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GENERAL REMARKS

1) The compound numbers, figure numbers, schemebersmand reference numbers

given in each chapter refer to that particular tbapnly.

2) All melting points and boiling points were reded using Thiele's tube and are

uncorrected.
3) Commercial reagents were used without furtheifipation.
4) All solvents were distilled prior to use andrhdried using standard procedure.

5) Petroleum ether refers to the hydrocarbon foactiollected in the boiling range 60 -
80 °C.

6) All reagents were prepared using literature odsh

7) Chromatographic purification was conducted bliem chromatography using silica
gel (60 — 120 mesh size) or by flash chromatograpsipg silica gel (200-400 mesh

size).

8) Thin layer chromatography (TLC) were carried oantsilica gel 60 F254 aluminium

plates purchased from Merck.
9) The IR spectra were recorded on Shimadzu FTp#Rtsophotometer.

10) *H NMR (400 MHz) and*C NMR (100 MHz) spectra were recorded on a Brucker
AVANCE 400 instrument and the multiplicities of ban signals were obtained from
DEPT experiment. Chemical shifts are expressetréiative to tetramethylsilane (TMS)
which is expressed in ppm. Chemical shifts areasgmted in the round brackets.

11) The high resolution mass spectra (HRMS) wecerdeed on MicroMass ES- QTOF

mass spectrometer.
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DEFINITION OF ABBREVIATIONS

1) General Abbreviations

g Gram/s o] Ortho
mg Milligram/s m Meta
mmol Millimole p Para
mL Milliliter MS Molecular sieves
m.p. Melting point ps Pounds per square inch
b.p. Boiling point cat. Catalytic
Eq. Equation/s atm. Atmospheric
lit. Literature et al Et alia (and others)
d Day/s TLC/tlc Thin layer chromatography
h Hour/s sat. Saturated
min Minute/s Expt. Experiment
sec Second/s Calcd. Calculated
hv Irradiation MW /uW | Microwave
% Percentage Temp. Temperature
R Rectus anhyd. Anhydrous
S Sinister °C Degree Celcius
fig. Figure RT /rt Room temperature
conc. Concentrated Z Zussamen (together)
dil. Dilute E Eentegegen (opposite)
ag. Aqueous equiv Equivalent
2) Compound Abbreviations
Ac Acetyl Ph Phenyl
Ac,0 Acetic anhydride PMB p-Methoxybenzyl
TBHP tert-Butyl hydroperoxide PRh Triphenylphosphine
Ph Phenyl THF Tetrahydrofuran
Boc tert-Butyl carbonyl Ms Methane sulfonyl
Bn Benzyl TMS Trimethylsilyl
Bz Benzoyl TMSCN Cyanotrimethyl silane
t-Bu tert-Butyl Ts p-Toluene sulfonyl
TFA Trifluoro acetic acid Py Pyridine
TFAA Trifluoro acetic anhydride NMO N-Methyl morpholine oxide
Et:N Triethyl amine DCM Dichloromethane
AcOH Acetic acid DCE 1,2-Dichloroethane
MeOH Methanol PCC Pyridinium chlorochromate
EtOH Ethanol LDA Lithium diisopropylamide
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m-CPBA m-Chloroperbenzoic acid HOBt Hydroxybenzotriazole
p-TsOH p-TSA | p-Toluene sulfonic acid CAN Cerric ammonium nitrate
DMSO Dimethyl sulfoxide TsCl Tosyl chloride
DMF N,N-Dimethylformamide DMAP 4-Dimethyl amino pyridine
TBAF Tetrabutylammonium HMPA Hexamethylphosphoramide
fluoride
Et Ethyl TBSOTf | t-Butyldimethylsilyltrifloro-
methane sulphonate
Me Methyl DCC Dicyclohexyl cabodiimide
DDQ 2,3-Dichloro-5,6- EDCI 1-Ethyl-3-(3dimethylamino-
dicyanobenzoquinone propyl)-carbodiimide
LAH Lithium aluminium hydride DBU 1,8-Diazabicle
[5.4.0]undec-7-ene
NBS N-Bromosuccinimide DMP Dess-Martin periodinane
EtOAc Ethyl acetate DIBAL-H | Diisobutyl aluminiuhydride
n-BulLi n-Butyl lithium MOM Methoxymethyl ether
t-BulLi t-Butyl lithium BogO tert-Butyl dicarbonate
Pd/C Palladium on activated charco@l-PrOH Iso-propanol
Pet ether Petroleum ether
3) Spectroscopic Abbreviations
IR Infrared S Singlet
v Frequency maximum d Doublet
cm? Frequency in wavenumber t Triplet
uv Ultra violet q Quartet
NMR Nuclear magnetic resonance m Multiplet
CDCl; Deuterated chloroform dd Doublet of doublet
DMSO-d; Deuterated dimethyl sulfoxide td Triplet of authlet
DEPT Distortionless Enhancement by HRMS High Resolution Mass
Polarization Transfer Spectrum
ppm Parts per million M Molecular ion
o Delta (Chemical shift in ppm) | m/z Mass to charge ratio
MHz Megahertz J Coupling constant
Hz Hertz br Broad
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ABSTRACT OF THESIS

TITLE: SYNTHETIC STUDIES OF SELECTED BIOACTIVE NITROGEN
HETEROCYCLES CONTAINING INDOLE, |SOINDOL INONE AND ACRIDINE
MOTIFS

A vast number of drugs in the market contain onenore heterocyclic rings, of which
nitrogen heterocycle constitutes a major part. dibjective of this thesis was to develop
synthetic methods for nitrogen containing hetroegcivhich are isolated from natural

sources and to build their synthetic analogiiég thesis is divided into five chapters.

TheFirst chapter describes the synthesis of naturally ocwyiindoloquinoline alkaloid
cryptolepine as its hydroiodide. The synthesishi§ tompound is achieved in 4 steps
starting fromN-phenylsulfonyl indoleand o-nitrobenzaldehyde. The key synthetic steps
involved are C-C bond formation by directed litioat of N-phenylsulfonyl indoleand
tandem nitrene mediated reductive cyclization arghydration to complete the
tetracyclic core. Further, deprotection and redexdve methylation afforded
cryptolepine hydroiodides (Scheme 1). Optimizatbthe tandem reductive cyclization

dehydration step is also presented.

1

1) n-BuLi, THF
@—j 78 °C to rt 02 MOOZCIZ(dmﬂZ
R2 PPh;, toluene
R2 COR3 R3

R, =H, OMe O
1{2 =H, Cl -78 °C t.() rt
R G
CH;l
sulpholane

-
Ry 55°C,16h
72-74 %

Scheme 1

The Second chapter describes the intramolecular dehydrogematoupling (IMDC)
approach for synthesis ®f-alkyl indolo[3,2€]quinoline iodides. The cyclization of 2-
phenyl indole derivative followed by aromatizati@sulted in iodide salts in good yields
using an equivalent amount of iodine and 2 equntalef TBHP. Conditions for IMDC
were optimized. The required starting indole demes were synthesized using Stille
coupling reactions (Scheme 2). Salts obtained Wwetker converted to other derivatives

by treating with nucleophiles. The optimized reactcondition for IMDC was applied in
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preparing naturally occurring isocryptolepine irs ihydroiodide form. Controlled

reactions were conducted and a plausible hypoiadiégehanism is proposed for the

transformation.

Ra
R -(l)S‘CuL;l THF g \ Pd(PPh3 )4> Cul R Rs—N
N\ then msnBua CsF, DMF 1 O A O
N SnBu;Cl 50°C,N,,8h N
R, 60-72 % hz Rs
1,, TBHP (in decane)
2 equiv, CHCl;, t, 14 h
=H, CH;, OMe /9 62-75 %
R,=H, Me =N® | ;
R; =H, Me, CI _N®|
R, =Me, Et, CHy-CH, N
: e )
Isocryptolepine hydroiodide

Scheme 2

This chapter also describes the application ofdstedized dehydrogenative protocol for

successful synthesizing df,N-dimethylindolo[2,3€]quinoline iodides. The required

substrates were prepared by palladium catalyzedaBgation of indole, followed by

methylation, reduction and dimethylation (Scheme 3)

1) Pd(OAC),, K,CO5 O 1) Fe, HCl in ethanol Q
Reflux, 2 h
0, Dloxane reflux, 16 h —
NO, | ——— N
2)DMF, 0°C. NaH R O A\ 2)DMF, K,CO; R, O N,/
then CH;l s N CHil rt, 16 h N\
\ Yield over 4 steps 28-36 %
Rs = H, 5-Me, 6-Cl
1,, TBHP( in decane)
2 equiv, CHCl3, tt, 14 h
48-53 %
Rs
Isoneocryptolepine hydroiodide
Scheme 3

The Third chapter describes a new route for synthesis afl@sdusing Wittig reaction;

nitrene mediated reductive cyclization, hydrolyarsd decarboxylation in a single step

(Scheme 5) is described. The strategy has also &geared to the synthesis of 2-alkyl
indoles, which are important starting materialsrf@ny potent drugs.

CHO R2
A+ eyt SR
NO H

2 o)

PPh; (2.6 equiv)
Ph,O, reflux, 2 h

30-66 %

Scheme 4
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The Fourth chapter discusses the successful synthesis af migimbered azocine ring in
just three steps starting from easily availablestiabes. Synthesis involvésalkylation,
amidation and the@-alkylation by generating anion on isoindolinonetiidollowed by

a one step Friedel-Craft's cyclization of an edterctionality using Eaton’s reagent to
result in an eight membered azocine ring (Scheme 5)

. EtO._O R o R, o
;
\ xﬁR1 THF, reflux, 3 h N Ri 1)NaHMDS, THF,-95°C N R,
+ _—
NH, 86-94 %

R Ry 2) t- butyl bromoacetate

86-98 % Re
X=Br,Cl o°
. _Me0:©— R, =H, OMe P,0Os/Triflic acid, 12 h
= 20-99 %
MeO '

<§]©/ 0 o

N Ry DDAQ, dioxane/ acetonitrile N R,
p | p 12 h, reflux |
@ Ry 54-59 %
N (0]
\

Scheme5

Rz

The Fifth chapter describes our efforts towards synthesisnaturally occurring
alpkinidine alkaloid. This section describes arnceght route for the synthesis of a benzo

analogue of alpkinidine using Negishi coupling aydlization onto an ester by anion
formation on isoindolinone motif (Scheme 6).

(0] /
Q Pd(PPhs),, THF
©£L0Et Zn, LiCl, THF Reflux. 6 OFt
| Dibromoethane (cat) 94% 0
TMSCI (cat) Znl.LiCl

NaHMDS, THF
-95°C

45%

0}

Keto-enol
Tautomer

Benzo derivative of Alpkinidine

Scheme 6
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[ Chapter 1]

[Synthetic study of Cryptolepine hydroi odides}




Chapter |

1.1: Introduction

Cryptolepinel is an indoloquinoline alkaloid containing a tegrelec indolo[3,2b]quinoline
ring system. Due to the presence of a basic gueohitrogen atoml exists as its

corresponding salt form under acidic conditiongj(Fé 1).*?

o
HaC HiCe X
7_6 {5 A3 H,O* N
SO\‘ _ Oz OH .O 1\ /"
9 N 1 N
oo H
1 2
5'methy"5°¢’:'r’fp?';‘[e35i";£]q“'"°""e 5-methyl-10 H-indolo[3,2-b]quinolin-5-ium salt

Figure 1. Cryptolepine and its corresponding salt.

Cryptolepinel was first isolated from terrestrial pla@typtolepis triangularis in the year
1929 % but synthesis of this molecule was reported muatieean 1906 by Fichter and
Boehringer? Later in 1951 it was isolated from the roots cé&/African shrutCryptolepis

. 2 which were found to be a rich source of other memiof

sanguinolenta by Gellertet al
the indoloquinoline family, such as neocryptolepgdyésocryptolepinet , quindoline7a and

others (Figure 2)* So far 13 alkaloids have been isolated from tlusrof this plant. Based
on mode of the fusing of indole and quinoline ririg,and 3 are mentioned as linear

indoloquinolines whereasand5 are angular fused, of whidhis not naturally isolated.

O N/ N\ O N/ O
3 4

5-methyl-5H-indolo[2,3-b]quinoline  5-methyl-5H-indolo[3,2-c]quinoline  5-methyl-5H-indolo[2,3-c]quinoline

or Neocryptolepine or or Isocryptolepine or Isoneocryptolepine
Cryptotakeine
- )
/ \ 7/
I QI

N

H e H 7a

6H-indolo[2,3-b]quinoline 10H-indolo[3,2-b]quinoline
or Quinindoline or Norcryptotackine or Quindoline

Figure 2. Indoloquinoline Alkaloids.

The medicinal importance of this plant was knownthe people in early days and its
decoction was used to treat a variety of healtbbrdexs like malaria in central and West
Africa by Ghanaian healer§. Earlier studies revealed neocryptolepi@o have similar

activity to cryptolepinel against malarid®® but recent studies have revealed the higher

Prajesh S. Volvoikar, Ph.D. Thesis, Goa University Page 1



Chapter |

activity of the latter againd®lasmodium falciparum strain which is known to be resistant
against chloroquin€? It is also known to inhibit the DNA replication drranscription by
acting as intercalating agent and alter the dobblial structure of DNA® X-ray studies
along with spectroscopic methods have shown crgpioé to bind 10 times stronger with
B16 melanoma cells than other alkaloids of indoingline series leading to its higher
cytotoxicity. 8¢ Apart from its potency against malariaand its substituted derivatives are
also known to posses’s activities such as antibatteantifungal, antithrombotic,
vasodilation, antihyperglycemic, anticancer andotytic, anti-inflammatory, hypotensive

and antipyretic, presynapticadrenoceptor blocking action and anti-muscaritiit % %¢

1.2: Literature Reported Methods

Due to application of cryptolepine in drug studigarious routes for the synthesis of its

tetracyclic core have been reported. Many of thelstic routes start with substituted indole

6d, 10a 5, 1la-f

and quinoline as the starting materials. Synthetic reports obloquinoline
alkaloids were compiled by Ablordeppey’s grotipin the year 2008 and in 2011 by our
group® Some of the recent synthetic reports for synthefsisyptolepine and quindoline are

listed below.

Jouleet al. 1% synthesized quindoline frol-phenyl sulfonyl indole in eight steps (Scheme

1).
Ph
O:N Q i) MnO,, DCM, rt, 88 % O:I§N Q
| H _ 0 | no,, , I, 0
@ n-BuLi, THF, -78 °C O \ B 735 .
N N OH O

\ \ ii) PACOCI, PhNMe;,
SO,Ph SO,Ph \
2 z ", 87 % S0,Ph

ON NaH, THF

40 % Reflux
80 %

1) POCl,, reflux HN Q NaOH, MeOH

95 % Heat
O \ T %
2) H,, Pd/C, EtOH N e} 85 %
H

95 %

Scheme 1

N-phenyl sulfonyl indole was metallated at 2-positifollowed by reaction witho-
nitrobenzaldehyde to give a secondary alcohol, whki@s oxidized to ketone with MRO
Nitro group was reduced under catalytic hydrogematiollowed by benzoylation with
benzoyl chloride to give amido ketone. This wasntlgclized using intramolecul&-

Prajesh S. Volvoikar, Ph.D. Thesis, Goa University Page 2



Chapter |

nucleophilic substitution and desulphonation to egithe tetracycle which onN-
debenzoylation under basic conditions and furthheatinent with POG] followed by

dechlorination under catalytic hydrogenation gavmdoline.

Fan and Ablordepp¥*®have described a two step synthesis of quindaineminoquinoline
on treatment with triphenylbismuth diacetate in fhwesence of copper underwent
arylation. Further, treating under acidic conditianth palladium acetate furnished

quindolinevia oxidative cyclisation in low yield (Scheme 2).

Pd(OAc),, CF3COOH

~NHz  Ph3Bi(OAc),, Cu “ H
©\/j/ DCM, tt, 10 h ©\/j/ \© 90 °C, 40 min O X

— _—_— >

N 94 % N 23% N Q

Scheme 2

Arzel et al. 1 synthesized 3-fluoro-2-iodoquinolinga halogen dance from 3-fluro-4-iodo-
quinoline and carried out Suzuki cross couplinghwitto give biaryl derivative which in
boiling pyridinium hydrochloride gave quindolin& nucleophillic displacement of fluoride

atom (Scheme 3).

Pd(PPh3),

' F
F F EtOH, toluene ~N NHCOt-Bu
N LDA, THF, -78 °C m Reflux N
~
N then H,O = O
05 9% N7 (HO).B
i) Pyridine.HCI
t-BUOCHN

215°C
0,
94 % ii) NH4OH
83 %

H
XN
L
N

Scheme 3

Quindoline carboxylic acid&® were obtained in one step on treatment of indatgtates

with derivatives of isatin. The acid was then dboaylated in refluxing diphenyl ether to
fetch quindolines which on methylation with metlgflate afforded corresponding triflate
salts. The triflate salt on basification and treatin with hydrochloric acid yielded

cryptolepine hydrochlorides (Scheme 4).

Prajesh S. Volvoikar, Ph.D. Thesis, Goa University Page 3



Chapter |

OAc 0

KOH, H,O
(Ig\ . Jj@ He 94 )
o} R - \

N i) CH3OTf O

H N N COOH i) Na,co, N
iv) HCI
25-64 %
over 4steps

= i) Ph,0, 255 °C, 6 h CI® N=

R

Scheme 4

1-Acetylindolin-3-one and 3-methoxy-2-nitrobenzdlgée were condensed in the presence

of catalytic amount of piperidine to give a mixtwkE/Z isomers, which on hydrogenation

and deprotection with alkali afforded 4-methoxyaidline ® (Scheme 5). Methylation with

methyl triflate, basification and treatment with dngchloric acid gave 4-methoxy-

cryptolepine hydrochloride salt.

O OMe
O,N Piperidine (cat.), toluene
+ CHCls3, 4 °A MS, t, 7 days
N
Ac OHC

85 %

H,, Pd/C, MeOH
rt, overnight

MeO MeQO
o\ i) CH3OTf, toluene, rt
i K
CI” ON= e KOH, 1t, 05 h

\_/

(I,
H

66 % over 3 steps

Scheme 5

2-(2-(Phenylamino)acetamido)benzoic adtiwere obtained by reaction of anthranilic acids

with bromoacetyl bromide followed by heating withilaes in DMF (Scheme 6).

DMF/dioxane
cooH O °C, 20 min, rt

vt COOH
R verncl)g t R‘@i
NH, NH
Br)]\/Br > —\

50-95 % o Br

HoN COOH
L

DMF, 120 °C, 30 h

PPA, 130°C, 2 h

i) CHOTf
ii) Na,CO;4
iii) HCI

NH
50-90 % o HN@

Scheme 6

Prajesh S. Volvoikar, Ph.D. Thesis, Goa University

Page 4



Chapter |

Acid derivatives on heating with PPA resulted iningiolones which on treatment with
POCE gave 11-chloroquindolines which were then conwkettetheir hydrochloride salts.

Csanyiet al. ¢ carried out regioselective Suzuki reaction on diemoquinoline at 2-
position to get a biaryl compound which on subjegtio aqueous sulphuric acid gave free
amine. This when reacted with pyridinium hydroclderat 220°C displaced bromo atom to

result in quindoline (Scheme 7).

i) 25 % aq. HQSO4

0
©\/\/[Br (HO)ZBD Pd(PPhg)s, 1t, 6 h B NPy 120 gg °/f o §
_ +
N™ Br PivHN 54 % ii) Pyridinium.HCI ‘\/j/\'
200-220°C, 4 h

then aq. NH3
66%

Scheme 7

Radl and co-workers '® synthesized quindolone starting from ethyl (2-
cyanophenyl)carbamate and 2-bromo-1-(2-nitrophetiyn-1-one in basic medium to give
an intermediate which on treatment with alkali hgdr underwent nucleophilic
denitrocyclisation to fetch quindolones (Scheme R)tther PG treatment furnished 11-
chlorocryptolepine, which was converted to quindeliusing procedures described by

Cooper1%

NaH, THF, rt, 1 h

CNy Br  K.COs DMF
JA + n,2h
H OEt NO, 40 % N o) 90 %

NO, .~

PCls, reflux, 3 h
70 %

Ref. 10a

Scheme 8

Ho and co-worker$™ synthesized cryptolepine in 4 steps, starting W@C coupling of 2-
nitrophenyl acetic acid to yield 1,3-bis(2-nitroplg§propan-2-one, which on reduction with
Fe in an acidic medium and subsequent oxidativéissyon with iodobenzene diacetate

gave quinolidine which on methylation yielded clppine (Scheme 9).
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NO,
cooH DCC, DMAP, THF Fe, glacial ACOH, EtOH
Reflux, 3 h O O Reflux, 3.5 h
NO, 86 % Nex 95 %

PhI(OAC),, THF, rt, 3 h
41 %

CHgl, THF, reflux, 18 h

72 %

Scheme 9

Maeset al. ° carried out regioselective cross amination betw@émomoquinoline ana-
bromoanilne with palladium to giv&l-(2-bromophenyl)quinolin-3-amine in good yield.
Further intramolecular palladium catalyzed coupliegulted in AH-indolo[2,3<¢]quinoline as
the major product, which is a synthetically derivedoloquinoline and quindoline in minor

amount (Scheme 10).

Q)

Pd,(dba);
NH;  Xantphos,Cs,CO3
Dloxane reflux, 30 h

83°/

CycC

PACly(PPhs),
NaOAc.3H,0
DMA, 130 °C, 5 h

Sewet

X

~

N
45 %
+

X

/

4%

NH

ZT

Scheme 10

Ray et al. '° treated 2-nitroacetophenone under Vilsmeier-Hagection to givep-
chlorocinnamaldehyde which in ethanolic HCI reactétth arylamines to give enaminoimine

hydrochlorides (Scheme 11).

POCl3, DMF, 0°C,1 h

then 80°C, 4 h
80 %

2 N ethanolic HCI, 0 °C

Heat, 200-250 °C

88-92 %

5 min,

35-41 %

R NO
BaO acetone, reﬂu N" P(OEt)s reflux, 4 h 2
N
then, CH3| reflux, 4 h 68-75 % | A
65-73 % _

R
Scheme 11
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Thermal cyclization gave 2-(2-nitrophenyl) quin@# followed by reductive cyclization
with triethyl phosphite gave quindolines, which anethylation gave 2-substituted

cryptolepines.

Mohanet al. *'¢ heated 3-bromoquinoline with aniline at 2@to yieldN-phenylquinolin-3-
amine, which on photocyclization in acidic conditigielded quindoline as a minor product
and precursor of isocryptolepide 11H-indolo[3,2<¢]quinoline as a major product (Scheme
12). Quindoline was further regioselectively me#tgtd with dimethyl sulfate to yield

cryptolepine.

hv, CGHG MeOH HySOy4

B
coy HZNO on m &
+
N 70 % =

~
N 51 %
(CH3),S04, CHgCN X N
Reflux 6h _
T aw N Q
16 %

Scheme 12

Mori and Ichikawa®®" treatedo-isocyano substituteg,g-difluorostyrenes with tributyltin
hydride in the presence of a radical initiator btain 2-stannyl-quinoline derivatives. These
were then subjected to Stille coupling wiéht-butyl (2-iodophenyl) carbamate followed by
heating with pyridinium hydrochloride to obtain alkylquindolines which on methylation

furnished corresponding cryptolepines (Scheme 13).

R .
n-BusSnH, AIBN (cat) R i) 0-BocNHCgH,l, PA(PPhs)s gocun
@CFZ Toluene, 80 °C, 1 h Fm Cul, DMF, 80 °C, 4 h
NC BusSn~ "N~ ii) DBU, 80 °C, 1 h
61-74 %

CHal, THF
Reflux, 20 h

57-61%

Scheme 13

Detert et al. *'® synthesized quindoline starting from 2-chloro-8aguinoline, which on
Suzuki coupling with phenyl boronic acid gave Ja2-phenylquinoline. This on reduction

followed by diazotization was converted to 3-iodptenylquinoline (Scheme 14). Further
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treatment withm-CPBA in the presence of triflic acid yielded begamolinoiodolium salt,
which was further subjected to two fold Buchwaldridag amination with benzyl amine.

The product obtained on debenzylation in basic omadiave the desired quindoline.

NO, NO i) Pd/C, Hy, THF, it
m PhB(OH),, Pd/C, PPh, O N ) 51
~
N” >Cl Na,COs (2 M), DME, 80 °C N” ii) p-TSOH, NaNO,,
95 % KI, 0°C

35%

m-CPBA, TfOH
DCM, 0 °C
96 %

H
XN KOt-Bu, DMSO, a|r ] ™0 @
_ XN A
N
T esw Pd,(dba)s/xantphos N” Q

Cs,COs, toluene, 100 °C
49 %

Scheme 14

Kaman et al. '*' started with 2-bromo-3-iodoquinoline which was thgsized from 3-
bromoquinoline using a series of steps (Scheme Tbis synthetically obtained dihalo
derivative was treated with aniline under regiosttle Buchwald-Hartwig amination

followed by second palladium catalyzed intramolacideck coupling to furnish quindoline.

HN
! \© H PACI,(PPhs),, NaOAc K
~ N DMA, 150 °C, MW O
/
N” "Br Pd(OAc),, xantphos ©\/:[ \© 61 % N/ Q
N™ "Br

Cs,COg3, toluene
120 °C, MW
70 %

Scheme 15

1.3: Results and discussion

Our retrosynthetic pathway to cryptolepine is dggacin scheme 16. It is known that, a
regioselective methylation of quinoline nitrogerpassible from quindolinéa which in turn
could be obtained from deprotection of its derwat8. We envisaged tha8 could be
obtained in one step fro® under reductive cyclization conditioma nitrene followed by
aromatization by loss of water. Compouddould be synthesized from correspondoig

nitrobenzaldehyde and-protected indole.
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HsC

\ N\
N N O | O
— f—— \ \ — N Pz
NS N~ PG
1 H 8
7a

one pot cyclisation
and aromatisation

O,N
@ O,N C-2 C-C bond formation \
+
N j@ N
PG
10 11a

OHC b OH
9

Scheme 16

For the protection of the indole, sulfonyl groupsaghosen as it is known to be stable at
elevated temperatures and also allows anion foomatt the 2-position of indole. Thus;
phenylsulfonyl indolelOa was treated witm-butyl lithium at -78°C and warmed to room
temperature over 2 h (Scheme 1%§.The reaction mixture formed a wine-red coloration
indicating anion formation, which was reacted watmitrobenzaldehydd 1a at -78°C to
room temperature. The work-up and silica gel colypurification yielded produc®a in 71

% vyield, which showed bands in its IR spectrum &#13 1526, 1363 and 1172 ¢m
accounting for —OH, N@and SQ groups respectively. The structure @d was further

confirmed by spectral data.

O,N
@ n-BuLi, THF, 78 °C to rt
N

\ then, O2N N bH
1045020 j@ -78°Ctort, 16 h 50,Ph

OHC 112 9a
71 %

Scheme 17

Spectral data of (2-nitrophenyl)(1-(phenylsulfonyl}1H-indol-2-yl)methanol (9a):

IR (KBr) : v= 3541, 3065, 1526, 1363, 1172, 723%tm

'H NMR (400 MHz, CDCl3): § 8.107 (dJ = 8 Hz, 2 H), 8.06 (d) = 8 Hz, 1 H), 7.97 (dJ =
7.6 Hz, 2 H), 7.78 (t) = 7.2 Hz, 1 H), 7.62-7.55 (m, 2 H), 7.51Jt 8 Hz, 2 H), 7.38-7.28
(m, 2 H), 7.22 (1) = 7.6 Hz, 1 H), 7.05 (s, 1 H), 6.04 (s, 1 H), 3(BBs, 1 H).

13C NMR (100 MHz, CDCly): 6 147.4 (C), 142.4 (C), 138.2 (C), 137.1 (C), 13€}, 134.2
(CH), 133.9 (CH), 129.6 (CH), 129.4 (2 x CH), 128CH), 128.6 (C), 126.8 (2 x CH),
125.3 (CH), 124.7 (CH), 123.9 (CH), 121.4 (CH), BIACH), 110.5 (CH), 65.1 (CH).
HRMS (ESI): calcd for G;H;¢N,OsSNa [M + NaJ 431.0678, found 431.0680.
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Having obtained the required intermedi@tg we then subjected it to our key step proposed
in the strategy i.e. tandem reductive cyclizati@mytiration reaction with PRIn refluxing
diphenyl ether (Table 1 entry 1). The reaction stdwomplete conversion in 3 h (monitored
by TLC), which however on isolation gave only 34d¥cyclized tetracyléa (Scheme 18).

IR spectrum showed disappearance of —OH angp¢@ks as expected. Further confirmation

of the structure was done by spectral study.

Table 1
N oH N

oa SOoPh ga SO:Ph

Scheme 18

Spectral data of 10-sulfonyl-indolo[3,2b]quinoline (8a):

IR (KBr) : ¥ = 3061, 1614, 1373, 1360, 746 tm

'H NMR (400 MHz, CDCl3): § 9.00 (s, 1 H), 8.40-8.38 (m, 2 H), 8.27 Jc&k 8.4 Hz, 1 H),
8.09 (d,J = 8.4 Hz, 1 H), 7.85 (d] = 8.4 Hz, 2 H), 7.79 (d] = 8 Hz, 1 H), 7.72-7.63 (m, 2
H), 7.53-7.46 (m, 2 H), 7.35-7.31 (m, 2 H).

%C NMR (100 MHz, CDCl): 6 147.4 (C), 146.3 (C), 141.5 (C), 137.2 (C), 136H),
131.1 (C), 130.9 (CH), 129.3 (2 x CH), 129.0 (CH28.9 (CH), 128.5 (CH), 127.1 (C),
126.6 (2 x CH), 126.4 (CH), 125.7 (C), 124.9 (CH)2.0 (CH), 120.0 (CH), 115.2 (CH).
HRMS (ESI): calcd for GiH1sN20,S [M + H]* 359.0854, found 359.0856.

During this step two reactions occurred in one pat, the cyclizationvia nitrene and

dehydration to givé&a from 9a

\ OH N  OH N

SO,Ph SO,Ph SO,Ph

9a 8a
Scheme 19

Compound3a was desulfonated with aqueous sodium hydroxidebtain quindolineza in
excellent yield and the structure was confirmed doynparison with literature reports
(Scheme 20)*
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N_ aq. NaOH, MeOH N_ CHjl, sulfolane ?\N(B_
80°C,3h _ 55°C,16h O \
96 % 73 % N
H
2a

SOzPh
7a

Scheme 20

'H NMR of 10H-Indolo[3,2-b]guinoline (7a): **

'H NMR (400 MHz, [Dg]DMSO): § 11.45 (s, 1H), 8.36 (d,= 8 Hz, 1H), 8.30 (s, 1 H), 8.19
(d,J=8.4Hz, 1 H), 8.12 (d] = 8 Hz, 1 H), 7.66-7.54 (m, 4 H), 7.29.4t= 8 Hz, 1 H).

7a on treatment with methyl iodide gave a mixturepofducts. Next sulfolane was used as
the solvent for regioselective methylation of quim® nitrogen, during which cryptolepine
hydroiodide2a was achieved in good 73 % yield (Scheme 20)he salt2a on basification

is known to givel.

'H NMR of Cryptolepine Hydroiodide (2a):

'H NMR (400 MHz, [Dg]DMSO): 5 12.92 (s, 1 H), 9.32 (s, 1 H), 8.84-8.77 (m, 1 8{§0
(d,J=8Hz, 1 H), 8.19 (tJ = 8 Hz, 1 H), 7.97 (t) = 7.6 Hz, 2 H), 7.88 (d] = 8.4 Hz, 1 H),
7.55 (t,J = 7.6 Hz, 1 H), 5.05 (s, 3 H).

Although the strategy was successful in giving usdesired produ@a, the yield of the key
step was not satisfactory. Low yield & was attributed to the high temperature used in the
domino step. We next focused our efforts on inangathe yield of this step. For this, we
tried nitrene formation at lower temperature usMgO,Cly(dmf), as a catalyst ** in
refluxing toluene with PR(Table 1, entry 2).

Table 1 Optimisation of tandem reductive cyclisation.

Entry Reaction Condition % Isolated yield &#
1 PPh, diphenyl ether, 250-261C, N,, 3 h 34
2 PPh, MoO,Cl,(dmf),, toluene, 110C, N,, 16 h 35
3 PBu, diphenyl ether, 128C, N,, 3 h 27
4 P(OEt), 150-16C0°C, Np, 0.5 h 26

The reaction was found to be slow and took 16 totoplete. However, the produga was

obtained only with marginal improvement in the glieUsing more reactive phosphorous
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reagent like tributyl phosphine gave only 27 % 8# as the sole product at a lower
temperature as compared to triphenyl phosphinel€Thlentry 3).

Treatment of9a with triethyl phosphite, following the Cadogan®s procedures, showed
complete conversion in just 0.5 h. However, a fdramaof another produd? with the same
mass asain 8 % yield was observed along with the expe&ath 26 % yield (Scheme 21).
Based on IR and NMR spectra compod2dvas identified to be a regioisomer8# formed
due to the high reactivity of P(OE:t)

02N aq. NaOH, MeOH O
P(OEt)3 \ / 80 °C,3h -
Reﬂux 05h \ / \ ,\f
N
H
6

SOQPh SOQPh SOzPh
26 % 122 8%

Scheme 21

The™H NMR spectrum oBa showed a singlet at 9.0 ppm wheread 2rsinglet appeared at
8.61 ppm. This downfield shift was attributed te firesence of electron withdrawing £0

group in close vicinity of C-11 proton in caseSaf

Spectral data of 10-sulfonyl-indolo[2,3b]quinoline (12):

IR (KBr) : v = 2964, 1601, 1261, 1174, 768%m

IH NMR (400 MHz, CDCl3): 6 8.61 (s, 1 H), 8.53 (d} = 8.4 Hz, 1 H), 8.31-8.26 (m, 3 H),
8.05 (d,J = 7.2 Hz, 1 H), 7.97 (d] = 7.2 Hz, 1 H), 7.97 (d] = 7.2 Hz, 1 H), 7.77-7.75 (m, 1
H), 7.65-7.42 (m, 5 H).

13C NMR (100 MHz, CDCly): ¢ 149.9 (C), 145.4 (C), 138.4 (C), 137.6 (C), 13@®1),
128.7 (CH), 128.4 (CH), 128.2 (CH), 128.1 (CH), 22 x CH), 127.0 (2 x CH), 126.4
(CH), 124.6 (C), 124.3 (CH), 122.9 (CH), 121.8 (©30.1 (CH), 118.1 (C), 114.1 (CH).
HRMS (ESI): calcd for GiH1N,0,SNa [M + NaJ 381.0674, found 381.0672.

Compound12 was further confirmed to be a regioisomer by desaltion with alkali
hydroxide to fetch B-indolo[2,3b]quinoline 6, whose spectral data matched with data
reported in literaturé®9The resulting compoun@lis a naturally occurring alkaloid isolated

from Justicia betonica ©"

and also the immediate precursor of naturally ooog
neocryptolepine (cryptotackiein8) Regioisomer§a and6 could be differentiated based on
PMR spectrum in which the singlet signal of C-1atpn appeared at 8.30 ppm in cas@af
whereas singlet of C-5 proton appeared at 9.06 pprase of6 in deuterated DMSO

solvent.

Prajesh S. Volvoikar, Ph.D. Thesis, Goa University Page 12



Chapter |

'H NMR of 10H-Indolo[2,3-b]quinoline (6): ¢

IH NMR (400 MHz, [Dg]DMSO): 6 11.71 (s, 1 H), 9.06 (s, 1 H), 8.26
O ® (d,J=7.6 Hz, 1 H), 8.11 (d] = 7.6 Hz, 1 H), 7.98 (d] = 8.4 Hz, 1 H),
N 6” 7.72 (dt,J = 8.4 Hz, 1.2 Hz, 1 H), 7.58-7.46 (m, 3 H), 7.28 (t= 8.4
Hz, 1.2 Hz, 1 H).

It is known in the literaturé”® °®that the presence of substituents like methoxingem or
alkyl group on cryptolepine molecule enhances ie@poy remarkably. Having successfully
synthesized the cryptolepine salt, we thought plyapg the same stratergy for the synthesis
of various derivatives of this compound. For thisgmse, 1-phenylsulfonylH-indole 10a
and 5-methoxy-1-(phenylsulfonyl)tindole 10b were subjected to directed metallation and
treated with o-nitro carbonyl benzenes like 2-nitrobenzaldehydéa 5-chloro-2-
nitrobenzaldehydé1b and 2-nitroacetophenorid.cto give the product8b-f in good yields
(Table 2).

Table 2 Substrate study for C-2 lithiation.

_ i _ (o]
. n-BuLi, THF, -78 °C to rt R, ON Q R,
then, OzN:i: O ) R
N 3

-78°Ctort, 16 h N

R1

) ! _OH
Ry = H, 10 SO:Ph R;0C R, SO,Ph
’ R2 = R3 =H, 11a
Ry= OMe, 10b 9b-f
! R, =Cl, R3=H, 11b
R2 =H, R3 = Me, 11c
£ N-phenylsulfonyl | 2-nitrocarbonyls Product % yield
ntry _
indole 10a-b 1la-c Ob-f 9b-f?
MeO OHC MeO O:N O
0 0 \
! N O=N N  oH 8
10b SO,Ph 11a op SOzPh
| o | oSl
2 N o N]@ O R 68
g 2% 11b \ H
10a SO,Ph % 50,P%
MeO \ OHC cl MeO OoN O cl
3 K IN> ] N]@ I 71
: N 41p N  oH
10b SO,Ph 9d SO,Ph
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° ot
o \
4 \ 71
) N
' OH
10a SO,Ph 0N 2% % 50,0
MeO Q MeO O,N O
s | LD o0 ga 76
\ N
10b SO,Ph Oy of S0P

%isolated yield after column purification based enavered.0aand10b.

Once all the intermediaté3-f were obtained, we subjected them to reductiveizatwbn
using Sanzt al.’s method [PP§ MoO,Cl,(dmf),] (Table 3).

Table 3. One pot reductive cyclisation-aromatisatiordbff to 8b-f.

R i ON Q Ry PPhg, MoO,Cly(dmf),, Ri O N Q R

\ R Toluene, 110 °C, N,, 16 h
N on’ N R,
ob.f SO2Ph g S0P
Entry Starting Materia®b-f Product3b-f % vyield of8b-f
MeO
1 9b = 39
L,
8b 50,Ph
2 O ¢ ’ 38
9c N
8c SO,Ph
MeO /N Q cl
3 9d = 37
CL,
8d SO,Ph
4 % 20°
N CH,
8e 50,Ph
MeO /N O
5 of O = 20°
N CH,
8e sSO,Ph

isolated yield after column purification.

bcompoundl3 and14 were obtained under reaction condition along Betand8f.
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It was interesting to discover th@¢ and9f which have a presence of tertiary alcohol, under
the reaction condition undergo dehydration befoyelization giving aminel3a14a and
13/14b as side products respectively (Scheme 22). Thepé&trum of compound3a
showed two peaks at 3424 and 3348'éndicating the presence of a primary amine group.
Compoundl4a showed a broad peak at 3410 tindicating the presence of the secondary

amine group. These compounds were further confirbasegd on their spectral data.

R4 R Q
PPhs, MoO,Clo(dmf), O \ NH, 1 O A
+

9ot toluene, 110°C, N», 16 h  go¢ N N \_NH
SO,Ph SO,Ph
13a-b 14a-b
13a= R = H (26%) 14a= R,=H (5%)
13b= R7 OMe (24%) 14b= R;= OMe (15%)
Scheme 22

Spectral data of 2-{1-[1-(phenylsulfonyl)-H-indol-2-yllethenyl}taniline (13a):
IR (KBr) : v = 3424, 3348, 2926, 1446, 1171, 722cm
O N NH H NMR (400 MHz, CDCl3): § 8.03 (d,J = 8.4 Hz, 1 H), 7.50 (dd]

N 2| =8Hz, 1.2 Hz, 3 H), 7.45-7.41 (m, 1 H), 7.33-7(&8 3 H), 7.07 (dt,
SO J=8Hz, 1.2 Hz, 1 H), 6.76-6.73 (m, 4 H), 6.54 (Mt 7.6 Hz, 1.2

Hz, 1 H), 5.82 (m, 2 H), 4.18 (br s, 2 H).

3C NMR (100 MHz, CDCly): 6144.7 (C), 142.3 (C), 139.3 (C), 138.2 (C), 13T5, (133.4

(CH), 129.7 (C), 129.6 (CH), 128.8 (2 x CH), 1268CH), 126.6 (2 x CH), 125.7 (C), 124.9

(CH), 123.9 (CH), 121.0 (CH), 120.1 (@t 118.1 (CH), 116.6 (CH), 115.3 (CH), 113.7

(CH).

HRMS (ESI): calcd for GH1gN,0,S [M + H]' 375.1167, found 375.1169.

Spectral data of 1-(phenylsulfonyh)-H,1'H-2,3"-biindole (148):
IR (KBr) : v = 3410, 3061, 1447, 1175, 746, 684cm
'H NMR (400 MHz, CDCl3): 6 8.49 (br s, 1 H), 8.36 (d,= 8 Hz, 1
O N N_NH | H), 7.52 (d,J = 2.4 Hz, 1 H), 7.47-7.41 (m, 4 H), 7.37-7.21 (nHip
142 20" 7.11-6.68 (M, 3 H), 6.68 (s, 1 H).
3C NMR (100 MHz, CDCl): § 138.0 (C), 137.5 (C), 135.3 (C), 135.1 (C), 13&H),
130.9 (C), 128.4 (2 x CH), 127.5 (C), 127.1 (CH)6X (2 x CH), 124.3 (CH), 124.2 (CH),

122.5 (CH), 120.6 (CH), 120.3 (CH), 119.4 (CH), BL6CH), 112.6 (CH), 111.3 (CH),
107.3 (C).
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HRMS (ESI): calcd for G;HigN.O,SNa [M + Naf 395.0830, found 395.0829.

Compound3b-f were then hydrolyzed with sodium hydroxide to esponding quindolines
7b-f which were further regioselectively methylated7tonethoxycryptolepine hydroiodide
2b, 2-chlorocryptolepine hydroiodid2c, 2-chloro-7-methoxycryptolepine hydroiodidel,
11-methylcryptolepine hydroiodid&e and 11-methyl-7-methoxycryptolepine hydroiodizfe
in good yields.

Table 4. DeprotectiorBb-f and regioselective methylation oi-f.

Ro
aq. NaOH, MeOH CHal, sulfolane
R N RS e e M= R
80°C,3h 1 55°C, 16 h
O \_/ e, O \_/ > =B
N Rs ﬁ R3
gb-f 0N 7b-f

Starting Desulphonated % yield Hydroiodide salt % yield

Entry _
material product7b-f of 7b-f @ 2b-f of 2b-f @
MeO MeO
1 8b 96 \ / 73
N L
7b H 2b H

2c

b
N_ cl CI
\
\ / 96 O ” 72
®_

2d

®
N

/

MeO N_ cl MeO. ©N O cl
ord x5
3 8d 97 \ 74

7d H

®

4 8e O W, 95 \_/ 73
N~ CH, O
H 2e

H CHj

\ @
MeO N_ MeO |®N_
5 8f O \ / 08 O \ / 74
CH, N~ CHs
7f

N
H 2f H

%isolated yields

Based on the products obtained during the reductyeéization, the probable route for the
formation of8a and12 are proposed (Scheme 23). The nitrene intermeidiatened during
the reaction may undergo electrophilic substitufidrt>®at C-2 position (route a) in case of
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P(OEt)g or at C-3 position (route b) of indole nucleus a{yndirectly undergo C-H insertion

*d then rearranges to form which on elimination of water molecule leads to

intermediatai
N-benznesulfonyl-B-indolo[2,3-b]quinoline 12. The intermediatdi then gets transformed

toiv which on dehydration givds-benzenesulfonyl48-indolo[3,2b]quinoline 8a.

O5N
Oy, 1) ™ ;
\ route a
N
L 9any N AN

O

PhO,S OPR3 PhOzS _O Phozs
PR;=0
s QL
Ny N
PhO,S Ph02$ iii OH

PhOZS

/ J
route ¢ Q \i:\l O 8a 12

-H,0
PhOZS iv oﬁ\v

Scheme 23

1.4: Conclusion

A useful four step synthesis of cryptolepine hyddides is developed usitgnitro carbonyl
benzenes andN-phenyl-sulfonyl indoles. The strategy involves aepnation of indole

derivatives at 2-position and tandem reductiveisgtion dehydration as key steps.

Various derivatives of indoloquinolines are preplaoc®ntaining substituents like methoxy,
chloro and methyl on indole as well as quinolinggyithus showing the versatility of the

protocol which can be applied further for synthedisarious other analogues.

1.5: Experimental

1.5.1: (2-Nitrophenyl)(1-(phenylsulfonyl)-H-indol-2-ylYmethanol (9a)

o)
@ n-BuLi, THF, -78 °C to rt O \
N

. then, O2N N oH
1035027 ]@ 78°Ctort, 16 h SO,Ph

OHC 112 9a
1%
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To a magnetically stirred solution of 1-(phenylsulyl)-1H-indole 10a (0.898 g, 3.49 mmol)
in dry THF (12 mL), under Natmosphere at -7& was addead-BuLi (1.6M in hexane)
(2.63 mL, 4.19 mmol) drop wise over a period of & @nd stirred at this temperature for 30
min. The solution was allowed to warm to room terapge and further stirred for 2 h. The
resulting wine red solution was again cooled to *Z8and then a solution of 2-nitro
benzaldehydd 1a (0.580 g, 3.84 mmol) in dry THF (4 mL) was addedpmwise over a
period of 5 min. The resulting mixture was allowtedvarm to room temperature and stirred
overnight. The mixture was then poured over 5%,6GIH20 mL), and extracted with ethyl
acetate (3 x 10 mL). The combined organic layer washed with water (20 mL), NaHGO
(20 mL), brine (2 x 20 mL) and dried over anhydroisS0O,. The solvent was removed
under reduced pressure and the residue obtainedflasis chromatographed and the
unreacted\-phenylsulfonyl indolelOa (0.225 g) was removedsing 5 % ethyl acetate in
petroleum ether as an eluent. Further elution \B@h% ethyl acetate in petroleum ether
afforded9ain 71 % (0.759 g) yield (based on recovery.08).

Light yellow solid, m.p. 174-17¢&C.

1.5.2: 10-Sulfonyl-indolo[3,2bJquinoline (8a)

02N PPhs, dipheny! ether N= O
250-260 °C, N, 3 h
2 ol
34 % N

SOzPh SO,Ph
8a

Method A: (2-Nitrophenyl)[1-(phenylsulfonyl)H-indol-2-yllmethanol9a (1.401 g, 3.43
mmol) and triphenyl phosphine (2.968 g, 11.32 mmaye refluxed in diphenyl ether (18
mL) under N atmosphere for 3 h (monitored by TLC). After cagli the reaction mixture
was chromatographed on silica gel and diphenylretlas removed using petroleum ether as
an eluent. Further elution with 10% ethyl acetatepetroleum ether afforded the 10-
phenylsulfonyl-indolo[3,2]quinoline8ain 34 % (0.418 g) yield.

Light yellow solid, m.p. 166-16&C.

1.5.3: 10-Sulfonyl-indolo[3,2blquinoline (8a)

Toluene, 110 °C, Np, 16 h
\ /
35%

SOzPh SOzPh
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Method B: To a solution of (2-nitrophenyl)[1-(phdswylfonyl)-1H-indol-2-yllmethanol9a
(0.310 g, 0.76 mmol) and triphenyl phosphine (0.632.43 mmol) in toluene (15 mL) was
added MoQCl,(dmf); (0.024 g, 0.07mmol) and stirred at Punder N atmosphere for 16

h (monitored by TLC). After cooling, the solvent sveemoved under reduced pressure and
the residue was purified by flash chromatographngugetroleum ether as an eluent to
remove excess triphenyl phosphine. Further elutiith 10% ethyl acetate in petroleum
ether afforded the 10-phenylsulfonyl indolo[3Rruinoline8ain 35 % (0.095 g) yield.

1.5.4: 10-Sulfonyl-indolo[3,2blquinoline (8a)

02 PBus, diphenyl ether N—
120°C, 3 h
\ /
27 %

SOzPh SOzPh

Method C: A mixture of (2-nitrophenyl)[1-(phenyléohyl)-1H-indol-2-yllmethanol 9a
(0.139 g, 0.34 mmol) and tributyl phosphine (0.2303L.5 mmol) was heated at 12D in
diphenyl ether (8 mL) under Natmosphere for 3 h (monitored by TLC). After cagli the
reaction mixture was chromatographed on silicaagel diphenyl ether was removed using
petroleum ether as an eluent. Further elution W&o ethyl acetate in petroleum ether
afforded the 10-sulfonyl-indolo[3,Blquinoline8ain 27 % (0.033 g) yield.

1.5.5: 10-Sulfonyl-indolo[3,2blquinoline (8a)

02N P(OEt),, 150-160 °C,
Ny, 0.5 h

SOzPh 26 % SOQPh 8% SOQPh
12

Method D: A solution of (2-nitrophenyl)[1-(phenyl&nyl)-1H-indol-2-yllmethanol 9a
(0.850 g, 2.08 mmol) and triethyl phosphite (15 mtgds heated at 150-16C under N
atmosphere for 0.5 h (monitored by TLC). Excestriethyl phosphite was removed under
reduced pressure and the residue was purified &sh fthromatography using 10% ethyl
acetate in petroleum ether to give the 10-pherfgsyl indolo[3,2b]quinolines8ain 26 %
(0.194 g) yieldand10-phenylsulfonyl indolo[2,®]quinoline12in 8 % (0.06 g) yield.

10-Sulfonyl-indolo[2,3-b]quinoline (12)
Light yellow solid, m.p. 222-22%C.
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1.5.6: 1H-Indolo[3,2-bjquinoline (7a)

N_ aq. NaOH, MeOH N
_80°%,3h °C,3h -
94 %

SOzPh

NaOH (2.0M, 10 mL) was added to a stirring solutmin10-phenylsulfonyl indolo[3,2-
blquinolines 8a (0.197 g, 0.55 mmol) in methanol (10 mL). The reactmixture was
refluxed for 3 h (monitored by TLC). Methanol wasnoved under reduced pressure and the
product was extracted using chloroform (3 x 10 mlhe combined organic layers were
washed with brine (3 x 5 mL), dried over J8&, and concentrated under reduced pressure
to give7ain 94 % (0.113 g) yield

Yellow solid, m.p. 250-252C [lit.***m.p. 252-253C].

