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Abstract

In this PhD research, different palladitoatalyzed synthesesf polycyclic nitrogen
heterocyclesstarting from ortho-dihaloarenes were developedérirst, convenient
syntheses of pyrrolused derivativesvia palladiumcatalyzed domino C/C-N
coupling ofortho-dihaloarenes with imines were accomplished. In another cootext
the study the employment ofortho-dihaloarenes for palladivtatalyzed sequential
regioselective Suzuki reaction witbrtho-bromophenyl boronic acid/double -IC
coupling with primary amines afforded corresponding indosed structures. Finally,
protocols for the syn#tsis of previously unexplored phenanthridfnsed aromatic
compounds were described, whideature a palladiumcatalyzed regioselective
Sonogashira reaction ofortho-dihaloarenes followed by domino or opet

C-N coupling/hydroamination/<E arylation.

In dieser Promotionsarbeit wurdererschiedene palladinkatalysierte Synthesen von
kondensierten Pyrrolen, Indolen und Phenanthridinen auho-Dihaloarenen
untersucht Zuerst wurde eine praktische Synthese von kondensierten Pyrrolen durch
palladiumkatalysierte GC/C-N Dominokupplungen erstellt. AufRerdem wurden
ortho-Dihaloarenen durch sequentielle regioselektive Suzuki Reaktion/zweifathe C
Kupplung zur Synthese von kondensierten IndaérgesetztDes Weiterenwurden
ortho-Dihaloarenen eingesetzt ukondensierte Phenanthridirdurch regioselektive
Sonogashira Reaktion und anschlief&efmbmino-C-N Kupplung/Hydroaminierung/

C-H Arylierung zu synthetisieren.
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1. General introduction

Nitrogen heterocycleare undoubtedlynvolved in a plethora ofimportant processes in

living creatureson earth. For instance, the genetic codes DNAs are comidead

base pairs cytosine/guanine and thymine/adenine, which incorporate heterocycles purine
and pyrimidine (Figure 1)..Y Moreover heme, whichis a porphyrin complexhas
diverse biological functions in living organisms including electron transfer,
transportation of diatomic gases and chemical analff&sire 1)./% Another porphyrin
complex named chlorophyll is arextremely important biomolecule for the

photocatalytic process in plar(@gure1).?

H
N H---O\ ___H_
< N H-N \ /I % N'kﬁ
T N P
N H N\_N/ . U Z N
———H N
cytosme/guanlne thymine/adenine purine pyrimidine
R R R R
R R R R
R R R R
R R R R
porphyrin heme chlorophyll

Figure 1: Examples ofbiologically important nitrogen heterocycles

Owing to their immense importance, nitrogen heterocy@escenterof researchin
many fields in which a great number of nitrogen heterocycles wesgplored with
important applicationsin pharmaceutical researchiochemists have discovered and
developed important drugs, for examplatricitabinbeing employed for theeatment

of HIV (Figure 2). Furthermore, lsemists have developed powerful catalysts for
innovative reactions, for example NH®&as beerappliedin C-C andC-N couplings
with estes and amines(Figure 2).) In material science, physicistsave explored
materials with enhanceghysical properties, for instance CPBas beenused in
OLED-layers(Figure2)®



HoN N

e i ﬁﬂ{

emtricitabin NHC1

Figure 2: Several relevant nitrogen compounds with applications

In order to providescientists in the fielof pharmaceuticahnd material sciencewith
product libraies for their researchsynthetic chemistaere devotedgincemore than a
century to develop convenient synteesf nitrogen heterocyclesEExamples for these

are Hantzsch pyridine synthed?, Biginelli synthesis of 3,4-dihydropyrimidin
2(1H)-ones'® PaatKnorr furanand pyrrolesyntresist® Fischerindole synthesi&? and
Friedlanderquinoline synthesi8¥ to name but a fewNeverthelessgiven the sheer
number and thenormous diversity of nitrogen heterocycles in nature and in research,

even more powerful, modail and convenient syntheses sginainhighly desirel.

classic chemistry

Br SN-Ar reaction Et
+ EtMgBr

transitional metal catalyzed chemistry

Br [TM] Et
+ EtMgBr >

[TM] = [Co], [Ni] and [Pd]

Scheme 1: Transition metal catalyzed crosscoupling reaction

Fortunately, the last four decades have witnessed a boom in the development of
crosscoupling reactions catalyzed by transition metals. These catalysts possess great
potential for furnishing new €, GN and GO bonds. Asa result, a number of new
reactionconceptshave beermealized. For examplen a Kumada reaction, @rignard
reagentcoupleswith a haloarenén the presence of transition metaltalysts forming
corresponding € crosscoupling productSchemet).!*?



