10.1021/acs.orglett.5b00290
https://dx.doi.org/10.1021/acs.orglett.5b00290
pubs.acs.org/joc?ref=pdf
https://dx.doi.org/10.1021/acs.joc.0c02152?ref=pdf