IR (KBr) : ¥ = 3161, 3057, 1490, 1338, 737 ¢tm

1.5.7: 1MH-Indolo[2,3-b]quinoline (4)

aq. NaOH, MeOH
(o]
96 %

SOzPh

Following the similar protocol described in sectid®b.6 with 10-sulfonyl-indolo[2,3-
blquinoline 12 (0.034 g, 0.09 mmol) gave the producHtihdolo[2,3-b]quinoline 6 in 96 %
(0.02 g) yield.

Yellow solid, m.p. > 306C (lit. 1"*m.p. 342-346C).

IR (KBr) : ¥ = 3160, 3052, 1493, 1338, 736¢tm

1.5.8: 5-Methyl-1MH-indolo[3,2-bjquinolin-5-ium iodide or Cryptolepine Hydroiodide
(28)

CHjl, sulfolane oO\®
N= [ N=
\ ) 55°C, 16 h )
QI = 0
H N
7a 2a

10H-Indolo[3,2b]quinoline 7a (0.039 g, 0.18 mmol), methyl iodide (1 mL) andfelaine'*®

(2 mL) were taken in a sealed tube and heated &€ 56r 16 hi.e. till the precipitate was
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formed. The mixture was cooled to room temperatumd precipitated further with 1:1
petroleum ether: ethyl acetate, filtered and washiéld ethyl acetate and then dried to afford
2ain 72 % (0.047 q) yield.

Bright yellow solid, m.p. 272-27%€ (lit. *°*“m.p. 273-274C).

IR (KBr) : ¥ = 3080, 1643, 1615, 1256, 758 tm

1.5.9:[5-Methoxy-1-(phenylsulfonyl)-H-indol-2-yl](2-nitrophenylYmethanol (9b)

oo ()
m n-BuLi, THF, -78 °C to rt MeO O \2
N then, O2N N
SO,Ph -78°Ctort, 16 h . _OH
10b OHC SO,Ph
11a 9a

78 %

Following the similar protocol described in sectibb.1with 5-methoxy-1-(phenylsulfonyl)-
1H-indole 10b (0.717 g, 2.5 mmol)p-BuLi (1.9 mL, 3.0 mmol) and 2-nitrobenzaldehyde
11a(0.415 g, 2.75 mmolyave the product [5-Methoxy-1-(phenylsulfonyh-indol-2-yl](2-
nitrophenyl)methan®b in 78 % (0.806 g) yield (0.041 g &Ob was recovered).

Yellow solid, m.p. 142-142C.

IR (KBr) : ¥ = 3534, 2934, 1612, 1526, 1366, 1344, 1176, 723 cm

'H NMR (400 MHz, CDCly): § 8.09 ( d,J = 7.6 Hz, 1 H), 8.04-7.93 (m, 2 H), 7.23 (&
7.2 Hz, 2 H), 7.56 (m, 1 H), 7.60-7.50 (m, 4 HR%(s, 1 H), 6.93 (d] = 8.8 Hz, 1 H), 6.81
(s, 1 H),5.97 (s, 1 H), 4.12 (br s, 1 H), 3.763(81).

3C NMR (100 MHz, CDCly): 6 156.7 (C), 147.5 (C), 142.9 (C), 138.1(C), 136)1(34.2
(CH), 133.9 (CH), 131.7 (C), 129.6 (CH), 129.5 (CH9.4 (2 x CH), 128.9 (CH), 126.7 (2
x CH), 124.7 (CH), 115.4 (CH), 114.2 (CH), 110.7H)C 103.6 (CH), 65.2 (CH), 55.6
(CH).

HRMS (ESI): calcd for G,H;gN,OsSNa [M + NaJ 461.0783, found 461.0782.

1.5.10: (5-Chloro-2-nitrophenyl)[1-(phenylsulfonyl}1H-indol-2-yllmethanol (9c)

ol
@ n-BuLi, THF, -78 °C to rt O \ cl
N

\ then, OoN N on
10a°02P" j@\ -78°Ctort, 16 h 50,Ph
OHC™, >l

69 %

Following the similar protocol described in sectibis.1with 1-(phenylsulfonyl)-H-indole
10a (0.514 g, 2.0 mmol)n-BuLi (1.51 mL, 2.4 mmol) and 5-chloro-2-nitrobefdeshyde
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11b (0.408 g, 2.2 mmolpave the product (5-chloro-2-nitrophenyl)[1-(phesatonyl)-1H-
indol-2-yllmethanoBc in 69 % (0.585 g) yield (0.021 g @dawas recovered).
Light yellow solid, m.p. 169-17%C.

IR (KBr) : # = 3586, 3111, 1607, 1521, 1358, 1145, 744 cm

'H NMR (400 MHz, CDCls): § 8.09- 8.05 (m, 3 H), 7.95 (d,= 7.6 Hz, 2 H), 7.59 (1] =
7.6 Hz, 1 H), 7.53-7.47 (m, 3 H), 7.37-7.29 (m, R H20 (t,J = 7.6 Hz, 1 H), 7.04 (d] =
4.4 Hz, 1 H), 6.00 (s, 1 H), 4.14 @= 4.4 Hz, 1 H).

13C NMR (100 MHz, CDCly): § 145.5 (C), 141.8 (C), 140.8 (C), 138.3 (C), 13&), 137.0
(C), 134.3 (CH), 129.8 (CH), 129.5 (2 x CH), 12¢CH), 128.4 (C), 126.8 (2 x CH), 126.4
(CH), 125.5 (CH), 124.0 (CH), 121.4 (CH), 114.5 (CHL0.3 (CH), 64.9 (CH).

HRMS (ESI): calcd for GH;sCIN,0sSNa [M + Naf 465.0288, found 465.0283.

1.5.11: (5-Chloro-2-nitropheny[5-methoxy-1-(phenisulfonyl)-1H-indol-2-yllmethanol
(9d)

MeO

MeO OoN Q cl
m n-BuLi, THF, -78 °C to rt O N
N

\ then, 02N N OH
SO,Ph -78°Ctort, 16 h SO.Ph
10b 2
OHC™ " ~Cl

9d

1%

Following the similar protocol described in sectif.1 with 5-methoxy-1-(phenylsulfonyl)-
1H-indole 10b (0.430 g, 1.5 mmol),n-BuLi (1.13 mL, 1.8 mmol) and 5-chloro-2-
nitrobenzaldehydd 1b (0.306 g, 1.65 mmolpave the product (5-chloro-2-nitrophenyl)[5-
methoxy-1-(phenylsulfonyl)H-indol-2-yljmethanol9d in 71 % (0.432 g) yield (0.060 g of
10bwas recovered).

Yellow solid, m.p. 136-13&C.

IR (KBr) : v = 3547, 3103, 1525, 1340, 1157, 721%cm

'H NMR (400 MHz, CDCl3): 6 8.00-7.97 (m, 2 H), 7.90 (d,= 9.2 Hz, 1 H), 7.85-7.83 (m,
2 H), 7.53 (tJ= 7.6 Hz, 1 H), 7.46-7.40 (m, 3 H), 6.92 (s, 1 6185 (dd,J = 9.2 Hz, 2.4 Hz,
1 H), 6.73 (dJ = 2.4 Hz, 1 H), 5.87 (s, 1 H), 3.69 (s, 3 H).

13C NMR (100 MHz, CDCly): 6 156.7 (C), 145.5 (C), 142.3 (C), 140.8 (C), 13&», 138.1
(C), 134.3 (CH), 131.6 (C), 129.8 (CH), 129.4 (M), 129.1 (CH), 126.7 (2 x CH), 126.3
(CH), 115.4 (CH), 114.4 (CH), 110.5 (CH), 103.6 (CB4.9 (CH), 55.6 (CH).

HRMS (ESI): calcd for G;H17CIN,OsSNa [M + NaJ 495.0394, found 495.0393

1.5.12: 1-(2-Nitropheny)-1-[1-(phenylsulfonyl)-H-indol-2-yllethanol (9¢e)
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N
@ n-BuLi, THF, 78 °C to rt 0\2 Q
N then, O2N O N OSH3
50,Ph i \
102 \”/\© 78°Ctort, 16h, SO,Ph
11c 9e

O 71 %

Following the similar protocol described in sectib’s.1 with 1-(phenylsulfonyl)H-indole
10a (0.385 g, 1.5 mmol)n-BuLi (1.13 mL, 1.8 mmol) and 2-nitro acetophendie(2-
nitrophenyl)ethan-1-one)1b (0.272 g, 1.65 mmolyave the product (1-(2-nitrophenyl)-1-[1-
(phenylsulfonyl)-H-indol-2-yllethanol9e in 71 % (0.396 g) yield (0.046 g df0a was
recovered).

White solid, m.p. 158-16{C.

IR (KBr) : v = 3497, 2993, 1537, 1364, 1346, 1219, 723.cm

'H NMR (400 MHz, CDCls): § 7.94 (d,J = 8 Hz, 1 H), 7.58-7.53 (m, 3 H), 7.47 Jt= 7.6
Hz, 1 H), 7.44-7.21 (m, 7 H), 7.15 (s, 1 H), 6.90X H), 5.46 (s, 1 H), 2.21 (s, 3 H).

13C NMR (100 MHz, CDCly): ¢ 148.2 (C), 143.0 (C), 137.3 (C), 137.1 (C), 13€% 132.8
(CH), 129.3 (CH), 128.1 (2 x CH), 127.3 (CH), 121Q), 126.8 (CH), 125.3 (2 x CH),
124.8 (CH), 123.2 (CH), 122.4 (CH), 120.6 (CH), D14CH), 112.8 (CH), 72.9 (C), 30.4
(CHy).

HRMS (ESI): calcd for GsH1gN,0sSNa [M + NaJ 445.0834, found 445.0836.

1.5.13: [5-Methoxy-1-(phenylsulfonyl)-H-indol-2-yl](2-nitrophenyl)ethanol (9f)

MeO

m n-BuLi, THF, -78 °C to rt MeO ON Q
\
N then, O2N O
) ' N
!\ OH
10p°02" \H/\© SO,Ph
11c of

O
-78°Ctort, 16 h, 76 %

Following the similar protocol described in sectibb.1 with 5-methoxy-1-(phenylsulfonyl)-
1H-indole 10b (0.433 g, 1.5 mmol)p-BuLi (1.13 mL, 1.8 mmol) and 2-nitro acetophenone
(2-(2-nitrophenyl)ethan-1-one)1b (0.272 g, 1.65 mmolpave the product [5-methoxy-1-
(phenylsulfonyl)-H-indol-2-yl](2-nitrophenyl)ethanolf in 76 % (0.485 g) yield (0.025 g of
10bwas recovered).

White solid, m.p. 184-18%&.

IR (KBr) : ¥ = 3476, 2988, 1537, 1369, 780¢tm
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'H NMR (400 MHz, CDCls): § 7.77 (d, J= 9.2 Hz, 1 H), 7.46 (d]1 = 7.2 Hz, 2 H), 7.38 (t,
J=7.2 Hz, 1 H), 7.33-7.18 (m, 5 H), 7.10 (s, 1 6188-6.74 (m, 3 H), 5.40 (s, 1 H), 3.73 (s,
3 H), 2.11 (s, 3 H).

13C NMR (100 MHz, CDCly): ¢ 156.8 (C), 149.3 (C), 144.7 (C), 138.4 (C), 13€), 133.8
(CH), 132.2 (C), 130.4 (CH), 129.2 (C), 129.1 (ZM), 128.4 (CH), 127.9 (CH), 126.3 (2 x
CH), 123.5 (CH), 116.1 (CH), 114.8 (CH), 114.2 (CH)3.7 (CH), 73.9 (C), 55.6 (GH
31.4 (CH).

HRMS (ESI): calcd for GsHzoN20sSNa [M + NaJ 475.0940, found 475.0937.

1.5.14: 7 Methoxy-10-phenylsulfonyl-indolo[3,&]quinoline (8b)

e O2N Q N—
O \ PPhg, MOOzclz(dmf)z O \
Toluene, 110 °C, Ny, 16 h
N oH

\ 0,
SO,Ph 39 % SOZPh
9b

Method B: Following the similar protocol described section 1.5.3 with [5-methoxy-1-
(phenylsulfonyl)-H-indol-2-yl](2-nitrophenyl)methanoBb (0.423 g, 0.966 mmol), PRh
(0.820 g, 3.09 mmol), MoLl,(dmf), (0.033 g, 0.096 mmol) gave the product 7 methoxy-
10-phenylsulfonyl-indolo[3,23]quinoline8b 39 % (0.150 g) yield.

Light yellow solid, m.p. 180-18Z.

IR (KBr) : # = 2960, 1614, 1180, 1026, 732°¢m

'H NMR (400 MHz, CDCls): 5 8.91 (s, 1 H), 8.19 (d,= 8.8 Hz, 2 H), 7.99 (d] = 8.4 Hz, 1
H), 7.81 (s, 1 H), 7.72-7.68 (m, 3 H), 7.56X& 7.6 Hz, 1 H), 7.37 (] = 7.6 Hz, 1 H), 7.23-
7.18 (m, 3 H), 3.88 (s, 3 H).

13C NMR (100 MHz, CDCly): § 157.6 (C), 145.9 (C), 144.3 (C), 135.8 (C), 13€} 133.2
(CH), 130.1 (C), 128.3 (CH), 128.2 (2 x CH), 12{GH), 127.4 (CH), 127.2 (CH), 126.0
(C), 125.5 (2 x CH), 120.2 (CH), 119.5 (CH), 11635), 103.0 (CH), 55.0 (CH).

HRMS (ESI): calcd for GoHi7N,05S [M + H]* 389.0960, found 389.0961.

1.5.15: 2-Chloro-10-phenylsulfonyl-indolo[3,25]quinoline (8¢)

02N PPh3, MoO,Cl,(dmf), N— cl
Toluene, 110 °C, N, 16 h
38 % 2 O 7
’ N

SOzPh SO,Ph
8c
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Method B: Following the similar protocol describéd section 1.5.3 with (5-chloro-2-
nitrophenyl)[1-(phenylsulfonyl)-Hi-indol-2-yljmethanol 9¢ (0.434 g, 0.980 mmol), PRh
(0.822 g, 3.136 mmol), MaoQl,(dmf), (0.034 g, 0.098 mmol) gave the product 2-Chloro-
10-phenylsulfonyl-indolo[3,b]quinoline8cin 38 % (0.146 g) yield.

Light yellow solid, m.p. 222-22C.

IR (KBr) : v = 3063, 1624, 1182, 743 ¢m

'H NMR (400 MHz, CDCls): § 8.86 (s, 1 H), 8.40 (s, 1 H), 8.30 (b5 8.4 Hz, 1 H), 8.18 (s,
1 H), 7.99 (dJ) = 1.6 Hz, 1 H), 7.76 (d] = 7.6 Hz, 2 H), 7.67-7.62 (m, 2 H), 7.43 {5 7.6
Hz, 2 H), 7.28 () = 8.4 Hz, 2 H).

¥C NMR (100 MHz, CDCls): 6 147.6 (C), 144.6 (C), 141.5 (C), 137.2 (C), 13€CH),
132.1 (C), 131.5 (C), 131.2 (CH), 130.5 (CH), 12@&H), 129.3 (2 x CH), 127.6 (C), 126.9
(CH), 126.6 (2 x CH), 125.3 (C), 125.0 (CH), 12@0H), 118.8 (CH), 115.2 (CH).

HRMS (ESI): calcd, for G;H14CIN,O,S [M + H]" 393.0465, found 393.0465.

1.5.16: 2-Chloro-7-methoxy-10-phenylsulfonyl-indolf8,2-b]quinoline (8d)

PPhs, MoO,Cly(dmf)
© Cl Toluene, 110°C, N,, 16 h MeO
) 37 % O o/
N oH ’ N

SO,Ph SO,Ph
9c 8c

Method B: Following the similar protocol describéd section 1.5.3 with (5-chloro-2-
nitrophenyl)[5-methoxy-1-(phenylsulfonyl)Htindol-2-yljmethanol 9d (0.481 g, 1.02

mmol), PPh (0.854 g, 3.257 mmol), MoQl,(dmf), (0.035 g, 0.102 mmol) gave the
product 2-chloro-7-methoxy-10-phenylsulfonyl-ind@@®-b]quinoline 8d in 37 % (0.159 g)

yield.

Yellow solid, m.p. 236-23&C.

IR (KBr) : v = 2963, 1612, 1184, 1035, 733¢tm

'H NMR (400 MHz, CDCl3): 6 8.78 (s, 1 H), 8.19 (d,= 8.8 Hz, 1 H), 8.07 (d]= 8.8 Hz, 1
H), 7.96 (dJ = 2 Hz, 1 H), 7.70-7.69 (m, 3 H), 7.61 (dds 9.2 Hz, 2.4 Hz, 1 H), 7.38 (,=
7.2 Hz, 1 H), 7.23-7.18 (m, 3 H), 3.88 (s, 3 H).

13C NMR (100 MHz, CDCly): 6 156.5 (C), 146.7 (C), 143.5 (C), 135.9 (C), 13€Y, 133.2
(CH), 131.1 (C), 131.0 (C), 129.4 (CH), 128.7 (CH)8.2 (2 x CH), 126.6 (C), 125.9 (CH),
125.5 (2 x CH), 125.4 (C), 119.2 (CH), 118.2 (CH)5.4 (CH), 102.6 (CH), 54.9 (GH
HRMS (ESI): calcd for GoH1¢CIN,OsS [M + H]" 423.0570, found 423.0572.

1.5.17: 11-Methyl-10-phenylsulfonyl-indolo[3,2]quinoline (8€)
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Z%O
=z

Ha

O,N Q PPhs, MoO,Cly(dmf), N O \
\ Toluene, 110 °C, Ny, 16 h SO,Ph
O \ 7/ . 13a
N O N
9e 8e O A
N NNH
SO,Ph

14a

Method B: Following the similar protocol describiedsection 1.5.3 with (1-(2-nitrophenyl)-
1-[1-(phenylsulfonyl)-H-indol-2-yllethanol9e (0.490 g, 1.158 mmol), PRI(0.972 g, 3.70
MoQCl,(dmf), (0.040 g, 0.116 mmol) gave the product 11-Methy-10
phenylsulfonyl-indolo[3,2]quinoline8ein 20 % (0.098 g) yield.

mmol),

11-Methyl-10-phenylsulfonyl-indolo[3,2b]quinoline (8€)
Light yellow solid, m.p. 192-19%C.

IR (KBr) : v = 3071, 1447, 1360, 1171, 752¢tm

'H NMR (400 MHz, CDCl3): 6 8.25-8.15 (m, 4 H), 7.75 ({,= 7.6 Hz, 1 H), 7.64 (1 = 7.6
Hz, 1 H), 7.55 (tJ = 7.6 Hz, 1 H), 7.35 (1) = 7.6 Hz, 1 H), 7.24-7.20 (m, 1 H), 6.99-6.93
(m, 4 H), 3.19 (s, 3 H).

3C NMR (100 MHz, CDCly): 6150.9 (C), 146.7 (C), 144.5 (C), 136.3 (C), 134£]) 133.6
(CH), 132.7 (C), 130.4 (CH), 129.5 (CH), 129.3 (£29.1 (CH), 128.3 (2 x CH), 127.8 (C),
127.1 (2 x CH), 126.5 (CH), 126.3 (CH), 124.8 (CH)1.7 (CH), 119.9 (CH), 17.6 (GH
HRMS (ESI): calcd for GoHi7N,0,S [M + H]" 373.1011, found 373.1013.

2-{1-[1-(Phenylsulfonyl)-1H-indol-2-yllethenyl}aniline (13a)
White solid, 26% (0.112 g) yield, m.p. 126-1Z8

1-(Phenylsulfonyl)-1H,1'H-2,3'-biindole (143)
White solid, 5% (0.022 g) yield, m.p. 76-8D.

1.5.18: 7-Methoxy-11-methyl-10-phenylsulfonyl-inda[3,2b]quinoline (8f)

-
Oy
MeO ON Q PPh;, MoO,Cly(dmf), o N_ N
Toluene, 110°C, N, 16 h ‘
N 2 O \_/ + 13p SOPN
r\éo P(h) \ TVI o O
¢ e
2 g S0P \
of \_NH
N
14b SO,Ph
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Method B: Following the similar protocol described section 1.5.3 with [5-methoxy-1-
(phenylsulfonyl)-H-indol-2-yl](2-nitrophenyl)ethanol 9f (0.428 g, 0.945 mmol), PRh
(0.793 g, 3.024 mmol), MoQl,(dmf),(0.032 g, 0.094 mmol) gave the product 7-Methoxy-
11-methyl-10-phenylsulfonyl-indolo[3,Blquinoline 8f in 20 % (0.076 g) yield.

7-Methoxy-11-methyl-10-phenylsulfonyl-indolo[3,2b]quinoline (8f)
Light yellow solid, m.p. 210-21%C.

IR (KBr) : ¥ = 2963, 1483, 1261, 1022, 797 tm

'H NMR (400 MHz, CDCl3): § 8.16 (dd,J = 8.4 Hz, 0.8 Hz, 1 H), 8.07-8.03 (m, 2 H), 7.68
(dt,J=8.4 Hz, 1.2 Hz, 1 H), 7.58 (dt,= 8 Hz, 1.2 Hz, 1 H), 7.39 (d,= 2.4 Hz, 1 H), 7.21-
7.16 (m, 1 H), 7.07 (ddl = 9.2 Hz, 2.4 Hz, 1 H), 6.96-6.91 (m, 4 H), 3.803#), 3.11 (s, 3
H).

3C NMR (100 MHz, CDCls): 6 157.6 (C), 150.0 (C), 145.6 (C), 137.1 (C), 13&% 132.8
(C), 132.5 (CH), 132.4 (C), 129.4 (C), 128.3 (Ct28.1 (CH), 127.2 (2 x CH), 126.8 (C),
126.1 (2 x CH), 125.2 (CH), 123.8 (CH), 120.0 (CH)8.1 (CH), 102.5 (CH), 54.8 (GH
16.5 (CHy).

HRMS (ESI): calcd for GsH;gN,OsSNa [M + NaJ 425.0936, found 425.0933.

2-{1-[5-Methoxy-1-(phenylsulfonyl)-1H-indol-2-yl]ethenyl}aniline (13b)
White solid, 24 % (0.096 g) yield, m.p. 180-182

IR (KBr) : = 3441, 3364, 2936, 1618, 1209, 754'cm

IH NMR (400 MHz, CDCly): 6 7.85 (d,J = 8.8 Hz, 1 H), 7.43 (d] = 7.6 Hz, 2 H), 7.35 (1]

= 7.6 Hz, 1 H), 7.19 (1) = 8.8 Hz, 2 H), 6.97 (dl = 8 Hz, 0.8 Hz, 1 H), 6.86-6.82 (m, 2 H),
6.69-6.66 (M, 2 H), 6.59 (s, 1 H), 6.48Jt 7.6 Hz, 1 H), 5.73 (d] = 8 Hz, 2 H), 4.22 (br s,
1 H), 3.72 (s, 3 H).

13C NMR (100 MHz, CDCly): § 155.8 (C), 143.6 (C), 142.1 (C), 138.4 (C), 13€}% 132.3
(CH), 131.1 (C), 129.8 (C), 128.5 (CH), 127.7 (EM), 127.6 (CH), 125.5 (2 x CH), 124.7
(C), 118.9 (CH), 117.1 (CH), 115.5 (CH), 115.4 (CH), 113.2 (CE)2.7 (CH), 102.3 (CH),
54.6 (CH).

HRMS (ESI): calcd for GsHaN;0sSNa [M + Naf 427.1092, found 427.1094.

5-Methoxy-1-(phenylsulfonyl)-1H,1'H-2,3'-biindole (14b)
White solid, 15 % (0.06 g) yield, m.p. 74-7&.

IR (KBr) : v = 3422, 2928, 1605, 1460, 1209, 1029, 725.cm
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'H NMR (400 MHz, CDCls): 6 8.50 (s, 1 H), 8.16 (d} = 8.8 Hz, 1 H), 7.41-7.32 (m, 3 H),
7.23-7.12 (m, 4 H), 7.04-6.97 (m, 3 H), 6.87-6.88 2 H), 6.53 (s, 1 H), 3.75 (s, 3 H).

3C NMR (100 MHz, CDCly): § 157.0 (C) , 137.1 (C), 136.3 (C), 135.4 (C), 13ECH),
132.5 (C), 132.3 (C), 128.4 (2 x CH), 127.2 (C)7.12(CH), 126.7 (2 x CH), 122.4 (CH),
120.6 (CH), 119.4 (CH), 117.7 (CH), 112.8 (CH), I1@&H), 111.5 (CH), 107.4 (C), 102.8
(CH), 55.6 (CH).

HRMS (ESI): calcd for GsH;gN,OsSNa [M + NaJ 425.0936, found 425.0934.

1.5.19: 7-Methoxy-1M-indolo[3,2-b]guinoline (7b)

N_ aq. NaOH, MeOH
e0 < 80°C,3h _ MeO N=
,
Sn el ey
N

SO,Ph
8b 7b

Following the similar protocol described in sectibb.6 with 7-methoxy-10-phenysulfonyl-
indolo[3,2b]quinoline 8b (0.119 g, 0.307 mmol) gave the product 7-methoxy-10
indolo[3,2b]quinoline7b in 96 % (0.073 g) yield.

Yellow solid, m.p. 226-228C (lit.}” *m.p. 228-236C),

IR (KBr) : v = 3161, 3045, 1624, 1022, 810tm

'H NMR (400 MHz, [Dg]DMSO): 6 11.39 (s, 1 H), 8.38 (s, 1 H), 8.25 (& 8.4 Hz, 1 H),
8.18 (d,J=8 Hz, 1 H), 7.92 (dJ = 2 Hz, 1 H), 7.72 (t) = 7.6 Hz, 1 H), 7.64-7.57 (m, 2 H),
7.34 (ddJ= 8.8 Hz, 2.4 Hz, 1 H), 3.97 (s, 3 H).

13C NMR (100 MHz, [Dg]DMSO0): § 153.4 (C), 144.9 (C), 142.5 (C), 138.9 (C), 13&},
128.0 (CH), 127.6 (CH), 126.6 (C), 126.3 (CH), B24CH), 120.7 (C), 119.6 (CH), 113.8
(CH), 112.6 (CH), 103.2 (CH), 55.6 (GH

1.5.20: 2-Chloro-1M-indolo[3,2-blguinoline (7¢)

N— cl aa NaOH, MeOH N O cl
_80°%,3h _ °C,3h -
96 % O N}/
N
H

SOzPh

Following the similar protocol described in sectib®.6 with 2-chloro-10-phenylsulfonyl-
indolo[3,2b]quinoline8c (0.100 g, 0.255 mmol) gave the product 2-Chlorétlfdolo[3,2-
blquinoline7cin 96 % (0.062 g) yield.
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Light yellow solid, m.p. 242-24%C (lit. "®m.p. 244C).

IR (KBr) : = 3408, 2962, 1612, 1262, 824¢m

'H NMR (400MHz [D¢]DMSO): d 11.57 (s, 1 H), 8.35 (d,= 8 Hz, 1 H), 8.29 (s, 1 H), 8.25
(d,J=2.4 Hz, 1 H), 8.20 (d] = 9.2 Hz, 1 H), 7.67-7.57 (m, 3 H), 7.30J& 8 Hz, 1 H).

13C NMR (100 MHz, [DgDMSO): 6 146.2 (C), 144.2 (C), 141.6 (C), 132.8 (C), 13CH),
130.1 (CH), 129.1 (C), 127.4 (C), 126.4 (CH), 1260H), 121.5 (CH), 120.7 (C), 119.6
(CH), 112.3 (CH), 111.6 (CH).

1.5.21: 2-Chloro-7-methoxy-18i-indolo[3,2-b]quinoline (7d)

N_ cl ad NaOH, MeOH _
\ _ 80°C,3h _ MeO N cl
ey s
N
H

SOzPh
8d

Following the similar protocol described in sectidrb.6 with 2-chloro-7-methoxy-10-
phenylsulfonyl-indolo[3,2]quinoline 8d (0.104 g, 0.247 mmol) gave the product 2-Chloro-
7-methoxy-1®-indolo[3,2b]quinoline 7d in 97 % (0.068 g) yield.

Yellow solid, m.p. 240-24ZC.

IR (KBr) : # = 3180, 2962, 1604, 1261, 1161, 721%cm

IH NMR (400 MHz, [DgDMSO): ¢ 11.45 (s, 1 H), 8.34 (s, 1 H), 8.30 (= 2.4 Hz, 1 H),
8.25 (d,J = 9.2 Hz, 1 H), 7.90 (d] = 2.4 Hz, 1 H), 7.70 (ddl = 9.2 Hz, 2.4 Hz, 1 H), 7.59
(d,J=8.8 Hz, 1 H), 7.35 (dd, = 8.8 Hz, 2.4 Hz, 1 H), 3.97 (s, 3 H).

13C NMR (100 MHz, [DgDMSO): 6 153.5 (C), 146.0 (C), 141.3 (C), 138.9 (C), 13&,
130.6 (CH), 129.0 (C), 127.3 (C), 126.3 (CH), 1260H), 120.9 (C), 119.6 (CH), 112.6
(CH), 112.3 (CH), 103.2 (CH), 55.6 (GH

HRMS (ESI): calcd for GeH1CIN,O [M + H]* 283.0638, found 283.0645.

1.5.22: 11-Methyl-1M-indolo[3,2-b]quinoline (7€)

aq. NaOH, MeOH N O
__80°%,3h _ -
95 % O \ 7
N
H
7e

SOzPh
8e

Following the similar protocol described in sectibs.6 with 11-methyl-10-phenylsulfonyl-
indolo[3,2b]quinoline 8e (0.051 g, 0.135 mmol) gave the product 11-MethyH10
indolo[3,2b]quinoline7ein 95 % (0.03 g) yield.
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Yellow solid, m.p. 262-262C (lit. "*m.p. >260C).

IR (KBr) : = 3177, 2924, 1612, 1261, 1018, 743'cm

IH NMR (400 MHz, [QJDMSO): 6 11.46 (s, 1 H), 8.39 (d,= 8 Hz, 1 H), 8.26 (t) = 9.6
Hz, 2 H), 7.34-7.62 (m, 4 H), 7.33 (dt= 7.6 Hz,1.2 Hz, 1 H), 2.97 (s, 3 H).

13C NMR (100 MHz, [DgDMSO): § 144.8 (C), 143.9 (2 x C), 143.5 (C), 131.8 (C)9.52
(CH), 129.3 (CH), 125.9 (C), 125.8 (CH), 124.6 (CE23.3 (CH), 121.4 (CH), 121.3 (C),
119.2 (CH), 111.4 (CH), 12.4 (GH

1.5.23: 7-Methoxy-11-methyl-181-indolo[3,2-b]quinoline (7f)

aq. NaOH, MeOH
\ / _ 80°C,3h _ MeO N_
O T 8% O \ 7/
N
H
7f

SOzPh

Following the similar protocol described in secti@rb.6 with 7-Methoxy-11-methyl-10-
phenylsulfonyl-indolo[3,2]quinoline 8f (0.06 g, 0.147 mmol) gave the product 7-Methoxy-
11-methyl-1®-indolo[3,2b]quinoline 7f in 98 % (0.038 g) yield.

Yellow solid, m.p. 216-21&C.

IR (KBr) : # = 3441, 2926, 1625, 1493, 1225, 748%cm

'H NMR (400 MHz, [Dg]DMSO): 6 11.23 (s, 1 H), 8.24 (3,= 8.8 Hz, 2 H), 7.88 (d] = 2.4
Hz, 1 H), 7.70 (tJ = 7.2 Hz, 1 H), 7.63 ( = 7.2 Hz, 1 H), 7.56 (d] = 8.8 Hz, 1 H), 7.31
(dd,J = 8.8 Hz,2.4 Hz, 1 H), 3.96 (s, 3 H), 2.95 (s, 3 H).

13C NMR (100 MHz, [DgDMSO): 6 153.3 (C), 144.6 (C), 143.3 (C), 138.7 (C), 135,
129.2 (CH), 125.8 (C), 125.7 (CH), 124.5 (CH), B8&C), 121.6 (C), 121.3 (CH), 119.1
(CH), 112.4 (CH), 103.2 (CH), 55.6 (GH12.4 (CH).

HRMS (ESI): calcd for GHisN,O [M + H]* 263.1184, found 263.1183.

1.5.24: 7-Methoxycryptolepine Hydroiodide (2b)
CHgl, sulfol o\®
e0 N_ 55 °éu %ahne MeO ' N_
S Vel S ¢ ¥
7b 2b

Following the similar protocol described in sectib®.8 with 7-methoxy-18-indolo[3,2-

blquinoline 7b (0.03 g, 0.122 mmol) gave the produemethoxycryptolepine hydroiodide
2bin 73 % (0.035 g) yield.
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Bright red solid, m.p. 268-27€.

IR (KBr) : v = 3065, 2927, 1618, 1230, 763¢tm

'H NMR (400 MHz, [Dg]DMSO): 6 12.78 (s, 1 H), 9.28 (s, 1 H), 8.77 (& 8.4 Hz, 1 H),
8.56 (d,J = 8 Hz, 1 H), 8.18-8.11 (m, 2 H), 7.93Jt= 7.2 Hz, 1 H), 7.81 (d] = 9.2 Hz, 1
H), 7.64 (d,J= 8.4 Hz, 1 H), 5.04 (s, 3 H), 3.99 (s, 3 H).

13C NMR (100 MHz, [Dg]DMSO): 6 154.1 (C), 141.2 (C), 137.4 (C), 135.3 (C), 13X,
132.4 (CH), 129.8 (CH), 126.8 (CH), 125.9 (C), T2BCH), 124.9 (CH), 117.8(CH), 114.3
(CH), 113.7 (C), 106.4 (CH), 56.1 (G152.8 (CH).

HRMS (ESI): calcd for G/H;sN0" 263.1184, found 263.1182.

1.5.25: 2-Chlorocryptolepine Hydroiodide(2c)
CHjl, sulfolane o\®
’\\'_ cl 55°C, 16 h ' N_ c
O 72 % O \ 7/
7c 2c

Following the similar protocol described in sectitrb.8 with 2-Chloro-18-indolo[3,2-
blquinoline7c (0.02 g, 0.079 mmol) gave the product 2-chlorotigpine hydroiodid€cin
72 % (0.023 g) yield.

Bright yellow solid, m. p. 284-28& (lit. 1"*m.p. 287-289C).

IR (KBr) : ¥ = 3068, 2924, 1608, 1256, 750¢tm

'H NMR (400MHz, [Dg]DMSO): § 12.99 (s, 1 H), 9.23 (s, 1 H), 8.84 (& 9.6 Hz, 2 H),
8.76 (d,J = 2.4 Hz, 1 H), 8.20 (dd}= 9.2 Hz, 1.6 Hz, 1 H), 7.99 @,= 7.6 Hz, 1 H), 7.88 (d,
J=8.4 Hz, 1 H), 7.55 (1] = 7.6 Hz, 1 H), 5.05 (s, 3 H).

%C NMR (100 MHz, [Dg]DMSO0): ¢ 146.1 (C), 138.7 (C), 134.4 (C), 134.0 (C), 13&8I),
132.1 (CH), 131.5 (C), 128.0 (CH), 127.0 (C), 126%1), 123.5 (CH), 121.6 (CH), 120.3
(CH), 113.8 (C), 113.3 (CH), 52.8 (GH

1.5.26: 2-Chloro-7-methoxycryptolepine Hydroiodidg2d)

CHjl, sulfolane O\®
MeO N_ ©  ssocteh _ MeO L= ¢
ga¥ o L
N
N N
7d 2d
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Following the similar protocol described in sectitrb.8 with 2-Chloro-7-methoxy-H3
indolo[3,2b]quinoline  7d (0.03 g, 0.105 mmol) gave the product 2-chloro-7-
methoxycryptolepine hydroiodid&d in 74 % (0.033 g) yield.

Bright red solid, m.p. 280-28C.

IR (KBr) : ¥ = 3069, 2949, 1618, 1234, 825¢m

'H NMR (400 MHz, [Dg]DMSO): 6 12.86 (s, 1 H), 9.19 (s, 1 H), 8.82 (& 9.6 Hz, 1 H),
8.72 (dJ= 2.4 Hz, 1 H), 8.17 (dd} = 9.6 Hz, 2.4, 1 H), 8.11 (d,= 2.4 Hz, 1 H), 7.82 (d]

= 8.8 Hz, 1 H), 7.66 (dd} = 9.6 Hz, 2.4 Hz, 1 H), 5.04 (s, 3 H), 3.99 (5,3 H

3C NMR (100 MHz, [Dg]DMSO): 6 154.3 (C), 141.6 (C), 137.9 (C), 134.4 (C), 13&Y,
132.0 (CH), 131.3 (C), 127.9 (CH), 126.7 (C), 128:H), 123.8 (CH), 120.3 (CH), 114.3
(CH), 113.7 (C), 106.5 (CH), 56.2 (GH52.8 (CH).

HRMS (ESI): calcd for G/H14CIN,O" 297.0795, found 297.0792.

1.5.27: 11-Methylcryptolepine Hydroiodide (2€)
CHjl, sulfolane O\&
N_ 55°C, 16 h ! s
I3 re -
7e 2e

Following the similar protocol described in sectibb.8 with 11-Methyl-1Bi-indolo[3,2-
blquinoline 7e (0.013 g, 0.057 mmol) gave the product 11-metlypimiepine hydroiodide
2ein 73 % (0.016 g) yield.

Bright yellow solid, m.p. 274-27%.

IR (KBr) : v = 3180, 1636, 1508, 1240, 754 ¢tm

'H NMR (400 MHz, [Dg]DMSO): ¢ 12.87 (s, 1 H), 8.80-8.74 (m, 2 H), 8.65J& 8 Hz, 1
H), 8.18 (t,J = 7.6 Hz, 1 H), 8.00-7.91 (m, 2 H), 7.85 (t= 8.4 Hz, 1 H), 7.49 () = 7.6
Hz, 1 H), 4.96 (s, 3 H), 3.20 (s, 3 H).

13C NMR (100 MHz, [Dg]DMSO): 6 145.2 (C), 136.4 (C), 135.8(C), 135.1 (C), 13Z6l],
132.7 (C), 132.1 (CH), 126.8 (CH), 126.1 (CH), 228CH), 125.2 (CH), 121.3 (CH), 118.1
(CH), 114.1 (C), 113.0 (CH), 39.89 (G}14.22 (CH).

HRMS (ESI): calcd for G/HisN," 247.1235, found 247.1235.

1.5.28: 11-Methyl-7-methoxycryptolepine Hydroiodidg(2f)
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1.

N_ CHgl, sulfolane o \N® O
MeO \ 55°C,16h _ MeO A
g e s
N N
H H
7f 2f

Following the similar protocol described in sectibrb.8 with 7-methoxy-11-methyl-D
indolo[3,2b]quinoline 7f  (0.01 g, 0.036 mmol) gave the product 11-methyl-7

methoxycryptolepine hydroiodid# in 74 % (0.011 g) yield.
Bright orange solid, m.p. 270-27@.

IR (KBr) : = 3104, 2839, 1613, 1500, 1233, 770%cm

'H NMR (400 MHz, [Dg]DMSO): § 12.68 (s, 1 H), 8.69 (d,= 9.2 Hz, 1 H), 8.41 (d] = 9.6
Hz, 1 H), 8.09 (dtJ = 7.6 Hz, 2 Hz, 1 H), 8.03 (d,= 2 Hz, 1 H), 7.91-7.88 (m, 2 H), 7.73
(d,J=9.2 Hz, 1 H), 7.56 (dd} = 9.6 Hz, 2.4 Hz, 1 H), 4.94 (s, 3 H), 3.93 (s, 3 H), 3.453
H).

13C NMR (100 MHz, [DgDMSO): 6 154.1 (C), 140.8 (C), 136.0 (C), 135.2 (C), 13&}
132.1 (CH), 126.6 (CH), 125.9 (CH), 125.0 (C), T24CH), 118.1 (CH), 114.2 (CH), 114.1
(C), 106.4 (CH), 103.1 (C), 56.09 (G}39.75 (CH), 14.2 (CH).

HRMS (ESI): calcd for GgHi7N,O* 277.134, found 277.1342.
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Chapter 11

2.1: Introduction

Construction of C-C bond in an efficient, green andtainable manner has always been an
interesting and challenging task for organic ché&ni©ver the last few decades, for the
construction of C-C bond prefunctionalization obstrate was essentiaHowever, in recent
years chemists have achieved the direct formatibnCeC bond without substrate
prefunctionalization. This allows the synthesigarfyet molecules in least number of stéps.
This coupling strategy often comes with the advgeseaof lower cost and lesser by-products.
Cross dehydrogenative coupling (CDC) is one suclthate which allows direct bond
formation and has gained tremendous importancedent years. However, this C-C bond
formation process does not involve the release,ajas as a byproduct and hence the use of

sacrificial oxidant becomes an inevitable compoRgnt

Pioneering studies in the oxidative C-H functioration of amines have been done by the

3a-d 3e-i

Murahashi’s®*™ group and Li’s®™" group. Various nucleophiles are added on C-H bond
adjacent to amines, ethers, activated ethers, add@nds of alkanesHowever, inspite of
extensive work in this field, the use of CDC reawsi for synthesis of tetracycles leading to
synthesis of natural compounds and their scaffeddess explored and is a challenging
task®® A few among the vast explored examples of CD@action reported are presented

below.

Oxidative functionalization of benzylic C-H in tatrydroisoquinolines has been well studied

|3f

with various catalysts. Chao-Jundtial.” developed CDC with indole as nucleophile using

CuBr as a catalyst. Since then various groups haed oxidants like DD 5" TEMPO>

5e-f §c, 3e-i, 4f, 5, 6

iodobenzene diactaté iodine®" or transition metal or recently photocatalyst
such as eosin-Y? or Iridium complexes®® or just acidic mediun® Even enantioselective
synthesis™ using oxidative C-H activation is achieved. Thtiés allows a vast scope to

produce functionalized tetrahydroisoquinoline datives (Scheme 1).

F‘@@ Various Catalyst R
Nu
N +
“Ar m “A

Nu

r

Scheme 1

Huang and co-worker8™ carried out CDC reaction between indoles ahN-dimethyl
anilines to afford C-3 alkylated indoles using aabgic amount of CuBr and oxidant like
TBHP (in decane).
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R 5 mol% CuBr Ry

©j\> . 1.5 equiv TBHP N R,
N N
H iy H

Scheme 2

Murahashiet al.**functionalized the sp3 C-H bond adjacent to nitrogéth cyanide using

ruthenium catalyst in the presence of hydrogenxyéecor molecular oxygen as oxidants.

RuCl; (cat) CN

Ri~, .~ H,0,, MeOH
N° 'Rs  + NaCN/ACOH orHCN __ 2 °*° R1\l}1)\

R, R,

Rs3

Scheme 3

Cheet al. *" developed an oxidative coupling using TBHP betwestr amine and indoles to

result in the C-3 alkylation of indole in the prase of ruthenium catalyst.

\N,R
@E\> Ru catalyst
N + © __ TBHP, toluene ©E< @
A " 110°C.6h

r

Scheme 4

Zhang and co-workerS developed a mild method for the cross couplingtiea between
N,N-dimethylanilines and heteroarenes such as indlielazoles, indolizines and anilines

using Cu catalyst in the presence of air or mobacokygen.

~\
N _ P
5 mol% CuBr, air or O, (Ar)Hetero-N
N-Hetero(Ar)-H + 50 °C, CHaCN
R
Scheme5
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Section A: Synthesis of N-alkylindolo[3,2-c]lquinoline l odides

2. A. 1. Introduction

Isocryptolepine is a naturally occurring terrestai&aloid isolated from the roots of the plant
cryptolepis sanguinolenta. #For ages this plant was used as a traditional rirediource in
West and Central Africa and the roots of this plaas been a source of several isomeric
indoloquinoline alkaloids having interesting biolcg properties, moreover showing
excellent antimalarial activities® Isocryptolepine 1 and its synthetic analogue
isocryptolepine hydroiodide2 show promising DNA binding activity accounting for
anticancer and cytotoxic propertiés.?N-Methyl-isocryptolepine sal8 is a synthetically
prepared derivative showing excellent antiplasmaoalisivity in the nanomolar range on L6
cells.®® Compoundl-3 comprises of indolo[3,2}quinoline fused system and display a wide
range of biological activities. Hence various methdor their synthesis have been reported
in recent years and the same is reviewed by Abjipegs group®in year 2008 and by our

group®in the year 2011.

/ N/ N@ X N@X
\ \
/
N
1 2 3
Isocryptolepine Isocryptolepinium salt N-methyl-isocryptolepinium salt

Figure 1: Isocryptolepine and its iodide salts

2. A.2: Literature Reported Methods

Timari et al. *° coupled 3-bromoquinoline under Suzuki conditiomgive a biaryl amide

intermediate which on hydrolysis under acidic ctindigave amine (Scheme 6).

t-BuOCHN H2N
mBr @[B(OH)Q Pd(PPhs)4, DME, H,O ‘\/j/\‘ 20 % H,SO4
+
= Reflux, 24 h
N NHCO#Bu NaHCOj3, reflux, 4 h 93 % N/

90 %

i) Conc. HCI,
NaNO,, 0 °C 1h
ii) NaN3, 0°C, 1 h
80 %
HN . N3
(CH2),S04, CHaCN o-Dichlorobenzene O
. Refux 5h ‘\/? 180°C,5h ‘\/ﬁ/\‘
93 % 75 % O N7

Scheme 6
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Further diazotisation and treatment with sodiundezfforded azide derivative, which under

thermal condition underwent cyclisation to giveHtihdolo[3,2<¢]quinoline core. This upon

regioselective methylation gave naturally occurisagryptolepine.

Murray et al. *® treated N-protected 2-stannyl indole under Stille conditiowith 2-

iodonitrobenzene to give substituted 2-aryl ind&eduction of aromatic nitro functionality

to amine followed byN-formylation andN-methylation gave the intermediate which under

acid reflux in alcohol gave isocryptolepine (Scheme

HoN
NO, Pd(PPhy), H,, Pd/C, EtOH N
mSnBus ©i THF reflux under pressure \
"o 98% 3
o .
SiMeg SlMe3 SiMe;
i) CHsCOOCHO
THF, -20 °C, 95 %
i) NaH, THF, rt
CHl, 96%
/ _ /
N EtOH, 10 % H,SO, OHC-N
o T
O N/ 50 % f\j
Me;Si~_/~0
Scheme 7
Jonckerset al. ' carried out a selective Buchwald-Hartwig reactimtween 2-chloroaniline

and 4-chloroquinoline with palladium catalyst felled by intramolecular Heck reaction to

give the tetracyclic core which upon methylationg#socryptolepine (Scheme 8).

Cl
NH, Pdz(dba)s (1 mol%) HNQ Pdy(dba); (2.5 mol%)
N, 2 Xantphos (2.2 mol%) P(tBu); (10 mol%) X
_ - Y _
N cl Cs,CO3, dioxane K3PQOy, dioxane N
~
N

Reflux, overnight Pressure tube, 120 °C, 2 h
81 % 95 %
CHsl, DMF, 80°C, 1 h
then rt overnight
75 %

Scheme 8
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Miki et al.’% followed Myers method and reacted anhydride wilrmethylaniline to give
both possible amides (Scheme 9). Treatment of magat under decarboxylative Heck
cyclisation with palladium(ll]triflate and silveracbonate gave the desired cyclized product
along with a minor uncyclized decarboxylated commbuMajor cyclized compound on

reduction with LAH underwent desulfonation to gisecryptolepine.

Ph

(0] s o) ’
o HN N, HOOC
4 CHLCN, 1t, 0.5 h N
o * _— N—cooH * NARY
N N \
S0,Ph S0,Ph SOPh
73 % 22 %

Pd(OCOCF3),, AgoCO;3
5 % DMSO in DMF, 50 °C, 48 h

O ./ o, /
N/ N N
/ O LiAIH,, dioxane, 1 h O \ Q N\ @
O N 98 % Néo on N
74 9 SO2 129, SO2Ph

Scheme 9

Fresneda and Molind” carried out Wittig reaction between 2-azidobenehjdle and
phosphonium bromide under basic medium to & alkene (Scheme 10). The alkene
mixture was then converted into iminophosphoraneckvton hydrolysis followed by

isomerization of alkene gaestilbene derivative.

o O,N

K,CO3, 18-crown-6

Br
©\/\PPh3 OHC;@ DCM, tt, 16 h
T es%

i) THF, H,O, rt, 1 h, 84 %
i) PhSH, AIBN, CgHg
Reflux, 2 h, 92%

MW nitrobenzene ON O,N
150 °C, 12 min N Triphosgene O

> T
80 % O DCM, tt, 1h X

NCO
NH,

KoCO3, CHgl
MF, 60 °C, 2 h
82 %
i) Hy, Pd/C, EtOH TROTS(;{:L
" 5h 91% Reflux, 32 h

_ wonYl® Refux, 32h
ii) NaNO,, H,SO,
0°C,0.5h

iii) ag. NaN3, rt, 5 h
85 %

Scheme 10
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This was reacted with phosgene to obtain an is@tgarwhich on microwave heating in
nitrobenzene furnished the 3-substituted quinolon2. Further conversion of the
nitrophenyl quinolinone to the corresponding azidmpound followed by nitrene mediated

cyclization afforded isocryptolepine.

lla and co-worker& condensed 3-formylindole with aniline under acidimditions to give
Schiff’'s base which under photochemical cyclizatiorthe presence of iodine underwént
to Z isomerization followed by ring closure and oxidatido yield 1H-indolo[3,2-

c]quinoline which was then methylated (Scheme 11).

; i) hv, 253.7 nm, rt /
CHO H,N =N CgHg, MeOH, |5, 48 h 7 N
@E\g \© Glacial AcOH, reflux, 3 h N 67 % O O
+
N 85 % N {
H

ii) (CH3),S04 N
CH4CN, relux, 6 h
82 %

Scheme 11

Dhanabalet al. *% achieved synthesis of isocryptolepine using Fiséhdole cyclization
from 4-hydroxy-1-methyl-H-quinolin-2-one and phenylhydrazine hydrochloridegive the
indoloquinolinone which after treatment with P@Q@hd followed by hydrogenolysis gave

the target molecule (Scheme 12).