Negishi coupling

R
Kumada coupling © Suzuki reaction
R R
© [Pd] or [Ni] ©I

[Pd]or [Ni] |[RZnX
RMgX [Pd]
Sonogashira reaction RB(OH), .
R Heck reaction
Z [Pd] X [Pd] R
-
R———=Cu ©/ R

) RsnBu\[Pdl
Buchwald-Hartwig R-NH; nBusz _ _
amination H Stille coupling
N\R R-H|[Pd] R
i CH-arylation R C

Scheme2: Severalimportant transition metal-catalyzed cros-coupling reactions

A

Consequently, their potential fareating nev bondshas beerextensively studied
ultimately leading to the establishmentof a number of distinct chemical
transformationsThese reactions differ in coupling partners, amtdenamed after their
discoverers including Kumada, Negishi, Suzuki, Stille, Buchwrddwig and
Sonogashira (Scheme 2). For exampie, a Suzuki crossoupling reaction an
organoborane isccomodatedvith an aryl halide agoupling partner, whilex Stille

crosscoupling reaction takes advantagesobrganohalide anen organostanré’

Among the transiion metal catalysts, the chemistry of palladicatalyzed
crosscoupling has witnessed a striking developmdrgmming broadly usefulin

organic synthesi¢? Using palladiumcatalysts, alarge numberof structurally
complicated compoursdwith biological and physicaklevancehave beersynthesized
(Scheme 3y Overall palladiumcatalyzed crossoupling reactions havérought
enormous enhancemerdrdrevolutionizd the reactiorconceptsan organic synthsis.
Hence the pioneers in this field Richard F. Heck,-i€hi Negishi and Akira Suzuki

were awardethe Nobel Prizein chemistryin 2010!%



Suzuki reaction

SO,Ph
SO,Ph MeO
Br B(pin) Br
N X /Pr-O
MeO B(pin)
Br Pd(PPh3), O Pd(PPh3)s K3POy4
OMe K3PO4 MeO
(+)-cavicularin <——
Sonogashira reaction
«NHBoc
COan | COZBn BOCHN\\‘
BocHN'" X NHBoc
| Pd(PPh3)a, S
N™ °I  Cul, iPryNEt, CO5Bn

DMF

isodesmosine 1
Buchwald-Hartwig amination

Ly
@\ OBO NaOtBu, toluene

—> NIBR-1282

N
H NN
e @

C-H arylation

Pd(OAc),

H K AR, —>, rhazinilam
Et DavePhos —

Scheme 3: Example ofpalladium-catalyzed reaction in organic synthesig?). [18]. [19],[20]



1.1. General mechanism of palladiumcatalyzed -crosscoupling
reactions

In general, the mechanism of palladisatalyzed crossoupling reactios featuresa
catalytic cycle, in which the three essential stepasre the oxidative addition,the
transmetallation andhe reductive elimination(Scheme 4) The catalytic cycle is
initiated bya catalytially active Pd-speciesThis can be introduced as a pratalyst
for example Pd(PRW and PdPtBus),, or can be generated situ from a palladium
sourceincluding Pd.dba; and Pd(OAc) with corresponding phospte ligands. The
catalytically active PYspecies reacts within organohalide RXn anoxidative addition,
forming organopalladium species Rd;]X. This processs commonlyconsideredo
be the rate determiningiepof the catalytic cycleln the followingtransmetallation, the
organic group of the coupling partner is transferred to tHespdcies. Finally, the
Pd'-speciesforms the corresponding crossupling producin a reductive elimination
step while caalytically active P&species is regenerated (Scheme 4).

[PdI°L,

R' — R R_X

oxidative addition

reductive elimination

Scheme4: Generalcatalytic cycle of palladiumcatalyzed crosscoupling reactions

Theelectronic and sterinatures of th@hosphindigands can influenceertain steps of
the catalytic cycle includingthe oxidative addition and the

reductive elimination. Strong-donating ligands facilitate the O\ %
oxidative addition by increasing electron density around the \ f,a\
palladium. On the other hand, the reductive eliminatign |°/Mman cone angle
accelerated byulky ligands especially thosexhibiting large Tolman cone angl&d

Thechemicalstructurs of several important phosphifigands are shown in Table



Table 1: Chemical structures ofseveral phosphineligands

A PCy, iPr iPr
d MeO OMe O
O iPr

CataCXium A SPhos XPhos

C o0
PtBU2 PPh2 (o)

JohnPhos BINAP Xantphos
&= P(tBu), ?\Pth
Fe '
Phop” M2 L —p(tBu), @\Pth
dppe DTBPF dppf

1.2. Palladium-catalyzedSuzuki crosscoupling reaction
(& + vorefR) —— (R

In seek of suitable coupling partners for palladicamalyzed crossoupling reactions,

initial observation of the potential of organoboranes as coupling partners with
aryl/alkenyl halides waslocumentedoy Heck et al. in 1975 In this report it was
determined that the crossupling process occurrad the presence dadtoichiometric
palladum. In 1979, Suzuket al. successfully elevated tHevel of this chemistry by
reporting acatalytic approach for therosscoupling of organoboranes and aryl/alkenyl
halides (Schems).[* The key to thisuccesss the use of basés orderto activate the
organoboranes to organoboronatdsat are finally capable of engaging in a

transmetallatiomuringthe catalytic cycle.



Pd(PPh3)s; 1 mol%
X "Bu
©/Br + QC\) NaOEYEtOH ©/V
O/B\/\ B benzene, reflux

98%

Scheme5: First example ofpalladium-catalyzedSuzuki crosscoupling reaction(22]

In general, gyl boronic acidsare accessibldrom aryl halides with bayn sourcesvia
two common pathwayéScheme 6§ In thefirst route aryl halides are converted to
Grignardor lithium reagentswhich react withboron sourceto form correspondinguryl
boron compounds Alternatively, aryl halides andoron source are treated on
crosscoupling reaction to generate arylboron products(Scheme6). Frequently
employed boron sources for these transformations an@apol borane (HBpin),
bis(pinacolato)diboron(B,piny), and trimethyl borates (B(OMg) Recently, a
iridium-catalyzed aromatic borylationa C-H activation approachas beereveloped
by Hartwig et al, representing apromising borylation method for the future
(Schemes).?*

Common borylation methods

@ BO):2  B(pin) or B,pin, X 1) Mg B(OH),
[TM] 2) B(OMe); or HB(pin)

via transition-metal catalyzed via Grignard-reagent
cross-coupling

Recently developed borylation via C-H activation

" 1/2 [IrCI(COD)],bpy 3.0 mol% S
. . r .U mo
©/ + (pin)B=B(pin) (80 °()321th : ©/

80%

Scheme6: Synthesis of aryl boronic acids

In comparison, l&yl and alkenylboron compoundsan besynthesizedria cheme and
regioselective addition of boron sourcesto alkenes and alkynes, respectively
(Schemer). In this reaction, alkynyl is more active than alkenyl group and the

formation oftrans is preferrecover the formation ois-configured isomes.



0]
/
R/¢ o) . s E: > NaOH R/\/B(OH)2
R0

Scheme7: Stereo and regicselective synthesis obrganoboranes

In total, the Suzuki crossoupling reactionexhibits significant advantages including
air-/moistue-stable and lestxic organoboron substratesigh functional group
tolerance withwide diversityof starting material&and reaction meeli Nowadays this
reactionis known as a powerful angrevalently employed tool for making new
CspzCsp2 and GyzCspz bonds from organoboranes and aryl/alkenyl halitfe# large
number of biologically important structurdsave beensynthesized using Suzuki

crosscoupling reactionsRigure3).12%

Michellamine B*" Helenaquinoné® Dermocanarin 2%

Figure 3: Examples of biologically important structuressynthesized by Suzuki
cross-coupling reaction



1.3. Palladium-catalyzedSonogashira crossoupling reaction

@ =@ -

The history ofcrosscouplingreactionswith alkynes wasnitiated in 1869 whefGlaser
et al. discoveredthat copper acetylides dimerized under air forming diphenyl
diacetylenegScheme 8§ In 195, it wasfurther exploredhat alkynesarecapable of
coppercatalyzed crossoupling

participating in reactions with haloalkynes

(Schemes).l3%

Cu
Cucl, P 0, Ph
7 NH,OM, EtOH [ Z NH,OH, EtOH Z
-
L Ph
2
Glaser 1969
Me
OMe
Br = Me
Z Me CuCl 2.0 mol% _
OMe =
N /<M NH,OH'HCI 929,
(o]
=z Me EtNH,/H,0, RT
Cadiot-Chodkiewicz 1957
pyridine O
120°C, 10 h Z