OH

NHNH2,HCl  Gjacial AcOH, conc. HCI
A N Reflux, 135°C, 5 h
N0 65 %

POCIj, reflux, 8 h
62 %

Hy, PA/C (10 %)
R b
70 %

Scheme 12

Mohan and co-worker8" treated 4-chloroquinoline and anilines to gNqphenylquinolin-4-
aminevia nucleophillic substitution reaction which was pheielized and methylated to

give isocryptolepine (Scheme 13).
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i) hv, CgHg:MeOH:H,SO4
cl HN Iy, rt
+ —_—
N7 R X=H72% N ii) (CH3),S04, CHCN
Reflux, 6 h
R =ClI. H, OH, OMe 84 %
Scheme 13

Pitchai et al. '® have described a synthesis of methyl derivativeisotryptolepine.f-

Anilinocrotonate on microwave irradiation gave 4dhyxy-2-methyl quinoline which on
iodination and then treatment with PQCbhave 4-chloro-3-iodo-2-methylquinoline.

Nucleophillic displacement of the chloro group wahiline followed by photocyclization

andN-methylation gave substituted met

hyl isocryptolepiScheme 14).

(CH5),S0,, DMF

OH
CO,C;Hs ) I, KI, NaOH OH POCI,
©\ J/\ MW, 3 min N t4h ‘! Reflux, 1h
N” 80 % - o
N 85 % N/ 95 %
NH,

HN O hv, CeHg:MeOH:H,S0,

EtOH, stir
rt, 45 min
98 %

e

MW, 3 min O X I, 48 h ©\)ﬁil
< VO, S min
82 % N~ 8% N7
Scheme 14

Kraus et al.'%

converted 2-(2-azidophenyl)-2-oxoacetic acid t® dorresponding acid

chloride and carried out amidation with (2-aminabg)riphenylphosphonium bromide.

(0]
SOCl,, CgHg
COOH Reflux, 1 h
N

3
(COCI DCM
i, 3 h

dcom

® Br
PPh;

NH, 0

NH
DCM, it, 12 h )
N3
t-BuOK, THF
rt,5h

62 % over 3 steps

CHjl, KoCO5
DMF, 60 °C, 8 h
98 %

® Br
PPh;

S)

Scheme 15
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The intermediate was then treated with base toy@atrintramolecular Wittig reaction to
give 3-(2-azidophenyl)quinolin-2()-one (Scheme 15). Methylation followed by the
reductive cyclization under thermal conditions,@ding to the method described in Scheme

10 resulted in isocryptolepine.

Boganyi and Kaman® synthesised H-indolo[3,2c]quinoline via consecutive palladium
coupling reactions. First a regioselective Buchwhdédtwig amination between 3-bromo-4-
iodoquinoline and aniline followed by intramoleauldeck coupling furnished the desired

compound (Scheme 16).

. "0
cry”
~
N

HN PdClz(PPh3)2, NaOAc

Br DMA, 150 °C, MW

)

X
Pd(OAc),, xantphos 64 % X
Cs,COg3, toluene N/ ’ _
120 °C, MW N
95 %
Scheme 16

Kunduand co-workers'®®™™ developed a synthesis of isocryptolepine and suibeti
isocryptolepinesia modified Pictet-Spengler cyclization reaction. Tiheermediate 2-(H-
indol-2-yl) aniline was synthesized using Fischedadle cyclization followed by Pictet-
Spengler cyclization to give Htindolo[3,2<¢]quinoline. Regioselective methylation gave

isocryptolepine (Scheme 17).

O
NHNH, NH, (CH,O)n, TFA /
HoN CH4CN, 80°C =N CHjl, toluene N
O A O Sealed tube, 2 h \ Reflux, 2 h A Q
, o N 86 % o /
i) AcOH (5 mol %) H ” 91 % N

EtOH, 6 h
ii) PPA, 100 °C, 10 min

O,N

B(OH), O2N
D ————————
i) Pd(PPhg)y, Nay;CO;
DMF, 80 °C, 3 h
ii) TFA, DCM, 1 h
65-70 %

|
MeO
T
N

Boc

R{ MeO

N
H

Fe, 20 % HCI MmeO
R MeOH, 2 h

HoN
N
H
Al
R,
—N
MeO O \ R,
N
H

87-91 %

R2CHO, 2 % TF.
DCM, 0 °C
72-84 %

Scheme 17
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For substituted isocryptolepine the key intermetdiaas synthesized from 2-(5-methoxy-1
indol-2-yl)aniline which was obtained from the Skizaoupling reaction between (1eft-
butoxycarbonyl)-5-methoxyH-indol-2-yl)boronic acid and 4-substituted 1-iodo-2
nitrobenzene followed by reduction of the nitroggdo amine (Scheme 17). The amine on
Pictet-Spengler cyclization reaction with a variety benzaldehydes gave substituted

isocryptolepines.

Hibino and co-worker¥" carried out Suzuki coupling between ér{-butoxycarbonyl)-H-
indol-2-yl)boronic acid and methyl 2-iodobenzodtdipwed by protection of the N-H group
and hydrolysis to give 2-(1-(methoxymethyhHndol-2-yl)benzoic acid (Scheme 18). This
on treatment with diphenylphosphoryl azide gave tbecyanate intermediate which
underwent Curtius rearrangement and electrocygcldization to give tetracyclic lactum.
Further sequential four steps furnished isocrypiole.

i) Pd(PPh
\ CO;Me ;M ,\(la Cg)“ MeO,C i) NaH, MOMCI HO,C
BN ©/I Reflux 121 90 % DMF, 1t, 12 h, 91 %‘\/\>_.

+ —_—
Boc iy TFA, DCM, rt, 12 h i) 1 M LiOH, THF O N O
94 % 60°C, 12h, 98 % MOM
DPPA, TEA
Toluene, heat
/ i) Tf,O, Py, DCM, 1t, 0.5 h, 83 % o
/ N ii) Et3SiH, Pd(OAc),, dppp, DMF NH 0=C=N

O Q 60 °C, 1h, 91 %

/ O —|C-0
N iii) MeOH, CH(OMe);, CF3SOzH O N N

MeNO,, 100°C, 0.5 h, 96 % Mo MOM

iv) Mel, toluene, reflux, 2 h

then 28 % NH4OH, 90 %

Scheme 18

Arcadi and co-worker®° described a regioselective gold catalyzed onegamttion between
2-[(2-aminophenyl)ethynyl]phenylamines and aldelsydéo give 6-substituted-Ht

indolo[3,2<¢]quinoline and its derivatives under mild and nalutonditions (Scheme 19).

R
NaAuCly.2H,0 R =N
+ R-CHO Solvent, 80 °C \
42-93 % N
H

Scheme 19

Hingane and Kusurk¥P metallated 1-(phenylsulfonyl)H-indole at 2-position of indole
ring and treated with cyclohexanone. Tieet-alcohol obtained was then deprotected and
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dehydrated to give 2-(cyclohex-1-en-1-yl)-1H-indoMilsmeier-Haack formylation and

oximation with hydroxylamine hydrochloride in refing dioxane gave tetracycleia

electrocyclisation. Dehydrogenative aromatisatiord anethylation gave isocryptolepine
(Scheme 20).

i 780 CHO
t':] LDA, TIHhF’ 78°C DMF/POCI,
\ en cyclohexanone \ rt, 1h \
\ 86 % - \
! ii) TBAF, THF, reflux, 2 h N 88 % H
SO,Ph 84 %)
i) NH,OH/HCI, NaOAc
Dioxane, reflux, 24 h, 78 %
ii) Pd/C, 0-DCB, reflux, 20 h
y 88 %
Vi N CHgl, DMF =N
O O 80 °C, 1 h, Na,COs O \
7 85 %
N
N H
Scheme 20

Wanget al. 1% described an iodine mediated three component Bovaaction between an
aldehyde, aromatic amine and indole to give ind)®§]quinoline core in high selectivity.

This Povarov reaction was then applied to prepaariaty of compounds having indolo[3,2-

R
N O

c]quinoline system (Scheme 21).

H
NH2 N 5 mol%, I,, toluene, rt
ArCHO + §©/ + § R H
55-78 %
N~ “Ar
H
Scheme 21

Butin and co-worker&” synthesized isocryptolepine and its derivativesnftd-furylanilines

obtained from furfural by a series of transformasigScheme 22).

| N
o} OZNJCERZ HCI, AcOH, 30-35°C, 2 h
+
R NH, OHC Rs 54-67 %
Fe, AcOH
Reflux, 5 min
70-86 %
/
/ N —N
i) CH3l, PhANO
ii) NH4OH, H
R1 N i) 40 ; 20 R; N
Rj 74-86 % H Rj
Scheme 22
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2-Furylanilines on treatment with 2-nitrobenzaldééy under acidic condition gave 2-(2-
nitrophenyl)indoles which on reduction with Fe/H@lderwent reductive cyclization to give

indolo-[3,2<]-quinoline core. Methylation of this gave isocrgigipines.

Murray and co-worker$™ synthesized and analyzed the activity of isocrggtime and its

derivative, using a procedure described by Moliné @-workers®

N PPA HN CHal, CHsCN
‘ 0 R4 Reflux, 20 h
R, [ 120°C,05h 140°C, 4 h O =
Z R;=H
R, N

N
Br Pd(OAc),,BINAP Ri=R,=H ]
K,CO3, DMF
A 150°C, 24h _ CHal, CHsCN
N/ Pd,(dba)s Reflux, 20 h
N Ry=M
Xantphos, Cs,CO3 3 e
Dioxane, reflux 24 h
Scheme 23

Adduct obtained on nucleophillic displacement ofoch group of 4-chloroquinolines with

benzotriazole was heated with polyphosphoric azigive indolo[3,2e]quinolines which on

methylation gave isocryptolepines (Scheme 23). $hMisocryptolepine was synthesized by

10u

modifying Jonckergt al.’s = method.

Tummatornet al. ** trapped the iminium ion generated from arylmetagide formed by

Aube-Schmidt’'s rearrangement under acidic conditiauith various nucleophiles (Scheme

24).
Na NH
@ + _TfOH, DCM, rt_ ‘fg. DDQ, DCM, 1t _ \ )
N 94 % YT Q
SO,Ph SO,Ph
SOzPh
2 M NaOH
MeOH, reflux
95 %
/ _Me;S04, CH,ON
/ >
N then K2003
78 %
Scheme 24
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This was followed by a cycloaddition reaction teggpolycyclic heteroaromatic compounds.

Isocryptolepine was synthesized by employing thisthad from 1-(phenylsulfonyl)H-

indole and

(azidomethyl)benzene.

11-(Phenylsulipfyba,11,11a-tetrahydra-b

indolo[3,2<¢]quinoline thus obtained was aromatized with DDQ@ dhen base mediated

desulfonation followed by methylation gave isocofppine.

Yao and co-worker¥" constructed the indoloquinoline framework by Pthbaed tandem
C-C and C-N bond formation (Scheme 25).

Pd(OAc), (10 mol%)
PPh, (20 mol%), Ag,CO5
AcOH/DMA, 100 °C, 6 h

58-82 %

1

o)

/

0

N

i)y NaH, DMF, 120 °C, 0.5h
iiyCHal, rt, 5 h

i) 20 equiv NaH, 140°C, 6 h
R

77 %

R

o NHOMe |
R2 b +
N

Ri

R;=Bn,Ry=Ry=H-67%

Me
/N'

Scheme 25

NaBH4. BFgEtQO
THF, rt, 0.5 h

Reflux, 12 h
84 %

o Me
N
-0
N
H

Treating 1-benzyN-methoxy-H-indole-3-carboxamide with iodobenzene under ojztaui

condition provided 11-benzyl-5-methoxy-5,11-dihydtg-indolo[3,2c]quinolin-6-one. This
debertayte and

on removal of methoxy group, methylation, reduction gave

isocryptolepine.

Batra and co-worker$* described a Pd/Cu catalyzed two component cyidizaeaction to

give substituted phenanthridines and pyrazolofgBinolines. The same method was
applied for synthesis of isocryptolepine skeletoomnf potassium 2-aminobenzoate and 2-
2-halo-1-methyd-indole-3-carbaldehyde
corresponding 1H-indolo[3,2c]quinoline-4-carboxylic acid or 11-methyl-#Hiindolo[3,2-

halo-1H-indole-3-carbaldehyde or to give

c]quinoline-4-carboxylic acid (Scheme 26).

CHO Pd(PPhs)Cl, (1.5 mol%), Cu,0 (1 mol%) =N_ fFOOH
NH, { 1-10 Phenanthroline (2 mol%), TBAB (5 mol%) \
* cl mol sieves, DMF, MW, 150 °C, 15 min
COOK N N
= 62-76 % R
R =H, Me
X = Br, Cl

Scheme 25
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2. A. 3: Results and Discussion

Although various methods for synthesis oHtihdolo[3,2c]quinolines are available, none
of the methods involve direct synthesis using atiibn of sp3 bond adjacent to aromatic
nitrogen. We envisaged an activation of sp3 bondcadt to the nitrogen atom to synthesize

the isocryptolepine framework. Retrosynthetic patinor this is shown in Scheme 27.

o
X / /
N ) —N
{7y — L \Q.E\ O
N N
N H 4 H 5
2 |
/

—N
@E& e — U
X4 = metal N
X, = Halogen R = Protecting group R 6

Scheme 27

We thought isocryptolepine sdtto be an oxidized product of the intermedidte/hich in
turn could be obtained from the intramolecular abgenative coupling of intermediabe
This key intermediat® could be obtained from correspondiNgprotected indole derivative
6 which we intended to synthesize by coupling reachetween 2-haldkN-dimethylaniline
7 andN-protected-2-metallated indo&

Following our retrosynthetic pathway we prepareel tbquired 2-ioddN,N-dimethylaniline
7a according to the procedure described by Larock @ndorkers'? from 2-iodoaniline
9a and its'H NMR chemical shift values were found in accordandth the reported values
(Scheme 28).

NH SN
) K,COg, CHsl |
DMF, rt, 16 h
89 %
9a 7a
Scheme 28

'H NMR of 2-iodo-N.N-dimethylaniline (7a) : 2

'H NMR (400 MHz, CDCls): 6 7.86 (d,J = 7.6 Hz, 1H), 7.34 (1) = 7.6 Hz, 1H), 7.15 (dJ
= 7.6 Hz, 1H), 6.81 (d] = 7.6 Hz, 1H), 2.82 (s, 6H).
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Next, N-boc indolel0a was treated witim-BuLi at -78°C followed by reacting with tributyl
tin chloride (Scheme 29) to getutyl 2-(tributylstannyl)-H-indole-1-carboxylateé® 8a
Reaction oBa under Stille conditions witfa, in the presence of Pd(P§hand Cul at 70C

for 12 h afforded-butyl-2-(2-(dimethylamino)phenyl)H-indole-1-carboxylatéa in 71 %
yield. The coupling was confirmed frothl NMR of the product which showed peakla23

(s, 9H) and 2.43 (s, 6H) ppm. The yield of the tieacwas further increased to 96 %, when
Stille coupling was carried out using reaction dbads established by Baldwin and co-

workers'*®which makes use of CsF, as a source of fluoride ion

Pd(PPhs),, Cul, /

DMF, N,, 70°C, 12 h —N
(j\/\stn(Bu)3 71% O N O
@( Pd(PPha)s, Cul, CsF ")i\
DMF, N, 50 °C, 8 h g 34
8a (crude) 96 % 6a
Scheme 29

Spectral data of tert-butyl 2-(2-(dimethylamino)phenyl)-1H-indole-1-car boxylate (63a):

IR (KBr): # =2962, 2870, 1710, 1479, 1320, 1150%cm

'H NMR (400 MHz, CDCl3): 5 8.09 (dd,J = 8.0 Hz,J = 0.8 Hz, 1H), 7.47 (d] = 8.0 Hz,
1H), 7.23-7.19 (m, 3H), 7.14 (di,= 7.6 Hz,J = 0.8 Hz, 1H), 6.92-6.87 (m, 2H), 6.49 [,
= 0.4 Hz, 1H), 2.43 (s, 6H), 1.23 (s, 9H).

13C NMR (100 MHz, CDClg): ¢ 151.6 (C), 150.1 (C), 139.7 (C), 137.0 (C), 13(C84),
129.4 (C), 128.9 (CH), 127.5 (C), 123.9 (CH), 12¢CH), 121.0 (CH), 120.4 (CH), 117.0
(CH), 114.8 (CH), 108.8 (CH), 82.7 (C), 42.8 (2 ¥g, 27.7 (3 X CH).

HRMS (ESI): calcd for GiHa4N,0.H [M+H]* 337.1916, found 337.1917.

Compoundba was then deprotected using TFA in DCM to give kbg intermediate 2-{-
indol-2-yl)-N,N-dimethylaniline5 (Scheme 30). Compouridshowed a strong N-H stretch in
the region 3331 cthand was further confirmed by spectral analysis.

/
_ /
N —N
O A\ O TFA, DCM, tt, 2 h
”}\ 92% N .
o S<6a
Scheme 30
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Spectral data of 2-(1H-indol-2-yI)-N,N-dimethylaniline (5):

IR (KBr): v =3331, 3051, 2864, 1923, 1571, 1469, 1452, 130351939, 794 cfh

'H NMR (400 MHz, CDCls): 6 10.78 (s, 1H), 7.75 (dd,= 8.0 Hz,J = 1.6 Hz, 1H), 7.63 (d,
J = 7.6 Hz, 1H), 7.41 (dd) = 8.0 Hz, 0.8 Hz, 1H), 7.29-7.21 (m, 3H), 7.19-7(&7, 3H),
6.82 (g,J = 0.8 Hz, 1H), 2.70 (s, 6H).

3C NMR (100 MHz, CDCl5): 6 150.6 (C), 137.8 (C), 136.2 (C), 129.4 (CH), 124.36.1
(C), 124.1 (CH), 121.8 (CH), 120.2 (CH), 119.7 (CH#)9.6 (CH), 110.9 (CH), 99.7 (CH),
44.6 (CH).

HRMS (ESI): calcd for GeHieNoH [M+H] " 237.1392, found 237.1392.

Once a sufficient amount of this compound was indhave next focused our efforts on the
key step of the strategy. For cyclization throughHCactivation via oxidative
dehydrogenative coupling, intermedi&avas treated under some of the reaction conditions
reported in literature for functionalization of amas to obtain 5-methyl-6,11-dihydré45
indolo[3,2<¢]quinoline 4. However, both metal free (Table 1, entryl,2) ametal mediated

(Table 1, entry 3-5) reactions gave undesirablegurgxof compounds.

Table 1: IMDC for conversion ob to 4.

/ /
—N N
See table 1
N N
H 5 H 4

Entry Reaction condition Results obtained
1 DCM, BTI, NaN,, rt, 2 H' A mixture of compounds
2 K-t-butoxide (3equiv) toluene, heat3 h A mixture of compounds
3 RuCl,, Acetic acid, MeOH,  60°C* A mixture of compounds
4 FeCL.6H,0, toluene, open air, TBHP.Q, 3H" Black mass obtained
5 CuBr, TBHP, neat rt, A A mixture of compounds

Assuming that the mixture of products may be duthéfree N-H group in intermediake
we next thought of an alternate pathway in whitmethylated intermediatéa was to be

employed. The proposed pathway is depicted in seH&in
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(C@b(@bm@wj

Scheme 31

We synthesized the intermedid&® in a similar manner as intermedi&esvas preparedN-
Methyl indole10b, was treated with-BuLi at 0°C and then with tributyl tin chloride to give
1-methyl-2-(tributylstannyl)-#-indole 8b after aqueous work-uBb and 7a were then
reacted under modified Stille conditions to givesided produciN,N-dimethyl-2-(1-methyl-
1H-indol-2-yl)aniline5a in 72 % yield (Scheme 32). The coupling was coméid based on
'H NMR of the product which showed peaks at 2.476(d) and 3.47 (s, 3H) ppm,
accounting for units from both the startings armdhier confirmed by spectral data mentioned

below.

N /
7a —N
n-BuLi, THF, 0 °C
Sl G SN L o
N\ then SnBu;Cl N Pd(PPhjz)4, Cul, CsF N

10b 8b ' DMF, Ny, 50 °C, 8 h \ 5a
72%

Scheme 32

Spectral data of N,N-dimethyl-2-(1-methyl-1H-indol-2-yaniline (53a):

IR (KBr): # =2937, 2835, 1928, 1886, 1462, 1323, 1136, 94% CTd-

'H NMR (400 MHz, CDCl3): 6 7.55 (d,J = 7.6 Hz, 1H), 7.29-7.23 (m, 3H), 7.14 (dtz
8.8 Hz, 1.2Hz, 1H), 7.04 (di,= 8.0 Hz, 1.2 Hz, 1H), 6.95-6.41 (m, 2H), 6.41 (d),13.47
(s, 3H), 2.47 (s, 6H).

13C NMR (100 MHz, CDCl3): § 152.1 (C), 141.8 (C), 137.6 (C), 133.4 (CH), 12@5),
128.4 (C), 121.1 (CH), 120.7 (CH), 120.3 (CH), #1@CH), 117.2 (CH), 109.4 (CH), 100.9
(CH), 42.3 (2 X CH)), 30.7 (CH).

HRMS (ESI): calcd for GHigNoH [M +H]* 251.1548, found 251.1545.

Treating5a under the same catalytic condition, however agasalted in a complex mixture
of products (Table 2). When oxidant like TBHP ircdee in presence of a metal catalyst like
CuBr or RuC}was employed the result was same as in previousriexgnts. To prevent the
oxidation of indole ring we added pivalic a®° but still no success was observed.

Attempts to carry out the reaction under metal freeditions also did not give the expected
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product. Startingpa did not undergo any change with CuBr in the presesfcoxygen as
oxidant. Addition of DD®® ®**to 5a in toluene gave a black tarry mass.
Table 2:Screening IMDC for conversion 66 to 4a.

7 7

—N N
N

\ 5a N 4a

Entry Reaction condition® Results
1 TBHP in decane, CuBr, rt, 1 h Mixture of composiathtained
2 TBHP in decane, Ruglirt, 1 h Mixture of compounds obtained
3 RuCl,, TBHP in decane, Pivalic acid, rt, 3h Mixture ohgpounds obtained
4 Kl, TBHP, Pivalic acid, DMSO, 5?:{:, 2h Mixture of compounds obtained
5 TBHP in decane Toluene, B, KI, 60 °c,3h | Mixture of compounds obtained
6 CuBr, O, balloon, CHCN 55°C. 24 h Starting material recovered
) 2 ) ) )
7 DDQ, Dioxane, rt, 5 min Black tarry mass obtained

22 equiv of oxidant TBHP (in decane) or DDQ used.

Hence we thought the mixture obtained may be nettdwxidation of indole ring, but might
be due to compounth, which might be undergoing further oxidation teegthe quaternised
product (Scheme 33). To overcome this problem weght of preparing the iodide salts of

these compounds, since iodide derivatives are teghan CDC reactions. Thus, intermediate

5a was treated with 1 equiv of the halide source @hith 2 equiv of the oxidant.

/ /
—N N

(L
N
\

5a

O — U0
N
\

4a

X7

—N®
\
—

\
4

X is counter anion

Scheme 33

Screening for the optimum condition did not providach success with Nal and Kl or even
when pivalic acid was used as additive (Table 3yeh-3). Next, when the iodide source
was changed thl-iodosuccinimide (NIS) and iodine in chloroform,thre presence of TBHP
gave a yellow solid after aging reaction mixture i@ h at room temperaturéd NMR
spectrum showed a peak at 10.26 (s, 1H) and tvgbesipeaks merging together accounting
for 6H at 4.58-4.55 ppm. By comparing with reportieda®compound3a was confirmed to
Prajesh S. Volvoikar, Ph.D. Thesis, Goa University ~ Page70
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be 5,11-dimethyl-1H-indolo[3,2<c]quinolin-5-ium iodide. The yield of the product sva
found to be 36 % and 70 % with NIS andréspectively in CHGI Changing the halide
source to tetrabutyl ammonium iodide (TBAI) at rotemperature did not show any much

change in starting.

o
/ 1=/
—N —N®
See table 3-6
N N
5a

\ \ 3a

Table 3: Screening of iodide source.

Entry Reaction condition® Results
1 Kl, TBHP, CHC§, rt, 3 h Mixture of compounds obtained
2 Nal, TBHP, CHCJ, rt, 14 h Mixture of compounds obtained
3 Kl, TBHP, CHC}, Pivalic acid, rt, 3 h Mixture of compounds ob&in
4 NIS, TBHP, CHGJ, rt, 14 h Isolated 36 % @&
5 I, TBHP, CHCI3, rt, 14 h Isolated 70 % of 3a
6 TBAI, TBHP, CHC4, rt, 14 h No reaction

82 equiv of TBHP (in decane) used.

Spectral data of 5,11-dimethyl-11H-indolo[ 3,2-c]quinolin-5-ium iodide (33a):

IR (KBr): # =2970, 1894, 1637, 1604, 1504, 1375, 1257, 756.cm

IH NMR (400 MHz, DMSO-d6): 5 10.26 (s, 1H), 9.13 (dl = 8 Hz, 1H), 8.51 (dJ = 8.8
Hz, 1H), 8.42 (dJ = 7.2 Hz, 1H), 8.21 (t) = 8.0 Hz, 1H), 8.13-8.07 (m, 2H), 7.80 {t=

8.4 Hz, 1H), 7.64 (t) = 7.6 Hz, 1H), 4.58-4.55 (m, 6H).

13C NMR (100 MHz, DMSO-d6): § 143.2 (CH), 142.2 (C), 141.8 (C), 136.5 (C), 132.1
(CH), 128.3 (CH), 128.2 (CH), 125.2 (CH), 123.8 (CE21.0 (C), 120.5 (CH), 119.6 (CH),
117.1 (C), 113.6 (C), 111.9 (CH), 44.7 (§B4.3 (CH).

HRMS (ESI): calcd for GHisN, [M]* 247.1235, found 247.1235.

Since molecular iodine gave better results, it weed for further studies. Next step was to
investigate the effect of oxidant on reaction pad@hanging the oxidant from TBHP in
decane to aq. TBHP reaction had to be conductbiylaer temperature and in acetonitrile as
in chloroform reaction appeared biphasic. Howeylds were on the lower side. The same
was observed with #0, as an oxidant (Table 4, entry 1, 2). Conductingctien in

molecular oxygen or air didn’t give any product.
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Table 4: Screening of oxidant.

Entry Reaction condition Results
1° I,, TBHP (aq), CHCN, 60C, 10 h Isolated 45 % &a
2° I, H0, (30%) (aqg), CHCN, 6C0C, 10 h Isolated 40 % @&
3 l,, O, CHCE, 8C°C, 16 h No reaction
4 l,, air, CHC}, 8C°C, 16 h No reaction

82 equiv of oxidant used.

We then screened the optimum solvent for the IMB&ction (Table 5). Using an excess of
TBHP (in decane) without any solvent gaSa in 24 % yield while protic solvent like
ethanol gave a yield of product in 46 % yield bu6@°C (table 5, entry 1 & 2). Non protic
solvents like ethyl acetate, acetonitrile, acetand toluene gave the desired product in 62,
67, 62 and 48 % yield respectively, but reactiod tabe conducted at higher temperature
(table 5, entry 3-6). Chlorinated solvents likehdiitomethane and chloroform gaSa in 67
and 70 % yield respectively at room temperature.

Table 5: Screening of solvent.

Entry Reaction condition® % yield of 3a®
1 l,, TBHP (excess), rt, 14 h 24
2 l,, TBHP, EtOH, 66C, 10 h 46
3 l,, TBHP, EtOAc, 66C, 10 h 62
4 l,, TBHP, CHCN, 60C, 10 h 67
5 l,, TBHP, acetone, 6C, 10 h 62
6 l,, TBHP, toluene, 61, 10 h 48
7 I, TBHP, CHCly, rt, 14 h 67
8 I,, TBHP, CHCl3, rt, 14 h 70

42 equiv of TBHP (in decane) used.

®|solated yield.

Having optimized the halide source (1 equiv), oridand solvent, we then studied the effect
of iodine concentration on the reaction. In theealee of iodine no change in starting was
seen even at 6IC (Table 6). On varying the amount of iodine frorf,d, and 1.1 equiv the
yield was seen to increase from 16, 70, to 74 %edesely (table 6, entry 2-4). Further
increase in iodine concentration to 1.2, 1.5 ardid2not have any better outcome on the

product yield (table 6, entry 5-7).
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Table 6: Optimisation of } concentration.

Entry Reaction condition® % yield of 3a®
1 TBHP, CHC}, 60°C, 10 h No reaction
2 (0.5 equiv), TBHP, CHG] rt, 14 h 16
3 I(1.0 equiv), TBHP, CHG| rt, 14 h 70
4 1,(1.1 equiv), TBHP, CHCl3, rt, 14 h 74
5 (1.2 equiv), TBHP, CHG rt, 14 h 73
6 I(1.5 equiv), TBHP, CHG| rt, 14 h 72
7 I(2 equiv), TBHP, CHG| rt, 14 h 74

2 equiv of TBHP (in decane) used.

®|solated yield.

Having established the optimum conditions ([1.1 equiv), TBHP (2.0 equiv), CH&Irt;
entry 20] for this transformation, we then examinieel scope of the reaction with different
substituents on the indole ring. Hence methoxy methyl indole wereN-methylated with
methyl iodide and used for further studies (Sch&dje

R R
\©\/\> DCM, KOH, Citramide, 0 °C_ m
N N

H CHsl \

10a- R = OMe 10c - OMe = 94 %

10b-R = Me 10d - Me = 92 %
Scheme 34

We then carried out iodination gbra substituted anilines with molecular iodine in loasi
medium,** followed by dimethylation with methyl iodide inglpresence of ¥COsto getp-
substituted 2-iodd¥,N-dimethylanilinesrb ***and7c **¢(Scheme 35).

/©/NH2 I, NaHCO3, H,0 /@NHQ CHgl, DMF, K,CO3 N
R rt, 12 h I’t 60 h R I

12a- R =Me 9b-R=Me-100 % 7b - R = Me - 86%
12b-R=Cl 9¢c-R=Cl-100 % 7c-R=Cl-87%
Scheme 35

2-lodoN,N-diethylaniline™" was synthesized from 2-iodoaniline by dialkylatieith ethyl
iodide (Scheme 36). Similarly pyrrolidifé' was introduced by treating 2-iodoaniline with
1,4-diiodobutane. Attempts to prepare piperidiffesubstituent failed to give the desired

product on treatment of 2-iodoaniline with 1,5-diopentane.
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K,CO3, acetonitrile

»
1,4 Diiodobutane

Reflux, 12 h |
58 % 7e

N\/ K,CO3, DMF, C,Hsl ©:NH2
©i rt, 18 h |

82% 9a

Scheme 36

We then treated the startiigb, 10c and10d with n-BuLi and subjected the anion formed
with tributyl tin chloride. The crude stannyl pradb-d obtained on aqueous workup was

reacted under a Stille coupling condition with-e to give intermediateSb-k in 61- 69 %

yield which is summarized in table 7.

Table 7: Preparation foN,N-dialkyl-2-(1-methyl-H-indol-2-yD)aniline5b-k.

R4
Pd(PPhs)s, CuI R,~N
\©\/> n-Buli, THF mSnBus ©/ __GCsF, DMF, O A O
50 °C, N, 8 h ‘ N>—.
10b-d R2 gb-d Rz Ry spk Rs
£ N-methyl indoles | N,N-dialkyl-2-iodoanilines Product % yield
ntry
10b-d Ta-e 5b-k 5b-k 2
| /
cy | A .
1 N J@\ PR 68
\ , b,
10b 7b \ 5b
| /
cy | g
~ )L on
2 | A, ' U
10b 7c ‘g C
Meom |!] —N/
- MeO
N ® \
3 \ | 4| e
10¢ 7a ! 5d
MeO A N
m P ;@\ MeO \
N
4 \ . o< |
10c 7b \ 5
MeO 4 N
5 N e ) | &
10c 7c \'5  ClI
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: N o 66
10d | 7a N\ 5g
| /
m N -
7 N DN \ 63
1°d\ | 7b O \ 5h
| /
@9 /NJCL B
10d 7c \ 5o
o . i
T LD |
10b\ | O N O
7d \5j
o G Q
10 N j@ \ 67

%isolated yields.

Synthesis of 2-(2-bromophenyl)-1-methyl-1H-indole (17)

Since attempts to synthesize piperidine systenedain alternative route was chosen for
synthesis obl (Scheme 37). Wittig reaction betweemitrobenzaldehyd&3 and Wittig salt
14 under basic condition gave alkerd® as E/Z mixture, which on heating iro-

dichlorobenzene with triphenyl phosphine underwestuctive cyclisation to give indole

derivativel6 which was methylated to get intermedifein 61 % overall yields.

©:CHO
NO,
13

Br

©\/\PPh 5 Br Toluene, TEA Toluene, TEA A 0-DCB, PPh;
Reﬂux 4h Reflux, 16 h
NO2 45 crude
Br DMF, 0 °C, NaH Br
4D o
N 9 N
\ 17 61% Over three steps H 16
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Intermediatel7 was treated with piperidine and morpholine und@roavave conditions in

the presence of potassiurbutoxide in DMSO?to get intermediatdl and5m in 83 and 79

% yield respectively (Scheme 38).

)

X = CH,, O

KtBt, DMSO O

Microwave, 0.5 h

\
51-X = CH, - 83 %
5m-X=0-79%

Scheme 38

Scope of IMDC for synthesis of N-alkylindol o[ 3,2-clquinoline | odides

Once required substraf-m was synthesized we subjected them to our optimilsHIC

reaction. Methoxy and methyl substituent on indét:5 gave good yields of3d-i,

indicating a negligible effect of electron-donatimgoups at the 5-position of indole.
Similarly presence of a substituent at fpera position of aniline ring did not have any

pronounced effect on yields of the product. WiNN-dimethyl group was replaced with

N,N-diethyl 5j, pyrrolidine5k, or piperidinesl it gave3j and pentacyclic hetrocycl@k and

3l, respectively. Morpholine substituted derivatba failed to give cyclized produ@m,

hence reactions were conducted at elevated teruperathere only trace amount of
compound was identified by HRMS which showed petlkn& 289.1344 accounting for

C1oH17N20 [M] " [calcd at 289.1341]. It was also observed that,whecleophilicity of the
indole ring was reduced by placing an electron-siiglving group such agert-

butoxycarbonyl on the nitrogen, no reaction waseoled in 24 h and a complex mixture

was obtained at higher temperature.

Table 8: Scope of IMDC for synthesis of indole[Rjuinoline ring systen3b-m.

Entry Startingbb-m Product3b-m % Yield of3b-m°®
/ +/
—N =NI
B es Cry &
0
\ 5b \ 3b
/ +/
—N =NI
2 O A\ \ 72
Y
\ 5c \ 3c Cl
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70

72

69

71

72

68

58

62

60

trace

\
\ 3e

+/
=NT

MeO

+/
=NT

\ 3h

=NTI

10

11

12°

2 jsolated yield

P reaction was conducted at 8D for 48 h.

Synthesis of isocr yptolepine hydroiodide (2)

Page 77
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To evaluate the protocol for the synthesis of radlyioccurring isocryptoleping, we treated
intermediate5 with the optimized conditions during which to odelight isocryptolepine
hydroiodide2a was obtained in 56% vyield (Scheme 39). This 8alhas been reported to
give isocryptolepind on basification with NiOH. 1*"Interestingly, during this reaction the

free NH group of indole did not interfere in thaucge of the reaction.

©
/ Iy
—N I,(1.1 equiv) TBHP =N®
e e
H 56% ”
5 2
Isocryptolepine Hydroiodide

Scheme 39

Spectral data of 5-methyl-11H-indolo[3,2-c]quinolin-5-ium iodide (2): 1%

IR (KBr): v =2929, 2852, 1732, 1608, 1452, 1352, 1259, 1728 cn.

H NMR (400 MHz, DMSO-d6): § 14.41 (s, 1H), 10.26 (s, 1H), 8.94 (t= 8.8 Hz, 1H),
8.38 (d,J = 7.6 Hz, 1H), 8.19 (t = 7.6 Hz, 1H), 8.09 (tJ = 7.6 Hz, 1H), 7.91 (dJ = 8.0
Hz, 1H), 7.72 (tJ = 7.6 Hz, 7.58 (t) = 7.6 Hz, 1H), 4.58 (s, 3H).

13C NMR (100 MHz, DMSO-d6): 6 144.1 (CH), 143.5 (C), 140.1 (C), 136.1 (C), 132.5
(CH), 128.5 (CH), 128.2 (CH), 124.3 (CH), 123.2 (CE21.7 (C), 120.9 (CH), 119.6 (CH),
116.2 (C), 113.4 (C), 113.3 (CH), 44.4 (QH

HRM S (ESI): calcd for GeHaaN, [M]* 233.1079, found 233.1079.

Derivatisation of salt 3a

Salts3a-m can potentially be further derivatized by treatthgm with reagents like NaBH
or Grignard reagent. To verify this we subjecBdwith sodium borohydride and methyl
magnesium bromide in methanol and tetrahydrofuempectively at C to get addition
product4a and4b in 71 and 68 % in overall yield respectively (Stiee40).

MeOH, 0 °C, NaBH,

Zz
o8

71 % over 2 steps
standard =NI \

condition
- C-o—
N
\
3a THF, 0 °C, MeMgBr O

68 % over 2 steps

_Z
<S8

Scheme 40
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M echanistic pathway for conversion of 5ato 3a.

To elucidate the mechanism, reaction was carrigdoowba in the presence of (2,2,6,6-
tetramethylpiperidin-1-yl)oxyl (TEMPO), a known iadl inhibitor during which3a was
obtained in 73% yield. When TBHP was replaced WiEMPO, 3a was obtained in 56%
yield (Scheme 41).

CHClg, 15 (1.1 equiv)
1) 5a 3a,73 % N
TBHP (2 equiv), TEMPO (2 equiv) :

Q
t,14 h N
+

CHCl3, I, (1.1 equiv N O
2)  5a 32 (1.1 equiv) 3a, 56 % N

TEMPO (2 equiv), 1t, 14 h \

I, (1.1 equiv), KOH (2.2 equiv)

3 sa 3a, 51 %
CHLCN, rt, 14 h
ICI (2 equiv), CHCl;
4) 5a 3a, 54 %
60°C, 12 h
Scheme 41

In both cases, no tempo-bound addi&tvas observed, indicating that the reaction may not
be following a radical pathwa§™***Compoundsa on treatment with iodine and KOH gave
3a in 51% yield, and treatment with 2 equiv of iodim®nochloride gav8a in 54% yield.
This suggests that the reaction may be followirflgy@o)iodite-mediated pathway>*

A plausible mechanistic pathway for the transfoiorats depicted in Scheme 42.

o
+BUOH + 10° ( ol
CHs o H_ oCHs;
HaC N SUN<I,
D T OO
DAY, .
CH3 i CH3 i
-IOH
~ CHa
—N@ I@
(Qb (§§b OO
CH3 4a v CH3 CH3 iili
I
2‘ tBuOH+ 10°
O H &l
----- (-9| NG
—_—
N
CH3 v CH3 vi
Scheme 42
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We assume that iodine must have coordinated 8atthrough the tertiary amine moiety,
which is then oxidized with TBHP to gitert-butyl alcohol and 1Q The hypoiodite anion,
then abstracts the proton from intermedidté¢o give iminium speciesii, which then

undergoes an intramolecular nucleophilic attacgfive iv, which loses the molecule of HI to

give 4a. Further oxidation ofla via a similar hypoiodite intermediate providaal

2. A.4: Conclusion

We have developed a mild and efficient method lfier activation of an sp3 carbon adjacent
to nitrogen with Intramolecular Dehydrogenative @lng (IMDC) followed by
aromatization to obtain hydroiodide salts of ind8)a-c]quinolines.

This protocol is successfully applied to the systhef isocryptolepine hydroiodide which

constitute the formal synthesis of naturally ocwgisocryptolepine.

The usefulness df,N-dialkyindole[3,2,€]quinoline salts as precursors for making analogous
compounds was successfully demonstrated by prepaddition adducts with a hydride and

Grignard reagent.

Hypoiodite pathway is proposed to rationalize thedpct formation in the IMDC reaction

protocol based on control experiments conducted.
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Section B: Synthesis of N,N-dimethylindolo[2,3-clquinoline

lodides

2.B. 1: Introduction

Isoneocryptolepind9 constitutes the fourth possible fused system dbl@ and quinoline
comprising of indolo[2,3-c]quinoline framework9 is not naturally isolated, but is known to
be a potentially important molecule as its otheéuraly occurring isomers shows interesting
biological activities®” Its hydroiodide salp0 and methyl derivativel is targeted for their
promising biological activities (Figure 2). Compau20 shows activity like inhibition irf-
hematin formation and Kg value is similar to other naturally occurring dtkds like

neocryptolepine and isocryptolepine agaRissmodium sps ¢

N

H
20
Isoneocryptolepine Isoneocryptolepinium salt N-Methylisoneocryptolepinium salt

Figure 2: Isoneocryptolepine and its iodide salts

2.B. 2: Literature Reported M ethods

Maes and co-worker$ designed two routes for the fourth possible fusibmdoloquinoline

skeleton. The first, an intramolecular Suzuki coupl reaction between (2-
pivalamidophenyl)-boronic acid and 4-chloroquinelinto furnish N-(2-(quinolin-4-

yl)phenyl)pivalamide (Scheme 34), which on acid rogsis, diazotization and then
treatment with Naflgave 4-(2-azidophenyl)quinoline.

cl Pd(PPha),, DME "
N BOOH)  Na,COs, reflux, 20 h NHPiv aq. H,SO,, EtOH >
+ Reﬂux 24 h
~
N NHPiv 9 % O _ T 8%
N

i) agq. HCI,

NaNO,, 0°C 1.5h

i) aq. NaN3,
NaOAc.3H,00°C, 1h

HN o-Dichlorobenzene O
NH N
O X + O X 180°C, 3 h
~ ~ A

trace quantity 88 % ”

N

Scheme 43
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The azide derivative on heating underwent reductiyelization to the desired Hz
indolo[2,3<¢]quinoline as a major compound andi-pyrido[2,3,4kl]acridine in trace

amounts.

In the second route the author has described, cotige two palladium catalyzed reactions
(Scheme 44). First the regioselective Buchwaldidgramination of 3-bromoquinoline with
2-bromoaniline followed by an intramolecular Heckupling to give H-indolo[2,3-
c]quinoline as a major and BHEindolo[3,2-b]quinoline as a minor component. The former on

regioselective methylation resulted in 5-methid-thdolo[2,3c]quinoline.

H
N
Pd,(dba)s PACIy(PPhs), O

NH,  Xantphos,Cs,COj3 NaOAc.3H,0 N” Q
©: Dioxane, reflux, 30 h ©\/j/ :@ DMA, 130 OC 5h

°/
83 % .
O CHal, toluene
/ \N Reﬂux 2h
(L)
N
I

88%
45%

Scheme 44

Mohan and co-workerS" conducted thermal displacement of 3-bromoquinokita aniline
to give N-phenylquinolin-3-amine, which under photochemiaa/clization gave both
possible cyclizations to give the precursor of tolgpine in minor amount andH?
indolo[2,3<¢]quinoline in a major amount. The major compoundaoted was further

methylated to give isoneocryptolepine (Scheme 45).

hv, CgHg:MeOH:H,S0, N

OO e @(7 o
+ Z~7 \
N 70 % NT L

+ 16 %
O (CH3)»,S0y4, CH4CN
| \N Reﬂux 6 h
O | 84 %
N
|

51%

Scheme 45

Boganyi and Kamar' have synthesized all the possible fused indolodini@sing systems.
7H-Indolo[2,3<c]quinoline core was synthesized by two palladiuntalyaed reactions

(Scheme 46). First regioselective Buchwald-Hartwigination between anilines and 4-
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bromo-3-iodoquinoline was performed and this watoWeed by an intramolecular Heck

coupling.
R
PACI(PPhs),, NaOAc Q
DMA, 150 °C, MW
Pd(OAG),, xantphos 53-84 % o
Cs,COg, toluene O _
120 °C, MW N/ N
R =H, NO,, F,OCH; 60-76 %
Scheme 46

Kundu and co-workers®™ arylated indoles with substituted 2-nitro iodobere=e at C-3

position using palladium acetate (Scheme 47).

Ry
| [
D\ Fe, HCI 20 %
Ry ON R R NO;  MeOH.2h
Y oo, UL O
N Pd(OAc),, K,COs5 N 79-90 %
Dioxane, reflux, 16 h H
43-81% RsCHO, 2 % TFA
0
DCM, 0 °C R,
Scheme 47

Reduction of nitro to amine functionality using H&! and then treating with aldehydes in

acidic conditions gave Pictet-Spengler cyclizapooduct H-indolo[2,3¢]quinolines.

2. B. 3: Results and Discussion

After successful synthesis of the indolo[&]guinoline fused rings using IMDC, we thought
to extend the methodology for the synthesis of offessible indolo[2,Z]quinoline fused
system. The proposed reterosynthetic pathway iscebin scheme 48. The find,N-
dimethyl-indolo[2,3€]quinoline salt21 could be obtained in one pot from the intermediate
22 using IMDC reaction. Intermedia®? could easily be prepared from its corresponding
amine derivative23 which in turn could be obtained from the corregpng nitro derivative
24. Intermediate?24 is reported by C-3 arylation of indolc and 2-halonitrobenzen2b

using palladium coupling reaction.
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o

———— O N NO,
25 N 24

R

Scheme 48

The required C-3 arylated indok& was prepared according to the procedure estadlishe
Kundu and co-workers®" between indolelOc and 1-iodo-2-nitrobenzen@5a using
palladium acetate under basic medium in refluximopxane (Scheme 49). Thél NMR
spectrum matched with the reported spectrum iralitee.

N | NO2 Pd(OAC),, K,COs NO,
N \© Dioxane, reflux, 16 h O N\
H 43% N

Scheme 49

'H NMR of 3-(2-nitrophenyl)-1H-indole (27): o™

IH NMR (400 MHz, DM SO-d6): § 11.49 (br s, 1H), 7.93 (d,= 8.0 Hz, 1H), 7.76-7.66 (m,
2H), 7.55-7.50 (m, 2H), 7.45 (d,= 8.0 Hz, 1H), 7.29 (dJ = 7.6 Hz, 1H), 7.14 (t) = 7.2
Hz, 1H), 7.02 (tJ = 7.2 Hz, 1H).

Arylated intermediat&6 was alkylated with methyl iodide and was subjedtededuction
under Fe/HCI to give amine derivatiZ8a (Scheme 50). IR spectrum showed a broad band
at 3321 crit indicating the presence of amine functionality evhiwas further confirmed

from spectral data.

O THF, 0°C, NaH
NO, tom Ol Fe/HCI, dioxane
O A\ then R _ Reflux,2h
N 81 % over 2 steps
H 26 \ 24a \ 23a

Scheme 50

Spectra data of 2-(1-methyl-1H-indol-3-y)aniline (23a):
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IR (KBr): v = 3321, 3020, 2861, 1920, 1467, 1300, 1101, 798 cm

'H NMR (400 MHz, CDCls): ¢ 7.48 (d,J = 7.6 Hz, 1H), 7.24-7.04 (m, 3H), 7.02-6.98 (m,
3H), 6.74-6.70 (m, 2H), 3.84 (br s, 2H), 3.67 (4).3

3C NMR (100 MHz, CDCls3): § 144.0 (C), 137.1 (C), 131.2 (CH), 127.7 (CH), 22 H),
122.0 (CH), 121.0 (CH), 119.6 (CH), 118.8 (CH), BI&CH), 113.1 (C), 109.5 (CH), 32.8
(CHy).

HRMS (ESI): calcd for GsH14NoH [M +H]7223.1235, found 223.1235.

Amine derivative23a was dimethylated using an excess of methyl iodidiae presence of
K,CO; in DMF (Scheme 51). CompourzRa was confirmed based ol NMR which
showed a singlet &t 2.52 ppm attributing for 6H and further confirmiedm other spectral

g K,CO3, DMF, CH,l !
Cry L Cry
N 91 % N

\ 23a \ 22a

data.

Scheme 51

Spectra data of N,N-Dimethyl-2-(1-methyl-1H-indol-3-yaniline (22a):

IR (KBr): # = 3045, 2937, 2792, 1544, 1487, 1373, 1220, 758 cm

'H NMR (400 MHz, MeOD): § 7.58 (d,J = 0.8 Hz, 1H), 7.37-7.33 (m, 3H), 7.21-7.15 (m,
2H), 7.09 (d,J = 8.0 Hz, 1H), 7.02 (dt] = 8.0 Hz,J = 0.8 Hz, 1H), 6.97 (t} = 7.2 Hz, 1H),
3.82 (s, 3H), 2.52 (s, 6H).

13C NMR (100 MHz, MeOD): 6 153.1 (C), 138.6 (C), 132.8 (CH), 129.9 (C), 126361),
128.1 (C), 128.0 (CH), 122.6 (C), 122.5 (CH), 12(081), 120.1 (CH), 119.0 (CH), 116.7
(C), 110.2 (CH), 43.6(2 X C), 32.9 (CH).

HRMS (ESI): calcd for GHigNoH [M +H]* 251.1548, found 251.1548.

The key intermediat@2a was treated with our standardized condition foD®Mwith 1.1
equiv of iodine, 2 equiv of TBHP in chloroform f&d h at room temperature to give a solid
material which was washed with 20 % ethyl acetatpatroleum ether to give desired 5,7-
dimethyl-H-indolo[2,3-c]quinolin-5-ium iodide™*?21a in 53 % yield.

N— I5,(1.1 equiv) TBHP
O N/ CHClg, 1t, 14 h
0,
N\ 22a 53 %
Scheme 52
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Spectra data of 5,7-Dimethyl-7H-indolo[2,3-c]quinolin-5-ium iodide (21a):?

IR (KBr): v =3043, 2945, 1613, 1502, 1469, 1344, 1134, 75% cm

4 NMR (400 MHz, DM SO-d6): 6 10.13 (s, 1H), 9.11-9.09 (m,1H), 8.86 (= 8.0 Hz,
1H), 8.51 (dJ = 9.6 Hz, 1H), 8.09-8.07 (m, 2H), 7.98 Bz 8.4 Hz, 1H), 7.90 () = 8.0
Hz, 1H), 7.59 (tJ = 7.6 Hz, 1H), 4.71 (s, 3H), 4.17 (s, 3H).

13C NMR (100 MHz, DM SO-d6): 6 143.7 (C), 136.9 (CH), 132.7 (C), 131.2 (C), 13},
129.9 (CH), 129.8 (CH), 125.2 (C), 125.0 (CH), 4CH), 123.5 (C), 122.6 (CH), 119.6
(CH), 119.3 (C), 111.8 (CH), 45.7 (GH30.3 (CH).

HRMS (ESI): calcd for G/H1sN, [M]* 247.1235, found 247.1235

Having successfully synthesized 5,7-dimethiHndolo[2,3c]quinolin-5-ium iodide 21a,
the scope of the reaction was extended to synthesdvatives of this compound by varying
the substituents on indole ring. 5-Methoxy indals, 5-methyl indolel1lb and 6-chloro
indole 11d were reacted with 1-iodo-2-nitrobenzene along with mol% of palladium
acetate and 2 equiv of,&O; to give arylated products, which were methylatetth \wethyl
iodides using NaH as a base to give intermedélbed (Scheme 53). Nitro derivativeslb-d
were then reduced with Fe/HCI in refluxing dioxamel were then dimethylated with methyl
iodide in the presence of,RO; in DMF to afford dimethyl intermediate&2b-d.

I 1) Pd(OAc),, KoCO3 O 1) FethCIZI in2dir<])xane O
R—@ NO; Dioxane, reflux, 16 h NO, eflux, —
. A\ >
N 2)DMF,0°C,NaH | R O 2)DMF, K,CO; R O N,/

N

then CH| \ CHgl, 1t, 16 h N\
10b - R = OMe
25 i
10c - R = 5-CHs L 24b-R=0OMe JYield over4steps 22b -R = 5-OMe - 26 %
10d - =6-Cl 24c - R=5-CHj 22¢-R=5-CH;-28 %
24d - = 6-Cl 22d-R=6-Cl-36 %
Scheme 53

The intermediat@2b-d was then subjected to IMDC protocol. In cas&2if a mixture of
compounds were obtained (Table 9), while compo@8d and 22d gave the desired

compound?1c and21d in 52 and 48 % yields respectively.

Table 9: Scope of IMDC for synthesis of indole[ZBjuinolines.

L

N—  lp,(1.1 equiv) TBHP CHCls, 1t, 14 h

Prajesh S. Volvoikar, Ph.D. Thesis, Goa University Page 86



Chapter |

R
Entry Starting22b-d Product21b-d Yield in {fOf
21b-d
1 MeO O § NT Mixture of Compounds -
N 22b
2 O LN 52
N\ 22¢
e “
cl N\ 22d
2 isolated yield

Attempted synthesis of | soneocr yptolepine (20a)

For the synthesis of isoneocryptolepine; 3-iod@fenylsulfonyl)-H-indole™® 27 was

treated with bis(tributyltin) in refluxing toluene the presence of Pd(Pfhto give stannyl
derivative 28 which was directly subjected to Stille coupling thwi 2-iodoN,N-

dimethylaniline 7a to give N,N-dimethyl-2-(1-(phenylsulfonyl)-Hi-indol-3-yl)aniline 29.

Desulfonation was done using TBAF in refluxing TH& give 2-(H-indol-3-yl)-N,N-

dimethylaniline30.

Pd(PPh3),4
(SnBu3)2
Toluene, reflux, 12 h

_

SnBus

SO,Ph

Pd(PPhs),, Cul, CsF
N2, DMF, 50 °C, 81 °C, 8h
N
N

__ TBAF, THF
Reflux, 6 h

80 %

N—]
(8
N

SO,Ph SOzPh Overall yield

27
28

7a

Scheme 54

Intermediate30 was then subjected to our standardized condibofMDC during which we
failed to obtain the isoneocryptolepine hydroiodi®a as the final product even after many

attempts.
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O I, TBHP(in decane) @
N— 2 eqUiV, CHC|3, rt, 14 h N—
Cry” T e
N N
H 30 H 20a
Isoneocryptolepine hydroiodide

Scheme 55

2. B. 4: Conclusion

We successfully applied our IMDC procedure for bgsis 5,7-dimethyl-H-indolo[2,3-
c]quinolin-5-ium iodides in moderate yields.

Attempts to synthesize isoneocryptolepine hydraledfailed under optimized conditions
from 2-(1H-indol-3-yl)-N,N-dimethylaniline.

2. 5: Experimental

2.5.1: 2-iodo-N,N-dimethylaniline (7a)**?

AN

NH; K,CO3, CHal N
' DMF, tt, 16 h '
89 % ;

9a a

o-lodoaniline (2.190 g, 10 mmol) was dissolved tnML anhydrous DMF, CO; (2.760 g,
20 mmol ) and iodomethane (1.31 mL, 21 mmol ) wadeled and the reaction mixture
stirred at room temperature for 16 h. Water (20 mvhs added and extracted with diethyl
ether (3 X 10 mL). The organic layers were combjweashed with water (10 mL) and dried
over NaSQO,. The solvent was removed under reduced pressureeaidue was purified by
flash chromatography using petroleum ether:ethgtate 19:1, to give the produbkN-
dimethyl 2-iodoaniliné*?7a as a pale yellow oil in 89 % (2.200 g) yield.

2.5.2: tert-Butyl 2-(2-(dimethylamino)phenyl!)-1H-indole-1-car boxylate (6a)

/
—N
- Pd(PPhs)4, Cul, CsF
msn(su)3 N DMF, N, 50 °C, 8 h O N O
,}\ + ©/I 96 % ’}\
o) ? o)
O )4 0 )4
8a 7a 6a
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To a solution of-butyl 2-(tributylstannyl)-H-indole-1-carboxylaté®8a, (crude, 0.506 g, 1
mmol ) and 2-ioddN,N-dimethylaniline7a (0.124 g, 0.5 mmol) in anhydrous DMF (2 mL)
was added tetrakistriphenylpalladium(0) (0.029 26 mmol), copper(l)iodide (0.010 g,
0.05 mmol) and caesium fluoride (0.151 g, 1 mmaljler argon atmosphere. It was then
heated at 50C for 8 h. On complete consumption of 2-iodN-dimethylaniline (monitored
by TLC) the reaction was cooled to room temperature diluted with 10 mL of water and
10 mL ethyl acetate and stirred for 30 minutessMns then filtered through a bed of celite
and further washed with ethyl acetate (10 mL). Dganic layer was separated and the
aqueous layer was further extracted with ethylatee2 X 10 mL). The combined organic
layer was washed with sat. NaCl solution dried caehydrous NgO,and concentrated
under reduced pressure. The crude product obtauaesdpurified by flash chromatography
(95:5 petroleum ether: ethyl acetate) to afforé twtompoundsa as a viscous liquid in 96 %
(0.162 g) yield.

2.6.3: 2-(1H-Indol-2-y1)-N,N-dimethylaniline (5)

/ /
Cryl) s, IO
N N
Boc 6a 92% H s

tert-Butyl-2-(2-(dimethylamino)phenyl)H-indole-1-carboxylat&a (0.135 g, 0.4 mmol)was
dissolved in 5 mL DCM and cooled to°Q@ and TFA (0.076 g, 1 mmol) was added. The
mixture was allowed to stir at room temperatureZdr. Reaction mixture was quenched by
adding 10 mL sat. NaHGOThe organic layer was separated and the aquegyes was
extracted with DCM (5 mL X 2). The combined orgaftager was washed with brine (10
mL), dried over anhydrous NaO, and concentrated under reduced pressure to gavgtin
compound as a white solid (mp. 60-6€) in 92 % (0.087 g) yield.

2.5.4: 5-M ethoxy-1-methyl-1H-indole (10c) **"

MeO DCM, KOH MeO
m Citramide, 0 °C, CHy| m
N N

94 %
11a ° 10¢ \

To a stirred solution of 5-methoxy indole (1.4601§, mmol) in 20 mL DCM at 6C was
added KOH (0.672 g, 12 mmol) and citramide (0.14Q®% w/w). The reaction was aged
for 20 min and methyl iodide (1.704 g, 12 mmol) veaided drop wise, the mixture was
allowed to stir at room temperature for an addaiod h. Water (20 mL) was added and
organic layer was separated, agueous layer wasefuextracted with DCM (10 mL X 2).
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The combined organic layer was washed with 10 mhrofe, dried over anhydrous p&O,
and then concentrated under reduced pressureagagivude material which was purified by
flash chromatography with petroleum ether: ethytate (9:1) to give 5-methoxy-1-methyl-
1H-indole**"10c 94% (1.485 g) yield.

'H NMR (400 MHz, CDCls): ¢ 7.25 (d,J = 8.4 Hz, 1H), 7.13 (d] = 8.4 Hz, 1H), 7.06 (s,
1H), 6.95 (d,J = 8.4 Hz, 1H), 6.44 (d] = 6.8 Hz, 1H), 3.90 (s, 3H), 3.79 (s, 3H).

2.5.5: 1.5-Dimethyl-1H-indole (10d) **"

DCM, KOH
m Gitramide, 0 °C, CHy| m
N N

929
11p 1 % 10d \

Following the similar procedure described in seti5.4 with 5-methyl indolé1b (1.312
g, 10 mmol) gave 1,5-dimethyHtindole**"10d 92 % (1.334 g) yield.

'H NMR (400 MHz, CDCl3): § 7.47 (d,J = 3.6 Hz, 1H), 7.27 (d] = 7.2 Hz, 1H), 7.12-7.09
(m, 1H), 7.05 (s, 1H), 6.45 (s, 1H), 3.81 (s, 3851 (d,J = 5.2 Hz, 3H).

2.5.6: 2-1odo-N.N.4-trimethylaniline (7b) **¢

NH2 \N/

| K,COj, CHjl
DMF, rt, 16 h '

86 %
9b 7b

Following the similar procedure described in sect5.1 with 2-iodo-4-methylanilinedb
(2.330 g, 10 mmol), gave 2-iod&N,4-trimethylaniline in7b 86 % (2.245 g) yield.

IH NMR (400 MHz, CDCly): 6 7.72 (s, 1H), 7.15 (d] = 8.0 Hz, 1H), 7.03 (dJ = 8.0 Hz,
1H), 2.77 (s, 6H), 2.29 (s, 3H).

2.5.7: 4-Chlor o-2-iodo-N,N-dimethylaniline (7c) **¢

~N,.,~
NH; K;COs, CHgl N
! DMF, 1, 16 h !
87 %
cl 9% cl Tc

Following the similar procedure described in secth5.1 with 4-chloro-2-iodoanilin@c
(2.545 g, 10 mmol), gave 4-chloro-2-io8ipN-dimethylaniline*®7c in 87 % (2.336 g) yield.

IH NMR (400 MHz, CDCly): 5 7.83 (d,J = 2.4 Hz, 1H), 7.30-7.27 (m, 1H), 7.01 (& 8.4
Hz, 1H), 2.75 (s, 3H).
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2.5.8. N,N-Diethyl-2-iodoaniline (7d) **'

NH, K,CO3, CoHgl LNJ
| DMF, tt, 18 h |
82 %
9%a 7d

Following the similar procedure described in set05.1 with 2-iodoanilin®a (0.219 g, 1
mmol), and ethyl iodide (0.088 mL, 1.1 mmol) gavdl-diethyl-2-iodoaniline* 7d in 82 %
(0.226 Q) yield.

'H NMR (400 MHz, CDCls): 6 7.86 (dd,J = 8.0 Hz,J = 1.6 Hz, 1H), 7.31-7.24 (m, 1H),
7.07 (dd,J = 8.0 Hz,J = 1.6 Hz, 1H), 6.80 (dt) = 8.0 Hz,J = 1.6 Hz, 1H), 3.02 (q] = 7.2
Hz, 4H), 1.00 (tJ) = 7.2 Hz, 6H).

3C NMR (100 MHz, CDCl3): § 152.0 (C), 139.8 (CH), 128.6 (CH), 125.8 (C), 224C),
102.7 (C), 48.2 (Ch), 12.5 (CH).

2.5.9: 1-(2-iodopheny)pyrrolidine (7€) **f

NH, O

K,CO3, 1,4-diiodobutane N
©/' CH4CN, reflux, 12h |
58 % ©/

9a 7e

o-lodoaniline9a (0.438 g, 2 mmol) was dissolved in anhydrous adtiien(10 mL), K;,COs
(0.414 g, 3 mmol) and 1,4-diiodobutane (0.930 §,mol) was added and heated to reflux
for 12 h. The solvent was removed under reducesspre and water (20 mL) was added and
the reaction mixture was extracted with diethyleet(8 X 10 mL). The organic layers were
combined and washed with water (10 mL) and driesl ?4&SO,. The solvent was removed
under reduced pressure and the residue was pudfiedlash chromatography using
petroleum ether:ethyl acetate 19:1, to give produ2-iodophenyl)pyrrolidiné/e in 58 %
(0.316 g) yield.

'H NMR (400 MHz, CDCls3): 6 7.81 (dd,J = 8.0 Hz,J = 1.2 Hz, 1H), 7.29-7.20 (m, 1H),
6.94 (dd,J = 8.0 Hz,J = 1.2 Hz, 1H), 6.65 (dt) = 7.6 Hz,J = 1.2 Hz, 1H), 3.27 () = 5.6
Hz, 4H), 1.93 (pJ = 3.2 Hz, 4H).

3C NMR (100 MHz, CDCl3): § 152.1 (C), 141.1 (CH), 128.7 (CH), 123.2 (CH), B8
(CH), 91.4 (C), 51.9 (C}), 24.9 (CH).

General procedurefor synthesis of N,N-Dimethyl-2-(1-methyl-1H-indol-2-y)anilines
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N/ £
R Ta-e R N
n-BuLi, THF, 0°c Ri =R
"Cry et M yee 2 O
then SnBu3C| N\ Pd(PPhg)4, Cul, CsF N

\
10b- d 8b-d crude DMF, N,, 50 °C, 8h 5a-k Ry

2.5.10: N,N-Dimethyl-2-(1-methyl-1H-indol-2-y)aniline (5a)

1-Methyl-1H-indole 10b (0.066 g, 0.5 mmol) was dissolved in dry THF (10)rahd cooled

to 0°C with an ice bath. A solution @fBuLi (1.6 M in hexane; 0.31 mL, 0.5 mmol) was
added and the mixture was stirred at the same tetype for 1h. To this tributyl tin chloride
(0.14 mL, 0.5 mmol) in THF (2 mL) was added and ris&ction mixture was allowed to stir
at room temperature for 1.5 h. The reaction mixiues then quenched with sat. NaCl and
EtOAc (10 mL) was added and the organic layer wgsmaated. The aqueous layer was
further extracted with EtOAc (2 x 10 mL) and thertmned organic layers were dried over
N&SQ,. The organic layer was evaporated in vacuum te giwiscous oiBb which was
used directly for the next reaction without furtiperification.

To the above crude stannyl intermedi8beand corresponding 2-iod¥;N-dimethylaniline
7a (0.124 g, 0.5 mmol) in anhydrous dimethyformamid2 (nL) was added
tetrakistriphenylpalladium(0) (0.030 g, 0.025 mmappper(l)iodide (0.010 g, 0.05 mmol)
and cesium fluoride (0.151 g, 1 mmol) under argmmosphere. It was then heated at’60
for 8 h. On complete consumption of 2-ioNgN-dimethylaniline (monitored by TLC)
reaction was cooled to room temperature and dilatigll 10 mL of water and 10 mL ethyl
acetate and stirred for 30 minutes. This was tilesrdd through a bed of celite and further
washed with ethyl acetate (10 mL), the organic Hayas separated and the aqueous layer
was further extracted with ethyl acetate (2 X 10)mChe combined organic layer was
washed with sat. NaCl solution dried over anhydrdidgsSQO, and concentrated under
reduced pressure. The crude product obtained waseguby flash chromatography (95:5
petroleum ether: ethyl acetate) to afford title poemnd5a in 72 % (0.090 g) yield.

_N/ N,N-Dimethyl-2-(1-methyl-1H-indol-2-yl)aniline (5a): white
O N O crystalline solid, m.p. 86-8%.

N

\' 5a

2.5.11: N,N,4-Trimethyl-2-(1-methyl-1H-indol-2-yl)aniline (5b)

Following procedure described in section 2.5.1@@i-methyl indole1l0b (0.066 g) and 2-
iodo-N,N,4-trimethylaniline7b (0.131 g) to givéb in 68 % (0.090 g) yield.
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v White crystalline solid, m.p. 92-@¢€.
O N O IR (KBr): v =2924, 2852, 1870, 1492, 1456, 1313, 947, 748.cm
N o IH NMR (400 MHz, CDCly): § 7.56 (d,J = 7.6 Hz, 1H), 7.29 (dJ =
8.0 Hz, 1H), 7.18-7.03 (m, 4H), 6.84 (M= 7.6 Hz, 1H), 6.42 (s, 1H),

3.49 (s, 3H), 2.45 (s, 6H), 2.25(s, 3H).
13C NMR (100 MHz, CDCl3): 6 149.8 (C), 141.8 (C), 137.5 (C), 133.9 (CH), 13(C3,
129.9 (CH), 128.3 (C), 125.1 (C), 120.9 (CH), 12(CH), 119.3 (CH), 117.3 (CH), 109.4
(CH), 100.8 (CH), 42.6 (2 X C#)}, 30.7 (CH), 20.4 (CH).

HRMS (ESI): calcd for GgHaoN,H [M +H]* 265.1705, found 265.1701.

2.5.12: 4-Chloro-N,N-dimethyl-2-(1-methyl-1H-indol-2-yl)aniline (5¢)
Following procedure described in section 2.5.1@@bi-methyl indole10b (0.066 g) and 4-
chloro-2-iodoN,N-dimethylaniline7c (0.141 g) to givésc in 69 % (0.098 g) yield.
v White crystalline solid, m.p. 116-1£8.
O A O IR (KBr): ¥ =2940, 2825, 1870, 1845, 1490, 1453, 1312, 946.cm
N o . 'H NMR (400 MHz, CDCl3): § 7.57 (td,J = 8.0 Hz,J = 0.8 Hz, 1H),
7.29 (ddJ = 8.0.J= 0.8 Hz, 1H), 7.24-7.15 (m, 2H) 7.06 (dt= 8.0
Hz, 0.8Hz, 1H), 6.43 (dl = 1.2 Hz, 1H), 3.49 (s, 3H), 2.46 ( s, 6H).
3C NMR (100 MHz, CDCls): § 149.6 (C), 139.2 (C), 136.6 (C), 131.8 (CH), 12&H),
127.1 (C), 125.1 (C), 124.4 (C), 120.4 (CH), 1160H), 118.5 (CH), 117.4 (CH), 108.4
(CH), 100.4 (CH), 41.2 (2 X CHl 29.7 (CH).
HRMS (ESI): calcd for GH17CIN,H [M +H] " 285.1159, found 285.1156.

2.5.13: 2-(5-Methoxy-1-methyl-1H-indol-2-yl)-N,N-dimethylaniline (5d)

Following procedure described in section 2.5.10gib-methoxy-1-methylH-indole 10c

(0.081 g) and 2-ioddd,N-dimethylaniline7a (0.124 g) to givésd in 61 % (0.086 g) yield.

7 White crystalline solid, m.p. 92-@¢€.

MeO IR (KBr): ¥ =2942, 2823, 1873, 1848, 1490, 1210, 1138, 835 cm
N H NMR (400 MHz, CDCls): 6 7.37-7.31 (m, 2H), 7.25 (d, =

8.8 Hz, 1H), 7.11 (d) = 1.6 Hz, 1H), 7.03-6.97 (m, 2H), 6.88 (dd,

J= 8.8 Hz,J = 2.4 Hz, 1H), 6.42 (d) = 0.8 Hz, 1H), 3.87 (s, 3H), 3.53 (s, 3H), 2.56 ( s,

6H).

3C NMR (100 MHz, CDCl3): § 154.0 (C), 151.9 (C), 142.3 (C), 133.3 (CH), 13X,

129.4 (CH), 128.5 (C), 124.7 (C), 120.6 (CH), 11{CH), 111.2 (CH), 110.1 (CH), 101.9
(CH), 100.5 (CH), 55.9 (C¥), 42.2 (2 X CH), 30.8 (CH).
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HRMS (ESI)m/z calcd for GgHooN,OH [M +H]* 281.1654, found 281.1654.

2.5.14. 2-(5-M ethoxy-1-methyl-1H-indol-2-y1)-N,N.4-trimethylaniline (5€)

Following procedure described in section 2.5.10gi$b-methoxy-1-methylH-indole 10c
(0.081 g) and 2-iodd¢,N,-4-trimethylaniline7b (0.131 g) to givésein 63 % (0.093 g) yield.

v White crystalline solid, m.p. 98-10C.

Meo IR (KBr): v =2941, 2826, 1874, 1845, 1490, 1253, 1140, 83% cm

N 'H NMR (400 MHz, CDCls): 6 7.26 (d,J = 8.8 Hz, 1H), 7.29 (d,
J= 8.0 Hz, 1H), 7.20-7.17 (m, 2H), 7.12 (= 2.4 Hz, 1H), 6.97
(d, J= 8.0 Hz, 1H), 6.90 (dd] = 8.8 Hz,J = 2.8 Hz, 1H), 6.43 (dJ = 8.8 Hz,1H), 3.89 (s,
3H),3.56 (s, 3H), 2.54 (s, 6H), 2.34 (s, 3H).
13C NMR (100 MHz, CDCly): § 154.0 (C), 149.7 (C), 142.3 (C), 133.8 (CH), 136,
130.2 (C), 129.9 (CH), 128.5 (C), 125.1 (C), 11{CH), 111.1 (CH), 110.1 (CH), 102.0

(CH), 100.4 (CH), 55.9 (C§), 42.6 (2 X CH), 30.9 (CH), 20.4 (CH).
HRMS (ESI): calcd for @H,N,OH [M +H]* 295.1810, found 295.1810.

2.5.15: 4-Chlor 0-2-(5-methoxy-1-methyl-1H-indol-2-yl)-N,N-dimethylaniline (5f)
Following procedure described in section 2.6.9 gistamethoxy-1-methyl-H-indolelOc
(0.081 g) and 4-chloro-2-iodd;N-dimethylaniline7c (0.141 g) to givesf in 64 % (0.101 g)
yield.

White crystalline solid, m.p. 118-12C.

/
—N
'V'eo IR (KBr): v =2947, 2829, 1870, 1847, 1492, 1450, 1215, 1139,
N 835 cm'.
\ sf ¢l

'H NMR (400 MHz, CDCl3): 6 7.23-7.16 (m, 2H), 7.03 (d,=

2.4 Hz, 1H), 6.87-6,81 (m, 2H), 6.35 M= 0.8 Hz, 1H), 3.80 (s, 3H), 3.45 ( s, 3H), 2.46(s,
6H).

13C NMR (100 MHz, CDCls): 6154.2 (C), 150.5 (C), 140.7 (C), 133.0, 132.8 (C129.0
(CH), 128.4 (C), 126.1 (C), 125.3 (C), 118.4 (CH)1.7 (CH), 110.2 (CH), 102.0 (CH),
101.0 (CH), 55.9 (Ch), 42.2 (2 X CH)), 30.9 (CH).

HRMS (ESI): calcd for GgH1oCIN,OH [M +H]" 315.1264, found 315.1262.

2.5.16: 2-(1,5-Dimethyl-1H-indol-2-yI)-N,N-dimethylaniline (5q)
Following procedure described in section 2.5.10@i4i,5-dimethyl-H-indole 10d (0.073 g)
and 2-iodoN,N-dimethylaniline7a (0.124 g) to giveébd in 66 % (0.08 g) yield.
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White crystalline solid, m.p. 124-126.

O \ O IR (KBr): v =2914, 2840, 1843, 1479, 1465, 1325, 1150, 946.cm
N 'H NMR (400 MHz, CDCls): 6 7.42 (s, 1H), 7.37-7.31 (m, 2H),
' 5o 7.25-7.23 (m, 1H) 7.06-6.96 (m, 3H), 6.41 (s, 18453 (s, 3H), 2.55

(s, 6H), 2.49 (s, 3H).

13C NMR (100 MHz, CDCl3): § 151.9 (C), 141.8 (C), 136.0 (C), 133.3 (CH), 12@B),
128.5 (2 X C), 124.8 (C), 122.6 (CH), 120.5 (CH}.9B (CH), 117.1 (CH), 109.1 (CH),
100.3 (CH), 42.2 (2 X CH), 30.7 (CH), 21.4 (CH).

HRMS (ESI): calcd for GgHaoN,H[M+H] * 265.1705, found 265.1705.

2.5.17: 2-(1,5-Dimethyl-1H-indol-2-y|)-N,N.4-trimethylaniline (5h)

Following procedure described in section 2.5.10@i4i,5-dimethyl-H-indole 10d (0.073 g)
and 2-iodoN,N,4-trimethylaniline7b (0.131 g) to givéh in 63 % (0.088 g) yield.

White crystalline solid, m.p. 130-13¢2.

/
—N
O N O IR (KBr): v =3012, 2924, 1926, 1610, 1585, 1450, 1361, 1257,
N 1114, 815 cni.
5h

IH NMR (400 MHz, CDCl3): & 7.41 (t,J = 0.8 Hz, 1H), 7.24 (dJ

= 8.0 Hz, 1H), 7.17-7.15 (m, 2H), 7.04 (dds 8.8 Hz,J = 1.2 Hz, 1H), 6.94 (d] = 8.8 Hz,
1H), 6.39 (dJ = 0.4, 1H), 3.54 (s, 3H), 2.51 ( s, 6H), 2.47 (s),3432 (s, 3H).

13C NMR (100 MHz, CDCly):  148.7 (C), 140.8 (C), 135.0 (C), 132.8 (CH), 12€C),
128.8 (CH), 127.5 (C), 127.4 (C), 124.1 (C), 12(CH), 118.8 (CH), 116.2 (CH), 108.0
(CH), 99.2 (CH), 41.5 (2 X C¥), 29.7 (CH), 20.4 (CH), 19.4 (CH).

HRMS (ESI): calcd for GeHzoNoH [M+H]*279.1861, found 279.1860.

2.5.18: 4-Chlor0-2-(1,5-dimethyl-1H-indol-2-yl)-N,N-dimethylaniline (5i)
Following procedure described in section 2.5.10@i4i,5-dimethyl-H-indole 10d (0.073 g)
and 4-chloro-2-ioddN,N-dimethylaniline7c (0.141 g) to givési in 60 % (0.090 g) yield.
White crystalline solid, m.p. 142-14¢€.
— IR (KBr): v =2914, 2843, 1853, 1479, 1465, 1323, 1153, 943 cm

O h} O 'H NMR (400 MHz, CDCls): 6 7.44 (d,J = 0.8 Hz, 1H),7.44-7.26

\'si ¢l (m,3H), 7.08 (ddJ = 8.4,J= 0.8 Hz, 1H), 6.95 (d] = 8.4 Hz, 1H),
6.44 (d,J= 0.8 Hz, 1H), 3.55 (s, 3H), 2.46 ( s, 6H), 2.49(4).
3C NMR (100 MHz, CDCl3): § 150.5 (C), 140.2 (C), 136.1 (C), 132.8 (CH), 12@®1),
128.7 (C), 128.4 (C), 126.1 (C), 125.3 (C), 12&6l), 120.0 (CH), 118.3 (CH), 109.1 (CH),
100.8 (CH), 42.2 (2 X C#), 30.7 (CH), 21.4 (CH).
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HRMS (ESI): calcd for GgH1sCIN,H [M +H]*299.1315, found 299.1318.

2.5.19: N,N-Diethyl-2-(1-methyl-1H-indol-2-yDaniline (5))
Following procedure described in section 2.5.1(hg$i-methyl-1H-indole 10b (0.066 Q)
andN,N-diethyl-2-iodoanilinerd (0.138 g) to givesj in 65 % (0.094 g) yield.
Viscous liquid.
L,} IR (KBr): ¥ = 3055, 2968, 1539, 1446, 1244, 1176, 78T .cm
O \ O 'H NMR (400 MHz, CDCl3): 6 7.63(d,J = 8.0 Hz, 1H), 7.36-7.30 (m,
N\ 3H), 7.22 (dtJ = 7.6 Hz,J = 1.2 Hz, 1H), 7.12 (dt) = 8.0. HzJ= 1.2
Hz, 1H ), 7.06 (dJ = 7.6 Hz, 1H), 7.01 (df] = 7.6 Hz,J = 1.2 Hz, 1H),
6.46 (d,J = 0.4 Hz, 1H), 3.57 (s, 3H), 2.93@= 7.2 Hz, 4H), 0.87 (1] = 7.2 Hz, 6H).
3C NMR (100 MHz, CDCls): ¢ 150.1 (C), 141.9 (C), 137.4 (C), 133.6 (CH), 128 %)
128.3 (C), 126.7 (C), 121.0 (CH), 120.9 (CH), 12¢CH), 119.9 (CH), 119.3 (CH), 109.3
(CH), 100.8 (CH), 45.2 (2 X Chi, 31.0 (CH), 11.9 (2 X CH).
HRMS (ESI): calcd for GgH2oNoH [M+H]*279.1861, found 279.1862.

5]

2.5.20: 1-Methyl-2-(2-(pyrrolidin-1-y)phenyl)-1H-indole (5k)
Following procedure described in section 2.5.1(hg$i-methyl-1H-indole 10b (0.066 Q)
andl1-(2-iodophenyl)pyrrolidinée (0.137 g)to givésk in 67 % (0.093 g) yield.

O Viscous liquid.
N IR (KBr): v =2962, 2872, 1930, 1886, 1595, 1446, 1336, 1168, 9

@ > )| 746 cnt.

L %) H NMR (400 MHz, CDCly): 4 7.62 (tdJ = 7.6 Hz,J = 1.2 Hz, 1H),
7.35-7.30 (m, 2H), 7.29-7.19(m, 2H), 7.13 (@it 7.2 Hz,J = 1.2 Hz, 1H), 6.86-6.79 (m,
2H), 6.49 (dJ = 0.8 Hz, 1H), 3.52 (s, 3H), 2.91 (s, 4H), 1.731, 6.0 Hz, 4H).
13C NMR (100 MHz, CDCly): § 148.7 (C), 142.3 (C), 136.6 (C), 133.9 (CH), 12@34),
128.4 (C), 120.8 (CH), 120.1 (CH), 119.4 (2 X CH}7.1 (CH), 114.0 (CH), 109.3 (CH),
101.5 (CH), 49.5 (2 X CH, 30.2 (CH), 25.5 (2 X CH).

HRMS (ESI): calcd for GaHaoNH [M+H]* 277.1705, found 277.1705.

2.5.21. 2-(2-Bromophenyl)-1-methyl-1H-indole (17)
A mixture ofo-nitrobenzaldehydé&3 (0.605g, 4 mmol) and bromo(2-bromobenzyl)triphenyl

A\>-phosphan#4 (2.254 g, 4.4 mmol) in a round bottom flask wassdived in toluene (15
mL) and triethyl amine (0.70 ml, 5 mmol) was add&te reaction mixture was heated at

reflux for 4 h and then the crude mixture was evafsa to dryness. The crude mass was
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dissolved ino-DCB (20 mL), and PP1(2.412 g, 9.2 mmol) was added and the mixture was
heated at 186C for 18 h under Natmosphere. The solvent was removed under reduced
pressure and crude mass was subjected to colunficgiion. The product was eluted with
15 % ethyl acetate in petroleum ether.

The off-white compound6 obtained (0.697 g, 2.56 mmol) was dissolved inll0 DMF

and cooled to 0C with an ice bath, to this NaH (0.123 g, 3.07 mnwehs added and the
reaction mass was stirred at the same temperaiur@nf additional 30 min. Methyl iodide
(0.186 mL, 3.0 mmol) was added and the reactionturexwas allowed to stir at room
temperature for 6 h. Reaction was then quencheatitiition of water (20 mL) and extracted
with (3x 10 mL) of diethyl ether. The organic layewvere combined and washed with brine
(10 mL) and dried over anhydrous J$&,. The volatile was removed under reduced
pressure and crude compound was purified using 1€l acetate in petroleum ether to
give desired compount¥ in 61 % (0.696 g) yield (over 3 steps).

CHO 1) Toluene, TEA, DMF, 0 °C, NaH Br
©: ©\/\PPh3 Br Reﬂux 4h “ then Mel w_.
NO, 2) 0-DCB, PPhg N 61 % over 3 steps N O

13 Reflux, 16 h H 16 \ g7

IR (KBr):# =2927, 2888, 1538, 1446, 1244, 1176'cm

IH NMR (400 MHz, CDClg): § 7.71-7.40 (m, 2H), 7.39-7.36 (m, 3H), 7.33-7.24 @H),
7.15 (dt, J = 8.0 Hz, J = 1.2 Hz, 1H), 6.51 (d,@&Hz, 1H), 3.57 (s, 3H).

13C NMR (100 MHz, CDCl3):  139.7 (C), 137.3 (C), 134.3 (C), 132.9 (CH), 13¢8i),
130.2 (CH), 127.6 (C), 127.2 (CH), 125.2 (C), 12(C81), 120.7 (CH), 119.8 (CH), 109.5
(CH), 102.1 (CH), 30.7 (C#).

HRM S (ESI):calcd for GsHyBrNH [M+H]* 286.0231, found 286.0231.

2.5.22. 1-Methyl-2-(2-(piperidin-1-ypheny!)-1H-indole (51)

Br. (Nj < N>
‘v ;
N K-t-butoxide, DMSO O N O

\ Microwave, 0.5 h N
17 83 % \ 51

Compoundl? (0.143 g, 0.5 mmol), potassiubutoxide (0.112 g, 1 mmol), piperidine (0.1
mL, 1.36 mmol) and DMSO (6 mL) were mixed in Teflmessel and heated under
microwave radiation for 30 min at 12C€. On completion water (10 mL) was added and
extracted with ethyl acetate (3 x 10 mL). The camhi organic layers were washed with

brine (10 mL) and dried over anhydrous,8@,. The volatile was removed under reduced
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pressure and crude compound obtained was puriedy 20 % ethyl acetate in petroleum
ether to givebl as oil in 83 % (0.120 g) yield.

Viscous liquid.

IR (KBr): ¥ = 3051, 2933, 2805, 1598, 1465, 1442, 1340, 1232 cnt..

'H NMR (400 MHz, CDCls): 6 7.55(d,J = 7.6 Hz, 1H), 7.29-7.25 (m, 2H), 7.16 (dt5
7.2 Hz,J = 1.2 Hz, 1H), 7.07 (dd] = 7.6 Hz,J = 1.2 Hz, 2H), 6.96-6.92 (m, 2H), 6.48 (1,
= 0.4 Hz, 1H), 3.68 (s, 3H), 3.16(%= 4.8 Hz, 4H), 1.69 (s, 4H), 1.54-1.53 (m, 4H).

3C NMR (100 MHz, CDCl3): § 152.3 (C), 142.4 (C), 138.3 (C), 133.6 (C), 12&CH),
128.1 (C), 121.6 (CH), 120.5 (CH), 120.3 (CH), B1&CH), 117.6 (CH), 116.1 (CH), 109.7
(CH), 101.4 (CH), 50.6 (2 X Chi 31.3 (CH), 25.9 (2 X CH), 24.4 (CH).

HRMS (ESI): calcd for gH,oNoH [M+H]*291.1861, found 291.1862.

2.5.23. 4-(2-(1-M ethyl-1H-indol-2-yl)phenyl)mor pholine (5m)
Following procedure described in section 2.5.22ngisl7 (0.142 g, 0.5 mmol) and

morpholine (0.1 mL, 1.16 mmol) to give 4-(2-(1-m@thH-indol-2-yl)phenyl)morpholine
5min 79 % (0.116 g) yield.

Viscous liquid.

(0]
Q__,} IR (KBr): » = 3049, 2930, 2800, 1594, 1460, 1439, 1340, 1281 ¢
O \ O 'H NMR (400 MHz, CDCl3): 6 7.63 (d,J =8.0 Hz, 1H), 7.38-7.35 (m,
N
\ 5m 2H), 7.26-7.22 (m, 1H), 7.15 (d1,=8.0 Hz,J =0.8 Hz, 1H), 7.12-7.01

(m, 2H), 7.00-6.94 (m, 1H), 6.55 (d,= 08 Hz, 1H), 3.88 (t) = 4.8 Hz, 1H), 3.74 (s, 3H),
3.21 (t,J = 4.8 Hz, 1H).

13C NMR (100 MHz, CDClg): ¢ 151.3 (C), 141.4 (C), 138.8 (C), 131.6 (C), 12&CH),
123.2 (C), 122.1 (CH), 121.0 (CH), 120.7 (CH), BLECH), 116.6 (CH), 114.1 (CH), 109.7
(CH), 101.2 (CH), 66.0 (2 X C#l, 52.6 (2 X CH), 31.2 (CH).

HRMS (ESI): calcd for GeHaoNOH [M+H]* 293.1654, found 293.1654.

General procedurefor synthesis of Dialkyl-11H-indolo[3,2-c]quinolin-5-ium iodide

'\\‘_N/‘ '-\\ /'6) @
R I,, TBHP (in decane) g =NO |
O \ O 2 equiv, CHCla, 1t, 14 h 1 O \
\ N
R R
5a-m 2 3a-m 2

2.5.24. 5,11-Dimethyl-11H-indol o[ 3,2-c]quinolin-5-ium iodide (3a) &
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In an oven dried round bottom fladkN-dimethyl-2-(1-methyl-H-indol-2-yl)aniline Ha,
0.025 g, 0.1 mmol) and iodine (0.028 g, 0.11 mmal¥ dissolved in chloroform (1 mL) and
TBHP (0.04 mL, 0.2 mmol) was added. The flask wlased with a stopper and stirred at
room temperature for 14 h. The reaction mixture wdgted with 20% ethyl acetate in
petroleum ether (10 mL). The solid product thatasefed out was filtered and dried to get
the salt3a (0.028 g, 75%). The compound was further putifsy passing through a short
bed of neutral alumina eluting with 9:1 chloroformethanol.

+/
=NT
N
\
3a

2.5.25: 2,5,11-Trimethyl-11H-indolo[3,2-c]quinolin-5-ium iodide (3b)
Following procedure described in section 2.5.24@Sb to give3b in 75 % (0.030 g) yield

Off-white solid, m.p. decomp. > 32C (lit. #m.p.> 300°C).

Off-white solid, m.p. decomp. > 31€.
7 IR (KBr): v = 3051, 1938, 1820, 1633, 1602, 1504, 1369, 1253 c
O S O 'H NMR (400 MHz, DM SO-d6): ¢ 10.18 (s, 1H), 8.87 (s, 1H), 8.41
(t, J= 9.6, 2H), 8.14 (dJ = 8.4 Hz, 1H), 8.06 (dJ = 8.8 Hz, 1H),
3b 7.78 (t,J= 7.6 Hz, 1H), 7.63 () = 7.6 Hz, 1H), 4.58 (s, 3H), 4.55 (s,
3H), 2.73 (s, 3H).
3C NMR (100 MHz, DM SO-d6): 6 142.5 (CH), 141.9 (C), 138.5 (C), 134.9 (C), 133.7
(CH), 128.1 (CH), 124.0 (CH), 123.7 (CH), 121.0,(C20.4 (CH), 119.4 (CH), 117.2 (C),
113.6 (C), 112.0 (CH), 44.7 (GH 34.3 (CH), 21.2 (CH).
HRMS (ESI): calcd for GgH;7N» [M]* 261.1392, found 261.1392.

N
\

2.6.26: 2-Chloro-5,11-dimethyl-11H-indolo[ 3,2-c]quinolin-5-ium iodide (3c)
Following procedure described in section 2.5.24@Sc to give3c in 72 % (0.030 g) yield.

" Off-white solid, m.p. decomp. > 32€.
IR (KBr): v = 3037, 1924, 1851, 1602, 1440, 1367, 1253, 1138,
N g cm™.
3 'H NMR (400 MHz, DM SO-d6): 6 10.30 (s, 1H), 9.06 (dl = 2.4

Hz, 1H), 8.57 (d,) = 9.6, 1H), 8.44 (dJ = 7.6 Hz, 1H), 8.29 (dt) = 9.6 Hz,J = 2.0 Hz,
1H), 8.19 (dJ = 8.4 Hz, 1H), 7.82 () = 8.4 Hz, 1H), 7.67 (t) = 7.6 Hz, 1H), 4.61 (s, 3H),
4.58 (s, 3H).
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3C NMR (100 MHz, DM SO-d6): § 143.8 (CH), 141.9 (C), 141.2 (C), 135.2 (C), 139,
132.1 (CH), 128.5 (CH), 124.1 (CH), 124.0 (CH), 22(CH), 120.9 (C), 120.6 (CH), 118.1
(C), 114.3 (C), 112.2 (CH), 45.0 (GKi34.1 (CH).

HRMS (ESI): calcd for GH14CIN, [M]*281.0846, found 281.0846.

2.5.27: 8-Methoxy-5,11-dimethyl-11H-indolo[3,2-clquinolin-5-ium iodide (3d)
Following procedure described in section 2.5.24gSd to give3d in 70 % (0.028 g) yield.

./ Off-white solid, m.p. decomp. > 31€.

Meotg“'. IR (KBr): # =3016, 2966, 1915, 1633, 1610, 1504, 1369, 1273,
O N O 829, 758 crit.

\
3d 'H NMR (400 MHz, DM SO-d6): 6 10.23 (s, 1H), 9.09 (dl = 8

Hz, 1H), 8.50 (dJ = 8.8, 1H), 8.18 (tJ = 8.0, 1H), 8.08-8.04 (m, 2H), 7.99 @@= 2.4 Hz,
1H), 7.39 (d,J = 9.2 Hz, 1H), 4.54 (s, 6H), 3.94 (s, 3H).

13C NMR (100 MHz, DM SO-d6): ¢ 156.4 (C), 143.5 (C), 141.8 (C), 136.5 (C), 13T8l),
128.9 (CH), 128.1 (CH), 125.1 (CH), 122.0 (C), BLECH), 117.3 (CH), 117.2 (C), 113.5
(C), 113.1 (CH), 102.7 (CH), 55.8 (GH44.7 (CH), 34.4 (CH).

HRMS (ESI): calcd for GgHi70N, [M]* 277.1341, found 277.1341

2.5.28: 8-Methoxy-2,5,11-trimethyl-11H-indolo[ 3,2-c]quinolin-5-ium iodide (3€)
Following procedure described in section 2.5.24gSe to give3ein 72 % (0.030 g) yield.

Off-white solid, m.p. decomp. > 32€.
IR (KBr): v = 2987, 1890, 1637, 1504, 1489, 1367, 1269, 1224,

NG
MeO \_ 812 cm'.
O N O IH NMR (400 MHz, DMSO-d6): & 10.14(s, 1H), 8.81 (s, 1H),
\

3e 8.39 (d,J = 9.2, 1H), 8.05-8.01 (m, 2H), 7.95 @@= 2.4 Hz, 1H),
7.37 (ddJ = 8.8 Hz,J= 2.4 Hz, 1H), 4.53 (s, 3H), 4.51 (s, 3H), 3.933d), 2.71 (s, 3H).
3C NMR (100 MHz, DM SO-d6): 6 156.3 (C), 142.6 (CH), 141.4 (C), 138.4 (C), 13&%,
134.7 (C), 133.4 (CH), 123.8 (CH), 121.9 (C), 11&#), 117.3 (C), 117.2 (CH), 113.4 (C),
113.0 (CH), 102.6 (CH), 55.7 (GH 44.6 (CH), 34.3 (CH), 21.1 (CH).
HRMS (ESI): calcd for GgH1gON, [M]*291.1497, found 291.1497.

2.5.29: 2-Chloro-8-methoxy-5,11-dimethyl-11H-indol o[ 3,2-c]quinolin-5-ium iodide (3f)
Following procedure described in section 2.5.24wSf to give3f in 69 % (0.030 g) yield.

Off-white solid, m.p. decomp. > 33€.
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IR (KBr): v = 2983, 1901, 1635, 1504, 1444, 1363, 1253, 1060,

(s 817 o
T |
N 'H NMR (400 MHz, DMSO-d6): § 10.23 (s, 1H), 8.96 (s, 1H),
o
3f

8.57 (d,J = 9.6, 1H), 8.53 (dJ = 8.4 Hz, 1H), 8.23 (dJ = 8.4 Hz,
1H), 8.05 (d,J = 8.4 Hz, 1H), 7.95 (s, 1H), 7.37 @@= 7.6 Hz, 1H), 4.53 (s, 6H), 3.92 (s,
3H).

3C NMR (100 MHz, DM SO-d6): 6 156.5 (C), 143.7 (CH), 140.6 (C), 136.5 (C), 13&0),
132.7 (C), 131.8 (CH), 123.8 (CH), 121.8 (CH), 72(C), 118.1 (C), 117.7 (CH), 114.0 (C),
113.2 (CH), 102.7 (CH), 55.8 (GH 44.9 (CH), 34.2 (CH).

HRMS (ESI): calcd for GgH16OCIN, [M] *311.0951, found 311.0951.

2.5.30: 5,8,11-Trimethyl-11H-indolo[3,2-c]quinalin-5-ium iodide (3q)
Following procedure described in section 2.5.24gSg to give3gin 71 % (0.028 g) yield

va Off-white solid, m.p. decomp. > 32C.
IR (KBr): # = 3037, 2918, 1905, 1836, 1608, 1504, 1448, 18533,
d 1112, 752 cm.
3g 'H NMR (400 MHz, DM SO-d6): § 10.21 (s, 1H), 9.12 (dl = 8.4

Hz, 1H), 8.51 (dJ = 8.8, 1H), 8.23-8.19 (m, 2H), 8.09-8.03 (m, 2HFZ(d,J = 8.4 Hz,
1H), 4.5 (dJ = 4.4 Hz, 6H), 2.58 (s, 3H).

13C NMR (100 MHz, DM SO-d6): ¢ 143.2 (CH), 142.0 (C), 140.2 (C), 136.5 (C), 13&},
132.0 (CH), 129.5 (CH), 128.1 (CH), 125.2 (CH), 22(C), 120.0 (CH), 119.6 (CH), 117.1
(C), 113.4 (C), 111.8 (CH), 44.7 (GH34.3 (CH), 21.1 (CH).

HRMS (ESI): calcd for GgHi7N, [M]* 261.1392, found 261.1392.

2.5.31: 2,58,11-Tetramethyl-11H-indolo[3,2-c]quinalin-5-ium iodide (3h)
Following procedure described in section 2.5.24@Sh to give3h in 72 % (0.029 g) yield.

Off-white solid, m.p. decomp. > 31€.

+/
—NT
O \ O IR (KBr): v = 2926, 2854, 1897, 1726, 1610, 1442, 1357, 12578,
N 804 cm®.

3h 'H NMR (400 MHz, DM SO-d6): § 10.13 (s, 1H), 8.84 (s, 1H), 8.40
(d,J= 9.2, 1H), 8.17 (s, 1H), 8.03 (= 8.4 Hz, 2H), 7.60 (dd] = 8.8 Hz,J = 1.2 Hz, 1H),
4.54 (dJ = 4.0 Hz, 6H), 2.72 (s, 3H), 2.57 (s, 3H).
3C NMR (100 MHz, DM SO-d6): 6 142.4 (CH), 141.6 (C), 140.2 (C), 138.4 (C), 13€}
133.6 (CH), 133.1 (C), 129.4 (CH), 123.9 (CH), 22(C), 120.0 (CH), 119.4 (CH), 117.2
(C), 113.4 (C), 111.7 (CH), 44.6 (GH34.3 (CH), 21.1 (CH), 21.1 (CH).
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HRM S (ESI): calcd for GeHigN, [M]* 275.1548, found 275.1548

2.5.32: 2-Chloro0-5,8,11-trimethyl-11H-indolo[ 3,2-c]quinolin-5-ium iodide (3i)
Following procedure described in section 2.5.24@Si to give3i in 68 % (0.029 g) yield.

Off-white solid, m.p. decomp. > 33€.
IR (KBr): v =3026, 2983, 1892, 1633, 1610, 1504, 1357, 1255,

s
O S O 1128, 819 cn.
N 'H NMR (400 MHz, DMSO-d6): 6 10.24 (s, 1H), 9.02 (dl = 2.4
Cl
3i

Hz, 1H), 8.54 (dJ = 9.2 Hz, 1H), 8.26 (dd] = 9.2 Hz,J = 2.4 Hz,
1H), 8.21(s, 1H), 8.07 (d,= 8.4 Hz, 1H), 7.64 (ddl = 9.2 Hz,J = 1.2 Hz, 1H), 4.57 (d] =
4.0 Hz, 6H), 2.59 (s, 3H).
3C NMR (100 MHz, DM SO-d6): 6 143.3 (CH), 140.8 (C), 140.2 (C), 135.0 (C), 13&5,
132.7 (C), 131.9 (CH), 129.8 (CH), 123.8 (CH), 72(CH), 120.9 (C), 120.1 (CH), 117.9
(C), 113.9 (C), 111.9 (CH), 44.8 (GKI34.0 (CH), 21.0 (CH).

HRMS (ESI): calcd for GgH1CIN, [M]*295.1002, found 295.1002.

2.5.33: 5-Ethyl-6,11-dimethyl-11H-indolo[3,2-c]quinolin-5-ium_iodide (3j) Following
procedure described in section 2.5.24 u&ing give3dj in 58 % (0.023 g) yield.

Pale yellow solid, m.p. decomp. > 3%®.

IR (KBr): ¥ =3 053, 2970, 2929, 1909, 1589, 1321, 1240, 752 cm

'H NMR (400 MHz, DM SO-d6): ¢ 9.13 (d,J = 8.0 Hz, 1H), 8.63 (d}

= 8.8 Hz, 1H), 8.54 (d) = 8.0 Hz, 1H), 8.21-8.14 (m, 2H), 8.03 {t=
8.0 Hz, 1H), 7.81 (t) = 8.0 Hz, 1H), 7.65 (tJ = 8.0 Hz, 1H), 5.04 (]

= 7.6 Hz, 2H), 4.55 (s, 3H), 3.51 (s, 3H), 1.6Q)&, 7.6 Hz, 2H).