|
or.
MeO //
Cu

Stephens-Castro 1963

O 99%
MeO

Scheme8: Coppercatalyzed crosscoupling reaction of alkynes and alkynyl salts

In 1963 Stephens and Castro disclosed that alkynyl copper wadtsrwent a redion

with haloarenesin organic basess media to form corresponding crossoupling

products (Schemes).*? However, these methodsre limited by severalremarkable

shortcoming including the stoichiometric use of copper, the need of high reaction

temperature, the poor solubility of the alkynyl copper salts and the praifiehe

formationof homocouplingproducts



Pd(OAC),(PPhs), 2.0 mol% = Bu

Br
tBu  NEts, 100 °C, 30 mins
©/ +Z 88%

Heck 1975
5 Pd(PPhs), 6.0 mol% O
©/ r /@ NaOMe, DMF, 80 °C, 4 h Z
Y

Cassar 1975

d(PPhs),Cl, 0.5 mol% O
Cul 1.0 mol% _—
©/ /© Et,NH, RT, 3 h Z
O 90%

Scheme9: Palladum-catalyzed crosscoupling of aryl halides with alkynes

Sonogashira 1975

In 1975, palladiuncatalyzed crossoupling reactions of aryl halides with alkynes were
concurrently documented by Heek al,*¥ Cassaret al®*¥ and Sonogashirat al!*
(Scheme9). In the reports of Heclet al. and Cassaet al, the reations employ
palladium asa sole catalystrequiring elevated reaction temperatures. In comparison,
Sonogashirat al.used coppeasa co-catalystthatallowsthe conduction of the reaction

at room temperaturéverall, his reaction displaydigh tolerance against functional
groups andprovesespecially effective for making news&Cs, and Gp>Csp bonds in

conjugated enyneendenediynes of structurally complex molecules.

It is worth mentioning that the products of the Sonogashira reaction can often be
accommodateds precursors in furthehemicaltransformation§® For example, they

can be reduced to alkaser alkens (Scheme 10)Alternatively, they can participate in
different types of cyclization reactions to construct comggxctures, for example
indole, benzofuran, isoquinolinone, omgible and isochromenone (Scheh®. These
above distinct advantagbeaverendered Sonogashira reaction an impornpdatform for

the synthesis of a great number of natural products now¢iimyse4) 1’
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Scheme 10: Possible following transformations of the products of Sonogashira
cross-coupling reaction

MeO\fO o

N
R

WS s Sme M

I

O« NH
HO Me
Me
cal i che@mi maduropeptif” calothrixin B*®

Figure 4: Natural products obtained by Sonogashira crossoupling reaction
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1.4. Palladium-catalyzed Buchwald-Hartwig C-N crosscoupling
reaction

@ - @D " @

Rn

As Car-N bonds are abundant in natural products, synthetic chemaigéslevoted great
efforts to develojing new methodlogiesto constructhem In classic chemistrythese
bords were createdby several pathwaysincluding nitration/reduction of aromatic
compound, §Ar reaction and UllmamnGoldberg reaction (Schenid)!”
Unfortunately, thesamethodswere suffered from low regioselectivity antimited
substrate scope. Fexample, the $Ar reaction andJllmannGoldberg reaction fagld

with electronically neutral and electronically rich aromatic systems.

Nitration/reduction

© HNO4 ©’N02 reduction @NHZ
— 2

S\-Ar reaction

Cl Cl
A E ] )§
J‘l\N/)’\l\ H2N 0 oC = /©

Cl

Cl

Ullmann-Goldberg reaction

CO,H /©
L o X @
CuO, K5COs3, reﬂux

Scheme11: Formations of Gi-N bonds in classic chemistry

These shortcomings in substrate scbpee beemradually solvedy the development

of transition metal catalysts. In 1983, Migétaal.reportedthe first palladiurrcatalyzed

C-N crosscoupling reaction (Scheme 12¥. The reactionworked compatiblywith
electronically neutral and sterically hindered amines, but necessarily employed toxic

tin-reagents.
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Br NEt,
[(o-Tol)3P]oPdCl, 1.0 mol%
+ BU3SﬂNEt2 >
Me