3C NMR (100 MHz, DM SO-d6): § 154.5 (C), 141.7 (C), 141.5 (C), 136.3 (C), 13Z8l),
127.6 (CH), 127.4 (CH), 125.4 (CH), 123.8 (CH), B2CH), 121.3 (C), 119.4 (C), 116.6
(C), 113.6 (C), 111.9 (CH), 45.5 (GH34.4 (CH), 19.3 (CH), 13.7 (CH).

HRMS (ESI): calcd for GoHigN, [M]*275.1548, found 275.1549.

2.5.34:  9-Methyl-1,2,3,9-tetrahydroindolo[3,2-c]pyrrolo[1,2-alquinolin-4-ium __iodide

(3k)
Following procedure described in section 2.5.24gSk to give3k in 62 % (0.025 g) yield

Pale yellow solid, m.p. decomp. > 3%0.
IR (KBr): v = 2924, 1953, 1625, 1598, 1504, 1384, 1249, 1166 ¢
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IH NMR (400 MHz, DM SO-d6): 6 9.12 (d,J = 8.0 Hz, 1H), 8.37 (dJ

= 8.4 Hz, 1H), 8.32 (d] = 7.6 Hz, 1H), 8.19-8.14 (m, 2H), 8.03 Jt=
8.0 Hz, 1H), 7.80 (t) = 8.0 Hz, 1H), 7.64 (1) = 8.0 Hz, 1H), 5.05 (1J

= 3.6 Hz, 2H), 4.58 (s, 3H), 4.16 {t= 4.0 Hz, 2H), 2.71-2.67 (m, 2H).
13C NMR (100 MHz, DM SO-d6): 6 156.4 (C), 141.9 (CH), 141.8 (C),
134.7 (C), 131.9 (CH), 127.7 (CH), 125.0 (C), 12@X CH), 121.4 (CH), 120.9 (C), 119.8
(CH), 116.4 (C), 111.9 (CH), 110.3 (C), 54.7 (84.2 (CH), 32.7 (CH), 20.0 (CH).
HRMS (ESI): calcd for GeHi7N, [M]* 273.1392, found 273.1392.

2.5.35: 10-Methyl-2,3,4,10-tetr ahydr 0-1H-indol o[ 3,2-c]pyrido[1,2-a]guinolin-5-ium (3I)
Following procedure described in section 2.5.24@sSI to give3l in 60 % (0.025 g) yield.

Pale yellow solid, m.p. decomp. > 3%@.

IR (KBr): v = 2956, 2927, 1589, 1446, 1321, 1240, 1166, 752 cm

'H NMR (400 MHz, DM SO-d6): ¢ 9.11 (d,J = 8.4 Hz, 1H), 8.60 (d]

= 9.2 Hz, 1H), 8.41 (dJ = 8.0 Hz, 1H), 8.20-8.14 (m, 2H), 8.04 Jt=
7.6 Hz, 1H), 7.80 (t) = 8.0 Hz, 1H), 7.64 (tJ = 8.0 Hz, 1H), 4.83 (1)

= 6.0 Hz, 2H), 4.55 (s, 3H), 3.99 {t= 6.0 Hz, 2H), 2.29-2.28 (m, 2H), 2.17-2.13 (m, 2H)
3C NMR (100 MHz, DM SO-d6): 6 155.9 (C), 141.6 (C), 140.7 (C), 137.6 (C), 13LC8l),
127.8 (CH), 127.4 (CH), 125.0 (CH), 123.7 (CH), 2@H), 121.1 (C), 118.9 (CH), 116.4
(C), 112.8 (C), 111.8 (CH), 50.4 (GH34.4 (CH), 29.9 (CH), 21.4 (CH), 16.9 (CH).

HRMS (ESI): calcd for GoHioN, [M]*287.1541, found 287.1541.

2.5.36: 5-Methyl-11H-indolo[3,2-c]quinolin-5-ium iodide (2) *°°
Following procedure described in section 2.5.24gSito give2 in 56 % (0.020 g) yield

—N/ +/

I, (1.1 equiv), TBHP (2 equiv) =NI"
O A O CHCls, t, 14 h O \ O
N 56 %
N s b N 2

H

Off-white solid, m.p. 296-298C (lit. *®m.p. 298-299C).

2.5.37: 5,11-Dimethyl-6,11-dihydr 0-5H-indol 0] 3,2-c]quinoline (4a)

@/ /
I,, TBHP, 1t, 14 h NaBH,, MeOH, 0 °C
N N 71 % over 2 steps N\
\ 5a \ 3a 4a
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Following the similar procedure described in seattih5.24 but instead of filtering the
solvent was decanted. This was followed for threee$ and the solid compound obtained
was suspended in methanol (5 mL) and cooled’® &nd NaBH (0.002 g, 0.05 mmol) was
added and stirred at room temperature for 2 h. Thethanol was removed under reduced
pressure and 5 mL water was added and extractedGHCL (3 x 5 mL). The organic layer
was combined and dried over anhydrous,S@® and concentrated to give pure 5,11-
Dimethyl-6,11-dihydro-8l-indolo[3,2¢]quinoline4ain 71 % (0.018 g) yield.

Yellow thick oil.

IR (KBr): # = 2924, 1936, 1570, 1388, 1380, 1232, 1093, 765 cm

'H NMR (400 MHz, CDCly): 6 7.53 (d,J = 7.6 Hz, 1H), 7.37 (d] = 8.0 Hz, 1H), 7.24 (d]

= 8.4 Hz, 1H), 7.16-7.09 (m, 2H), 7.04 Jt= 7.2 Hz, 1H), 6.76-6.67 (m, 2H), 4.49 (s, 2H),
3.92 (s, 3H), 2.89 (s, 3H).

13C NMR (100 MHz, CDCl3): d 145.6 (C), 138.3 (C), 131.2 (C), 127.1 (CH), 126#),
121.4 (CH), 120.8 (CH), 118.5 (CH), 117.0 (CH), BL6C), 116.5 (CH), 111.2 (C), 108.2
(CH), 108.0 (C), 48.9 (C}), 37.9 (CH), 31.6 (CH).

HRMS (ESI): calcd for GHiNoH [M +H]* 249.1380, found 249.1380.

2.5.38: 5,6,11-Trimethyl-6,11-dihydr 0-5H-indol o[ 3,2-clquinoline (4bh)

@/ /
—N/ =N Ie N
I,, TBHP, it, 14 h THF, MeMgBr, 0 °C O \ O
N N 68 % over 2 steps N
\ 3a \' 4b

\ 5a

Following the similar procedure described in sectth5.37 but instead of methanol and
NaBH,;, 5 mL of THF and methyl magnesium bromide (0.04 @h3M solution, 0.11 mmol)
was added to give 5,6,11-Trimethyl-6,11-dihydig-fdolo[3,2<¢]quinoline in 68 % (0.018

) yield.
Yellow thick oil.

IR (KBr): v = 3051, 2958, 2922, 1926, 1479, 1355, 1273, 1282 cnm’.

'H NMR (400 MHz, CDCls): 6 7.56 (dd,J = 7.6 Hz, 1.6 Hz, 1H), 7.38 (td,= 8.0 Hz, 1.2
Hz, 1H), 7.23 (dJ = 8.4 Hz, 1H), 7.15-7.08 (m, 2H), 7.03 (dt= 8.0 Hz, 0.8 Hz, 1H), 6.72
(dt,J= 7.2 Hz, 0.8 Hz, 1H), 6.59 (dd= 8.0 Hz, 0.8 Hz, 1H), 4.86 (d,= 6.4 Hz, 1H), 3.91
(s, 3H), 2.95 (s, 3H), 1.16 (d= 6.4 Hz, 3H).

3C NMR (100 MHz, CDCl3): § 143.6 (C), 138.3 (C), 129.9 (C), 127.1 (CH), 12@X,
121.2( CH), 120.8 (CH), 118.5 (CH), 116.6 (CH), BLEC), 115.8 (CH), 113.3 (C), 111.8
(CH), 108.2 (CH), 54.5 (Ch), 36.2 (CH), 31.6 (CH), 16.3 (CH).
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HRMS (ESI): calcd for GgH1gNoH [M +H]* 263.1538, found 263.1538.

2.5.39: N,N-dimethyl-2-(1-methyl-1H-indol-3-ylaniline (23a)

O 1) Fe, HCI in ethanol Q

Pd OAC)2 K2003
©\/\> 0, Dloxane reflux, 16 h { NO, | Reflux, 2h N—
H 2) DMF, 0°C, NaH O \ 2) DMF, K,CO;4 O D
then CHyl \ CHl, 1t, 16 h N
24a 32 % over 4steps 23a

Indole 11c (234 mg, 2 mmol) and-iodonitrobenzen5 (598 mg, 2.4 mmol) were dissolved
in dioxane (10 mL) and degassed with nitrogesC® (414 mg, 3 mmol) and Pd(OAc8
mg 0.2 mmol) were added and the reaction mixture eated at 118C for 16 h. After
cooling to room temperature, it was filtered throwgelite, washed with water (20 mL) and
ethyl acetate (20 mL). The organic layer was thepasted and the aqueous layer was
further extracted with ethyl acetate (2 X 20 mLpnibined organic layer was dried over
anhydrous Ng50O, and concentrated under reduced pressure. The pradact was purified
by flash chromatography (90:10 petroleum etheryle#itetate) to obtain 217 mg of the
arylated product. This was directly dissolved imydrous DMF (5 mL) and cooled to°C
and 60% NaH (51.6 mg, 1.3 mmol) was added in omggmoand stirred at that temperature
for 0.5 h. Methyl iodide (169 mg, 1.2 mmol) waslad and stirred at room temperature for
3 h. Reaction mixture is then diluted with wated &xtracted with ethyl acetate (3 X 10mL).
The combined organic layer was dried over anhydrasSO,and concentrated under

reduced pressure to give the crude pro@dat

The crude compoun24a was then dissolved in acidic ethanol (1:6 HCl/athal5 mL) and

to this solution Fe powder (335 mg, 6 mmol) waseatldnd heated at 8C for 2 h in a
nitrogen atmosphere, poured on ice water and thev@simade basic (pH 10) by addition of
agueous KCO; and filtered through a bed of celite and washati water (20 mL) and ethyl
acetate (20 mL). The organic layer was then sepdrahd the aqueous layer was further
extracted with ethyl acetate (2 X 20 mL). The cameki organic layers were dried over
anhydrous Nz50, and concentrated under reduced pressure. The pmodieict was then
treated with DMF (5 mL), KCO; (276 mg, 2 mmol), CH (282 mg, 2 mmol) and stirred at rt
for 16 h. The reaction was then diluted with wdtd mL) and extracted with ethyl acetate
(10 mL). The organic layer was then separated hadatjueous layer was further extracted
with ethyl acetate (2 X 10 mL). The combined orgalayer was dried over anhydrous

NaSO, and concentrated under reduced pressure. The prodect was purified by flash
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chromatography (95:5 petroleum ether: ethyl acktat®btain desired trimethylat&tBa in
32 % (0.161 g) yield over 4 steps.

White crystalline solid, m.p. 84-8€.
N———
Do
N
\
23a

2.5.40: 2-(5-M ethoxy-1-methyl-1H-indol-3-yl)-N,N-dimethylaniline (23b)
Following procedure described in section 2.5.3%gi$-methoxy indolella (0.293 g, 2

mmol) to give23b in 26 % (0.146 g) yield over 4 steps.

White crystalline solid, m.p.116-118€.
O IR (KBr): ¥ = 2940, 2825, 1870, 1850, 1491, 1211, 1139, 835 cm
e O A N 'H NMR (400 MHz, MeOD):§ 7.32 (dd,J = 7.6 Hz,J = 1.6 Hz,
\ - 1H), 7.26 (dJ = 8.8 Hz, 1H), 7.21-7.16 (m, 1H), 7.10-7.07 (m)2H
6.95 (dt,J = 7.6 Hz,J = 1.2 Hz, 1H), 6.83 (dd} = 8.8 Hz,J = 2.4 Hz, 1H), 3.81 (s, 3H), 3.76
(s, 3H), 2.53 (s, 6H).
3C NMR (100 MHz, MeOD): ¢ 155.2 (C), 153.0 (C), 134.1 (C), 132.6 (CH), 13(2),
129.1 (CH), 128.3 (C), 127.9 (CH), 122.5 (CH), B18CH), 116.7 (C), 112.7 (CH), 110.8
(CH), 103.8 (CH), 56.2 (C#), 43.4 (CH), 33.0 (CH).
HRMS (ESI): calcd for GgH2oN,OH [M +H]* 281.1648, found 281.1648.

2.5.41: 2-(1,5-Dimethyl-1H-indol-3-yl)-N,N-dimethylaniline (23c)
Following procedure described in section 2.5.3@gimethyl indolel1lb (0.262 g, 2 mmol)
to give23cin 28 % (0.149 g) yield over 4 steps.

O White crystalline solid, m.p. 82-8€.

- IR (KBr): v = 2943, 2829, 2777, 1546, 1487, 1325, 1161, 758 cm
O Ny 'H NMR (400 MHz, MeOD): § 7.35-7.32 (m, 3H), 7.26 (d,= 8.4

\ ”s Hz, 1H), 7.18 (dtJ = 8.0,J = 1.2 Hz, 1H), 7.09 (d] = 8.0 Hz, 1H),

7.02-6.95 (m, 2H), 3.81 (s, 3H), 2.53 (s, 6H), A8BH).
3C-NMR (100 MHz, MeOD): ¢ 153.2 (C), 137.1 (C), 132.7 (CH), 130.1 (C), 12822,
128.7 (CH), 128.4 (C), 127.9 (CH), 124.0 (CH), I2@CH), 121.2 (CH), 118.9 (CH), 116.2
(C), 109.9 (CH), 43.6 (2 X C¥, 32.8 (CH), 21.7 (CH).
HRMS (ESI): calcd for GgH2oN2H [M +H] " 265.1698, found 265.1698.

C
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2.5.42: 2-(6-Chloro-1-methyl-1H-indol-3-yl)-N,N-dimethylaniline (23d)
Following procedure described in section 2.5.3gish-methyl indolelld (0.303 g, 2

mmol) to give23d in 36 % (0.204 g) yield over 4 steps.

White crystalline solid, m.p. 108-1£C.

IR (KBr): v = 3059, 2933, 2785, 1543, 1487, 1327, 1217, 754 cm
'H NMR (400 MHz, MeOD): § 7.42 (d,J = 8.4 Hz, 1H), 7.31 (dJ

= 1.6 Hz, 1H), 7.21 (s, 1H), 7.19 (dii= 7.6 Hz,J = 1.6 Hz, 1H),
7.10 (dt,J= 7.2 Hz,J = 1.6 Hz, 1H), 6.98 (dd] = 8.4 Hz,J= 1.2
Hz, 1H), 6.90-6.83 (m, 2H), 3.70 (s, 3H), 2.40 6id).

13C NMR (100 MHz, MeOD): § 153.1 (C), 139.0 (C), 132.7 (CH), 129.4 (CH), R),
128.4 (C), 128.3 (CH), 126.6 (C), 123.0 (CH), 12@#), 120.5 (CH), 119.0 (CH), 117.4
(C), 110.2 (CH), 43.4 (2 X C#} 33.0 (CH).

HRMS (ESI): calcd for G/H17CINH [M +H] " 285.1149, found 285.1149.

2.5.43: 5,7-Dimethyl-7H-indol0[2,3-c]quinolin-5-ium iodide (21a) ***
Following procedure described in section 2.5.24gdl,N-dimethyl-2-(1-methyl-H-indol-
3-yhaniline23a (0.025 g, 0.1 mmol) to givelain 53 % (0.019 g) yield.

Pale yellow solid, m.p. decomp. > 32D.

2.5.44: 57,10-Trimethyl-7H-indolo[2,3-c]quinolin-5-ium (21c)
Following procedure described in section 2.5.24g4-(1,5-dimethyl-H-indol-3-yl)-N,N-
dimethylaniline23c (0.027 g, 0.1 mmol) to givelc in 52 % (0.020 g) yield.

Pale yellow solid, m.p. decomp. > 3%®.

IR (KBr): ¥ = 3039, 2941, 1631, 1544, 1498, 1313, 1236, 758 cm
'H NMR (400 MHz, DM SO-d6): 6 10.13 (s, 1H), 9.16 (d,= 7.6 Hz,
1H), 8.72 (s, 1H), 8.53 (d,= 8.4 Hz, 1H), 8.11-8.10 (m, 2H), 7.93 (d,
J = 8.4 Hz, 1H), 7.70 (d) = 8.8 Hz, 1H), 4.73 (s, 3H), 4.19 (s, 3H),

2.64 (s, 3H).

3C NMR (100 MHz, DM SO-d6): 6 142.4 (C), 136.8 (CH), 133.1 (CH), 132.7 (C), 132.
(C), 130.8 (C), 129.7 (2 X CH), 125.1 (CH), 1240),(123.5 (C), 123.4 (CH), 119.5 (CH),
111.5 (CH), 45.5 (Ch), 30.3 (CH), 21.0 (CH).
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HRMS (ESI): calcd for GgH;7N» [M]* 261.1392, found 261.1392.

2.5.45: 9-Chloro-5,7-dimethyl-7H-indolo[2,3-c]quinolin-5-ium (21d)

Following procedure described in section 2.5.2ag$-(6-chloro-1-methyl-#-indol-3-yl)-
N,N-dimethylaniline23d (0.029 g, 0.1 mmol) to giveld in 48 % (0.020 g) yield.

Pale yellow solid, m.p, decomp. > 3%8.

IR (KBr): ¥ = 3061, 2933, 1625, 1544, 1492, 1338, 1134, 758 cm
'H NMR (400 MHz, DM SO-d6): ¢ 10.18 (s, 1H), 9.12-9.10 (m,1H),
cl N\ 21d 8.91 (d,J = 8.8 Hz, 1H), 8.56-8.53 (m, 1H), 8.20 (s, 1H), 838L30

(m, 2H), 7.60 (dJ = 8.8 Hz, 1H), 4.74 (s, 3H), 4.19 (s, 3H).
13C NMR (100 MHz, DM SO-d6): § 144.2 (C), 137.2 (CH), 136.1 (C), 133.0 (C), 13C5,
130.3 (CH), 130.0 (CH), 125.9 (CH), 125.1 (C), TRECH), 123.3 (C), 123.0 (CH), 119.7
(CH), 118.1 (C), 111.8 (CH), 45.8 (@K 30.5 (CH).
HRMS (ESI): calcd for G/H14CIN, [M]*281.0846, found 281.0846.

2.5.46: 2-(1H-indol-3-yD)-N,N-dimethylaniline (30)

Pd(PPh
I (S(nBu :;)4 SnBus Pd(PPhg),, Cul, CsF
ux N2, DMF, 50 °C, 8h __ TBAF, THF
2
{\ Toluene, refiux, 121 \ I h
A\ /
" " 0% \

o7 SO2Ph SO,Ph SOzPh Overall yleld H
28

73

3-lodo-1-(phenylsulfonyl)-#-indole *** 27 (0.766 g, 2 mmol) and bis(tributyltin) (1.276 g,
2.2 mmol) was dissolved in toluene (15 mL) and degd with nitrogen. To this Pd(Ph
(0.231 g, 0.2 mmol) was added and the mixture wlaxed at 110C for 12 h. The crude
mixture was purified by column purification and retgl compound28 obtained was
subjected to Stille condition with 2-iodoanilira (0.247 g, 1 mmol) according to the
procedure described in section 2.5.10, to giyé-dimethyl-2-(1-(phenylsulfonyl)-H#-indol-
3-ylaniline 29 (0.336 g) which was directly subjected to desuf@tmn with TBAF (2 mL
of 1M solution) in refluxing THF (5 mL) for 6 h. Ehreaction mixture was concentrated and
10 mL water was added, and extracted with ethytadee(3 X 10 mL). The combined
organic layer was washed with brine 10 mL and dre@r anhydrous N&O, and
concentrated under reduced pressure. The crudeiahaibtained was purified by column
chromatography using 4:1 petroleum ether; ethylaaeamixture to afford 2-{-indol-3-yl)-
N,N-dimethylaniline30, 80 % (0.188 g) over two steps.

White solid m.p. 58-6(°C.
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IR (KBr): # =3330, 3054, 1920, 1573, 1470, 1452, 1301, 118D car".

IH NMR (400 MHz, DM SO-d6): 5 8.12 (br s, 1H), 7.67 (td, = 8 Hz,J = 0.4 Hz, 1H), 7.41
(d,J = 2.4 Hz, 1H), 7.38 (dd] = 7.6Hz,J = 2.0 Hz, 1H), 7.32 (td] = 8.0 Hz,J = 0.8 Hz,
1H), 7.20-7.12 (m, 2H), 7.07-7.00 (m, 2H), 6.94 (dt 7.6Hz,J = 2.0Hz, 1H), 2.48 (s, 6H).
13C NMR (100 MHz, DMS0-d6): § 150.9 (C), 135.1 (C), 130.7 (CH), 127.0 (C), 126.1
(CH), 125.3 (C), 121.8 (CH), 120.9 (CH), 120.3 (CH#)9.8 (CH), 118.6 (CH), 116.7 (CH),
116.0 (C), 109.9 (CH), 42.0 (2 X GH

HRMS (ESI): calcd for GeHigNoH [M+H]*237.1392, found 237.1392.
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3.1: Introduction

The indole nucleus is ubiquitously found in a largamber of naturally occurring
heterocycles. Moreover, it is an important partaofvide variety of biologically active
molecules. Indole containing compounds are founeéxbibit antimicrobial, antibacterial,
antiinflammatory, antitumor, anticancer etc. prolest Some of these molecules are used as
drugs in pharmaceutical industries. It is found thityl substituted indoles is present as an
active ingredient in many drugs available in therkea For example, some of 2-methyl
substituted indoles such as oxyperthds an antipsychotic agent, indomethacinBL@&s a

nonsteroidal anti-inflammatory agent and paraaeéoli2 C is an anti-alazaric agent (Fig.

1) .ld
(@) OMe
o O

MeO

Ph
</N
J 0

A\

MeO. N

; avs

MeO © cl

B

A

=
/\/Z 7

[ =z
N

(9

Figure 1: Drugs containing 2-methylH-indole

Indole scaffold due to its potential pharmacolobiaetivities has remained the target of
research for developing methodologies for its sgsith A large number of methods have
been accomplished and the methods are reviewedasdirmes? Over the years, several
powerful strategies, including metal catalyzed srosupling reactions have been developed
for this ring system. Moreover, recently C-H fuooalization has attracted much interest
amongst synthetic organic chemi$fsThe C-H insertion could be broadly classified Jas i
nitrene insertion in C-H bond, ii) carbene insertio C-H bond, iii) coupling of two sp2
carbon centers, iv) transition metal mediated Crnation and v) other method¥. This

chapter focuses on nitrene type insertion on C-ktlldoom nitro intermediates.

3.2: Literature Reported M ethods

Described below are the reported methods for timthegis of indole nucleugia nitrene

intermediates derived from nitrophenginitro cinnamates or nitro styrene type derivatives

The C-H insertion through nitrene intermediates degeloped by Cadogan, Sundberg and
Hessienberget Cadogan’s initial studies in 1965 utilized trigtiphosphite as a reagent for

the reductive cyclization leading to indoles alavith N-ethyl indoles in minor amounts.
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R P(OEt)s Ry R4
1
N Reflux. 6 h A
R2 R2 + \ R2
NO, ” N
Ry = Ph, CH, Et
R2 = CH3
Ry, Ry = (CHy)s
Scheme 1

Mali et al. % in the year 1984 showed that the yield to 2-catime indole could be
increased when 5 fold excess of triethyl phospivis used for reaction. In the same paper
the authors synthesized tri-substituted Wittig maidwhich on reductive cyclization gives
ethyl 3-methyl-H-indole-2-carboxylatesia migration of the methyl group (Scheme 2).
Later carefully conducted study by the same groujhé year 1987 revealed that it is not the
methyl but the carboethoxy group that migrates iwe gethyl 2-methyl-H -indole-3-

carboxylate$®

Rs
P(OEt); R,
Reﬂux, 3h \ COQEt
—_———
Benzene Ref. 6a R N
R CHO CO,Et R CO,Et
T B e
R
R2 N02 Ph3P R3 R 3

2 NO, P(OEt), CO,Et
Ry =H, OMe Refux, 3h  Ri N
- — R
R, = H, OMe Ref. 6b NG
R1 & R2 = OCHQO R2 H
Rs = H, Me
Scheme 2

Russellet al. in 1991 created an alternative route using aukstuted nitro alkenes under
reductive cycliszation with phosphites to yieldlates, where in authors presumed an
unstable B-azirine intermediate to be formed which collapgegive indole moiety under
the reaction conditions (Scheme®3).

h
(EtO)3P or (EtO),POH X Ph
- NO2 ) 7
or mixture of two, 150 °C, 0.5 h N N\
R - \ R
H

R =H, SPh, S-t-Bu, NO,

Scheme 3

Our group later in year 2000 first time reporteficednt use of triphenyl phosphine in
refluxing diphenyl ether for successful synthegi2-acyl indoles and 2-benzoylindole. 4-(2-

Nitrophenyl)but-3-en-2-one and 2-nitrochalcome=re synthesized using Wittig reaction on
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nitrobenzaldehydes involving stable phosphoranesiwivere then subjected to reductive
cyclization (Scheme 4§ The method has an advantage that the side pradustethyl

derivative obtained using triethyl phosphite wasided.

Ry CHO 5 PPhs, Ph,0 R, Rs
:@: o PP Y Reflux, 2 h m
R2 N02 (0] R2 Il:ll 6]
R;=H, OMe R4 and R, = OCH,O
R,=H,OMe R3=CHs Ph
Scheme 4

Dehaeret al. in the year 2005 used microwave conditions tacgdbazoles from 2-nitro-1,1'-
biphenyl under reductive cyclization with triethghosphite.®® The yields obtained were
slightly lower as compared to normal heating remsj but the time required for reactions
was shortened considerably to just 10-20 minutefeumicrowave irradiation (Scheme 5).
The authors synthesized carbazoles with differebststuents in one of the benzene rings

and also pyrrole and thiophene fused carbazoles.

R2 R2
R4
O P(OEt)3, microwave O O R4
O 10-20 min N

NO, H
R =H, Me, OMe, NMe,, CI, CN, COMe, CO,Me
R2 =H
R4, R, = pyrole, thiophene

Scheme5

Later Freemaret al. "® in 2005 carried out nitrene mediated cyclisati@ing triphenyl
phosphine in refluxing-dichlorobenzene at 180 °C to synthesize carbaz&@ekeme 6).
The reaction period was observed to be longer o186 as compared to the reaction
conditions from method reported from our laboratehich took 2-3 h for completion using

triphenyl phosphine.

R NO, R §
O PPh,, 0-DCB, 180 °C, 16-18 h O
@ (=
R

2

R, = H, OMe, Br, F.CF3, CN, CHO, COCHa, CO,Me, C(CHg)s
R, =H, Br, C(CH3);

Scheme 6
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Further decrease in temperature to generate nitaérlewer temperature with triphenyl
phosphine was reported by Sastzal. in 2007 which made use of dioxomolybdenium(VI)
catalyst ® in refluxing toluene. The process was employedsyathesize indoles and
carbazoles from corresponding nitro intermediateseiatively good yields. However, this
procedure like Freeman's protocol required longee tof 16-18 h for completion (Scheme
7). In the same paper the authors demonstrateasthef polymer bound triphenyl phosphine
instead of free triphenyl phosphine for reductiyelization. The conversion was found
almost similar to triphenyl phosphine, but timeueed for the reaction was longer. The use
of polymer bounded phosphine comes with the adgentd easy isolation of product as
phosphine oxide stays bound with polymeric supmorti can be separated by simple

filtration.

R1 N02 H
O MoO,Clp(dmf), 5mol % Ry N
O PPh; (2.4 equiv), toluene R
R, Reflux, 16 h 2

R1 = H, C(CHa)3, OMe, CHO, CO,Me, F, CO,Et, OH, CO,H

R2 = H, C(CHa)
NO, H
Ej/\/-H MoO,Cly(dmf), 5 mol % N
R
= 3
Rs PPhs (2.4 equiv), toluene 7
Ry Reflux, 16 h Ry
R3 = n-C5H11, Me, COzEt
R, = H, Me

Scheme 7

Recently in the year 2011 Chetial. ' synthesized bromo substituted 5,6-dimethoxyindole
from o-nitrostilbenes. Nitrostilbenes are in turn obtdindrom correspondingo-
nitrobenzaldehydes followed by treating with Sardi@xomolybdenium(VI) catalyst using

triphenyl phosphine under microwave conditionsit@ gndole derivatives (Scheme 8).

R R R

MeO CHO . i MeO ~__R MoO,Cl,(dmf), 5 mol% MeO
Wittig reaction 2 PPh, (2equiv), toluene N g,

MeO NO, MeO NO, 200 °C, 1 h, microwave  MeO H

R R1 R1
R =H, Br
R1 = H, Br
R, = H, CO,Me

Scheme 8

Nishida et al. " carried out Wittig reaction on 2-nitrobenzaldehyai¢h triphenylmethyl

bromide using Potassium bis(trimethylsilyl)amidedlzs base, to give 2-nitrostyrene in 90 %
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yield. Recently Minguezt al. " converted 2-nitrostyrenes to corresponding indeies
refluxing in triethyl phosphite. The yield for cogngion of 2-nitrostyrene to indole was 51 %.

The overall yield over two steps was found to b&&lgith two isolation steps.

PPhsMeBr, KN(TMS),

©:CHO THF, tt, 1 h ©\/\ Triethyl phosphite, 180 °C @
NO, 90 % NO N

2 51 % B

Scheme 9

Apart from nitrene insertion by phosphorous reagseymthesis of indole is achieved using
carbon monoxide as reducing agent for cyclisata C-H insertion from nitro
intermediates. The advantage of using carbon mdecxs reducing agent over the triphenyl
phosphine method is that it avoids the additiotep ®f separating the by-product triphenyl
phosphine oxide. However, one needs a special detumndle carbon monoxide. Two
different mechanisms are suggested for this tramsfion, onevia nitrene insertion and the
other by electrocyclisatiorf? Here are few selected examples of carbon monaxsee as

reducing agent for cyclisation of nitro intermedmto indoles.

Davies et al. synthesized indoles and carbazoles ring systeam fcorrespondingo-
nitrostilbeines oro-nitrobiphenyls with carbon monoxide as reductamt presence of
palladium acetate and suitable ligands like 1,16rgithroliné®® (Scheme 10).

Pd(OAc);, (1 mol %)

R S_R, 1 10-phenanthroline (2 mol %) R N
@\/V DMF, CO, 80 °C e
H

NO,

R, = H, CO,Me, Cl, NMe,

R, = Ph, COPh
R4
2 Pd(OAC), (2 mol %) R4
1, 10-phenanthroline (4 mol %) R =
R, X phenanthroline (0 mol %) 3 )
DMF, CO, 140 °C \
N
NO, N
R; = H, NHAc, OMe
R,=H,Cl
X =CH,N

Scheme 10

Dong and co-workers used the same conditions ofd34w cyclize nitroalkenes to give
substituted 3-aryl indoles in good yieffScheme 11).
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O Pd(OAc), (2 mol %)

1, 10-phenanthroline

Ry
O N DMF, CO, 110 °C O

NO,

IZ/O
Py
N

R = H, Me, OMe, C(Me)s, CF3, Cl
R, = H, Me, OMe, C(Me), CF3, CI

Scheme 11

Soderbergt al. 89 have exploited this reductive cyclization with lmam monoxide to fetch

various indole and azaindole derivatives (Scheme 12

R, Pd(dba), (5 mol %) R Ry
Rix 1, 10-phenanthroline (10 mol %) XS A\
| dpp (5 mol %) DMF, CO, 120°C ||
= Z N
NO, H

R1 = H, NOZ, CI, Br, OMe
R, = OEt, CO,-t-butyl, SO,Ph
X = CH,, N

R Pd(dbay), (5 mol %)
® 1, 10-phenanthroline (10 mol %) \_R
dpp (5 mol %) DMF, CO, 120 °C *

NO, N

Rs=H, Ph

Scheme 12

Continuing our interest in reductive cyclizationm the synthesis of nitrogen heterocycles,
we report herein a one pot method for the synthefs’s3-unsubstituted indoles, and 2-alkyl

indoles using stable Wittig reagents.

3.3: Results and discussion

Indoles and 2-substituted indoles can be convdgi@népared by a 2-step synthesis using
Cadogan’s method wherein first 2-vinyl nitrobenzenare prepared from 2-
nitrobenzaldehydegia appropriate unstable Wittig reagent under anhyslicanditions and
then reductively cyclized to get the required imdol However, using triethyl phosphite
generates some amountMfethylated indoles as by-product. Secondly, usenstabilized
phosphonium salts for Wittig reaction normally reqe dry reaction conditions with a strong
base to generate phosphorane from correspondingrsalew of these difficulties we were
encouraged to develop a more friendly method fer giinthesis of indole from reaction
condition which does not involve the problem of dilamg unstable Wittig reagentf. was

envisaged that a similar Wittig reaction using pprapriate stable phosphorane followed by
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removal of the stabilizing group on the newly fodm®uble bond would result in the desired
2-vinyl nitrobenzene with an additional advantageloninating the difficulties in handling

unstabilized phosphoran®ur visualized synthetic strategy is presentecdcimege 13.

We expected that a stable Wittig reagent Eken reaction witlo-nitrobenzaldehydes would
provide the cinnamate est8rwhich during reductive cyclization could underggdiolysis

and concurrent decarboxylation to provide dire2tisubstituted indole in single step.

0]

;)Lo/
PhsP

S @N @N
R4
NO,

Ph,0, PL3, reflux

1a

R4= alkyl group, H

R, = alkyl group R,
O -9
N
H - R N R
H

Scheme 13: Proposed reaction

To test this hypothesis, a mixture @hitrobenzaldehydda (1 equiv), phosphoranga (1
equiv) andtriphenyl phosphine (2.4 equiv) were refluxed iphiinyl ether for 2 h (Scheme
14). On column purification of the reaction mixtuaesolid compound was obtained which
showed a broad peak at 3401 tmccounting for N-H stretch, but no strong peakhie
region 1650-1750 ctin the IR spectrum indicating absence of any aaybanit in the
solid. Further, analysis 3H NMR and™C NMR spectra confirmed the structure to be indole

4a and notert-butyl-1H-indole-2-carboxylat®a.

(o]
_)\—Ot-Bu
1)Ph3P_

CHO 2a \ \_OrBu
or
NO, 2) PPh,, reflux, 2 h N N O
4a

1a 66 %

5a not obtained

Scheme 14

Spectral dat of 1H-indole (4a):

IR (KBr): # = 3401, 3096, 3043, 1496, 1454, 1338, 744'cm
IH NMR (400 MHz, CDCly): § 8.07 (brs, 1H), 7.58 (d,= 8.0 Hz, 1H), 7.32 (d] = 8.0 Hz,
1H), 7.17-7.10 (m, 1H), 7.05 @,= 7.6 Hz, 1H) 6.49 (s, 1H).
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3C NMR (100 MHz, CDCls): § 135.8 (C), 127.9 (C), 124.2 (CH), 122.0 (CH), B2(CH),
119.9 (CH), 111.1 (CH), 102.6 (CH).

This confirmed that under the reaction conditidngy steps occurred in one pot viz; Wittig
reaction between phosphoraP® and nitrobenzaldehyd#s, followed by nitrene mediated
cyclization to form indole core, hydrolysis of tlester and finally decarboxylation to give

indole4a as the final compound in 66 % yield.

Having obtained compounda, we next investigated whether easily availableblsta
phosphorane2b-d could give similar product under these reactiomditions. It was
observed that when phosphordiereacted withla, the product obtained showed a broad
peak at 3344 cthand 1691 cm in IR spectrum accounting for a N-H stretch antboayl
of ester. Further, the compound was confirmed tarigehyl H-indole-2-carboxylatedb
based ofH NMR and**C NMR spectra (table 1, entry 1). Phosphorameaeacted similarly
to give ethyl H-indole-2-carboxylateésc in 83 % yield (table 1, entry 2). Interestingly,
reaction of phosphoraril gave two distinct compounds on isolation. The potanpound
showed two strong bands, one broad peak at 3342acm a sharp peak at 1693 tin its
IR spectrum. While, the other less polar compourah&d a broad band at 3401 tand no
peak corresponding to carbonyl stretch in its IBcsum. Further ofH NMR and**C NMR
spectral analysis, these compounds were identifidzse benzyl H-indole-2-carboxylaté&d
and indoleda (table 1, entry 3).

Table 1. Treatment of phosphora2e-d with 1a under one-pot condition.

o)
Ph PQX*OR1
CHO 1
2
NO, 2) PPh, reflux, 2 h ”
1a 5b-d, 4a
R1 = CH3, Et, CH2Ph
R2 =H, COzMe, COzEt, COchzph
% Yield
Sr.No. | Phosphorane 2b-d Product 5b-d, 4a a
5b-d, 4a
: Y-
CO,Me
1 pmpJOCHS H 82
2b 5b
b | Oy
CO,Et
2 pmijEt H 83
2c 5¢c
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N—C0,CH,Ph
m 2ve 34
0 H
5d
3 PhSPJOCHzPh
S
N 29
H
4a

fisolated yields

After confirming that only phosphorarza gives the required produda in good yield,
reaction was then attempted using different reaatmnditions employed in the literature for
reductive cyclization of aromatic nitro compoundshwphosphorous ligands (Scheme 15).
The Cadogan’s method in refluxing triethyl phosphghowed complete conversion of
starting in just 30 minutes, resulting in eddarin 71% yield. There was a marginal increase
seen in the yield oba when reaction with triethyl phosphite was carr@d in refluxing
xylene, however 3 hours were required for comptetibthe reaction. Sanz’s condition with
molybdenum catalyst allowed the reaction to be ootetl at a lower temperature, but longer
reaction time (16 h) was required and yieldbafobtained was also less. Freeman’s method
of reductive cyclization with triphenyl phosphimerefluxingo-dichlorobenzene resulted in a
mixture of indoleda in 29% yield along with other polar compoural The IR spectrum of
7a showed a broad band in the region of 2700-3500 ami carbonyl stretch at 1662 ¢m
indicating it to be indole-2-carboxylic acid. Compa 7a was further confirmed byH
NMR and**C NMR spectra.

A Ot-Bu %Ot—Bu
(:E g N (o) 5a,73%
” o Triethyl phosphite H
5a 71% eflux, 0.5 h Triethyl phosphite(3eq)
’ Xylene, reflux, 3 h

MoO,Cly(dmf),. PPhs

1a+2a Toluene, reflux, 16 h %OFBU
N 0]
H
Ph,0, PPh; 5a, 64%
Reflux, 2 0-DCB, reflux,
PPhj, 16 h

o0
OH
: L O
N +
4a, 66% H N O

4a, 29% 7a,27%

Scheme 15. Reductive cyclisation condition.
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Spectral data of tert-butyl 1H-indole-2-car boxylate (5a):

oo IR (KBr): » = 3408, 3051, 2947, 1708, 1581, 1245, 1091, 742 cm
@f\>—§ 4 NMR (400 MHz, CDCly): 6 8.92 (br s, 1H), 7.60 (d,= 8.0 Hz,

N O
52 0.4 Hz, 1H), 7.34 (dd] = 8.0 Hz, 0.8 Hz, 1H), 7.23 (di,= 8.0 Hz,
0.8 Hz, 1H), 7.08-7.04 (m, 2H).
3C NMR (100 MHz, CDCl3): § 162.0 (C), 137.1 (C), 129.0 (C), 127.6 (C), 126CH),

122.5 (CH), 120.6 (CH), 112.1 (CH), 108.3 (CH),B(C), 28.5 (CH).

Spectral data of 1H-indole-2-car boxylic acid (7a):

IR (KBr): v = 3200, 1662, 1515, 1240, 1193, 738"cm

OH
%o IH NMR (400 MHz, CDCl5): 6 8.88 (br s, 1H), 7.66 (d,= 8.4 Hz, 1H),

M 7.40-7.28 (m, 3H), 7.10 (di,= 8.0 Hz, 1.2 Hz, 1H), 5.50 (br s, 1H).

3C NMR (100 MHz, CDCl3): § 166.2 (C), 137.3 (C), 127.5 (C), 126.2 (C), 126€CH),
122.9 (CH), 121.1 (CH), 110.8 (CH).

As under only one reaction condition (BPRhO, reflux 2 h) indoleda, was obtained
selectively, it indicated that for getting complétgdrolysis, decarboxylation more than 160

°C temperatures is needed.

After selecting the phosphoraBa as reactant we compared the yield of this ongpaibcol
with a stepwise reaction sequence with isolationpadduct at each step (Scheme 16).
Cinnamate esteBa was thus isolated from the reaction @hitrobenzaldehydela and
phosphoran@a under Wittig reaction in 97% vyield. Since the gi@lf reductive cyclization
with triethyl phosphite in xylene gave good (Scheid¢ yield of indole esteba, 3a was
subjected to this reaction condition to get 7%®#4d of 5a. Hydrolysis of the ester with TFA
gave indole-2-carboxylic acita in 90 % yield, while decarboxylation furnished ahel4a in
89% vyield.

(0]
CHO Ot-Bu Toluene, rt, 2 h ~ Ot-Bu
+ Php” 97%
NO, o) ° NO,
1a 2a 3a
Triethyl phosphite
Xylene, reflux, 3 h
75%
Ph,0, reflux, TFA DCM
\ 15 min \ rty 2h ’ \ Ot-Bu
N -~ COOH 2%
H 89% N 90% N O
4a 7a 5a

Scheme 16. Stepwise approach for conversionlafto 4a with phosphoranga.
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Spectral data of tert-butyl (E)-3-(2-nitrophenyl)acrylate (3a):

5 IR (KBr): # = 3070, 2981, 1701, 1525, 1342, 1153, 983, 796.cm
©\/\)‘\Ot-5u IH NMR (400 MHz, CDCl3): 6 7.95 — 7.91 (m, 2H), 7.56 (d= 3.6
NO, Hz, 2H), 7.47 — 7.43 (m, 1H), 6.22 (= 16.0 Hz, 1H), 1.46 (s, 9H).

3a

13C NMR (100 MHz, CDCly): 6 161.1 (C), 148.3 (C), 138.7 (CH),
133.4 (C), 130.7 (C), 131.1 (CH), 129.1 (CH), 12€38), 124.9 (CH), 81.2 (C), 28.1 (GH

The overall yield of stepwise sequence was fourteet63%, which was lower than the yield
obtained during one pot sequence. However, it atswlved three chromatographic

purification steps. This proved that the one patigmol was a better method to synthesize
indoles compared to the corresponding stepwisehegit. This was also better than the two
step approach of reductive cyclization @hitro styrene method in scheme 9 where two

purification steps are involved.

This method was then explored on a variety of nibenzaldehydes to obtain the
corresponding indoles (See Table 2). Nitrobenzaldef with one, two, three methoxy
groups and methylenedioxy substituemtd-@g) could be easily converted to its
corresponding indole derivatives in moderate yieldgs method also furnished important 5-
chloro-1H-indole4b and 5-bromo-H-indole4c in 45 and 36% yields respectively.

Table 2. Synthesis of derivatives oHtindoles in one pot

(0]
Ot-Bu
1) Ph3PJ
2a

CHO
i SRS
Rj H

NO, 2) PPhg, reflux, 2 h
1b-g 4b-g
Entry Starting 1b-g Product 4b-g % Yield of 4b-g°
cl CHO Cl
X o
1 N 45
1 2 ap H
Br CHO Br
X o
N
2 1c NO; 4c H 41
MeO CHO MeO
X O,
N 46
3 1a 02 4d H
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Meoji:[CHO Meom
4 MeO NO, MeO N 47
1e 4
e
OMe OMe
MeO CHO MeO \
62
5 MeO NO, MeO N
1f af
0
S S
6 0 NO, B 40
19 4g

%isolated yields.

Phosphoran€a was then subjected to alkylation with methyl iaditb give methylated
phosphoran€e. Carrying out the same reaction on above aldehwydts phosphoran@e
gave the corresponding 2-methyIndoles derivatives4h-4m) in yields slightly lower

than their non alkylated analogues. Lower yields2edubstituted derivative could be

attributed to higher reactivity of 2-alkyl indolesmpared to unsubstituted indoles.

Table 3. Synthesis of derivative of 2-methyHilindole in one pot

CHO
L
NO,

0

Ot-Bu
1)PhsP

2e

2) PPhg, reflux, 2 h

N
H

1a-e, 1g 4h-m
Entry Starting la-g Product 4h-n % Yield of 4h-n?®
CHO m
N
1 1 N0z an H 38
cl CHO cl
I Ty
2 NO N 42
1 4iH
Br\©:CHO Brm
3 N 40
7. NO: 4 F
Prajesh S. Volvoikar, Ph.D. Thesis, Goa University Page 150



Chapter 111

MeO CHO Meom
4 \©:NO N 43
1d 2 4 M
MeOJCECHO Meom
5 MeO NO, MeO N 62
1e 4l

o CHO 0
1T SORS
7 o o N 31
4m

%isolated yields.

These methyl indoles can serve as important inteiaies for preparing pharmaceutically
active compounds. The synthetic utility of thesmethyl indoles is known for synthesis of
many of pharmaceutically active compountiéScheme 17). 5-Methoxy-2-methyHiindole
4k is used to synthesize indomethacin which is ampsytthotic agent. Similarly 2-methyl-

1H-indole4h is used in the synthesis of parradoline whichmisuati-alazaric agent.

COOH 0 O OMe
MeO Ref 11 Ref 11
By 2R Cord
N R5 = OMe Re=H N
(6] K\
B
Cl <\0

Indomethacin Paraadoline

Scheme 17. Application to bioactive compounds.

3.4: Conclusion

In conclusion, a practical metal free synthesivafious substituted indoles and 2-methyl
indoles were achieved in one pot from easily abelgubstitutea-nitro benzaldehyded é-

g) and stable phosphorana( 2e). Advantages of this protocol are its ease of hagdf
substrates, short reaction time and no requirentdrats inert atmosphere.

3.5: Experimental

General procedurefor synthesis of indoles from nitr obenzaldehyde:
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A 50 ml round bottom flask containing magnetic dtar was charged witlo-nitro-

benzaldehydes (2 mmol), phosphorane (2.2 mmophenyl phosphine (4.6 mmol) and
diphenyl ether (10 mL) and heated at 260 Reaction progress was monitored by TLC
which showed complete conversion in 2-3 h. Reactiessel was then cooled to room
temperature and reaction mass was poured on sticenn. The products were isolated by

eluting with petroleum ether to 3:1 petroleum etle¢yl acetate.

1H-indole (4a)

Cco

5p H

Colorless solid, m. p. 51-5Z. (lit. ***m.p. 51-52C).

tert-Butyl 1H-indole-2-car boxylate (5a)

Ot-Butyl
O
(@]

N
H
5a

Off white solid, m. p. 102-103C. (lit. *®°'m.p. 103-105C).

1H-1ndole-2-car boxylic acid (73a)
N ©
H
7a

tert-Butyl (E)-3-(2-nitr ophenyl)acrylate (3a)
) Pale yellow solid, m. p. 66-6&. (lit. 1°*™m.p. 69-70C).

©\/\)J\Ot-8u
NO

2

White solid, m. p. 204-208C. (lit. ***m.p. 207-206C).

3a

M ethyl 1H-indole-2-car boxylate (5b)
Off white solid, m. p. 142-143C. (lit. 1® 24 m p. 145-147C).
OMe
‘ % IR (KBr): v = 3344, 3035, 2952, 1691, 1524, 1244, 1192, 738 cm
@]
H
5b

'H NMR (400 MHz, CDCl3): 5 8.99 (s, 1H), 7.72 (dl = 8.0 Hz, 1H),
7.45 (d,J = 8.4 Hz, 1H), 7.33 (dt) = 8.0 Hz, 0.8 Hz, 1H), 7.26 (d,=
1.2 Hz, 1H), 7.18 (dt) = 8.0 Hz, 0.8 Hz, 1H), 3.98 (s, 3H).
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3C NMR (100 MHz, CDCls): 6 162.8 (C), 137.1 (C), 127.5 (C), 127.1 (C), 128#),
122.7 (CH), 120.8 (CH), 112.0 (CH), 108.9 (CH),15&CH,).

Ethyl 1H-indole-2-car boxylate (5¢c)

Off white solid, m. p. 120-122C. (lit. *® *°"m_p. 122-125C).
P IR (KBr): ¥ = 3345, 3038, 2955, 1692, 1520, 1520, 1242, 149,
%O 'H NMR (400 MHz, CDCls): 6 9.56 (s, 1H), 7.67 (dd] = 8.0 Hz, 0.8
5¢ Hz, 1H), 7.42 (ddJ = 8.0 Hz, 0.8 Hz, 1H), 7.30 (di,= 7.6 Hz, 1.2 Hz,

1H), 7.24 (tJ = 0.8 Hz, 1H), 7.13 (dt) = 7.6 Hz, 1.2 Hz, 1H), 4.42 (d,= 7.6 Hz, 2H),
1.41 (t,J= 7.6 Hz, 3H).
B3C NMR (100 MHz, CDCly): 6 162.5 (C), 137.2 (C), 127.1 (C), 125.3 (CH), 12¢CH),
120.8 (CH), 112.1 (CH), 108.7 (CH), 61.2 (§HL4.5 (CH).

Benzyl 1H-indole-2-car boxylate (5d)

IR (KBr): # = 3342, 3034, 2951, 1693, 1525, 1247, 1197, 736 cm
%0 IH NMR (400 MHz, CDCl3): § 9.05 (s, 1H), 7.68 (dd,= 8.0 Hz, 0.8

N o Hz, 1H), 7.46 (dd,) = 8.4 Hz, 1.6 Hz, 2H), 7.42-7.24 (m, 6H), 7.15
(dt,J = 8.0 Hz, 1.2 Hz, 1H), 5.39 (s, 2H).
13C NMR (100 MHz, CDCl3): § 162.1 (C), 137.1 (C), 135.8 (C), 128.7 (CH), 12€5),
128.3 (CH), 127.5 (C), 127.1 (C), 125.6 (CH), 12&CH), 120.9 (CH), 112.0 (CH), 109.3
(CH), 66.8 (CH).

Q Off white solid, m. p. 133-13%C. (lit. 1%***m.p. 135-136C).

5d

5-Chloro-1H-indole (4b):

2 Colorless solid, m. p. 70-7Z. (lit. 1% m.p. 72-73C).
m IR (KBr): v =3382, 3102, 3030, 1620, 1563, 1450, 1315, 86Q cm'.
4bH H NMR (400 MHz, CDCl3): § 8.03 (br s, 1H), 7.51 (d,= 1.2 Hz, 1H),
7.16 (d,J = 8.4 Hz, 1H), 7.09 — 7.03 (m, 3H), 6.39 (s, 1H).
13C NMR (100 MHz, CDCly): 6 131.1 (C), 127.9 (C), 124.5 (C), 124.3 (CH), 12(CR),
119.0 (CH), 111.0 (CH), 101.3 (CH).

5-Bromo-1H-indole (40):

Colorless solid, m. p. 92-2€. (lit. ** m.p. 90-92C).
IR (KBr): v = 3384, 3102, 3030, 1621, 1563, 1452, 1312, 80& cm

Br

H
4c
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IH NMR (400 MHz, CDCl3): 6 8.19 (br s, 1H), 7.77 (@,= 0.8 Hz, 1H), 7.29-7.24 (m, 2H),
7.20 (t,J = 2.4 Hz, 1H), 6.50 () = 2.0 Hz, 1H).

13C NMR (100 MHz, CDCly): § 134.4 (C), 129.6 (C), 125.4 (CH), 124.9 (CH), 22&CH),
113.0 (C), 112.5 (CH), 102.3 (CH).

5-M ethoxy-1H-indole (4d):

oo Colorless solid, m. p. 51-5Z. (lit. *** m.p. 53-54C).
\©\/I\> IR (KBr): v = 3352, 3100, 3028, 1625, 1564, 1458, 1310, 798 cm
ad " 'H NMR (400 MHz, CDCl3): 6 8.12 (br s, 1H), 7.29 (d, = 8.8 Hz,
1H), 7.22 (dJ = 2.0 Hz, 1H), 7.18 (t) = 2.8 Hz, 1H), 6.97 (dd] = 8.8
Hz, 2.0 Hz, 1H), 6.57 (s, 1H), 3.94 (s, 3H).
13C NMR (100 MHz, CDCly): 6 154.2 (C), 131.1 (C), 128.3 (C), 125.2 (CH), 11€CH),
111.9 (CH), 102.4 (CH), 102.3 (CH) 56.0 (§H

5, 6-Dimethoxy-1H-indole (4€):

— Colorless solid, m. p. 150-152. (lit. ***m.p. 155-157C).
m IR (KBr): v = 3348, 3123, 3014, 1621, 1554, 1452, 1308, 79% cm
e N | 14 NMR (400 MHz, CDCIs): 5 8.11 (br s, 1H), 7.17 (s, 1H), 6.97.0
2.0 Hz, 1H), 6.75 (s, 1H), 6.35 (s, 1H), 3.82 (4),3.77 (s, 3H).
13C NMR (100 MHz, CDCl): § 146.9 (C), 145.0 (C), 130.2 (C), 122.9 (CH), 12(C3,
102.3 (CH), 102.2 (CH), 94.5 (CH), 56.3 (@H56.1 (CH).

4.5,6-Trimethoxy-1H-indole (4f):

-~ White solid, m. p. 97-99C. (lit. ** m.p. 101°C).
Meom IR (KBr): v = 3362, 3124, 3002, 1618, 1550, 1451, 1307, 791 cm
N 'H NMR (400 MHz, CDCls): 6 8.64 (br s, 1H), 6.92 (§,= 2.8 Hz, 1H),
6.48-6.46 (m, 2H), 4.01 (s, 3H), 3.78 (s, 3H), AFXBH).
C NMR (100 MHz, CDCls): 6 150.8 (C), 145.6 (C), 135.2 (C), 133.1
(C), 122.7 (CH), 107.2 (C), 99.8(CH), 89.7(CH),8(CHs), 60.7 (CH), 56.1(CH).

MeO
4f

5H-[1,3]Dioxolo[4,5-f]lindole (49):

Colorless solid, m. p. 106-10€. (lit. **m.p. 109-116C).
IR (KBr): v =3390, 3024, 2958, 1623, 1552, 1461, 1302, 796 cm
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o N IH NMR (400 MHz, CDCly): § 7.95 (br s, 1H), 7.00 (f] = 2.0 Hz, 1H),
<om 6.94 (s, 1H), 6.77 (s, 1H), 6.35 iz 2.0 Hz, 1H), 5.85 (s, 2H).
49" | 3C NMR (100 MHz, CDCIg): 6 144.9 (C), 143.1 (C), 130.7 (C), 122.8
(CH), 121.7 (C), 102.9 (CH), 100.6 (}H99.2 (CH), 91.9 (CH).

2-Methyl-1H-indole (4h):

\ Colorless solid, m. p. 55-5T. (lit. 1***39m.p. 56-58C).
m IR (KBr): v = 3510, 3053, 2923, 1623, 1482, 1258, 801, 756.cm

IH NMR (400 MHz, CDCly): § 7.72 (d,J = 7.6 Hz, 1H), 7.54 (s, 1H), 7.34
—7.27 (m, 3H), 6.37 (s, 1H), 2.45 (s, 3H).

13C NMR (100 MHz, CDCly): § 132.6 (C), 135.5 (C), 129.2 (CH), 121.1 (CH), BL@ X
CH), 110.7 (CH), 100.3 (CH), 13.7 (GH

H
4h

5-Chlor 0-2-methyl-1H-indole (4i):

o Colorless solid, m. p. 104-10€. (lit. ****3m.p. 108-11£C).
m IR (KBr): v = 3492, 3054, 2910, 1616, 1478, 1253, 804, 743.cm
4i " 'H NMR (400 MHz, CDCl3): § 7.84 (br s, 1H), 7.36 (d, = 2.0 Hz,
1H), 7.03 (dJ = 8.8 Hz, 1H), 6.93 (dd] = 8.4 Hz, 2.0 Hz, 1H), 6.04 (s,
1H), 2.29 (s, 3H).
3C NMR (100 MHz, CDCl3): § 134.4 (C), 130.2 (C), 129.8 (C), 125.1 (C), 12(CH),
119.0 (CH), 111.2 (CH), 100.0 (CH) 13.7 (§H

5-Bromo-2-methyl-1H-indole (4):

Colorless solid, m. p. 100-102. (lit. ****m.p. 104-106C).
Brm IR (KBr): v = 3489, 3056, 2920, 1623, 1472, 1250, 800, 748 cm
4j i 'H NMR (400 MHz, CDCls): § 7.79 (br s, 1H), 7.55 (d, 2.0, 1H), 7.12-
7.06 (m, 2H), 6.06 (s, 1H), 2.36 (s, 3H).
3C NMR (100 MHz, CDCl3): § 135.6 (C), 131.2 (C), 130.1 (C), 124.6 (CH), 12(CH),
115.0 (CH), 113.2 (C), 101.6 (CH) 13.6 (§H

5-M ethoxy-2-methyl-1H-indole (4k):
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Voo . Colorless solid, m. p. 78-8. (lit. ****m.p. 83-85C).
m IR (KBr): # = 3510, 3082, 2923, 1621, 1470, 1251, 79¢-cm
ax " IH NMR (400 MHz, CDCly): 6 7.73 (br s, 1H), 7.06 (d,= 8.8 Hz,
1H), 6.91 (dJ = 1.2 Hz, 1H), 6.68 (dd] = 8.8 Hz, 1.2 Hz, 1H), 6.05
(s, 1H), 3.75 (s, 3H), 2.31 (s, 3H).
13C NMR (100 MHz, CDCly): 6 154.1 (C), 136.0 (C), 131.2 (C), 129.6 (C), 11€CH),
110.9 (CH), 110.7 (CH), 102.0 (CH), 100.3 (CH),%6CHs), 13.8 (CH).

5,6-Dimethoxy-2-methyl-1H-indole (41):

o Colorless solid, m. p. 88-9. (lit. *** m.p. 90-91°C).
Meom IR (KBr): v = 3515, 3051, 2921, 1621, 1481, 1253, 820, 74% cm
a 4 NMR (400 MHz, CDCl3): 6 7.79 (s, 1H), 6.88 (s, 1H), 6.58 (s,
1H), 5.98 (s, 1H), 3.77 (s, 3H), 3.70 (s, 1H), A24LH).
13C NMR (100 MHz, CDCly): 6 145.9 (C), 144.7 (C), 133.8 (C), 130.3 (C), 12T, L01.9
(CH), 99.8 (CH), 94.5 (CH), 56.3(GH 56.2 (CH), 13.6 (CH).

6-M ethyl-5H-[1,3]dioxolo[4,5-flindole (4m):

Colorless solid, m. p. 123-128&. (lit. ***m.p. 131-13XC).
0
{ m| IR (KBr): v = 3521, 3043, 2912, 1614, 1483, 1251, 821, 768.cm
o N
H
4am

IH NMR (400 MHz, CDCl3): § 7.60 (br s, 1H), 7.82 (s, 1H), 6.63 (s,
1H), 5.98 (s, 1H), 5.80 (s, 2H), 2.26 (s, 3H).
13C NMR (100 MHz, CDCl3): § 143.9 (C), 142.6 (C), 133.8 (C), 130.6 (C), 12ZY, 100.5
(CH), 100.4 (CH), 98.6 (CH), 91.7 (CH), 13.7 (GM
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Synthesis of Magallanesine and its analogues

\

having azocinering system.
J




Chapter IV

4.1: Introduction

Nitrogen heterocycles are most abundantly foundsitire* Azepine? seven membered ring
system containing a nitrogen atom, forms an impontéass of organic compounds showing
interesting conformational structures and a widengea of biological activities.
Isoindolobenzapines alkaloids like chilenihdennoxamine and deoxychilenin8 (Fig. 1)
are isolated from genuBerberis® and are known for their potent activities agairsiaerous
cells of lungs, colon, prostrate etc. Another claésiitrogen containing eight membered
heterocycles, referred as azocthare also important for their activities like andilarial,
antitissue analogues, antihypertension etc. Thesepounds are obtained from natural
sources as well as from synthetic methods. Magediae 4a is the first
isoindolobenzazocine class of alkaloid obtainednfiBerberis darwinii. °* Along with the
eight membered azocine, and it is also an isoindok fused ring system which is known
for its potent biological activities® Benzofuroazocin® a synthetically obtained compound

with an azocine ring is an important target duadtivity in central nervous system.

O
N O o)
OMe O OMe <O
Fhor™ " R0
M _ OMe
chilenine &;XH:) ?Aééi;gﬁi’fgmlef magallanesine benzofuroazocine

Figure 1: Azepine and azocine ring containing molecules.

Azocine being a medium size ring is often foundficidt in synthesizing in its fully
functionalized form, and only few reports are aaalié for the synthesis of magallanesine or

its azocine containing analogues.

4.2: Literature Reported Methods

Sharmaet al. ® achieved the synthesis of magallanesine priottsdsblation from plant
Berberis Darwin. Oxyberberine on reacting with dichloro carbeneultes in a colorless
crystalline adduct. When these adduct was heatéld agueous pyridine it underwent a
series of rearrangements giving ring expanded antracted product which was refered as

keto lactum (Scheme 1).
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0 O

< O NaOH, CHCls

0 N (0] a ’ 3 O
|

OMe | enzyldiethyimethyl-  Cl
ammonium iodide
OMe

55 %
< Me
OMe

keto lactum 4a

o H,0, pyridine <
Reflux, 1h

OMe

38 %

Scheme 1

Danishefskyet al. ” achieved first synthesis @fa after its isolation using intramolecular
condensation of a methyl ketone with an amide imésliate. Enamide intermediate was
synthesized by treating the mettgahydrastine with an acid chloride derivative in ibas
medium. Treatment with aq. HCI gave an amide davgawhich on treatment with sodium
hydride underwent cyclisation to give imide intediage, this on treatment with Lawesson’s
reagent followed by the key reaction with dimethgiamide dimethyl acetal, gave

magallanesine as a yellow solid (Scheme 2).

OMe
< EtOQC OMe DCM, 0°C, NaHCO3 <
89 % OMe
CIOC O CO,Et

enamide

THF/H,O
cat. HCI
95 %
i) Lawesson's
reagent, CgHg

0 COQEt
4a Reﬂux 77 % NaH (cat)
i) (MeO)QCHNMez 95 %

Reflux, 24 h, 76 %

Scheme 2

Kurihara et al. 8® synthesized magallanesine by [1,2]-Meisenheimarra@gement to
construct an azocine ring and modified intramolactdeck cyclisation as key steps (Scheme
3). Hydrogenation and reduction of starting enameater gave primary alcohol derivative.
Chlorination and intramolecular displacement ofocide gave azetidine, which underwent
ring expansion by [1,2]-Meisenheimer rearrangeni@idwed by hydrogenation to result in
azocine ring. Amidation and oxidation of secondalgohol to ketone and dehydrogenation
gave the key intermediate for intramolecular Heokiging. Using TIOAc with Pd(OAg)
gave the best results for formation of fully functalized magallanesine.
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0 i) Hy/Pd i) SOCI,, DCM
<o MeOH-ACOH, 99 % ¢ L, Reflux, 100 % <O
| i) LAH, THF,0°c ~ © i) NaOMe, MeOH O N
CO,Me 93 % OH Reflux, 72 %
35 % Hy0,
PtO,
o) 0
< _ HolPd, MeOH- < THF, reflux 1< i
o) o 0
T 0% T eew
HO
cocl
MeO Br | NaOH
94 %
MeO Pd(OAC),, PPhy
O OMe i) DCM, Dess-Martin O OMe TIOAc, DMF
periodinane, 95 % OMe 130°C, 24h
ii) (TMS),NLi, (PhS), wu
HMPA, THF
then m-CPBA, toluene
Reflux, 67 %

Scheme 3

The same grouf’ later extended the above strategy to synthesizindole analogue of
magallanesine using methyl 2-(9-(phenylsulfonyB;2,9-tetrahydro-Hi-pyrido[3,4-b]indol-
1-yl)acetate which was synthesized from tryptani@eheme 4).

i) LAH, THF, 84 %
NH, ii) Boc,0O, 100 % N
N NH iii) MsCl, Et;N, DCM Q MCPBA
N - . D iv) Dry HCl in EtOAC N 85 %
H N CO;Me v) DBU, DMSO SO.Ph
SO,Ph 82 % over 3 steps 2
N o
NH H,/Pd-C o N
N MeOH, HCI A N
N 100 % N N
\ SO,Ph
$O,Ph SOzPh ’
OMe MeQ OMe
i) Dess-Martin Q
N periodinane, 91 % N
B i) LDA, (PhS), e
A\ HMPA, THF \ i) Pd(OAC),
N iiy m-CPBA, NaHCO3 N PPhs, TIOAc
L O iv) Reflux, tol Lo P 0
S0,Ph iv) Reflux, toluene SO,Ph DMF, 130 °C
35 % over 3 steps 28 %
ii) Na naphthalenide
59 %
Scheme 4
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Recently, Kimet al. ° synthesized4a using intramolecular Heck and Friedel-Crafts
cyclization reaction (Scheme 5), starting with dowgp of 3/4-
methylenedioxyphenethylamine with 6-iodo-2,3-dineetybenzoic acid followed by
Michael reaction with ethyl propiolate to give aidact ready for Heck cyclization.

OMe
HOOC OMe
i)
' i) Pd(OAC),
chlorodimethyltriazine o OMe i) Ho/Pd

{ j@m 4-methylmorpholine, 98 % <OﬁNJbOMe iii) KOH/EtOH
i) CO,Et o /Z | 79 %

Z 99 % EtOOC

o)
ggéarﬁ/g/ISCCN <O N OMe TFFA, BF3 OEt, < ﬁ
4a <—:T o 76 %
57 % OMe
o)

COOH

Scheme 5

Successful intramolecular Heck reaction with palladcatalyst followed by hydrogenation
and hydrolysis gave the acid intermediate. Thid aoi heating with trifluoroacetic anhydride
in the presence of BFOEL underwent formation of eight membered azocine, nvigich on

dehydrogenation with DDQ gave magallanesine.

4 .3: Results and discussion

The retrosynthetic pathway envisioned for this roole is depicted in the below scheme 6.
A dehydrogenated azocine derivat&eould be obtained from its dihydro derivat&eWe
intended to synthesiz& in one step from its corresponding esferusing Friedel Crafts

cyclization.

0 0 0
N N
R1 O R2 R1 R2 R1*©6ﬁN R
I = "= :
o o) Rs—O
4 “ 7

Eight membered azocine 6

o)
N O.
{: R1 Ry + X/\[O]/ Ry
8 9

=Cl, Br

Scheme 6
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Compound? in turn could be obtained by a C-C bond formatlmn deprotonation of
isoindoline derivative8 followed by alkylation with corresponding alkyl dmoacetates.
Isoindoline8 could be achieved in one pot alkylation-amidastep from compoundO and
11

Ethyl 6-(chloromethyl)-2,3-dimethoxybenzoatela was synthesized according to the
procedure established by Rapopettal. *° by treating 1-(3,4-dimethoxyphenyi)N-
dimethylmethanamin&2 with n-BuLi at 0°C and then reacting the anion formed with ethyl
chloroformate 13 at -78°C to give desired produdtla by displacement of N(Megroup by
chloride anion (Scheme 7). The required compdl@wd/ias synthesized from veratraldehyde
14a by treating with dimethyl amine in water followdxy reduction of the imine using
NaBH,. '

OMe O

MeOJCrCHO 1) 40 % aq. (CH3),NH Meoj©/\NMez 1) n-BuLi, THF, 0 °C Meo\@ioa
MeO 2) NaBH, MeO Cl

2) Ethyl chloroformate 13
14a 12 -78 °C 11a

Scheme 7

'H NMR of ethyl 6-(chloromethyl)-2,3-dimethoxybenzote (11a): *°

'H NMR (400 MHz, CDCl3): & 7.13 (d,J = 8.4 Hz, 1H), 6.93 (d] = 8.4 Hz, 1H), 4.63 (s,
2H), 4.62-4.44 (m, 2H), 3.92-3.91 (m, 6H), 1.43)@¢ 5.2 Hz, 1H).

On heatinglla with 2 equiv of commercially available 2-(3,4-dithexyphenyl)ethan-1-
amine 10a in THF gave an off white solid on silica gel pugé#tion (Scheme 8). The IR
spectrum showed absence of broad peak in the r8§i0d cm' for NH, group and a strong
peak at 1681 cth attributing to the amide carbonyl stretch. Thedpii was further
confirmed to be 2-(3,4-dimethoxyphenethyl)-6,7-dinwexyisoindolin-1-one'® 8a based on
'H and"*C NMR data.

OMe O 0o
MeO
MeO okt © :©/\ THF, reflux, 3 h MeOﬁN OMe
+ NH, ——————————>
cl MeO 2 MeO
OMe
8a

94 %
11a 10a

Scheme 8

Spectral data of 2-(3,4-dimethoxyphenethyl)-6,7-dithoxyisoindolin-1-one(8a): *?

IR (KBr) : v = 2945, 2833, 1681, 1514, 1492, 1267, 1153, 1831 cnt"
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IH NMR (400 MHz, CDClg): § 7.00-6.92 (m, 2H), 6.73-6.67 (m, 3H), 4.02-4.01, GH),
3.82 (s, 3H), 3.78 (s, 3H), 3.73-3.70 (m, 5H), A186 = 7.6 Hz, 2H).

13C-NMR (100 MHz, CDCls): 6 166.7 (C), 152.3 (C), 148.9 (C), 147.6 (C), 14Tp, 134.5
(C), 131.3 (C), 125.1 (C), 120.6 (CH), 117.7 (C#)6.3 (CH), 111.8 (CH), 111.3 (CH),
62.6 (CH), 56.8 (CH), 55.9 (CH), 55.8 (CH), 49.8 (CH), 44.3 (CH), 34.2 (CH).

Isoindolinone derivativ@a was metallated and alkylated to give 3-substitigethdoline7a

13 Compound8a was treated with sodium hexamethylene disilazat@HMDS) at -95°C
giving anion which had a deep dark green color. f@aetion mixture was then treated with
ethyl bromoacetat®a and allowed to warm to room temperature (Schem®B8)isolation
and silica gel purification, gave a viscous liquitlich in its IR spectrum showed two strong
bands at 1728 cmand 1694 cm attributing for the ester and amide carbonyl stret
respectively. Compoun8a was further confirmed based dd NMR, *C NMR and HRMS
data.

0 MeO 2
MeO N OMe
N OMe 1) NaHMDS, THF, -95 °C
MeO MeO OMe
OMe 2) Alkyl bromoacetate 9a-c 0o
8a R ) Ta-c

Scheme 9

Spectral data of ethyl 2-(2-(3,4-dimethoxyphenethi{4,5-dimethoxy-3-oxoisoindolin-1-

vDacetate(7a):

IR (KBr) : v = 2980, 2934, 1728, 1694, 1504, 1493, 1352,

o)
MeoﬁN ome | 1250, 1150 cm.
MeO ome] H NMR (400 MHz, CDCls): § 7.00-6.95 (m, 2H), 6.71-6.69
7a~ 0 O

(m, 3H), 4.64 (tJ = 6.0 Hz, 1H), 4.11-4.00 (m, 3H), 3.99 (s,
3H), 3.80 (s, 3H), 3.76 (s, 3H), 3.74 (s, 3H), 3868 (m, 1H), 2.93-2.85 (m, 1H), 2.80-2.75
(m, 1H), 2.67 (dd) = 16.0 Hz, 5.6 Hz, 1H), 2.51 (dd= 16.0 Hz, 6.4 Hz, 1H), 1.51 @,=
6.8 Hz, 3H).

3C-NMR (100 MHz, CDCly): 6 170.6 (C), 166.3 (C), 152.7 (C), 148.9 (C), 14Tk 146.9
(C), 138.0 (C), 131.3 (C), 124.2 (C), 120.6 (CH)7 B (CH), 116.3 (CH), 111.9 (CH), 111.3
(CH), 62.4 (CH), 56.6 (CH), 55.8 (CH), 55.7 (CH), 55.6 (C), 42.4 (C}), 38.4 (CH), 34.0
(CHy), 27.8 (CH), 14.1 (CH).

HRMS (ESI): calcd for G4H2o0NO;Na [M + NaJ 466.1842, found 466.1841.
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Similarly the deep green coloured anion was treaiddt-butyl bromoacetat@b and benzyl

bromoacetat&c to get7b in 90 % and/cin 87 % yield respectively as thick viscous oils.

Spectral data of tert-butyl 2-(2-(3,4-dimethoxyphenethyl)-4,5-dimethox\3-

oxoisoindolin-1-yNacetate(7b):
IR (KBr) : v = 2978, 2935, 1726, 1693, 1504, 1490, 1357,

0]
MeoﬁN oMe | 1249, 1151, 1039 cth
MeO )( oMe| 'H NMR (400 MHz, CDCl3): 6 7.00 (s, 2H), 6.71 (d} = 4.4
7b o O

Hz, 3H), 4.58 (tJ = 6.0 Hz, 1H), 4.12-4.04 (m, 1H), 4.00 (s,
3H), 3.82 (s, 3H), 3.78 (s, 3H), 3.75 (s, 3H), 3269 (m, 1H), 2.94-2.75 (m, 2H), 2.62 (dd,
J=16.0 Hz, 5.2 Hz, 1H), 2.49 (ddi= 16.0 Hz, 6.0 Hz, 1H), 1.32 (s, 9H).

3C-NMR (100 MHz, CDCl3): § 169.6 (C), 166.4 (C), 152.6 (C), 148.9 (C), 14Tk 146.9
(C), 138.1 (C), 131.3 (C), 124.4 (C), 120.7 (CH)7 B (CH), 116.2 (CH), 111.9 (CH), 111.3
(CH), 81.6 (C), 62.5 (Ch), 56.7 (CH), 55.9 (CH), 55.8 (CH), 55.7 (C), 42.2 (Ch), 39.1
(CHy), 34.0 (CH), 27.9 (3 X CH).

HRMS (ESI): calcd for GeHzsNO;Na [M + NaJ 494.2155, found 494.2155.

Spectral data of benzyl 2-(2-(3,4-dimethoxyphenetty4,5-dimethoxy-3-oxoisoindolin-1-

vacetate(7¢):

IR (KBr) : v = 2990, 2950, 1730, 1695, 1500, 1492, 1350,

(0]
MeOU“N OMe | 1245, 1040 crh.
MeO ome| *H NMR (400 MHz, CDCl3): ¢ 7.39-7.30 (m, 5H), 7.02-6.84
o~ ~O

7e Ph™ (m, 2H), 6.77-6.75 (m, 3H), 5.17 (s, 2H), 4.37)(& 6.0 Hz,
1H), 4.13-4.07 (m, 4H), 3.89 (s, 3H), 3.85 (s, 3BI2 (s, 3H), 3.32-3.27 (m, 1H), 2.97-2.79
(m, 3H), 2.62 (ddJ = 16.0 Hz, 6.8 Hz, 1H).
13C-NMR (100 MHz, CDCls): 6 170.4 (C), 166.3 (C), 152.7 (C), 148.9 (C), 14T} 147.0
(C), 137.9 (C), 135.2 (C), 131.3 (C), 128.7 (CH)85 (CH), 128.5 (CH), 128.4 (C), 124.2
(C), 120.7 (CH), 117.6 (C), 117.4 (CH), 116.2 (CH#}.1.9 (CH), 111.3 (CH), 66.9 (GH
62.5 (CH), 56.6 (CH), 55.9 (CH), 55.8 (CH), 55.6 (CH), 42.4 (Cb), 38.3 (CH), 33.9
(CHy).
HRMS (ESI): calcd for GgHaiNO;Na [M + Na] 528.1998, found 528.1998.

Babaet al. ** successfully used ester as an acylating agentiénld? Crafts type cyclization
using InBg in presence of dimethylchlorosilane. To our knalgle this is the only report
where esters are used in acylation. In our firgnapt towards intramolecular Friedel Crafts

cyclization, este7a was treated polyposphoric acid (PPA) at 2C0for 16 h, but there was
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not much change observed in the starting matenalloaC. Next7a was reacted with 1:10
mixture of BOs/methanesulphonic acid (Eatons reagent), which knswn to be
advantageous over PPAAt room temperature even after 16 h no changdartisg was
observed, hence the temperature was raised %6 @dd reaction aged for 10 h (Scheme 10).
On monitoring by TLC it showed complete disappeeeanf starting material. Silica gel
purification afforded a white solid which was exygetto be hydrolyzed acid or the desired
ketone6a. The IR spectrum of the product showed two strioagds at 1728 cmand 1695
cm*, and no broadband in the region 3300-3600.cilhe CO stretch was thus attributed to
ketone and amide functionality respectively. Thenpound was further confirmed to be the
desired azocine derivativda based ortH and**C NMR and mass analysis. Peak at 195.5
ppm in the CMR spectrum for quaternary carbon cordd the presence of a ketone.

7awas thought to undergo hydrolysis to at#hfirst and then cyclized t6a.

MeO 9 MeO P
ﬁN OMe Eaton's reagent O N OMe
MeO O(%\OMe 70°C. 10 h MeO J Q OMe
J 72 25 % 6a
Scheme 10

Spectral data of 3,4,10,11-tetramethoxy-7,8,14,14atrahydrobenzo[5,6]-azocino[2,1-
alisoindole-5,13-diong(6a):

IR (KBr) : ¥ = 2964, 2914, 1728, 1695, 1462, 1377, 1261, 10951, 806 cr.

'H NMR (400 MHz, CDCl3): 6 7.18 (s, 1H), 7.11 (dd, = 8.0 Hz, 0.8 Hz, 1H), 7.04 (d,=
8.4 Hz, 1H), 6.64 (s, 1H), 4.75 (dil= 6.0 Hz, 1.6 Hz, 1H), 4.47-4.39 (m, 1H), 3.91,(dd
14.0 Hz, 6.4 Hz, 1H), 3.86 (s, 3H), 3.78 J&; 4.8 Hz, 6H), 3.74-3.66 (m, 4H), 3.37 (dds
14.0 Hz, 5.2 Hz, 1H), 3.17 (dd= 14.0 Hz, 2.0 Hz, 1H), 2.96-2.90 (m, 1H).

3C-NMR (100 MHz, CDCly): 6 195.5 (C), 166.0 (C), 153.0 (C), 152.5 (C), 14TY, 146.8
(C), 136.6 (C), 132.8 (C), 130.7 (C), 123.8 (C)7B1(CH), 116.3 (CH), 114.0 (CH), 111.9
(CH), 62.3 (CH), 57.2 (CH), 56.5 (C¥J, 56.0 (CH), 55.8 (CH), 46.9 (CH), 40.1 (CH),
34.7 (CH).

HRMS (ESI): calcd for GoH23NOgNa [M + NaJ 420.1423, found 420.1423.

Similarly tert-butyl derivative7b and benzyl derivativéc were treated with Eaton’s reagent
and to our delight both gavéa in 99 % and 51 % respectively after 12 h at room
temperature. On quenching the reaction magbah Eaton’s reagent after 1 h with water, a
polar compound other th&a was isolated along withib and6a. Its IR spectrum showed a
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broad peak at 3420 ¢thand carbonyl peaks at 1695 and 1688 ¢ndlicating the presence
of amide and acid functionality. Compouhdawas confirmed to be an acid based on NMR

and mass data.

Spectral data of 2-(2-(3,4-dimethoxyphenethyl)-4-Himethoxy-3-oxoisoindolin-1-
yDacetic acid(144a):

IR (KBr) : ¥ = 3420, 2956, 2920, 1695, 1688, 1460, 1262,

(0]
'V'eoj@(“.q OMe | 1050 cnt.
MeO oMe] 'H NMR (400 MHz, CDCls): ¢ 7.04-6.97 (m, 2H), 6.69 (s,
(0]

142 Ho 3H), 5.13 (br s, 2H), 4.61 (s, 1H), 4.06-4.01 (iH)43.97 (s,
3H), 3.80 (s, 3H), 3.76 (s, 3H), 3.28-3.21 (m, 1#Y2-2.73 (m, 3H), 2.55 (dd = 16.4 Hz,
6.4 Hz, 1H).
13C NMR (100 MHz, CDCl): 6 174.0 (C), 166.8 (C), 152.8 (C), 148.9 (C), 14T¥p 146.9
(C), 137.8 (C), 131.2 (C), 124.1 (C), 120.7 (CH)7 B (CH), 116.5 (CH), 112.0 (CH), 111.4
(CH), 62.4 (CH), 56.6 (CH), 55.9 (CH), 55.8 (CH), 55.5 (C), 42.2 (Ch), 37.6 (CH), 33.9
(CH,) .

HRMS (ESI): calcd for G;HasNO;Na [M + Na] 438.1529, found 438.1528.

The reaction conditions for estéa-c and results obtained are summarised in table 1.

Table 1: Reaction condition for cyclisation for esi&a-c

Entry | Substratg  Temp. & time Isolated Yield (%)
1 7a 70°C,10h 25
2 7b rt, 12 h 99
3 7c rt, 12 h 51

Compound 6a was dehydrogenated with DDQ in refluxing mixturé d@ioxane and
acetonitrile according to the procedure reportetiny et al. ° to give4b as a yellow solid in
54 % yield, which was confirmed by spectral analySicheme 11).

0] (0]
MeO N OMe  DDQ, dioxane/acetonitle MeO N OMe
O reflux, 12 h
MeO Q OMe 54 % MeO 4 Q OMe
O é6a O 4

Scheme 11

Spectral data  of v)-3.,4,10,11-tetramethoxy-7,8-dihydrobenzo[5,6]azam[2,1-
alisoindole-5,13-diong(4b):
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IR (KBr) : # = 2999, 1701, 1681, 1586, 1504, 1436, 1357, 12894, 1082 crh.

'H NMR (400 MHz, CDClg): 6 7.36 (d,J = 8.4 Hz, 1H), 7.28 (s, 1H), 7.05 @@= 8.4 Hz,
1H), 6.57 (s, 1H), 6.22 (s, 1H), 4.05-4.03(m, 58l86-3.84 (m, 9H), 3.21 (d} = 5.2 Hz,
2H).

13C-NMR (100 MHz, CDCls): 6 192.5 (C), 165.5 (C), 154.7 (C), 151.7 (C), 14T} 147.4
(C), 138.8 (C), 133.4 (C), 130.8 (C), 130.7 (C)9:BL(C), 116.3 (CH), 116.1 (CH), 113.5
(CH), 112.1 (CH), 104.4 (CH), 62.5 (GH56.6 (CH), 56.1 (CH), 56.0 (CH), 43.0 (CH),
33.9 (CH).

HRMS (ESI): calcd for GoHpiNOgH [M + H]* 396.1447, found 396.1447.

Having successfully synthesized the azocine ringtaining 4b, a synthetic derivative of
magallanesine, we then undertook the synthesis afaftanesine starting from 2-
(benzof][1,3]dioxol-5-yl)ethan-1-amine ** 10b, which was obtained from

benzofl][1,3]dioxole-5-carbaldehyd&5aas shown in scheme 12 below.

Amonium acetate

o) CHO Nitromethane, CHsCOOH <O XNO2 | aH, THF, reflux <Oj©NNH2
> T
<oj©/ 81% o} 84% 0
15a

15b 10b

Scheme 12

'H NMR of 2-(benzold][1,3]dioxol-5-yl)ethan-1-amine(10b): ¢

'H NMR (400 MHz, CDCl3): ¢ 6.73-6.80 (m, 3H), 5.91 (s, 2H), 2.94 {t= 6.8, 2H), 2.70
(t,J=6.8, 2H), 1.40 (br s, 2H).

CompoundlOb on treatment witi1ain refluxing THF underwent an alkylation followég
amidation in one pot to furnish the lact@i. The structure o8b was confirmed byH and
13C NMR data'? (Scheme 13).

O
Oy OEt
0 N OB
<O . MeO Cl THF, reflux
MeO ” OMe
e
10b 11a

90 %
8b OMe

Scheme 13

Spectral data of 2-(2-(benzo[d][1,3]dioxol-5-yl)ethl)-6,7-dimethoxyisoindolin-1-one
(8b): *?
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IR (KBr) : v = 2939, 2902, 1683, 1496, 1438, 1271, 1238, 1882 cn’.

'H NMR (400 MHz, CDCl3): 6 6.99-6.92 (m, 2H), 6.64-6.57 (m, 3H), 5.83 (s, 2HD5 (s,
2H), 3.99 (s, 3H), 3.79 (s, 3H), 3.66Jt 7.2 Hz, 2H), 2.80 (] = 7.2 Hz, 2H).

13C-NMR (100 MHz, CDCls): § 166.7 (C), 152.2 (C), 147.7 (C), 147.1 (C), 14€), 134.5
(C), 132.6 (C), 125.0 (C), 121.6 (CH), 117.7 (CH)6.2 (CH), 109.0 (CH), 108.3 (CH),
100.9 (CH), 62.5 (CH), 56.7 (CH), 49.7 (CH), 44.3 (CH), 34.5 (CH).

On treating the isoindoline derivativéb with NaHMDS at -95°C gave a deep green
coloration which was reacted witkbutyl bromo acetat8b to give 7d in 84 % vyield as a
viscous liquid. The structure @fl was confirmed by its spectral analysis (Scheme 14)

0 o)
<o N-_O NaHMDS. -95 °C THF < N__O

Then t- butyl bromoacetate © o
OMe 86% 5 OMe
o ~

OMe

Scheme 14

Spectral data of tert-butyl 2-(2-(2-(benzof][1,3]dioxol-5-yl)ethyl)-4,5-dimethoxy-3-

oxoisoindolin-1-yNacetate(7d):

IR (KBr) : v =2978, 2941, 1724, 1689, 1492, 1442, 1280, 11497 cn.

'H NMR (400 MHz, CDCly): § 6.99-6.97 (m, 2H), 6.66-6.58 (m, 3H), 5.80-5.78 @Hl),
4.90 (t,J = 5.6 Hz, 1H), 4.04-3.95 (m, 4H), 3.78-3.76 (m,)38121-3.16 (m, 1H), 2.85-2.69
(m, 2H), 1.29-1.27 (m, 9H).

3C NMR (100 MHz, CDCls): & 169.5 (C), 166.3 (C), 152.5 (C), 147.7 (C), 14&R 146.1
(C), 138.0 (C), 132.5 (C), 124.3 (C), 121.6 (CH)7 B (CH), 116.2 (CH), 109.1 (CH), 108.2
(CH), 100.8 (CH), 81.5 (C), 62.4 (Ch), 56.6 (CH), 55.6 (CH), 42.2 (C}}, 38.9 (CH),
34.2 (CH), 27.9 (3 X CH).

HRMS (ESI): calcd for GsH2oNO;H [M + H]" 456.2022, found 456.2022.

7d was then subjected to the Eaton’s reageotder to obtain compouréb (Table 2). After

2 h at room temperature the reaction turned bladolor and its TLC showed no UV active

component, instead only a black mass at the ba3&©fplate was observed (entry 1). We

thought the acidic condition may be decomposingdtiaeting; hence the reaction medium
was diluted with dichloromethane, but similar réswere obtained (entry 2). No success

was achieved even after carrying out the reacttoloweer temperature (entry 3). Estéd
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was then hydrolyzed with TFA and treated with E&omeagent, however, only

decomposition of the starting was seen (entry 4).

Table 2: Attempts to converfd to 6b using eatons reagent.

o) OMe
N©O N
0 Table 2 < O
° OMe © Q OMe
0 0

7d ‘X oM 6b

Entry Reaction condition Results
1 Eaton reagent, rt, 2 h Decomposition
2 1:9 (ROs/methanesulphonic acid), DCM, rt, 2 h Decomposition
3 1:9 (BROs/methanesulphonic acid), DCM, -20 , 6 h Decomposition
4 TFA, rt, 2 h, then eaton reagent, 1 h Decompmositi

The decomposition of the starting material washatted to the presence of methylenedioxy
group. Thus the reaction was carried out in thegmee of excess 0£®s in dichloroethane
during which two major products were obtained oalason along with some minor
impurities. Both these compounds were charactremed confirmed to be the azocine
derivative6d and hydrolyzed produd4b (Scheme 15).

g 0 °
o N._O P,0s, DCE <o O N OMe <O N._O
(0]

o t, 10 h +
OMe Q OMe o OMe
0O OH
7d

0]
OMe 6b, 26 % 14b, 20 % OMe

Scheme 15

Spectral data of 9,10-dimethoxy-5,6,12b,13-tetrahyd-[1,3]dioxolo[4",5":4' 5']benzo-
[1',2":5,6]azocino[2,14alisoindole-8,14-diong(6b):

IR (KBr) : # = 2970, 2920, 1720, 1694, 1460, 1375, 1260, 1658 c

'H NMR (400 MHz, CDCls): 6 7.08 (d,J = 8.0 Hz, 1H), 7.04-7.02 (m, 2H), 6.34 (s, 1H),
5.87(dd,J = 12.0 Hz, 1.2 Hz, 2H), 4.75 (s, 1H), 4.45-4.41{H), 3.88 (d,J = 7.2 Hz, 1H),
3.80 (d,J = 3.6 Hz, 1H), 3.62 (1] = 4.8 Hz, 1H), 3.56 (d] = 9.6 Hz, 1H), 3.17 (d] = 14.6
Hz, 1H), 2.96 (ddJ = 14.0 Hz, 4.4 Hz, 1H).
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3C-NMR (100 MHz, CDCls): 6 195.5 (C), 166.07 (C), 152.6 (C), 151.7 (C), 14({C2,
146.8 (C), 136.5 (C), 134.6 (C), 132.7 (C), 12%7, (117.5 (CH), 116.4 (CH), 111.3 (CH),
109.1 (CH), 101.8 (Ch), 62.3 (CH), 57.1 (CH), 56.5 (Ck), 47.1 (CH), 40.1 (CH), 34.8
(CHy).

HRMS (ESI): calcd for GiH10NOgNa [M + Na] 404.1110, found 404.1110.

Spectral data of 2-(2-(2-(benzd][1,3]dioxol-5-yl)ethyl)-4,5-dimethoxy-3-oxoisoindén-
1-yDacetic acid(14b):

IR (KBr) : # = 3430, 2952, 2920, 1694, 1690, 1464, 1260, 1655 c

'H NMR (400 MHz, CDCls): ¢ 7.10 (g,J = 8.4 Hz, 2H), 6.79-6.67 (m, 3H), 5.90 (5 1.6
Hz, 2H), 4.77 (t]) = 5.6 Hz, 1H), 4.07 (s, 4H), 3.90 (s, 3H), 3.3883(m, 1H), 2.96-2.89 (m,
2H), 2.85-2.80 (m, 2H), 2.67 (dd= 8.4 Hz, 6.4 Hz, 1H).

13C-NMR (100 MHz, CDCly): § 174.1 (C), 166.7 (C), 152.6 (C), 147.7 (C), 14T} 146.2
(C), 137.8 (C), 132.4 (C), 124.0 (C), 121.7 (CH)7 B (CH), 116.5 (CH), 109.2 (CH), 108.4
(CH), 100.9 (CH), 62.5 (CH), 56.6 (CH), 55.5 (CH), 42.6 (Cb), 37.8 (CH), 34.2 (CH).
HRMS (ESI): calcd for GiHpsNO;Na [M + NaJ 422.1216, found 422.1216.

Compound6d was dehydrogenated using DDQ in dioxane, acettanimixture® (Scheme

16). The spectral data were found to be in accaelavith literature reported dafa® °

o} (6]
0o N OMe DDQ, dioxane/acetonitle O N OMe
<o O Reflux, 12 h < O p
O
OMe 56 % Q OMe
o} o
6d 4a

Scheme 16

Spectral data of magallanesine or A)-9,10-dimethoxy-5,6-dihydro-
[1,3]dioxolo[4",5":4"5'-benzo[1',2":5.6]azocino[2,1-alisoindole-8,14-diong(4a): 7 & °

IR (KBr) : # = 3007, 2945, 1705, 1690, 1583, 1504, 1276, 12G8], 819 cril.

'H NMR (400 MHz, CDClg): 6 7.36 (d,J = 8.4 Hz, 1H), 7.16 (s, 1H), 7.05 @@= 8.4 Hz,
1H), 6.57 (s, 1H), 6.22 (s, 1H), 5.93 (s, 2H), 44080 (m, 5H), 3.86 (s, 3H), 3.18 {t= 5.2
Hz, 2H)

13C NMR (100 MHz, CDCly): § 192.3 (C), 165.9 (C), 154.7 (C), 150.5 (C), 14T} 147.1
(C), 139.1 (C), 134.7 (C), 132.6 (C), 130.9 (C)9.X1(C), 116.4 (CH), 116.2 (CH), 110.4
(CH), 109.2 (CH), 104.5 (CH), 101.8 (@H62.5 (CH), 56.6 (CH), 43.9 (CH), 33.2 (CH).
HRMS (ESI): calcd for GiHi;7NOgNa [M + Na] 402.0954, found 402.0954.
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Having successfully synthesized magallanegtaeand its dimethoxy derivativédb, we
extended this strategy for two more analogues. T2(8,4-dimethoxyphenyl)ethan-1-amine
10a and 2-(1-methyl-#i-indol-3-yl)ethan-1-aminé’ 10c were condensed with ethyl 2-
(bromomethyl)benzoat¥ 11b to give8c and8d in 92 and 86 % yield respectively (Table
3).

'H and **C-NMR of 2-(1-methyl-1H-indol-3-yl)ethan-1-amine(100): 1’

Brown oil.
@\/CNHQ H NMR (400 MHz, CDCl3): ¢ 7.62 (dd,J = 7.2 Hz, 0.8 Hz, 1H), 7.33-
N\ 7.23 (m, 2H), 7.13 (dt) = 6.8 Hz, 08 Hz, 1H), 6.93 (s, 1H), 3.76 (s, 3H),

10c
3.05 (t,J = 6.4 Hz, 2H), 2.95 (1] = 6.4 Hz, 2H), 2.56 (s, 3H).

3C-NMR (400 MHz, CDCly): ¢ 137.2 (C), 127.9 (C), 127.1 (CH), 121.6 (CH), DIECH),
118.8 (CH), 111.8 (C), 109.3 (CH), 42.2 (§H32.6 (CH), 28.7 (CH).

Table 3: One pot alkylation-amidation for synthesisSatd

Et0._O A— P
Ar N
ﬁ + B THF, reflux, 3 h
NH, r _—
8c-d

10a, 10c

11b

Entry Starting Product % Yield &kc-d*®

0]
MeO NH, @
1 10a MeO N 92
MeO j@/\/
MeO 8c

o)
NH, N
I i s
N
N\8d

isolated yield after column purification.

Isoindolinone derivative8c and8d were then subjected to anion formation with NaHMDS
and alkylation witht-butylbromoacetate to achieve alkylated prodteeand7f in 98 and 96
% yield respectively (Table 4).

Table 4. Synthesis ofe-f.

0 (0]
AN 1) NaHMDS, THF, -95 °C ANy
2) t-butyl bromoacetate, 9b )(

8c-d 0" 0 ¢
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Entry Starting Product % Yield ofe-f°

o)
7 § > N
1 MeO N MeO 98

o)
0
N
N
2 oo @f@@ %
N
N \O
\  8d 7fo)L

%isolated yield after column purification.

Intermediates/e and 7f were subjected to Eaton’s reagent to undergo zatobn to form
eight membered azocine ring (Table B gave6cin 91 % yield as the sole product, whereas
7f gave two compounddd and6ein 30 and 23 % yield respectively. IR spectra efsthtwo
compounds were almost similar. But tii& NMR spectrum of6e showed an extra peak at
1.33 ppm accounting for 9 protons. Also a substitutat 5-position of indole ring was
observed based on the splitting pattern of the atienprotons. The compoungid was
identified to have azocine ring based on the spkdata. The mass spectruméaafshowed
additional 56 a.m.u ([M + NaJ09.1892) as compared @d, which shows [M+Na] peak at
m/z 353.1266. This suggested the presence of amicadd C,Hy group which might be

coming fromtert-butanol, which is formed by hydrolysis of the este

Table 5. Acylation of 7e-f

0
Ar— 0
N ,\>: P,Os/triflic acid ;N :<Q
12h Ar
)(O O 7es O 6ce
Entry Starting Product % Yield @fc-e®
0 0

N MeO N
1 MeO O o1
Ve o MeO
e
Te >( (0] Osc

(0] (o]
2 @f(ﬁ% A0 30
i L
7f

6d
\ O
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O
e
23

isolated yield after column purification.

Azocine derivativésc and6d were then subjected to dehydrogenation with DDQriry this
reaction 6¢ gave the dehydrogenated proddctin 56 % vyield (Table 6). Howevesd

furnished a mixture of compounds on treating wib@(observed on TLC).

Table 6. Dehydrogenation ddc-d

o 0
Ar% DDQ, dioxane/CH;CN N N
100 °C, 12 h /

© 6c-d O  4cd
Entry Starting Product % Yield dfc®
0 o)
MeO O N MeO O N
1 MeO O MeO 7 O 56
Osc O4c
0

NI
2 mixtures
L
N ¢ 6d

\

%isolated yield after column purification.

The formation o6e was accounted by further reaction6af with t-butanol. We conducted a
control experiment by treating azocine derivatBe with t-butanol in Eaton’s reagent at
room temperature. On isolation 62 %6afwas isolated as expected, there by accounting for

the formation obefrom 7f during cyclization (Scheme 17).

P,Og/triflic acid,
t-Butanol, rt, 3 h

62%

Scheme 17
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4.4: Conclusion

We have successfully carried out C-C bond formati@mtween isoindolines and alkyl
bromoacetates using anion chemistry and one petl&riCrafts cyclisation from esters to

construct eight membered azocine rings.

The designed synthetic strategy is successfullyliegppfor the synthesis of naturally

occurring magallanesine.

4.5: Experimental

4.5.1: 2-(3,4-dimethoxyphenethyl)-6,7-dimethoxyisniolin-1-one (8a) *?

OMe O
MeO MeO THF, reflux, 3 0
OEt , I
cl MeO 2 94 %
11a 10a

To a magnetically stirred solution of ethyl 6-(atdmethyl)-2,3-dimethoxybenzoatkla
(2.293 g, 5 mmol) in anhydrous THF (20 mL) was atd®(3,4-dimethoxyphenyl)ethan-1-
amine 10a (1.82 g, 10 mmol) and refluxed undep Btmosphere for 3 h. The resulting
mixture was allowed to cool to room temperature 20dnL water was added and extracted
with chloroform (3 x 20 mL). The combined orgaragérs were washed with water (20 mL),
brine (20 mL) and dried over anhydrous,8@&,. The solvent was removed under reduced
pressure and crude product obtained was purifietlalsi chromatography with 40 % ethyl
acetate in petroleum ether to afford 2-(3,4-dimeyiphenethyl)-6,7-dimethoxyisoindolin-1-
one8ain 94 % (1.679 g) yield.

Off-white solid, m.p. 116-118C (lit. ** m.p. 120-120.5C).

4.5.2: Ethyl 2-(2-(3,4-dimethoxyphenethyl)-4,5-dimtioxy-3-oxoisoindolin-1-yl)acetate
(7a)

o)
O M
MeO *0 N OMe
N OMe 1) NaHMDS, THF, -95 °C
MeO
MeO 2) Ethyl bromoacetate 9a OMe
OMe O” o
M 7a

8a 84 %

To a magnetically stirred solution of 2-(3,4-din@tiiphenethyl)-6,7-dimethoxyisoindolin-
1-one8a(0.536 g, 1.5 mmol) in dry THF (10 mL), undes &tmosphere at -9 was added
NaHMDS (2M in THF) (0.835 mL, 1.65 mmol) in one pon and stirred at this temperature
for 1-1.5 h. To the resulting deep green colorddtem, ethyl bromoacetat@a (0.183 mL,
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1.65 mmol) was added at the same temperature. ddetion mixture was then allowed to
warm to room temperature and stirred for additidhal at rt. This was quenched with 5 %
NH,4CI (10 mL), and extracted with ethyl acetate (30xrlL). The combined organic layer
was washed with brine (10 mL) and dried over anbydrNaSQO,. The solvent was
concentrated under reduced pressure and the resasidash chromatographed with 30 %
ethyl acetate in petroleum ether to afford ethy(243,4-dimethoxyphenethyl)-4,5-
dimethoxy-3-oxoisoindolin-1-yl)aceta#in 84 % (0.587 g) yield.