Me toluene, 100 °C
90%
Migita 1983
Br NMe,
[(o-Tol)3P],PdCI,
+  HNMe, >

Me NaOtBu or LiHMDs Me

toluene, 100 °C 90%

Buchwald/Hartwig 1995

Scheme 12: Examples of palladiumcatalyzed GN cross-coupling reaction

In 1994, Hartwiget al. elucidatedthe formation ofthe active catalyst Pd[B¢Tol)s].
duringthis C-N crosscoupling reactioi*? Later in this year, Buchwalet al. published
an improved procedure for this reaction by using an argon puargée reaction
setup® Through this systendiethylamine was removedbring thein situ generation
of aminostannaneghus allowing a broader amine scope with higher resultinglssiel
In 1995 Buchwald and Hartwig independently found that éhgploymentof the bulky
bases Na@u and LiIHMDS enabls a C-N crosscoupling without theuse of toxic
tin-reagents(Scheme12).1*¥ However, the scope of the reaction was still limited to
secondary amines due tbe uncontrollableoverreactionof primary aminesand the

hydradehalogenation of haloarenes.

Me Me
MeO Pdzdbag MeO
+ H N/\/\/\ BINAP
2 NaOifBu NN
Br toluene, 80 °C 959% ”
(o]

Me Pd(dba), Me
s ) e L
H,N NaOtBu H

oTf toluene, 85 °C
96%

I I PPh; S>>~ %Pth

BINAP = PPh, dppf=  Fe
99 =
PPh,

Scheme 13: Buchwald-Hartwig C-N crosscoupling using bidentatephosphine ligands

13



To address these limitations, further ligands for the Buchwéldrtwig
C-N crosscoupling reaction wre developed. 1996, Buchwalcdet al. and Hartwiget
al. independently reported that the bidentate ligands BINAP and dppf gave resulting
C-N crosscoupling products in good yields with diverse types of primary amines using
lower catalyst loading (Scheme 1%} Moreover theseconditionsallowed the utility of
aryl iodides and aryl triflates. Is assumedhat the bidentate natud these ligads
fixesthe active catalysts during the catalytic cycle. &sesulf the liberation of the
coordination sites of the active catalysts during the catalytic cydappressedthus

the undesiretv-hydride elimination igprevented

In search of more powtl ligands for the BuchwakiHartwig GN crosscoupling
reaction, it was discovered thtte steric property of ligandswas crucial during the
reactionin someinstances*” Voluminousphosphine ligands allo@-N crosscoupling
reactions witha broader range of amines including electronically p@ord heterocyclic
derivatives and with different types of aryl halides including chloride and triflate
(Scheme 14)

Me Pd(OAC), Me
©: + \/@ JohnPhos g
cl H2N NaOfBu N/\©

toluene, RT

OTf Pd(OAc), H
Me NaOiBu

toluene, 110 °C Me 83%

DTBPF = Fe

P(Bu); @—P(tBu)z

Scheme 14: Buchwald-Hartwig C-N crosscoupling reactionsusing bulky phosptine
ligands

O S P(tBu),
[}
JohnPhos = O

Later development of the Buchwaltthrtwig GN crosscoupling reactioralsounlocked
a remaininglimitation in the reaction between amines and aryl halidamelythe use
of ammania to construct primary aryl amines. The probfemthislaysin theformation
of tight bonds betweenammoniawith the active catalgt that finally inhibits the
catalytic activiy. To circumvent this, benzophenone imine or silyl amideere

accommodate@s ammonia equivalen¢&cheme 15¥? These reagents undergeNC
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crosscoupling reactions with aryl halidelsefore being subjected thydrolysis to
assemblehe corresponding primary amines.

NH
X pp” > ph | [H* NH;
P] ©’

Scheme 15: Strategy of BuchwaldHartwig C-N crosscoupling reaction forthe generation
of primary amines

At present the scope ofsubstratesfor the BuchwaleHartwig GN crosscoupling
reactionhas beersuccessfullyextendedbeyondamines.Further competentnitrogen
containing reagentscan be engaged inthe reaction including amided??
carbamate¥? %% sulfonamide$’®? sulfoximes®™® hydrazond®® and pyrrole
derivative&'®® >3 (Schemel6). TheBuchwaldHartwig GN crosscoupling reactiorhas
bemme a convenient tool for making newNCbonds therebybeing broadlyappliedin

organic synthesit preparealarge number of important compound&gures).®?