Pale yellow liquid.

4.5.3: tert-Butyl 2-(2-(3,4-dimethoxyphenethyl)-4,5-dimethoxy3-oxoisoindolin-1-
ylacetate(7b)

0 Meoj@(_\N 7
MeO QR 0 OMe
jc(_\N ome 1) NaHMDS, THF, 95 °C eo
MeO 2) t-Butyl bromoacetate 9b 0o OMe

Following the similar procedure described in setcb.2 with 2-(3,4-dimethoxyphenethyl)-
6,7-dimethoxyisoindolin-1-on8a (0.536 g, 1.5 mmol), NaHMDS (0.835 mL, 1.65 mmol)
and tert-butyl bromoacetate9Qb (0.244 mL, 1.65 mmol) to giveert-butyl 2-(2-(3,4-
dimethoxyphenethyl)-4,5-dimethoxy-3-oxoisoindolind}acetate 7b in 90 % (0.636 Q)
yield.

Pale yellow liquid.

4.5.4: Benzyl 2-(2-(3,4-dimethoxyphenethyl)-4,5-digthoxy-3-oxoisoindolin-1-yl)acetate
(7c)

O
MeO N MeO N OMe
OMe 1) NaHMDS, THF, -95°C
MeO MeO
OMe 2) Benzyl bromoacetate 9c OMe

8a 87 % o "o

Following the similar procedure described in setcb.2 with 2-(3,4-dimethoxyphenethyl)-
6,7-dimethoxyisoindolin-1-on&a (0.536 g, 1.5 mmol), NaHMDS (0.835 mL, 1.65 mmol)
and benzyl bromoacetat®c (0.261 mL, 1.65 mmol) afforded benzyl 2-(2-(3,4-
dimethoxyphenethyl)-4,5-dimethoxy-3-oxoisoindolind)acetate7cin 87 % (0.659 g) yield.
Pale yellow liquid.

4.5.5: 3,4,10,11-Tetramethoxy-7.8,14,14a-tetrahydoenzo[5,6]azocino[2,1a]lisoindole-
5,13-dione(6a)
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0o 0

MeO
N MeO
:@(_\ OMe Eaton's reagent O N OMe
MeO
OMe 70°C, 10 h MeO Q OMe

0" "o 25 % O 6a
J 1a

Ethyl 2-(2-(3,4-dimethoxyphenethyl)-4,5-dimethoxyegoisoindolin-1-yl)acetatega (0.443

g, 1 mmol) and Eaton’s reagent (4 mL) were heatetDaC for 10 h (monitored by TLC).
After cooling, the reaction mixture was quenchedhwvater (20 mL) and extracted with
ethyl acetate (3 x 10 mL). The organic layers weneentrated under reduced pressure and
residue obtained was subjected to flash chromagpbgraiith 70 % ethyl acetate in petroleum
ether, to affordain 25 % (0.105 g) yield.

White solid, m.p. 224-22%C

4.5.6: 3,4,10,11-Tetramethoxy-7.8,14,14a-tetrahydoenzo[5,6]azocino[2,1alisoindole-
5,13-dione(6a)

MeO N P VO O
OMe Eaton's reagent e O N OMe
MeO
OMe 1, 10h MeO Q OMe
o™ ~o
b

99 % O ea

tert-Butyl-2-(2-(3,4-dimethoxyphenethyl)-4,5-dimetho8yexoisoindolin-1-yl)acetate 7b

(0.472 g, 1 mmol) and Eaton’s reagent (4 mL) weneesl at room temperature for 10 h
(monitored by TLC). After cooling, the reaction mire was quenched with water (20 mL)
and extracted with ethyl acetate (3 x 10 mL). Thgaaic layers wereconcentrated under
reduced pressure and residue obtained was puu8ed) flash chromatography with 70 %

ethyl acetate in petroleum ether, to afféedin 99 % (0.416 g) yield.

4.5.7: 3,4,10,11-Tetramethoxy-7.8,14,14a-tetrahydoenzo[5,6]azocino[2,1alisoindole-
5,13-dione(6a)

0o 0

MeO
N MeO
ﬁ OMe Eaton's reagent © N OMe
MeO
OMe rt, 10 h MeO OMe

0o 51 % 3
_ 7c 6a

Ph

Following the similar protocol described in sectidgh5.6 with benzyl 2-(2-(3,4-
dimethoxyphenethyl)-4,5-dimethoxy-3-oxoisoindolind}acetate7c (0.506 g, 1 mmol) and
Eaton’s reagent (4 mL) gave prodéetin 51 % (0.214 g) yield.
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4.5.8: ()-3,4,10,11-Tetramethoxy-7,8-dihydrobenzo[5,6]azawm|[2,1-alisoindole-5,13-
dione (4a)

0 0
MeO N OMe DDQ, dioxane/acetonitle MO N OMe
O Reflux, 12 h p
MeO Q OMe 54 % MeO Q OMe
O 6a O 4a
A magnetically  stirred solution of 3,4,10,11-teteethoxy-7,8,14,14a-

tetrahydrobenzo[5,6]azocino[2dlisoindole-5,13-dione 6a (0.084 g, 0.2 mmol) and DDQ
(0.045 g, 0.2 mmol) in 10 mL of 3:1 mixture of dame:acetonitrile was heated at £Q0for
12 h. The reaction mixture was cooled and concttrafurther purified by flash
chromatography using 40 % ethyl acetate in petroleather to afford 4)-3,4,10,11-
tetramethoxy-7,8-dihydrobenzo[5,6]azocino[2]isoindole-5,13-dion&ain 54 % (0.045 g)
yield.

Yellow solid, m.p. 262-264C

4.5.9: 2-(2-(Benzafll[1,3]dioxol-5-yethyl)-6,7-dimethoxyisoindolin-1-one (8b) *?

O+ OEt O
o NH, 4 D/\N 0
< + MeO cl THF, reflux 0
© 90 % OMe

10b MeO 8b

11a OMe

Following the similar protocol described in secti8rb.1 with 2-(benza]][1,3]dioxol-5-
yl)ethan-1-aminelOb (1.65 g, 10 mmol) and ethyl 6-(chloromethyl)-2 jgxdthoxybenzoate
1la (1.288 g, 5 mmol), gave the product 2-(2-(bedjaf3]dioxol-5-yl)ethyl)-6,7-
dimethoxyisoindolin-1-on8&b in 90 % (1.535 g) yield.

Off-white solid, m.p. 96-98C (lit. *"*m.p. 99-106C).

4.5.10:tert-Butyl 2-(2-(2-(benzof][1,3]dioxol-5-yl)ethyl)-4,5-dimethoxy-3-o0xoisoindtin-
1-ylacetate(7d)

O O
<Oj©/\N O NaHMDS. -95 °C THF < N._O

t- Butyl bromoacetate © o
OMe OMe
8b 86% \ 0

OMe 7d OMe

Following the similar protocol described in secti®®.3 with 2-(2-(benzal[1,3]dioxol-5-
yl)ethyl)-6,7-dimethoxyisoindolin-1-on&b (1.366 g, 4 mmol), NaHMDS (2.20 mL, 4.4
mmol) and tert-butyl bromoacetatedb (0.650 mL, 4.4 mmol) gave tert-butyl 2-(2-(2-
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(benzofi][1,3]dioxol-5-yl)ethyl)-4,5-dimethoxy-3-oxoisoindia-1-yl)acetate 7d in 86 %
(1.570 Q) yield.

Pale yellow liquid.

4.5.11: 9,10-Dimethoxy-5,6,12b,13-tetrahydro-[1,3idxolo[4",5":4' 5'lbenzo-
[1',2":5,6]azocino[2,14alisoindole-8,14-diong(6b)

g 0 °
o N0 P,0s, DCE o) O N OMe < N0

o i, 10 h < + 0
OMe © Q OMe © OMe
0O 4 OH
7d

OMe 6b, 26 % 14b, 20 % OMe

To a magnetically stirred solution tért-butyl 2-(2-(2-(benzaf][1,3]dioxol-5-yl)ethyl)-4,5-
dimethoxy-3-oxoisoindolin-1-yl)acetatéd (0.183 g, 0.4 mmol)n dichloroethane (5 mL)
was added @5 (0.524 g, 1.84 mmol) and stirred at room tempeeator 10 h (monitored by
TLC). Reaction mixture was quenched with water (L) and extracted with
dichloromethane (3 x 10 mL). The organic layersegencentrated under reduced pressure
and residue obtained was purified using flash clatography with 70 % ethyl acetate in
petroleum ether, to afforélb in 26 % (0.042 g) yield and hydrolysed prodidb in 20 %
(0.032 g) yield.

9,10-Dimethoxy-5,6,12b,13-tetrahydro[1,3]dioxolo[45":4",5'benzo[1",2":5,6]-
azocino[2,1alisoindole-8,14-dione(6b)
White solid, m.p. 216-21&

2-(2-(2-(Benzof][1,3]dioxol-5-yl)ethyl)-4,5-dimethoxy-3-0xoisoindtin-1-yl)acetic  acid
(14b)
White solid, m.p. 232-23%C

4.5.12:(7)-9,10-Dimethoxy-5,6-dihydro[1,3]dioxolo[45":4',5'lbenzo-[1',2".5 6]azocine-
[2,1-alisoindole-8,14-dioneg(4a) "+ & °

o 0
0] OMe DDQ, dioxane/acetonitile 0 M
( O N Reflux, 12 h ( O N OMe
° Orowe w027 ome
O
6b O 4da

Following the similar protocol described in secti®®.8 with 9,10-dimethoxy-5,6,12b,13-
tetrahydro-[1,3]dioxolo[4",5":4",5"]benzo[1',28%az0cino[2,1a]isoindole-8,14-dione  6b
(0.028 g, 0.073 mmol) and DDQ (0.017 g, 0.073 mngdye ¥)-9,10-dimethoxy-5,6-
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dihydro-[1,3]dioxolo[4",5":4",5"lbenzo[1',2":5;8F0cino[2,1a]isoindole-8,14-dionetla 56 %
(0.017 g) yield.
Yellow solid, m.p. 252-254C (lit. ® m.p. 255°C).

4.5. 13: 2-(3,4-Dimethoxyphenethylisoindolin-1-onésc)

o
MeO
j@/\ . OEt  THF,reflux, 3h _
MeO NFz Br

92%
10a 11b

Following the similar protocol described in sectior8.5.1 with 2-(3,4-
dimethoxyphenyl)ethan-1-amiri®a (0.725 g, 4 mmol) and ethyl 2-(bromomethyl)benzoate
11b '8 (0.486 g, 2 mmol) furnished 2-(3,4-dimethoxyphégisoindolin-1-one8c 92 %
(0.547 g) yield.

Off white solid, m. p. 97-98C (lit. ** m.p. 98-99C).

IR (KBr) : v = 2999, 2930, 1685, 1591, 1516, 1469, 1232, 11826, 740 cri.

'H NMR (400 MHz, CDCls): 6 7.84 (d,J = 7.2 Hz, 1H), 7.51-7.41 (m, 2H), 7.36 (&5 7.2
Hz, 1H), 6.77-6.73 (m, 3H), 4.18 (s, 2H), 3.8450d), 3.77 (s, 3H), 2.94 (§,= 7.2 Hz, 2H).
13C NMR (100 MHz, CDCly): 6 168.5 (C), 148.9 (C), 147.6 (C), 141.2 (C), 13Z3% 131.3
(C), 131.2 (CH), 128.0 (CH), 123.6 (CH), 122.6 (C#20.6 (CH), 111.8 (CH), 111.3 (CH),
55.9 (CH), 55.8 (CH), 50.8 (CH), 44.2 (CH), 34.3 (CH).

4.5.14: 2-(2-(1-Methyl-H-indol-3-yethyl)isoindolin-1-one (8d)
o ol QS
86%

Following the similar protocol described in secti@b.1 with 2-(1-methyl-H-indol-3-
yl)ethan-1-aminé’ 10c(0.697 g, 4 mmol) and ethyl 2-(bromomethyl)benzdételb (0.486
g, 2 mmol) gave 2-(2-(1-methyHtindol-3-yl)ethyl)isoindolin-1-one3d in 86 % (0.499 @)
yield.

White solid, m. p. 84-86C

IR (KBr) : » = 3290, 3070, 2993, 1664, 1597, 1492, 1425, 12863, 744 crl.

IH NMR (400 MHz, CDCls): 6 7.92 (d,J = 7.2 Hz, 1H), 7.67 (d] = 8.0 Hz, 1H), 7.55-7.46
(m, 2H), 7.39 (d,) = 7.2 Hz, 1H), 7.33-7.25 (m, 2H), 7.14 Jt= 7.2 Hz, 1H), 6.96 (s, 1H),
4.32 (s, 2H), 4.00 (1] = 6.8 Hz, 2H), 3.75(s, 3H), 3.18 {t= 6.8 Hz, 2 H).
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3C NMR (400 MHz, CDCls): ¢ 168.6 (C), 141.3 (C), 137.1 (C), 133.0 (C), 13(CH),
128.0 (CH), 126.8 (CH), 123.7 (CH), 122.7 (CH), 72{CH), 118.9 (CH), 118.7 (CH),
111.3 (C), 109.3 (CH), 50.6 (GH 43.1 (CH), 32.7 (CH), 24.5 (CH).

HRMS (ESI): calcd for GgH1gN,ONa [M + NaJ 313.1317, found 313.1317.

4.5.15:tert-Butyl-2-(2(3,4-dimethoxyphenethyl)-3-oxoisoindolinl-yl)acetate(7€)

o) MeO N O
MeO N 1) NaHMDS, THF, -95 °C
MeO
MeO 2) t-butyl bromoacetate 9b
8¢ 98 % o o
)< 7e

Following the similar protocol described in sectior8.5.3 with 2-(3,4-
dimethoxyphenethyl)isoindolin-1-ongc (0.446 g, 1.5 mmol), NaHMDS (0.183 mL, 1.65
mmol) andtert-butyl bromoacetatéb (0.243 mL, 1.65 mmol) affordeidrt-butyl 2-(2-(3,4-
dimethoxyphenethyl)-3-oxoisoindolin-1-yl)acet&tein 98 % (0.605 g) yield.

Light yellow thick oil.

IR (KBr) : v = 2976, 2935, 1726, 1693, 1514, 1413, 1366, 12833, 1147 cm.

'H NMR (400 MHz, CDCls): ¢ 7.72(d,J = 7.6 Hz, 1H), 7.42-7.31 (m, 3H), 6.69-6.65 (m,
3H), 4.62 (t,J = 5.6 Hz, 1H), 4.17-4.10 (m, 1H), 3.71 (s, 3HBB(s, 3H), 3.29-3.22 (m,
1H), 2.92-2.85 (m, 1H), 2.80-2.73 (m, 1H), 2.67,(@¢ 16.0 Hz, 5.2 Hz, 1H), 2.54 (dd=
15.6 Hz, 6.0 Hz, 1H), 1.23 (s, 9H).

13C NMR (100 MHz, CDCly): 6 169.3 (C), 168.2 (C), 148.8 (C), 147.5 (C), 14€Y, 132.0
(C), 131.5 (CH), 131.1 (C), 128.3 (CH), 123.3 (CH22.4 (CH), 120.6 (CH), 111.8 (CH),
111.2 (CH), 81.4 (C), 56.6 (CH), 55.7 (gH55.6 (CH), 41.9 (CH), 38.3 (CH), 33.9
(CHy), 27.7 (3 X CH).

HRMS (ESI): calcd for GsHa0NOsNa [M + Na] 434.1943, found 434.1943.

4.5.16:tert-Butyl 2-(2-(2-(1-methyl-1H-indol-3-y)ethyl)-3-oxoisoindolin-1-yl)acetate( 7f)

O
O 1) NaHMDS, THF, -95 °C WN
N
| % 2) t-butylbromoacetate 9b /N

96 %

Following the similar protocol described in secti®8rb.3 with 2-(2-(1-methyl-H-indol-3-
yl)ethyl)isoindolin-1-one8d (0.436 g, 1.5 mmol), NaHMDS (0.83 mL, 1.65 mmoly aert-
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butyl bromoacetat®b (0.243 mL, 1.65 mmol) gave tert-butyl tert-buty(2{2-(1-methyl-
1H-indol-3-yl)ethyl)-3-oxoisoindolin-1-yl)acetat® in 96 % (0.583 g) yield.
Light yellow thick oil.

IR (KBr) : v = 2976, 2935, 1726, 1680, 1469, 1366, 1151, 104@ cni-.

'H NMR (400 MHz, CDClg): 6 7.71(d,J = 7.6 Hz, 1H), 7.57 (d] = 8.0 Hz, 1H), 7.35-7.25
(m, 3H), 7.09-7.25 (m, 2H), 6.95 (t= 7.6 Hz, 1.2 Hz, 1H), 6.73 (s, 1H), 4.65)& 6.0 Hz,
1H), 4.19-4.15 (m, 1H), 3.46 (s, 3H), 3.36-3.32 (thl), 3.01-2.91 (m, 2H), 2.60 (dd,=
15.6 Hz, 4.8 Hz, 1H), 2.45 (dd= 16.0 Hz, 7.6 Hz, 1H), 1.16 (s, 9H).

3C-NMR (400 MHz, CDCly): ¢ 169.3 (C), 168.3 (C), 144.9 (C), 137.1 (C), 13¢3,
131.5 (CH), 128.4 (CH), 127.8 (C), 126.8 (CH), ®2@CH), 122.6 (CH), 121.7 (CH), 118.9
(CH), 111.2 (C), 109.3 (CH), 81.4 (C), 56.6 (CH),3!(CH), 38.2 (CH), 32.6 (CH), 27.9
(3 X CHy), 24.4 (CH).

HRMS (ESI): calcd for GsHagN2OsNa [M + Na] 427.1998, found 427.1998.

4.5.17: 10,11-Dimethoxy-7,8,14,14a-tetrahydrobenZgplazocino[2,1alisoindole-5,13-
dione (6¢)

O
(6]
MeO N MeO
Eaton's reagent O N
MeO t, 10 h MeO )
o” ~o
"X

91 % O 6c

Following the similar protocol described in sectidh5.6 with tert-butyl 2-(2-(3,4-
dimethoxyphenethyl)-3-oxoisoindolin-1-yl)acetai®e (0.412 g, 1 mmol), gave 10,11-
dimethoxy-7,8,14,14a-tetrahydrobenzo[5,6]azociribiisoindole-5,13-dione6c in 91 %
(0.307 g) yield.

White solid, m.p. 228-23C

IR (KBr) : # = 2970, 2910, 1725, 1690, 1463, 1370, 1259, 1683 c

IH NMR (400 MHz, CDCly): d 7.56 (d,J = 7.6 Hz, 1H), 7.51-7.45 (m, 2H), 7.33 (dtz
8.0 Hz, 1.2, 1H), 7.15 (s, 1H), 6.64 (s, 1H), 484J = 4.8 Hz, 1H), 4.44 (di) = 13.6 Hz,
5.6 Hz, 1H), 3.96 (dd] = 14.4 Hz, 6.4 Hz, 1H), 3.84 (s, 3H), 3.77-3.68 4H), 3.43 (dd,

= 14.0 Hz, 5.6 Hz, 1H), 3.22 (d= 14.0 Hz, 1H), 2.93 (dd,= 15.2 Hz, 5.2 Hz, 1H).
13C-NMR (400 MHz, CDCl3): & 195.2 (C), 168.1 (C), 153.0 (C), 147.7 (C), 1463,
132.7 (C), 131.9 (CH), 131.5 (C), 130.6 (C), 12608), 123.6 (CH), 122.4 (CH), 113.9
(CH), 112.0 (CH), 58.2 (CH), 56.0 (GH55.8 (CH), 46.3 (CH), 40.3 (CH), 34.6 (CH).
HRMS (ESI): calcd for GoHigNOsNa [M + NaJ 360.1212, found 360.1212.
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4.5.18: 5-Methyl-7,7a,14,15-tetrahydro-5H-isoindol@',1':1,8]azocino[5,4blindole-6,12-

dione (6d)

Z :I (% Eaton's reagent ‘\/Qg»:‘ w
rt, 10 h
f o "o

6d 30 % 6e 23 %

Following the similar protocol described in secti®®.6 withtert-butyl 2-(2-(2-(1-methyl-
1H-indol-3-yl)ethyl)-3-oxoisoindolin-1-yl)acetat&f (0.404 g, 1 mmol), gave 5-methyl-
7,7a,14,15-tetrahydrokbisoindolo[2',1":1,8]azocino[5,8}indole-6,12-dione 6d in 30 %
(0.10g) and 2tért-butyl)-5-methyl-7,7a,14,15-tetrahydradssoindolo[2',1":1,8]-
azocino[5,4blindole-6,12-dionéein 23 % (0.089 Q) yield.

5-Methyl-7,7a,14,15-tetrahydro-5H-isoindolo[2',1":18]azocino[5,4blindole-6,12-dione
(6d)
Off white solid, m. p. 192-192C

IR (KBr) : ¥ = 2960, 2908, 1720, 1675, 1420, 1375, 1250, 1108 c

'H NMR (400 MHz, CDCls): § 7.76 (d,J = 8.4 Hz, 1H), 7.71(d] = 7.6 Hz, 1H), 7.67-7.63
(m, 2H), 7.49-7.45 (m, 1H), 7.38 (d&t~= 8.0 Hz, 0.8 Hz, 1H), 7.30 (d,= 8.4 Hz, 1H), 7.18
(t, J=7.2 Hz, 1H), 4.96 (d] = 5.6 Hz, 1H), 4.55-4.50 (m, 1H), 4.11(5s 6.8 Hz, 1H), 3.79
(s, 3H), 3.67-3.65 (m, 2H), 3.56-3.51(m, 1H), 3(8QJ = 12.4 Hz, 1H).

3C-NMR (100 MHz, CDCly): 5 188.8 (C), 168.7 (C), 143.7 (C), 139.4 (C), 13€}, 131.8
(CH), 131.7 (C), 128.6 (CH), 126.7 (CH), 125.9 (€23.8 (CH), 122.5 (CH), 121.2 (C),
120.5 (CH), 120.4 (CH), 110.4 (CH), 58.0 (CH), 460H,), 39.8 (CH), 32.6 (CH), 24.1
(CHy).

HRMS (ESI): calcd for G;H;gN,O-Na [M + NaJ 353.1266, found 353.1266.

2-(tert-Butyl)-5-methyl-7,7a,14,15-tetrahydro-%1-isoindolo[2',1":1,8]azocinol[5,4-
blindole-6,12-dione(6€)
Off white solid, m. p. 172-172C

IR (KBr) : # = 2963, 2904, 1718, 1676, 1633, 1421, 1377, 12222, 750 cri.

'H NMR (400 MHz, CDClg): ¢ 7.62 (d,J = 7.6 Hz, 1H), 7.57-7.55 (m, 3H), 7.41-7.37 (m,
2H), 7.15 (d,) = 8.8 Hz, 1H), 4.87 (d] = 5.6 Hz, 1H), 4.49-4.41 (m, 1H), 4.06-4.00 (m)1H
3.67 (s, 3H), 3.63-3.55 (m, 2H), 3.51-3.44 (m, 13413 (d,J = 13.2 Hz, 1H), 1.33 (s, 9H).
13C-NMR (100 MHz, CDCls): 6 188.6 (C), 168.8 (C), 143.7 (C), 143.3 (C), 13T} 134.3
(C), 131.8 (CH), 131.7 (C), 128.6 (CH), 125.8 (CH25.5 (C), 123.8 (CH), 122.5 (CH),
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121.3 (C), 115.5 (CH), 110.1 (CH), 58.0 (CH), 463%4,), 39.8 (CH), 34.7 (C), 32.6 (CH),
31.7 (3 XCH), 24.0 (CH).
HRMS (ESI): calcd for GsHagN,O,Na [M + NaJ 409.1892, found 409.1892.

4.5.19: )-10,11-Dimethoxy-7,8-dihydrobenzo[5,6]azocino[2,4lisoindole-5,13-dione
(49

o 0
MeO N DDQ, dioxane/acetonitle MeO N
O Reflux, 12 h y
MeO 58 % MeO O
O 6c O 4c

Following the similar protocol described in secti®5.8 with 10,11-dimethoxy-7,8,14,14a-
tetrahydrobenzo[5,6]azocino[2dlisoindole-5,13-dionesc (0.068 g, 0.2 mmol) and DDQ
(0.045 g, 0.2 mmol) gave Z)J-10,11-dimethoxy-7,8-dihydrobenzo[5,6]azocino[2,1-
alisoindole-5,13-diondc 58 % (0.039 Q) yield.

Yellow solid, m. p. 248-250C

IR (KBr) : # = 2991, 2956, 1703, 1683, 1580, 1510, 1430, 18880, 1079 cr.

'H NMR (400 MHz, CDCly): ¢ 7.78 (td,J = 7.2 Hz, 0.8, 1H), 7.68 (d,= 7.6 Hz, 1H), 7.56
(td,J = 7.2 Hz, 1.2 Hz, 1H), 7.49 (di,= 7.2 Hz, 1.2 Hz, 1H), 7.29 (s, 1H), 6.57 (s, 16{80
(s, 1H), 4.10-4.07 (m, 2H), 3.86 (@= 5.6 Hz, 6H), 3.24-3.21 (m, 2H).

13C-NMR (400 MHz, CDCl3): & 192.8 (C), 167.3 (C), 151.8 (C), 147.8 (C), 13633,
137.6 (C), 133.6 (C), 132.7 (CH), 130.7 (CH), 13§, 128.4 (C), 123.9 (CH), 120.4 (CH),
113.6 (CH), 112.3 (CH), 105.8 (CH), 56.1 (§+56.0 (CH), 42.5 (CH), 34.4 (CH).

HRMS (ESI): calcd for GoHi7NO,H [M + H]* 336.1236, found 336.1236.
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Chapter V

Section A:An approach towards synthesis of Alpkinidine

5. A. 1: Introduction

Alpkinidine is a purple colored pentacyclic maringatural product belonging to
pyrroloacridine class of alkaloids isolated from rmea sponge Xestospongia cf.
carbonaria.!® So far the family of pyrroloacridine consist of prb members including
alpkinidine. The other members of this family atekpnidine A-E @a-2e) (Figure 1)**"

Plakinidine D Plakinidine E Alpkinidine tautomer

Figure 1: Members of pyrroloacridine family.

The rings of pentacyclic framework of alpkinidineeanarked as A, B, C, D& E ring as
shown in figure 1. The structure of this alkalo@hsists of an acridine ring system fused to a
pyridone nucleus (E) which makes it less solublmost of organic solvents. Alpkinidine is
also expected to exist as its tauton2érin solution phase. These reasoms lack of
solubility and existence in the tautomeric form,vesll as the lack of availability of this
alkaloid have resulted in lack of spectral datéhaf molecule. Alpkinidine has been assigned

structure based on its X-ray crystallographic asiafy

Members of this family are not well explored, bte alosely related to members of another
pyridoacridine class of compoungisz. Amphimedine3a, neoamphimedin@b and others
(Figure 2)?*4|t can be seen that the structural ring arrangémeneoamphimedine (rings
A, B & E) is similar and is believed to be a co-atmilite of alpkinidine. Also isolation of

these alkaloids was associated along with membergrisloacridines likesb.'2
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Amphimedine Neoamphimedine Alpkinidine

Figure 2: Structural similarities betweehand pyridoacridine alkaloids

Members of pyridoacridine family isolated from nmarisource are highly colored alkaloids
containing 1H-pyrido[4,3,2mn]acridine ring system. Based on biosynthetic pathwas
proposed that this family comprise, of over 10(akdlds out of which several are yet to be
isolated® Members of this family are targeted for their widmge of biological activities
like antiviral, antiparasitic, antifungal, insedtial, cytotoxic and antibacterial. For the same
reason members of this family is also interestymgtsetic targets*

Modelling study have indicated that the CE ringtsgsof neoamphimedir@b which is also
present in alpkindine is a vital functionality fomding interaction with topisomerase lla,
and selective cytotoxicity towards solid tumor dmlés, suggesting thatcould have similar
activities as that a8b.*? It is also noteworthy that A, B, E ring system wBotent activity

towards inhibition of xenograft tumor in mic®.

5.A.2: Literature Reported Methods

Till date to our knowledge, there is no report otak synthesis of alpkindine in the literature.
However, only one report on the synthesis of pliakie core reported which is presented

below.

Kitahara et al. ®® in 2004 reported a route to synthesize the peoliacpyrroloacridine
framework present in plakinidine A-E alkaloids (8aote 1). 2-Acetyl-3-nitrodiphenylamine
on intramolecular cyclisation followed by reductiomnd acetylation gave acridine
intermediate, which on subsequent cyclisation vB&#Q furnished the tetracyclic core.
Nitration of this intermediate with KN{H,SO, followed by reduction of the nitro group and
reacting the resulting amine with Meldrum’s acidimethyl orthoformate gave an
unsaturated adduct, which on heating and decaratiaglgave plakinidine core.
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HN 1) HySO,4, AcOH, 110 °C Se0,
COCHs ) snCl,.2H,0, HCI, 70 °C dioxane, 70 °C
NO, 3) (CH3C0),0, it

1) N828204
THF-H,0, rt

0 2 ) Meldrum's acid
CH(OMe)3, reflux

oo L)
1) PhyO, reflux H
o} N
220%H;50, [ O
Dioxane, 90 °C \
Plakinidine A-D core COCH;

Scheme 1

Recently in 2014 Bracheet al. ** developed an interesting route for the synthesis of
pyridoacridine alkaloid demethydeoxyamphimedine hé€3oe 2). In this method ethyl
nicotinate was metallated and thémns-metallated to give a zinc reagent which was
subjected to Negishi coupling with 2-iodoanilne time presence of palladium catalyst
followed by lactamisation to obtain beneglp?,7]naphthyridin-5(61)-one. This intermediate
on treatment with phosphorous oxybromide followgdalsecond Negishi coupling with the
same zinc intermediate gave ethyl 2-(benzo[c][&@hthyridin-5-yl)benzoate. Further direct
metalation followed by intramolecular acylation gavthe desired alkaloid

demethyldeoxyamphimedine in 6.4 % overall yieldro¥steps.

Z>N
1) TMPMgCI.BF . LiCl |
SN NN N
| 2) ZnCl, | NH,
Z 1Zn”
P P(2-furyl N" "0
COLEt COLEt d(dbalz, P(2-furyDs H
\POB@
=N
= A\
TMPMgCI LiCl 1zn <
2.2 equiv CO,Et
—
Pd(dba),, P(2-furyl)s N "Br
Demethyldeoxyamphimedine

5. A. 3: Results and Discussion

Our strategy towards the synthesis of alpkinidirees wased on the retrosynthetic pathway
depicted in below scheme 3. We envisaged that thegoof 1 could be constructed from its

corresponding ester derivatidesia a straight forward intramolecular acylation. Coastion
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of D ring could be achieved from its amide derivat by dehydrogenative coupling. Amide
5 could be obtained from its corresponding acidwdeive 6a by coupling reaction. Synthesis
of quinoline acid6 was visualized from isatii and 4-acetyl-1-methylpyridin-2()-one 9a
using Pfitzinger reaction. Intermedig®a could be achieved from corresponding Weinreb
amidel0a which could be obtained from known acid 1-methydx®-1,2-dihydropyridine-4-

carboxylic acidl1. &

Ry O
(0] R L
ORZO [—— N
N 74 N/ p o)
4 X N 5 X N
(0]
O H
R/N\)J\ORZ
o 7
N
H
Isatin 8 COOH
AN
;& ey
N
6a h
10a

Scheme 3

Synthesis of 1-methyl-2-oxo-1,2-dihydropyridine-ddsoxylic acidll was carried out using
a reported procedure (Scheme %)Esterification of pyridine-4-carboxylic acit to its
methyl ester and further treatment with methyl dedgave the bright red pyridium iodide
salt 14 . Oxidative hydrolysis ofl4 under basic conditions in the presence of potassiu

ferricyanide gave intermediald in excellent overall yield.

COOH COOMe
MeOH, H,S0 TN KoFetcn, .l
| N 2 4 CH3| CH,Cl, | N NaOH | A
N/ quant quant _[t]/ 96% N o
12 P 44 I 14
Scheme 4

The acid intermediatdl was then reacted with thionyl chloride at 8D to give the
corresponding acid chloride, which on insitu treatinwith N,O-dimethyl hydroxyl amine
hydrochloride gave a yellow viscous liquid, whicaswexpected to give Weinreb amitia.
However, its'"H NMR showed only two peaks accounting for the mletinoups at 3.29 and
2.70 ppm instead of three. Further spectral armlygi*C NMR confirmed the structure of
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the product to b&0b and notlOa. The Weinreb amid&0b on further reacting with methyl

magnesium bromide (2.1 equiv) gave excellent yiefd&-acetylpyridin-2(H)-one9b.

GOOH 1) SOCl,, 60 °C, 15 h o
B 2) CH,Cl,, TEA THF, MeMgBr Q

N Yo o |

' NH.HC 98% N"O

11

Expected 10a Obtalned 10b 9b
72 %
Scheme 5

Since the above method provided us with the dentetty derivativédb an alternative route
® for the synthesis oda was adopted. Thus, 4-acetyl pyridiba was subjected to acetal
formation with ethylene glycol in the presencepofSA. A white solid was obtained which
on methylation, followed by a base mediated hydislyin the presence of potassium
ferricyanide gave the acetal derivati¥sc. Hydrolysis of15c with 3 % HCI solution gave
the desired compourfth as a white solid. ItfH NMR showed two distinct methyl groups at
3.58 and 2.54 ppm itH NMR accounting for N-Ckl and —CO-CH respectively. The
aromatic protons were seen at 7.8&¢upled) and 6.61ofcoupled) and at 7.07 ppmy

coupled).
p-TSA (CHg),SO 0 0
(@] 3/2 4
o)
HO™™ } KOH, } ,
N OH KsFe(CN)g | N 3% HCI | A
I I )
N 95% N/ 74 A) 'Il O 98% 'Il o
15a 15b 15¢ 9a
Scheme 6

Spectral data of 4-acetyl-1-methylpyridin-2(1H)-one (9a): ®°

IR (KBr): v = 3088, 3035, 1928, 1687, 1656, 1589, 1485, 123& cni-.

'H NMR (400 MHz, CDCl3): 6 7.38 (d,J = 7.2 Hz, 1H), 7.07 (d] = 2.0 Hz, 1H), 6.61 (dd,
J=6.8 Hz, 2.0 Hz, 1H), 3.58 (s, 3H), 2.54 (s, 3H).

3C NMR (100 MHz, CDCls3): § 197.0 (C), 163.0 (C), 145.9 (C), 138.9 (CH), 12(CH),
102.4 (CH), 37.5 (Ch), 26.3 (CH).

The

reaction (Pfitzinger-Borsche reactioh)conditions to obtain a white solid which in its IR

intermediate 9a was then condensed with isati8 according to Pfitzinger

spectrum showed a broad peak in the region 35457-2dm* accounting for acid

functionality and two sharp peaks at 1658 and i#68indicating the presence of carbonyl
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groups of amide and acid respectively. Structuraofias further confirmed usingd NMR,
3C NMR and HRMS analysis (Scheme 7).

COOH o OMe
KOH, EtOH, X EDCI, HOBT,
CE& E/& Hzo " ©\)j\Cf CHscN Q\%\Cf
87% N"
~N_ CIH. HzN\OMe
6a

78%

Scheme 7

Spectral data of 2-(1-methyl-2-oxo-1,2-dihydr opyridin-4-yl)quinoline-4-car boxylic acid
(6a):

IR (KBr): # = br 3542-2457, 1658, 1608, 1581, 1290, 77£.cm

'H NMR (400 MHz, DM SO-d6): J 8.66 (d,J = 8.4 Hz, 1H), 8.44 (s, 1H), 8.20 (@= 8.4
Hz, 1H), 7.92-7.88 (m, 2H), 7.78 @,= 8.4 Hz, 1H), 7.27 (s, 1H), 7.13 @z= 6.4 Hz, 1H),
3.52 (s, 3H).

13C NMR (100 MHz, DM SO-d6): 6 167.3 (C), 162.0 (C), 152.9 (C), 148.1 (C), 14&D,
140.1 (CH), 137.9 (C), 130.5 (CH), 130.0 (CH), T26CH), 125.3 (CH), 123.9 (C), 119.0
(CH), 116.7 (CH), 103.0 (CH), 36.5 (GH

HRM S (ESI): calcd for GeHioN,0sNa [M + NaJ 303.0746, found 303.0745.

On trying several amidation conditions between a8adand 2-methoxy-2-oxoethan-1-
aminium chloride7a, amide5a was obtained in 78 % yield using EDCI and HOBT in

acetonitrile. Spectral data of the product are shbalow.

Spectral  data of methyl-(2-(1-methyl-2-ox0-1,2-dihydr opyridin-4-yl)quinoline-4-
carbonyl)glycinate (5a):

IR (KBr): # = 3196, 3045, 1751, 1654, 1581, 1367, 1203, 771 cm

IH NMR (400 MHz, DM SO-d6): ¢ 9.38 (t,J = 6.0 Hz, 1H), 8.33 (dd] = 8.4 Hz, 0.8 Hz,
1H), 8.19-8.16 (m, 2H), 7.91-7.86 (m, 2H), 7.74 (¢ 7.2 Hz, 1.2 Hz, 1H), 7.29 (d,= 1.6
Hz, 1H), 7.14 (dd,) = 7.2 Hz, 2.0 Hz, 1H), 4.17 (d,= 5.6 Hz, 2H), 3.75 (s, 3H), 3.51 (s,
3H).

13C NMR (100 MHz, DM SO-d6): 6 170.1 (C), 167.0 (C), 162.1 (C), 152.9 (C), 14&},
147.6 (C), 142.5 (C), 140.1 (CH), 130.6 (CH), 12@081), 128.1 (CH), 125.4 (CH), 124.0
(C), 116.8 (CH), 116.7 (CH), 103.0 (CH), 51.9 (LHI1.1 (CH), 36.6 (CH).

HRMS (ESI): calcd for GeHi7NzO4H [M + H]* 352.1297, found 352.1296.
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Having obtaineda it was further subjected to some dehydrogenatbralitions, as listed in
table 1. All attempts towards oxidative couplitfgf of 5a using TBHP in the presence of
molecular iodine, NBS, CuBr resulted in mixturespobducts (entry 1-3) which were not

isolated further.

Table 1: Attempted dehydrogenative conditions.

y 0
© N\)J\OMe
N Table 1
N NP
sa Expected product
Sr. No Reaction condition Observation
1 TBHP, CuBr, 60C Mixtures of compounds
2 I, TBHP, rt Mixtures of compounds
3 NBS, TBHP, rt Mixtures of compounds
4 CuC), K-t-butoxide, toluene, reflux, 18 h,N Off white compound obtained

Dey et al.”*have reported intramolecular nucleophillic subsititu reaction of 4-substituted
pyridine to synthesize oxyazaindole (Scheme 8). Fhene reaction conditions were

experimented to cyclisea (entry 4).

CuCly, KBt

NN o PhMe, reflux
O\ 12h, N, N
= | (6]
N 74 % <N

Scheme 8

During this reaction an off white solid was obtaindowever on spectral analysis it was
observed that intramolecular lactamisation hadrtgiace instead of a nucleophillic attack
on pyridyl ring. The compound showd + H]* peakat 320.1035,0n further interpreting

'H and™®C NMR, a probable structure was assignetifad’

o IR (KBr): v = 3182, 3055, 1743, 1654, 1572, 1360, 1200, 778 cm
h 'H NMR (400 MHz, DM SO-d6): § 8.36-8.30 (m, 3H), 8.19-8.14 (m,
N 2H), 8.00 (s, 1H), 7.90-7.85 (m, 2H), 7.72)& 7.2 Hz, 1H), 7.34 (s,
N AP | 1H), 7.15 (ddJ = 7.2 Hz, 1.2 Hz, 1H), 3.51 (s, 3H).
6 S| BCNMR (100 MHz, DM SO-d6): ¢ 168.2 (C), 162.1 (C), 152.9 (C),

Prajesh S. Volvoikar, Ph.D. Thesis, Goa University Page 218



Chapter V

148.4 (C), 147.6 (C), 142.9 (C), 140.0 (CH), 13(CH), 129.7 (CH), 127.9 (CH), 125.4
(CH), 123.9 (C), 116.8 (CH), 116.6 (CH), 103.1 (CBB.6 (CH).
HRMS (ESI): calcd for GgHiaN3OsH [M + H]* 320.1035, found 320.1035.

With the difficulties to obtaidla, we next thought it might be advantageous to lzaneethyl
group at the 3-position of the quinoline ring to kmathe annulation easier (Scheme 9).
Hence, 1-(pyridin-4-yl)propan-1-oribd was reacted in a similar fashion as in scheme 6 to
give 1-methyl-4-propionylpyridin-2{1)-one9c in 50 % overall yield over 3 steps.

p -TSA
/E/S (CH3)»,S04 3% HCI
benzene KOH, 63% over
reflux KsFe(CN)g 2 steps
79%
15d e

Scheme 9

Spectral data of 1-methyl-4-pr opionylpyridin-2(1H)-one (9c):

IR (KBr): v = 3039, 2978, 1689, 1656, 1589, 1336, 1203, 792 cm

'H NMR (400 MHz, CDCls): ¢ 7.38 (d,J = 6.8 Hz, 1H), 7.10 (s, 1H), 6.63 (til= 6.8 Hz,
1.2 Hz, 1H), 3.58 (s, 3H), 2.90 @= 7.2 Hz, 2H), 1.19 (§ = 7.2 Hz, 3H).

3C NMR (100 MHz, CDCls3): § 199.7 (C), 163.1 (C), 145.8 (C), 139.0 (CH), 12(CH),
102.7 (CH), 37.6 (Ch), 31.8 (CH), 7.7 (CH).

HRMS (ESI): calcd for GH1;NO;Na [M + Na] 188.0688, found 188.0687.

Again base mediated ring opening of isaiwith 9c gave expected actib as a white solid

in 69 % yield (Scheme 10). The structure was corg by its spectral data.

o} COOH
O KOH, EtOH
H-0, reflux X
o + | N P o
N =
N N 69% N

Scheme 10

Spectral  data of 3-methyl-2-(1-methyl-2-ox0-1,2-dihydr opyridin-4-yl)quinoline-4-

carboxylic acid (6b):

IR (KBr): v = br 3562-2461, 1660, 1602, 1236, 1053, 725.cm
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'H NMR (400 MHz, DM SO-d6): ¢ 8.07 (dd,J = 8.0 Hz, 1.2 Hz, 1H), 7.85-7.79 (m, 3H),
7.72 (dt,J = 6.4 Hz, 1.2 Hz, 1H), 6.56 (d,= 1.6 Hz, 1H), 6.45 (dd} = 6.8 Hz, 2.0 Hz, 1H),
3.52 (s, 3H), 2.41 (s, 3H) .

3C NMR (100 MHz, DM SO-d6): ¢ 168.5 (C), 161.5 (C), 157.4 (C), 150.9 (C), 1462,
140.9 (C), 139.6 (CH), 129.7 (CH), 129.2 (CH), 126CH), 124.2 (CH), 123.5 (C), 122.6
(C), 118.5 (CH), 105.9 (CH), 36.6 (G16.9 (CH).

HRMS (ESI): calcd for G/H14N,O3Na [M + NaJ 317.0902, found 317.0902.

Having obtained aci@b, it was converted to the corresponding methylrekfa via acid
chloride using thionyl chloride. The product wasfioned from peak due to methyl group at
4.04 ppm in the'H NMR spectrum (Scheme 11). During this reactiomgerature was
maintained between 50-86 to avoid demethylation of methyl on pyridone ntyie

SeO,, reflux,
COOH SOCl,, dmf COOMe Dioxane, 24h_ No Change in Starting
50-55 °C
N 8 h, then MeOH N NBS, CCly
> Reflux ;
N/ o 66% N/ 7z o Mixtures of products
x-NS ~N._ DMF, POCl,
6b 17a —>CHSCN‘ reflux No change in starting
Scheme 11

Spectral data of methyl 3-methyl-2-(1-methyl-2-oxo0-1,2-dihydr opyridin-4-yl)quinoline-

4-carboxylate (17a):

IR (KBr): v = 3477, 2954, 1728, 1664, 1602, 1579, 1230, 1065 cni'.

'H NMR (400 MHz, CDCl3): 6 8.20 (d,J = 8.4 Hz, 1H), 7.72-7.67 (m, 2H), 7.60-7.55 (m,
1H), 7.39 (d,J = 6.8 Hz, 1H), 6.68 (dJ = 1.6 Hz, 1H), 6.36 (dd] = 6.8 Hz, 2.0 Hz, 1H),
4.04 (s, 1H), 3.57 (s, 1H), 2.38 (s, 3H).

13C NMR (100 MHz, CDCl3): § 168.0 (C), 162.6 (C), 157.0 (C), 151.1 (C), 14%&Y, (140.0
(C), 138.6 (CH), 129.9 (CHY29.5 (CH), 128.3 (CH), 124.9 (C), 124.2 (CH), T2&C),
120.2 (CH), 107.0 (CH), 52.€Hs), 37.7 (CH), 17.4 (CH).

HRMS (ESI): calcd for GgHiN,OsNa [M + NaJ 331.1059, found 331.1058.

We then tried to oxidize the methyl group at 3 posi of the quinoline using selenium
dioxide *® to obtain the corresponding aldehyde intermedidtavever, even after refluxing
17ain dioxane for 24 h with Se@tarting material was found to remain intact (mort by
TLC). Use of excess selenium dioxide also did thatwsany change in the starting material.
We then treated7a with NBS in refluxing CCJ, to introduce a bromo group at the benzylic
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methyl, but a complex mixture of compounds was seenTLC. Attempt to formylate
pyridone nucleus using Vilsmeier-Haack conditiodrdi provide any change in the starting

material.

As an alternative we thought an amide linkage actelof ester might help the oxidation of
the methyl group. Hence amidi8, was synthesized from7a using EDCI and HOBL.
Coupled product was obtained in 75 % yield afteumm purification. Its structure was
confirmed using IRH, *C NMR and HRMS analysis.

I
Os_NH
COOH EDCI, HOBT
CH1CN, rt, 24 h N SeO,, reflux,
S N Dioxane, 48 h No Change in
— O Huni — O _— 4 g
N = unig base N = Starting
~UNo CH.H,N™ N
17a 75% 18
Scheme 12

Spectral data of N,3-dimethyl-2-(1-methyl-2-ox0-1,2-dihydr opyridin-4-yl)quinoline-4-

carboxamide (18):

IR (KBr): v = 3261, 3088, 2954, 1668, 1653, 1583, 1298, 764 cm

IH NMR (400 MHz, DM SO-d6): 4 8.70 (d,J = 4.4 Hz, 1H), 8.03 (d] = 8.4 Hz, 1H), 7.84
(d,J = 6.8 Hz, 1H), 7.80-7.30 (m, 2H), 7.66 (dt 8.0 Hz, 0.8 Hz, 1H), 6.49 (d,= 1.2 Hz,
1H), 6.39 (dd,) = 7.2 Hz, 1.6 Hz, 1H), 3.52 (s, 3H), 2.91J&; 4.8 Hz, 3H), 2.33 (s, 3H) .
13C NMR (100 MHz, DM SO-d6): 6 166.8 (C), 161.6 (C), 157.3 (C), 151.2 (C), 145}, (
144.0 (C), 139.7 (CH), 129.5 (CH), 129.0 (CH), T2{CH), 124.8 (CH), 123.9 (C), 123.8
(C), 118.4 (CH), 105.9 (CH), 36.7 (GH25.7 (CH), 16.7 (CH).

HRMS (ESI): calcd for GgHi7N3O,H [M + H]* 308.1399, found 308.1399.

Again oxidation of the methyl group at 3-positioh quinoline with Se@ in refluxing
dioxane did not give any product. The starting mateemained unchanged (monitored by

TLC) even after refluxing mass for 2 days.

Having failed to obtain the desired product, arerakitive route was visualized for the
construction of ring C as shown in scheme 13. Wenibed to construct alpkinidine using
intramolecular cyclization of intermediat&9 via anion formation on isoindolinone.
Intermediate 19 could inturn be synthesized from 4-halo-2-meth@-@ihydro-H-
pyrrolo[3,4<]quinolin-1-one ' 20 and 4-halo-1-methyl-2-oxo0-1,2-dihydropyridine-3-
carbonitrile21. The latter could be obtained from the correspuand-methoxy-1-methyl-2-
oxo-1,2-dihydropyridine-3-carbonitri22a. 1%
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o O X, OMe
CN CN
X X
o — - (=X
Nig N X, N0 "o
h 20 21 22a
1 R
Rinicine
Where X, X, are Halogen or Metal reagent

Scheme 13

The required intermedia2a known as riniciné® was synthesized using known literature
reports as shown in scheme 14. Intermedi23e was prepared over 3 steps from
malanonitrile and trimethylorthoacetate in 87 %ralleyield as reported by Yanet al.**
SelectiveN-methylation of23c to give rinicine22a was achieved using potassitihutoxide

and TBAI according to the protocol descrided by @amxet al.**

~N
i) Trimethyl orthoacetate | ACOHH,0 @:1) O 0
N O 2 L KOt-Bu, TBAI
80°C,1h NN ~ u, CN
NG CN \/I Reflux, 2 h @CN THF, Mel | S
ii) DMF.DMA, MeOH o, >
malanonitrile " . © NC™ CN 95% N~ "OH 91% N "0
Reflux, 30 min 23b 23¢ |
76% Rinicine 22a
Scheme 14

Spectr al data of 4-methoxy-1-methyl-2-oxo-1,2-dihydr opyridine-3-car bonitrile (22a):

IR (KBr): v = 2970, 2846, 2229, 1656, 1640, 1537, 1494, 1288 cn".

'H NMR (400 MHz, DM SO-d6): 6 8.11 (d,J = 7.6 Hz, 1H), 6.43 (d] = 8.0 Hz, 1H), 3.98
(s, 3H), 3.36 (s, 3H).

5C NMR (100 MHz, DM SO-d6): 5 172.5 (C), 160.8 (C), 146.0 (CH), 114.6 (C), 9&6),
85.6 (C), 57.5 (Ch), 36.7 (CH).

Nucleophillic displacement of the methoxy group roficine under refluxing conditions

using 1M NaOH gave the hydroxyl intermedidgb in 80 % yield (Scheme 15).

"o oH POBr,, DMF il
CN 1M NaOH(aq) CN I3, CN
(\I Reflux, 6 h | = 75°C | =
N0 80% N0 72% NS0
222 22b 21a
Scheme 15

Further reaction o22b with phosphorous oxybromide at 76 in anhydrous DMF gave a

white solid which in its IR spectrum showed ban@226 cnt and 1660 ci corresponding
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to a cyano group and the amidic CO group respdgtiddso, no band due to -OH group was
observed. The compound was characterized furthegdsi, *C NMR and HRMS and

structure2la was assigned to it.

Spectral data of 4-br omo-1-methyl-2-ox0-1,2-dihydr opyridine-3-car bonitrile (21a)

IR (KBr): v = 3072, 2983, 2226, 1660, 1593, 1527, 1346, 1269 .cn’".

'H NMR (400 MHz, DM SO-d6): ¢ 8.08 (d,J = 6.8 Hz, 1H), 6.79 (d] = 7.2 Hz, 1H), 3.46
(s, 3H).

3C NMR (100 MHz, DM SO-d6): ¢ 159.0 (C), 145.1 (CH), 142.6 (C), 115.5 (C), 109.5
(CH), 105.0 (C), 37.4 (CH.

HRMS (ESI): calcd for GHsBrN,ONa [M + Naf 234.9483, found 234.9483.

The other intermediate 4-chloro-2-methyl-2,3-dilordH-pyrrolo[3,4-c]quinolin-1-one 20
was synthesized using the protocol described by€lagt al. °from isatin in 21 % overall
yield in 5 steps (Scheme 16).

0 COOH
1) Propionic anhydride 170 °C, 3 h ©\)I
N © 2) NaOH aq. reflux, 3 h N o
H 60% H
8 23a
1) POClIg, reflux, 3 h
then H,O
2) EtOH, TEA, reflux, 2 h
0 / 66%
N 1) NBS, CCly, Dibenzoyl
peroxide, 3 h COOEt
X
X
> MeNH, in EtOH
20a 52% 23b
Scheme 16

Spectral data of  4-chloro-2-methyl-2,3-dihydr o-1H-pyrrolo[3,4-c]lquinolin-1-one
20a): 102

IR (KBr): # = 2927, 1691, 1591, 1506, 1460, 1313, 1055, 77¥.cm

IH NMR (400 MHz, DM SO-d6): 6 9.04 (d,J = 8.4 Hz, 1H), 8.12 (d] = 8.4 Hz, 1H), 7.82
(dt,J = 8.4 Hz, 1.2 Hz, 1H), 7.72 (d= 8.0 Hz, 0.8 Hz, 1H), 4.52 (s, 2H), 3.32 (s, 3H).
13C NMR (100 MHz, DM SO-d6): 6 166.9 (C), 148.2 (C), 144.7 (C), 137.9 (C), 134, (
130.9 (CH), 128.4 (2 X CH), 123.6 (CH), 122.6 (8),5 (CH), 29.6 (CH).

HRMS (ESI): calcd for GoHsCIN;ONa [M + NaJ 255.0301, found 255.0301.
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Next iodo compoun®0b was synthesized by reacti@@a with hydroiodic acid" in wet
acetonitrile (Scheme 17). The product was obtamed white powder and its IR afid
NMR spectra were very similar @Da. However, in its®C NMR spectrum peak due to C-2
appeared at 113.9 ppm which was seen at 134.0 p#@ai Further confirmation of the

structure was done from its mass spectrum analysis.

(@) /
N (@) N/
N CH3CN wet, HI S
N/ Cl 93% N/ |

20a 20b

Scheme 17

Spectral data of 4-iodo-2-methyl-2,3-dihydr o-1H-pyrrolo[3,4-c]quinolin-1-one (20b):

IR (KBr): v = 3039, 2927, 1689, 1579, 1502, 1313, 1155, 771 cm

'H NMR (400 MHz, DM SO-d6): ¢ 8.96 (dd,J = 8.0 Hz, 1.2 Hz, 1H), 8.07 (d,= 8.4 Hz,
1H), 7.74 (dtJ = 8.4 Hz, 1.6 Hz, 1H), 7.65 (di,= 8.4 Hz, 1.6 Hz, 1H), 4.28 (s, 2H), 3.24 (s,
3H).

13C NMR (100 MHz, DM SO-d6): § 167.4 (C), 149.8 (C), 140.5 (C), 135.7 (C), 13CH),
128.7 (CH), 128.6 (CH), 123.9 (CH), 122.8 (C), B1&C), 54.2 (CH), 29.6 (CH).

HRMS (ESI): calcd for Go>HgIN,ONa [M + NaJ 346.9657, found 346.9657.

Attempts to convert intermedia?2®b and21a to their corresponding stannyl derivatives with
Pd(PPh), and (SnBy), under refluxing condition with toluene or dioxar#failed to induce

any change in the starting material (Scheme 18).

il SnBU3
CN Pd(PPhs3),, toluene or N
| A Dioxane, relfux, (SnBuz), | A
" ° NS0
21a | 21b
(0] / o y
N N
Pd(PPh3),, toluene or
N Dioxane, reflux, (SnBus), ~ AN
N/ I \ N/ SnBU3
20b 20¢
Scheme 18

Compound20b was treated with reaction conditions establisheditasovskiyet al. ** to
form zinc intermediate and on further insitu treatrinwith 21a in the presence of Pd(P#h

in refluxing THF, gave a complex mixture of compdan(Table 2, entry 1). Similarly,
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treating2la to form zinc intermediate and insitu reaction w2lb under similar conditions
again failed to give coupled produ€a (Table 2, entry 2). Compouritfa was treated with
conditions established by Jial. **°to insert zinc in C-Cl bond but again gave a nixtof
compounds (Table 2, entry 3). Also treati@fja with tert-butyl lithium and further
transmetalation with Zngland then treating witB0b in the presence of palladium (0) gave a

mixture of compounds (Table 2, entry 4).

Table 2: Attempted coupling conditions to obtdifa.

o, /
N Br
N | xCN Coupling <
N X N" "0
X = Cl- 20a 21a
X =1-20b
Sr. No Reaction condition Observation
1 20b, Zn, LiCl, THF, dibromoethane (5 mol%), trimethigschloride | Mixtures of
(1 mol%) ther1la,Pd(PPR)4, reflux compounds
2 21a, Zn, LiCl, THF, dibromoethane (5 mol%), trimethigschloride | Mixtures of
(2 mol%) ther20b,Pd(PPR)4, reflux compounds

3 20a, Zn, LiCl, THF, dibromoethane (5 mol%), trimethiyschloride | Mixtures of
(1 mol%), CoClJ, Xanthphos, 56C then21a, Pd(PPh)4, reflux compounds

4 21a, THF,t- BuLi, -95°C, ZnC}, then20b,Pd(PPh),, reflux Mixtures of

compounds

5. A. 4: Conclusion

Various attempts towards the synthesis of C & [ wh alpkinidine were attempted. Failure

in these attempts could be attributed to the |laetieity of quinoline nucleus.

Coupling strategy for construction of alpikinidin€sring was proposed and both the key
intermediates for coupling were synthesized sudgakygs However, all the attempts to

couple the intermediates failed in our hands.
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Section B:Synthesis of benzo derivative of Alpkinidine

5.B. 1: Introduction

Alpkinidine, as discussed in the section A of tbispter has an unusual ring E which is
believed to be vital for its activity along withehC ring. For synthetic simplicity and to
develop a method we thought of replacing the E agh@lpkinidine with a phenyl ring as
shown in Figure 3. This structure having a fuseudtgeyclic ring system would also posses

the keto-enol tautamerism as shown by alpkinidine.

oy

N
Lo

”l

24b
Alpkinidine 7-hydroxy-6-methylbenzo[ c]- 5-hydroxy-6-methylbenzo| c]-
pyrrolo[4,3,2-mn]acridin-5(6 H)-one pyrrolo[4,3,2-mn]acridin-7(6 H)-one

Figure 3. Alpkinidine and its structure varying in E ring

5.B. 2: Literature Reported M ethods

In literature there is only one report for the $ysis of24a/24b, developed by Piggott al.

13 in 2013. Two successful routes for the synthe$i®4a which contains ABCD ring
structure possessed in alpkinidine were develofetlgme 19). In the first route reaction of
ethyl ester derivative ai-nitrophenyl acetic acid and 2,3-dichloro-1,4-né&yolgjuinone in the
presence of BCO; and a crown ether gave an adduct, which on tredtmigh methyl amine
fetched D ring system and subsequent reductionkatAcOH furnished compouritdla in 3

steps with overall yield of 55%.

o]
OEt Q KoCOs MeNH,, H,0
NO, , O‘ Cl' 18-crown-6, DMF EtOH
cl 83 % 89 %
o]
OH
CCC
o]
| N Fe, AcOH
N 74 %
24a !

Scheme 19
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The above strategy was then modified by the authgneplacingo-nitrophenyl acetic acid
with N-boc-oxyindole. However, the yield of this reactiaas found to be less. Further
construction of the D ring system using methyl seremd deprotection ®d-boc group gave
24a with overall yield of 1.76 % over 3 steps (Schezfg

O % K,CO; Yy
\ O‘ Cl _18-crown-6, DMF _ MeNH,
“Boc 4+ N —Boc
ol Y7 19 %
0

1. TFA

2, Neutralisation
-

29%

5. B. 3: Results and Discussion

In our very first attempt towards synthesis24fa we intended to construct ring B using
intramolecular coupling of intermedia?8a via metal mediated or radical cyclizatidf®The
intermediate25a can be drawn in its keto form @Sb synthesis of which could be achieved
from 2-methyl-2,3-dihydro-i-pyrrolo[3,4c]quinolin-1-one26 by reacting with carbonyl
compound27a. Compound26 could be synthesized by dehalogenatior2@f 1*° and27a
could be obtained from 2-iodobenzoic a2ifh (Scheme 21).

o ./ o ./
N N
A OH S OH
_ | e— _ X
s e
24a 25a

X = Halogen
Y = Me-N-O-Me, OEt

N @Ima <

Scheme 21

Compound20a, whose synthesis is discussed earlier was subjéotégdrogenation with

Pd/C at 1 atmosphere for 1 h in ethyl acetate & ghesence of triethyl amine to give

Prajesh S. Volvoikar, Ph.D. Thesis, Goa University Page 227



Chapter V

dehalogenated derivative 2-methyl-2,3-dihydk{iyrrolo[3,4c]quinolin-1-one26 in 45 %
yield (Scheme 22). However, the by-products fornmredhe reaction had almost same
retention time on TLC as that of the desired commgo26, thus making its purification
difficult. The structure of the product was confadhusing'H NMR, which showed one
extra proton merging at 9.01-8.99 ppm a&i@d DEPT NMR show acarbon singlet at 144.7

ppm differing from its starting compound.

(@) / (@) /
N N
N Pd/C, H, (1 atmosphere) N N
N/ ol Ethyl acetate, TEA N/
0,
20a 45% 26
Scheme 22

Spectral data of 2-methyl-2,3-dihydr o-1H-pyrrolo[3,4-c]quinolin-1-one (26): 14°

IR (KBr): v = 3062, 2922, 1687, 1514, 1433, 1278, 779.cm

'H NMR (400 MHz, DM SO-d6): ¢ 9.01-8.99 (m, 2H), 8.17 (d,= 8.0 Hz, 1H), 7.75 (dfl =
8.4 Hz, 1.2 Hz, 1H), 7.64 (di,= 8.0 Hz, 1.2 Hz, 1H), 4.50 (s, 2H), 3.23 (s, 3H).

3C NMR (100 MHz, DM SO-d6): 6 167.9 (C), 147.8 (C), 144.7 (CH), 135.2 (C), 135,
130.0 (CH), 129.2 (CH), 128.3 (CH), 123.7 (CH), B2%0.4 (CH), 29.6 (CH).

Since the yield oR6 was low a slightly different route for its syntised$rom 23b'** was
adopted (Scheme 23). Thus, hydrogenolysig3bfat 10 psi in EtOH/TEA in the presence of
Pd/C gave28 which on treatment with NBS followed by reactingthwmethyl amine in

ethanol gave6 in 46 % overall yield over 3 steps.

o. /
COEt CO4E 1) NBS, CCly, N, N
X Pd/C, Hz (10 psi) X Benzoyl peroxide, reflux, 3 h X
N Ethanol, TEA NG 2) CH3NH,, EtOH, rt, 24 h N
23b 85 % 28 54 % 26
Scheme 23

Ethyl 2-iodobenzoat@7c was prepared by refluxing 2-iodobenzoic acid vethanol in the
presence of catalytic amount of,$0,. *** 2-lodobenzoic acid was also subjected to
amidation by converting it to its acid chloride togatment with SOGIfollowed by reacting
with  N-O-dimethyl hydroxylamine hydrochloride to give 2-mdl-methoxyN-
methylbenzamid@&® as brown oil in 85 % yield (Scheme 24).
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0 EtOH, cat. H,SO, 0
©5L0Et Reflux, 2 h ©:COOH SOCl,, reflux ©£LN,O\
I 96 % | then oo | |

N
27¢ 27b HCLH g5 o, 27d

Scheme 24

Metallation of isoindolinoné®®®moiety26 in THF with NaHMDS at -95C gave deep green
colored anion which on treatment with ethyl 2-iodoboate?7c failed to give any change in
the starting material (Scheme 25). Similarly, tirggatthe anion formed with 2-iodN-

methoxyN-methylbenzamid@7d gave unreacted starting material back.

Oy OEt
|
then 27¢
NaHMDS, THF, -95 °C \(')
a - Os N
N |
then
26 : 27d

Scheme 25

\

Expected 25¢

Having failed to form a C-C bond between the arab@6 and esteP7c or Weinreb amide
27d, the anion was reacted with 2-bromo benzaldehydmgluvhich a dehydrated product
29b was obtained in 90 % yield (Scheme 26). This cjedicated that failure of the above
reactions were due to less reactivity23t and27d and not because of compoud@l No

success in these reactions was achieved even umdlexing conditions at higher

temperature.
O o_ ./
o, ./
N NaHMDS, THF, -95 °C N N oH

X N7 Br XX Br

_ CHO P P

N then ©: N N

29b
% 27eBr not obtained 29a
Scheme 26

Spectral data of  3-(2-bromobenzylidene)-2-methyl-2,3-dihydro-1H-pyr rol o] 3,4-

c]quinolin-1-one (29b):

IR (KBr): » = 3307, 2866, 1703, 1440, 1367, 1056, 1024, 758 cm
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'H NMR (400 MHz, DM SO-d6): § 9.42 (dd,J = 8.4 Hz, 1.2 Hz, 1H), 8.53 (s, 1H), 8.00 (d,
J = 8.4 Hz, 1H), 7.67-7.55 (m, 3H), 7.42 (M 7.2 Hz, 1H), 7.27 (dt) = 7.6 Hz, 1.2 Hz,
1H), 7.18 (dtJ = 7.6 Hz, 1.2 Hz, 1H), 6.53 (s, 1H), 3.38 (s, 3H).

3C NMR (100 MHz, DM SO-d6): 6 165.7 (C), 147.8 (C), 142.2 (CH), 136.4 (C), 13&0),
133.2 (CH), 132.0 (C), 131.7 (CH), 130.6 (CH), B3(CH), 129.0 (CH), 128.8 (CH), 128.0
(C), 127.7 (CH), 124.8 (C), 124.4 (CH), 122.6 (€)2.5 (CH), 26.3 (CH).

HRMS (ESI): calcd for GgH13BrN,ONa [M + NaJ 387.0109, found 387.01009.

As above route failed, we chose an alternate methodhe synthesis oP4a using an
intramolecular cyclisation of intermedia8®, which could be obtained by coupling from
intermediate20a/20b and metallated compourdd (Scheme 27).

Q N/ oy o
§ OH N COR COEt
X
O / O Y goR N, MX |
ACREES L SR |
30 3

24a
X = Halogen 20a/20b 27¢

M = Metal

Scheme 27

We chose zinc metal for coupling and zinc was tesein C-1 bond oR7c using procedure
described in literatur&® (Scheme 28). The aryl zinc compousith thus produced, without
further purification, was reacted insitu with clddntermediaté20a under Negishi condition
using Pd(PP}), in refluxing THF to obtain coupled product ethy(Z2methyl-1-o0x0-2,3-
dihydro-1H-pyrrolo[3,4<c]quinolin-4-yl)-benzoate 30a in excellent vyield. It was
characterized from its IR spectrum, which showed tistinct carbonyl stretching at 1728
and 1687 cm accounting for ester and amide functionality respely. Further

confirmation of the structure was done using NMR arass spectral techniques.

o. /
0 . 0 N Pd(PPh),, THF
OEt Zn, LiCl, THF ©\)‘\0Et N Reflux, 6 h
Dibromoethane (cat) ) + o
' TMSCI (cat) Znl.LiCI N” >l 94%
27¢c 31a 20a
Scheme 28

Spectral data of ethyl 2-(2-methyl-1-ox0-2,3-dihydro-1H-pyrrolo[3,4-clquinolin-4-
yl)benzoate (30a):

IR (KBr): v = 2983, 1728, 1687, 1290, 1251, 1128, 786.cm
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IH NMR (400 MHz, CDCl3): 6 9.16 (dd,J = 8.4 Hz, 0.8 Hz, 1H), 8.24 (d,= 8.4 Hz, 1H),
8.14 (dd,J = 7.6 Hz, 1.2 Hz, 1H), 7.83 (d1,= 7.6 Hz, 1.6 Hz, 1H), 7.76-7.68 (m, 2H), 7.62
(dt,J = 7.6 Hz, 1.2 Hz, 1H), 7.53 (dd,= 7.6 Hz, 1.2 Hz, 1H), 4.31 (s, 2H), 4.04 Jg5 7.6
Hz, 1H), 3.26 (s, 3H), 0.88 {,= 7.6 Hz, 1H).

13C NMR (100 MHz, CDCl3): § 168.1 (C), 166.7 (C), 155.2 (C), 147.6 (C), 13€p, 134.8
(C), 134.6 (C), 132.3 (CH), 130.8 (CH), 130.3 (£30.0 (CH), 129.7 (CH), 129.3 (C), 129.2
(CH), 128.0 (CH), 123.6 (CH), 122.8 (C), 61.1 (5H51.0 (CH), 29.5 (CH), 13.7 (CH).
HRMS (ESI): calcd for GiH1gN,0sNa [M + NaJ 369.1215, found 369.1215.

Having obtained®0a, it was then subjected to a base mediated cydizatsing NaHMDS at
-95°C as shown below (Scheme 29).The progress of ttioa was monitored using TLC,
which showed completion in 2 h. On acidic treatrmaemd purification on a silica gel column
a red colored compound was obtained. Further, tiaetare of24a was confirmed from its
'H NMR spectrum, which matched perfectly with itpoeted values.

NaHMDS
' THF -95°C
45 %

Scheme 29

Spectral data of  7-hydroxy-6-methylbenzo[c]pyrrolo[4,3,2-mn]acridin-5(6H)-one
24a): 13

'H NMR (400 MHz, DM SO-d6): & 10.65 (brs, 1H), 9.05 (d, = 7.6 Hz, 1H), 8.77 (d] =
8.0 Hz, 1H), 8.43 (d] = 8.4 Hz, 1H), 8.35 (d] = 8.0 Hz, 1H), 7.95-7.84 (m, 3H), 7.76Jt
7.6 Hz, 1H), 3.72 (s, 3H).

13C NMR (100 MHz, DM SO-d6): 6 166.1 (C), 147.6 (C), 142.5 (C), 136.0 (C), 133
130.3 (CH), 130.1 (CH), 129.2 (C), 129.1 (CH), T26CH), 127.1 (CH), 124.2 (C), 123.9
(CH), 123.5 (CH), 122.7 (CH), 122.6 (C), 122.5 (C)8.0 (C), 28.6 (CH).

While purification of24a by column chromatography a purple colored compoeiutied.
This purple compound was the tautomeric fdtdbb of compound24a. This color change

could also be observed wha#a was treated with saturated solution of NaHC®

The slightly less yield (45 %) d#4a was attributed to its lower solubility in most argc
solvents. Secondly, to its existence in the as-katd tautomeric form resulting in low

isolated yield oR4a.
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Hence, to increase the yield of this reaction, haught to isolate it as its alkyl derivative

which would increase the solubility of this compduas well as eliminate the problem of
tautomerism (Scheme 30). Thus, on treaidg with sodium ethoxide at room temperature
and after cyclization the anion was further reactgtth allyl bromide in the same pot to

provide two distinct compound®a and32b after column purification. Both the compounds
were characterized based on R, and**C NMR and HRMS data and were found todse

allyl andc-allyl isomers.

Q /
N
OEt

O N o i) NaOE, EtOH, t, 2 h
ii) then allyl bromide

N/
O 90 %

30a

Scheme 30

The formation of produc32b could be accounted for eitheiia C-allylation of intermediate
phenoxide ion or by a 3,3-sigmatopic rearrangenoérthe product32a (Scheme 31). As
expected the combined yield &a and32b had increased to 84 %.

[3,3] sigmatopic
rearangement

32b

Scheme 31

5. B. 4: Conclusion

A benzo analogue of alpkinidine has been succégsyhthesized using Negishi coupling

followed by a base mediated cyclizatima metallation on isoindolinone.

Thus, a method for the synthesis of analogue aontithe ABCD ring structure of
alpkindine and differing in the E ring from the nelly occurring alkaloid is demonstrated

in this chapter.
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5. 5: Experimental

5.5.1: N-M ethoxy-N-methyl-2-ox0-1,2-dihydr opyr idine-4-car boxamide (10a):

~o
COOH 1) SOCl, '
Os N
N 2) CH,Cl,, TEA
| O. X
N~ 0 “7"NH.HCI |
| I N O
11 72% 10a

To a magnetically stirred solution of distilleddhyl chloride (10 mL) was added 1-methyl-
2-0x0-1,2-dihydropyridine-4-carboxylic acitil ®® (0.42 g, 2.74 mmol) in a 50 mL round
bottom flask and heated at 80 for 1.5 h. Excess thionyl chloride was then reetbunder
reduced pressure and reaction mass was cooledbio remperature. DCM 10 mi,O-
dimethyl hydroxyl amine hydrochloride (0.295 gPB.mmol) added to the above acid
chloride and cooled to C using ice bath. Triethyl amine (2 mL) was addegpdise and
the reaction mixture was stirred overnight at raemperature. Water (15 mL) was added to
the reaction mass, the organic layer was then atgghand washed with sat. NaHCQ@5
mL) and dried over anhydrous }0,. The solvent was removed under reduced pressure
and the crude product obtained was purified usilicaggel column purification employing
40 % ethyl acetate in petroleum ether as an eloesibtainN-methoxyN-methyl-2-oxo-1,2-
dihydropyridine-4-carboxamidla in 72 % (0.36 g) yield as a yellow viscous oil.

IR (KBr): » = 3098, 3048, 1684, 1666, 1590, 1486, 1221, 798 cm

'H NMR (400 MHz, CDCly): ¢ 8.40 (d,J = 5.2 Hz, 1H), 7.49 (s, 1H), 7.39 (@z= 5.2 Hz,
1H) 3.29 (s, 3H) 2.70 (s, 3H).

13C NMR (100 MHz, CDCl3): d 166.0 (C), 151.6 (C), 149.8 (CH), 144.6 (C), 12¢C#),
120.8 (CH), 61.6 (CK), 32.9 (CH).

5.5.2: 4-Acetylpyridin-2(1H)-one (9b):

Q
O N__ o
THF, 0 °C, MeMgBr
X X
| 98% |
N0 NS0
H H
10b 9b

To a magnetically stirred solution di-methoxyN-methyl-2-oxo-1,2-dihydropyridine-4-
carboxamidelOb (0.25 g, 1.37 mmol) in dry THF (mL), under, ldtmosphere at C was
added methyl magnesium bromide (3M in cyclohexgfed6 mL, 2.88 mmol) dropwise
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over a minute. The reaction mixture was then stifi@ 3 h at room temperature. The
resulting solution was quenched with 5 % JOH(10 mL) and extracted with ethyl acetate (3
X 10 mL). The combined organic layers were driegroanhydrous N&QO,, concentrated
and purified over silica column using 10 % ethyét@te in petroleum ether as an eluent to
give 4-acetylpyridin-2(#)-one9b in 98 % (0.18 g) yield.

White solid, m.p. 112-117C.

IR (KBr): v = 3090, 3035, 1922, 1680, 1651, 1592, 1490, 1283 cni-.

'H NMR (400 MHz, CDCl3): § 10.84 (s, 1H), 7.43 (d, = 7.2 Hz, 1H), 7.10 (s, 1H), 6.68 (d,
J=6.8 Hz, 1H), 2.56 (s, 3H).

3C NMR (100 MHz, CDCl3): § 197.1 (C), 162.6 (C), 144.8 (C), 137.2 (CH), 12(@TC#),
103.0 (CH), 26.2 (CH).

5.5.3: 2-(1-M ethyl-2-0x0-1,2-dihydr opyridin-4-yl)quinoline-4-car boxylic acid (6a):

COOH

KOH, EtOH,
@E& _ HOreflux
+
87%

In a 100 mL RBF with magnetic stirring bead, isa&irf1.62 g, 11.03 mmol), 4-acetyl-1-
methylpyridin-2(H)-one9a (2 g, 13.23 mmol), KOH (2.47 g, 44.10 mmol), ethiai20 mL)

and water (6 mL) was taken and the reaction masdwated to reflux for 18 h. Ethanol was

removed under reduced pressure and water (50 mé_pdaed and washed with diethyl ether
(30 mL). The aqueous layer was acidified with acatiid and then filtered to give a white

solid, which was washed with water (30 mL), dietagher (15 mL) and finally with acetone

(15 mL) to give 2-(1-methyl-2-oxo-1,2-dihydropynid#é-yl)quinoline-4-carboxylic acida

in 87 % (0.270 g) yield.

White solid, m.p. 188-19%C.

5.5.4: Methyl (2-(1-methyl-2-ox0-1,2-dihydr opyridin-4-yl)quinoline-4-car bonyl)-
dlycinate (5a):

EDCI, HOBT,
CHACN

CIH H,N~OMe
78%

To the stirred suspension of 2-(1-methyl-2-oxo-dif2ydropyridin-4-yl)quinoline-4-
carboxylic acidéa (1.41 g, 5 mmol) in 60 mL mixture of acetonitrded DMF (5:1), was
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added methyl glycinate hydrochloride (0.69 g, 5/ at), EDCI (1.15 g, 6 mmol), HOBT
(0.81 g, 6 mmol) and triethyl amine (0.76 g, 5.5 ohimThe reaction mass was then stirred at
room temperature for 16 h. To the reaction mixtueter (30 mL) was added and extracted
with ethyl acetate (3 X 20 mL). The combined orgalaiyer was then washed with sat.
NaHCG; solution (2 X 20 mL) and dried over anhydrous,8&,. On removal of solvent a
white  solid of methyl (2-(1-methyl-2-oxo-1,2-dihygyridin-4-yl)quinoline-4-
carbonyl)glycinatéa was obtained in 78 % (1.37 g) yield.

White solid, m.p. 162-162C.

5.5.5: 2-(2-(1-methyl-2-ox0-1,2-dihydr opyr idin-4-yl)quinolin-4-yl)oxazol-5(2H)-one
(16):
o) 0
H
0 N\)J\OMe CuCl,, KBt g\_\\N
PhMe, reflux
N 18h, N, N
- AN
N | N NN 0
o N
5a 0 16

In a sealed tube flushed with Nitrogen, a mixtuife neethyl (2-(1-methyl-2-oxo-1,2-
dihydropyridin-4-yl)quinoline-4-carbonyl)glycinatéa (0.015 g, 0.043 mmol), anhydrous
CuCk (0.013 g, 0.093 mmol) and potassitHnutoxide (0.029 g, 0.256 mmol) in toluene (4
mL) was refluxed for 22 h. On cooling, water (5 mvigs added and reaction mass extracted
with ethyl acetate (10 mL). The organic layer wapasated and dried over NsD,.
Removal of the solvent and purification of the @ymtoduct using column chromatography
with 30 % ethyl acetate in petroleum ether gayén 59 % (0.008)) yield.

White solid, m.p. 142-142C.

5.5.6: 3-Methyl-2-(1-methyl-2-ox0-1,2-dihydr opyridin-4-yl)quinoline-4-car boxylic acid
(6b):

(o} COOH
0o KOH, EtOH

N H,0, reflux X
N ° T 69% N 7 o
H N 5

Following the similar protocol described in secti®’®.3 with isatin8 (1.32 g, 9 mmol), 1-
methyl-4-propionylpyridin-2(H)-one6b (1.64 g, 9.9 mmol) KOH (2.01 g, 36 mmol), EtOH
(20 mL) and water (6 mL) gave 3-methyl-2-(1-metBybxo-1,2-dihydropyridin-4-
yh)quinoline-4-carboxylic acidéb in 69 % (1.83 g).

White solid, m.p. 180-18ZC.
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55.7: Methyl 3-methyl-2-(1-methyl-2-ox0-1,2-dihydr opyridin-4-yl)quinoline-4-car box-

ylate (17a):
COOH COOMe
X SOCl,, DMF, 50-55°C, 8 h X
N 66% j NSO
b NN 7a ST

Following the similar protocol described in secti®®.1 with 3-methyl-2-(1-methyl-2-oxo-
1,2-dihydropyridin-4-yl)quinoline-4-carboxylic acéb (0.52 g, 1.76 mmol), SO&(10 mL),
DMF (2 drops) for 8 h then removing excess thiatbride and treating with methanol (20
mL) and refluxing for 2 h gave methyl 3-methyl-2+(tethyl-2-oxo-1,2-dihydropyridin-4-
yl)quinoline-4-carboxylatd7a in 66 % (0.36 Q).

White solid, m.p. 132-13%C.

5.5.8: N,3-dimethyl-2-(1-methyl-2-oxo-1,2-dihydr opyridin-4-yl)quinoline-4-car boxami-
de(18):

|
O<_NH

COOH EDCL, HOBT

X CH4CN, rt, 24h X

P O -~ O
N “ Hunig base _NH; Cl N =

SN HyC SN

17a h 75% 18 b

Following the protocol described in section 5.5.4h@&methyl-2-(1-methyl-2-oxo0-1,2-
dihydropyridin-4-yl)quinoline-4-carboxylic acid7a (0.29 g, 1.0 mmol), EDCI (0.231 g,
1.20 mmol), HOBT (0.152 g, 1.2 mmol), acetonitils mL), methyl amine hydrochloride
(0.076 g, 1.1 mmol) and Hunig's base (0.2 mL) ghy&-dimethyl-2-(1-methyl-2-oxo-1,2-
dihydropyridin-4-yl)quinoline-4-carboxamide3 in 75 % (0.232 g) yield.

Pale yellow solid, m.p. 158-16C.

5.5.9: 4-Hydr oxy-1-methyl-2-ox0-1,2-dihydr opyr idine-3-car bonitrile (22b):

(0] OH
dCN NaOH, H,O @CN
N~ O Reflux, 6 h N o

2|2a 80 % I22b

A stirred suspension of 4-methoxy-1-methyl-2-ox2-dihydropyridine-3-carbonitrile22a
(1.079 g, 6.48 mmol), 1M NaOH solution (5 mL) andh8 water was heated to reflux for 6
h. On cooling 2M HCI was added and the solid olediwas filtered and washed with diethyl
ether (2 x 10 mL) to give 4-hydroxy-1-methyl-2-ok®-dihydropyridine-3-carbonitril@2b

in 80 % (0.783 g) yield.
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White solid, m.p. 146-14%&C.

IR (KBr): # = 3307, 2630, 2222, 1645, 1573, 1487, 1240, 806 cm

IH NMR (400 MHz, DM SO-d6): § 12.63 (br s, 1H), 7.83 (d,= 7.6 Hz, 1H), 6.03 (d] =
7.6 Hz, 1H), 3.36 (s, 3H).

13C NMR (100 MHz, DM SO-d6): § 171.0 (C), 161.4 (C), 144.5 (C), 115.1 (C), 9THYJ,
85.0 (C), 36.4 (Ch).

5.5.10: 4-Bromo-1-methyl-2-ox0-1,2-dihydr opyridine-3-car bonitrile (21a):

XN POBr3, DMF N CN
| 75°C |

N0 N" 0
| 72% |

22b 21a

To a stirred solution of 4-hydroxy-1-methyl-2-oxg@ddihydropyridine-3-carbonitrile22b
(0.78 g, 5.16 mmol) in anhydrous DMF (12 mL) wasled POBg (2.96 g, 10.33 mmol) in
small portions over 15 minutes. The reaction maas heated at 7%C for 6 h and then
quenched with water (20 mL). The mixture was exegdavith ethyl acetate (3 X 15 mL) and
the combined organic layers were washed with aNa&tlCQ; solution (20 mL), dried over
anhydrous Nz50, and concentrated under reduced pressure to glweme-1-methyl-2-
0xo0-1,2-dihydropyridine-3-carbonitriizla in 72 % (0.80 g) yield.

White solid, m.p. 108-11%C.

5.5.11: 4-1odo-2-methyl-2,3-dihydr o-1H-pyrrolo[3,4-c]quinolin-1-one (20b):

o. /
N oy
S CHACN wet, HI §
N >cl 93% Ny
20a

20b

To a stirred solution of 4-chloro-2-methyl-2,3-ditng-1H-pyrrolo[3,4c]quinolin-1-one20a

in acetonitrile (100 mL) was added 1 mL water aadled to (°C using ice. Hydroiodic acid
(10 mL) was added drop wise over a period of 10uteis, then the reaction mass was stirred
at room temperature for 12 h. Acetonitrile was reetbunder reduced pressure and 20 mL
water added and then extracted with ethyl acetatX (L5 mL). The organic layer was
combined and washed with a sat. NaH@G0Iution (20 mL). The organic layer dried over
N&SQO, and concentrated under reduced pressure to giwdod2-methyl-2,3-dihydro-Hi-
pyrrolo[3,4<]quinolin-1-one20b in 93 % (0.302 g) yield.

White solid, m.p. 114-11%C.
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5.5.12: 2-Methyl-2,3-dihydr o-1H-pyrrolo[3,4-clquinolin-1-one (26):

(0] / (0] /
N N
N Pd/C, H, (1 atmosphere) N
N/ ol Ethyl acetate, TEA N/
0,
20a 45 % 26

In a hydrogenation flask, 4-chloro-2-methyl-2,3yaio-1H-pyrrolo[3,4c]quinolin-1-one
20a ( 0.05 g, 0.21 mmol) was dissolved in dry ethar@fl (nL). To this, triethyl amine (1
mL) was added and the flask degassed with hydrd@etC (5 %) (0.01 g) was added in the
flask and hydrogen pressure of 10 psi was mainddioel h under agitation. On completion
of the reaction (monitored by TLC) Pd/C was filettr@nd the volatiles were removed under
reduced pressure. To the residue water (10 mL)added and extracted with CHGB X 10
mL). The combined organic extracts were dried @rdrydrous Ng5O, and concentrated to
a give a crude product, which was purified usirigaigel column purification with 20 %
ethyl acetate in petroleum ether to give 2-meghgkdihydro-H-pyrrolo[3,4-c]quinolin-1-
one26in 45 % (0.02 g) yield.

White solid, m.p. 106-10%&C.

5.5.13: 2-Methyl-2,3-dihydr o-1H-pyrrolo[3,4-clquinolin-1-one (26):

(0] /

CO,Et CO,Et 1) NBS, CCly, N, N
X Pd/C, H, (10 psi) X Benzoyl peroxide, reflux, 3 h A
N el Ethanol, TEA N 2) CH3NH,, EtOH, rt, 24 h N
23b 85 % 28 54 % 26

In a hydrogenation flask ethyl 2-chloro-3-methylmpline-4-carboxylate23b (0.80 g, 3.45
mmol), triethyl amine (2.5 mL) were mixed with dethanol (30 mL)and the flask degassed
with hydrogen. Pd/C (5 %) (0.06 g) was added tofldmk and hydrogen pressure of 10 psi
was maintained for 1 h under agitation. On compietf the reaction (monitored by TLC)
Pd/C was filtered and volatiles were removed undduced pressure. Water (10 mL) was
added to the residue and extracted with GH@ X 10 mL) to afford ethyl 3-
methylquinoline-4-carboxylat28 on removal of solvent. The crude product was éeatith
NBS (6.14 g, 3.45 mmol), in 30 mL CLand refluxed for 3 h under,Nitmosphere in the
presence of benzoyl peroxide (0.07 g, 0.345 mmel)ndiator. Succinamide formed was
removed by filtration and the crude mixture wasdiged in 20 mL ethanol. To this methyl
amine (2 M in ethanol) (3.45 mL 6.90 mmol) was atlédad stirred at rt for 12 h. The
volatiles were removed under reduced pressurehisorésidue 5 % NECI (10 mL) was

added and extracted with ethyl acetate (3 x 10 Mhg combined organic layer was washed
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with brine (10 mL) and dried over anhydrous,8l@,. The residue was concentrated under
reduced pressure and flash chromatographed wit% 8thyl acetate in hexanes to afford 2-
methyl-2,3-dihydro-1H-pyrrolo[3,4}quinolin-1-one26 in 46 % (0.286 g) yield over 3

steps.

5.5. 14: Ethyl 2-iodobenzoate (27¢): 1°2

0} 0]

©fJ\OH EtOH, cat H,SO4 ©f1\0Et
I Reflux, 2 h I
27b 96 % 27¢

To a magnetically stirred solution of 2-iodo berzarid27b (1.24 g, 5 mmol) in 20 mL
ethanol was added conc. sulphuric acid (0.12 g)rafidxed for 2 h. The mixture was then
cooled and concentrated under reduced pressumadtthen partitioned between 15 mL
water and 25 mL ethyl acetate. The organic layes fuather washed with sat. NaHgO
solution and dried over anhydrous 8&y,. Concentration under reduced pressure afforded
ethyl 2 benzoat@7c in 96 % (1.437 g) yield as a yellow oil.

'H NMR (400 MHz, CDCls): § 8.00 (d,J = 8.0 Hz, 1H), 7.78 (d] = 8.0 Hz, 1H), 7.40 (t]
=7.6 Hz, 1H), 7.15 () = 7.6 Hz, 1H), 4.40 (q] = 7.2 Hz, 2H), 1.41 (1 = 7.2 Hz, 3H).

5.5.15: 2-1 odo-N-methoxy-N-methylbenzamide (27d):**°

(0]
COOH SOCly, reflux o
L e
then ~,,.O |
! Ho N O |
27b 85 % 27d

To a magnetically stirred solution of 2-iodo bemzatid27b (1.24 g, 5 mmol) in a 50 mL
round bottem flask was added thionyl chloride (115 mnd heated at 6%C for 2 h. Excess
thionyl chloride was then removed under reducedguee and reaction mass cooled to room
temperature. DCM (20 mL)N,O-dimethyl hydroxyl amine hydrochloride (0.536 g55
mmol) added to the acid chloride and cooled i€ Qusing ice bath. Triethyl amine (3 mL)
was added dropwise and the reaction mixture wasedtiovernight at room temperature.
Reaction mass was quenched with 20 mL water an@lihses were separated. The organic
layer was washed with sat. NaHgE@nd dried over anhydrous p&0,. The solvent was
removed under reduced pressure and the crude prottained was purified by silica gel
column using 10 % ethyl acetate in petroleum ettergive 2-iodoN-methoxyN-

methylbenzamid@7d in 85 % (1.23 g) yield as viscous brownish oil.
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'H NMR (400 MHz, CDCl3): § 7.82 (d,J = 8.0 Hz, 1H), 7.40 (t] = 7.6 Hz, 1H), 7.26 (d, J
= 6.5 Hz, 1H), 7.10 (t} = 7.6 Hz, 1H), 3.67 (br s, 1H), 3.47-3.41 (br H)43.08 (br s, 1H).

5.5.16: Attempted synthesis of 3-(2-iodobenzoyl)-2-methyl-2,3-dihydro-1H-pyrrolo| 3,4-

clquinolin-1-one (25¢):

N NaHMDS, THF, -95 °C o N\
N” l
then
26 27d

To a magnetically stirred solution of 2-methyl-2iiBydro-1H-pyrrolo[3,4c]quinolin-1-one
26 (0.099 g, 0.5 mmol) in dry THF (15 mL) in,Mtmosphere at -9% was added NaHMDS
(2M in THF) (0.27 mL, 0.55 mmol) slowly over a mieuand stirred at this temperature for
an additional 1-1.5 h. To this ethyl 2-iodobened&tc (0.15 g, 0.55 mmol) or 2-iodh-
methoxyN-methylbenzamide7d (0.16 g, 0.55 mmol) was added and stirred at timeesa

temperature for an additional 30 minutes. The me&twas then allowed to attain room

temperature overnight. The resulting solution wasnghed with 5 % NI (10 mL) and

extracted with ethyl acetate (20 mL), which showaty unreacted starting on a TLC plate.

5. 5. 17: 3-(2-Bromobenzylidene)-2-methyl-2,3-dihydr o-1H-pyrrolo[3,4-c]quinolin-1-one
29b):

NN NaHMDS, THF, -95 °C
X
CHO
e
N then©:
Br 90 %
26 27¢

To a magnetically stirred solution of 2-methyl-2iiBydro-1H-pyrrolo[3,4c]quinolin-1-one

26 (0.099 g, 0.5 mmol) in dry THF (15 mL) in,Mtmosphere at -9% was added NaHMDS
(2M in THF) (0.27 mL, 0.55 mmol) slowly over a mieuand stirred at this temperature for
an additional 1-1.5 h. To this 2-bromo benzaldesy@Ye (0.127 g, 0.55 mmol) was added
and stirred at the same temperature for an additi®® minutes. The mixture was allowed to
attain room temperature overnight. The resultirigtsm was quenched with 5 % N@I (10
mL) and extracted with ethyl acetate (3 x 10 ml)eTTombined organic layers were washed

with brine (10 mL) and dried over anhydrous,8@,. The residue was concentrated under

Prajesh S. Volvoikar, Ph.D. Thesis, Goa University Page 240



Chapter V

reduced pressure and flash chromatographed wit% 8thyl acetate in hexanes to afford 3-
(2-bromobenzylidene)-2-methyl-2,3-dihydré+pyrrolo[3,4c]quinolin-1-one29b in 90 %
(0.184 g) yield.

Yellow solid, m.p. 128-136C.

55.18: Ethyl 2-(2-methyl-1-0x0-2,3-dihydro-1H-pyr rolo[ 3,4-clquinolin-4-yl)benzoate
30a):

Q Pd(PPh3)4, THF
d\OEt Zn, LiCl, THF Reﬂux 6.h
—
I Dibromoethane (cat) 4%
TMSCI (cat) ZnI LiCl cl
30a

27c

In a 25 mL two neck RBF anhydrous LiCl (0.848 ¢ &imol) was placed and flushed with
argon. It was heated at 170 at 1 mbar vacuum for 10 minutes. Then zinc dugdt9 g, 3.0
mmol) was introduced and the mixture again heatettuvacuum at same parameters for 10
minutes. The flask was cooled to room temperatace anhydrous THF (4 mL) was added
and degassed with argon. Dibromoethane(0.018 gnéndl), and trimethylsilyl chloride (1
drop) were added to activate the zinc, followedellyyl-2-iodobenzoat@7c (0.552 g, 2.0
mmol) and stirred for 1 h. 4-Chloro-2-methyl-2,3wfilro-1H-pyrrolo[3,4<c]quinolin-1-one
20a (0.178 g, 0.77 mmol), Pd(PBh (0.09 g, 0.077 mmol) were added and the reaction
mixture refluxed for 6 h. The resulting mass wasrghed with 5 % NECI (10 mL), and
extracted with ethyl acetate (3 x 10 mL). The camhi organic layers were washed with
brine (10 mL) and dried over anhydrous,8&,. The solvent was removed under reduced
pressure and the residue was flash chromatographtbd50 % ethyl acetatein hexanesto
affordethyl 2-(2-methyl-1-oxo-2,3-dihydra-tpyrrolo[3,4-c]quinolin-4-yl)benzoate30a 94

% (0.250 Q) yield.

Off white solid, m.p. 96-98C.

5.5.19: 7-Hydr oxy-6-methylbenzo[c]pyrrolo[4,3,2-mn]acridin-5(6H)-one (24a):

NaHMDS
' THF -95°C

To a magnetically stirred solution of ethyl 2-(2#mg-1-ox0-2,3-dihydro-H-pyrrolo[3,4-
c]quinolin-4-yl)benzoate30a (0.072 g, 0.20 mmol) in dry THF (10 mL), under, N
atmosphere at -9% was added NaHMDS (2M in THF) (0.25 mL, 0.50 mnsbddwly over a

minute and stirred at this temperature for an &ttt 10 minutes. The reaction mixture was
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then allowed to attain room temperature over 4 e Tesulting deep red solution was
quenched with 5 % NIl (10 mL), and extracted with ethyl acetate (30 rhL). The
combined organic layer was washed with brine (10 ard dried over anhydrous }&0O,.
The solvent was removed under reduced pressureesmtlie was flash chromatographed
withethyl acetateto afford7-hydroxy-6-methylberdpjrrolo[4,3,2mn]acridin-5(6H)-one
24a in 45 % (0.028 g) yield.

Red solid, m.p. 158-161C.

5.5. 20: 7-(Allyloxy)-6-methylbenzo[clpyr rolo[4,3,2-mn]acridin-5(6H)-one (32a) and 6a-
allyl-6-methyl-6,6a-dihydr obenzo[c]pyr r olo[4,3,2-mn]acridine-5,7-dione (32b):

oy o >
OEt N
O N 0 i) NaOEt, EtOH, rt, 2 h N o
ii) then allyl bromide Pz

N/
O 90 % N O
30a 32a

To a magnetically stirred solution of ethyl 2-(2#imd-1-oxo-2,3-dihydro-1H-pyrrolo[3,4-

c]quinolin-4-yl)benzoate30a (0.346 g, 1.0 mmol) in dry ethanol (10 mL) undep N
atmosphere was added freshly prepared sodium e#@07 g, 1.5 mmol) at room
temperature and stirred for 2 h (monitoring by TL&Iyl bromide (0.18 g, 1.5 mmol) was
added and continued stirring for an additional ®h.completion of the reaction (monitored
by TLC), the volatiles were removed under reducezbgure and the residue was quenched
with 5 % NH,CI (10 mL) and extracted with ethyl acetate (3 xrhQ). The combined
organic layers were washed with brine (10 mL) anéddover anhydrous N8O, The
solvent was removed under reduced pressure andesidue was flash chromatographed
with 30 % ethyl acetate in petroleum ether to a&ffe(allyloxy)-6-
methylbenzaf]pyrrolo[4,3,2+mn]acridin-5(6H)-one 32a in 54 % (0.118 g) yieldas a bright
yellowish-orange solid and 6a-allyl-6-methyl-6,Gayairobenzof]pyrrolo[4,3,2-
mn]acridine-5,7-dione2b in 34 % (0.116 g) yield as an off white solid.

7-(Allyloxy)-6-methylbenzo[ c]pyrrolo[4,3,2-mn]acridin-5(6H)-one (32a):

Bright yellowish-orange solid, m.p. 162-18a.

IR (KBr): ¥ = 3068, 2937, 1687, 1483, 1249, 1087, 960, 773.cm

'H NMR (400 MHz, DM SO-d6): ¢ 9.18 (ddJ = 8.8 Hz, 1.2 Hz, 1H), 8.91 (dd= 8.0 Hz,
0.8 Hz, 1H), 8.48 (d] = 8.8 Hz, 1H), 8.09 (dd] = 8.4 Hz, 1.2 Hz, 1H), 7.89 (di= 8.4 Hz,
1.6 Hz, 1H), 7.82—-7.69 (m, 3H), 6.26-6.19 (m, 15158 (dd,J = 17.2 Hz, 1.2 Hz, 1H), 5.42
(dd,J =10.4 Hz, 1.2 Hz, 1H), 4.70 (ddi= 5.2 Hz, 1.2 Hz, 1H), 3.77 (s, 3H).
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3C NMR (100 MHz, DM SO-d6): 6 167.8 (C), 149.7 (C), 143.7 (C), 136.6 (C), 13},
132.5 (CH), 130.6 (CH), 130.3 (C), 130.0 (CH), 72&H), 128.6 (CH), 127.0 (CH), 126.7
(C), 125.3 (C), 124.8 (CH), 123.8 (CH), 123.2 (CE3.1 (C), 123.0 (C), 118.7 (CH), 76.3
(CHy), 28.5 (CH).

HRMS (ESI): calcd for GaHigN2O,H [M + H]*341.1290, found 341.1290.

6a-allyl-6-methyl-6,6a-dihydr obenzo[c]pyrrolo[4,3,2-mn]acridine-5,7-dione (32b):

Off white solid, m.p. 102-102C.

IR (KBr): ¥ = 3072, 2912, 1708, 1698, 1517, 1346, 773.cm

'H NMR (400 MHz, DM SO-d6): § 8.84 (qdJ = 8.4 Hz, 0.8 Hz, 1H), 8.61 (dd,= 8.0 Hz,
0.8 Hz, 1H), 8.25 (dJ = 8.4 Hz, 1H), 7.96 (dd] = 7.6 Hz, 0.8 Hz, 1H), 7.87 - 7.79 (m, 2H),
7.69 (dt,J = 7.6 Hz, 1.2 Hz, 1H), 7.63 (dl,= 7.6 Hz, 1.2 Hz, 1H), 5.13-5.08 (m, 1H), 4.99-
4.92 (m, 2H), 3.46 (s, 3H), 3.01 @@= 7.2 Hz, 1H).

13C NMR (100 MHz, DM SO-d6): § 196.5 (C), 167.7 (C), 149.8 (C), 146.9 (C), 13€5,
135.8 (C), 135.1 (CH), 134.3 (C), 133.3 (C), 13(CH), 130.4 (CH), 129.9 (CH), 128.6
(CH), 128.4 (CH), 128.1 (CH), 124.6 (CH), 124.1 (CH22.2 (CH), 121.9 (C}), 71.4 (C),
38.8 (CH), 27.6 (CH).

HRMS (ESI): calcd for GoHigN,OoH [M + H]*341.1290, found 341.1290.
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