Pd(OAc),
O 0 —o
NC HN / 032CO3
toluene, 100 °C NC 92%
(o]
Br —\ Pd(dba), %
/©/ HN. O Xantphos N
+
- \([)( Cs,CO, /@/ (

toluene, 100 °C (I
87%

Scheme 16: Examples of BuchwaldHartwig C-N coupling with further
nitrogen-containing reagents

o o)

(@)
o -
o | X Mo 'Pr”'»‘NH‘\\iPr
y 1 N N
e Me—
N O H
F

\_< N\
NHAC NMe; N
H
DUP-7214 FN-329° (+)-epkindolactam \P®

Figure 5: Biologically important structures synthesized by BuchwaldHartwig
C-N cross-coupling reaction
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1.5. Palladium-catalyzed GH arylation
In nature, GH functionalization is observed iseveralenzymatic biosynthesis. For
example, biotin is synthesized by doubleHCfunctionalization catalyzed by biotin
synthase,forming two new GS bondsin an extremely atoreconomic manner

(Schemel7).l"

0 o)
HN- NH biotin synthase HN  NH
H N
H S
biotin

Scheme 17: Example ofG-H functionalization reaction in nature

Table 2: Bond dissociationenergy of several €H and GHalbondsj E AnAlit) S

Me=H Et=H iPr=H O H
105 101 99 94
" N
A H ~H A NH
111 89 79 94
H H
H H
Cr o8 O )
113 90 70 70
Me=Cl Me=Br iPr=Br Et=Br
84 72 74 72
Sh
e A Br ~Br
91 80 59 51
ot ot o Ut
97 84 67 63

Intrigued by these natural enzymatic processexjeavor was devoted bringing this
reaction concept into practical organic chemistry. In order to achieveatget many
challenges have to be overcome. igtancethe bond dissociation energies of th&iC
bonds are generallyigher tharthose of GHal bonds (Tabl®), and GH bonds possess

no electron lone pairs for coordinating with active catalysitsis, they cannaéngage
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in an oxidative addition durgthe catalytic cycle like €lal bonds Moreover,unlike
several GM bonds,theyarenot capable of undergoing a transmetallatiinally, ideal
catalysts forthe C-H functionalization have to meet further criteria including being
selectiveto discriminae differentC-H bonds, slow in catalyzing owéunctionalization,

and stable against possible oxidants and functional groups.

H s
Pd(OAc), 2.0 mol% N\[rl\/le ! Me:
H BQ 1.0 equiv. I I :
N._Me OBU  TeOH D5 oaui o} . o
s .5 equiv. ! L7 !
T - Y o™ | . Pd .
o toluene/AcOH OfBu R |
(@) { L X 0
210 I O | I

O

Scheme 18: Example of palladiumcatalyzed GH activation(5

concerted metalation deprotonation
X t

X
1 A
H-CR AN PY
N A M
[M] gs [ ]\CR3
X _ t XH
| — | [ Mi—cr
[(M] [M]--CR; [M] 3
oxidative addition
FFM] H-CRj [MIIQ/ZR . R
M ER [M]—CR;
o-bond metathesis
R _HCRs R--H ior R-H * XH
(M] [M]--CR3] ~ |[M]*-CRg [MI—CRg3

oxidatively added TS

Scheme 19: General proposedmechanisms of theG-H activation step

For these @asons, these-B bonds requirgarticulariiactivatiord during the catalytic
cycle. For example, the incorporation of appropriate neighboring grangpsrganic
acids was documented streamlinghe GH activationprocessIn theexemplifiedC-H

B9 the catalystsare directed to the

activation reactionshown in Scheme 18,
neighborhood of the €l bonds at theortho-position by the carbonyl group.
Subsequentlypalladium catalystand p-toluenesulfonic acicgsynergisticallyactivate

this GH bond, forming corresponding finproduct In the absence @y of them, the
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reaction turngntact. However, the detailed mechanisoh these activatiorprocesses
still remairs elusive.General GH activation stepbave beemroposed to follow several

mechanistic modalities including comtsl metalation deprotonations-bond
metathesis and oxidative addition (Scheme!®9).

C-H/C-X arylation
| ethyl acrylate I
N N NEts, MeCN NN

C-H/C-H arylation

SWERE
0] 02/N2, 50 atm 0

C-H/C-B arylation

Me Me

Pd(OAC),
@iCOZNa Ph B/O:><Me BQ, AgyCO3 COzNa
+ - o
y \y—/Me  1BUOH, 120°C

Ph

Scheme20: Examples ofpalladium-catalyzedGH functionalization 611

Among different CH functionalization methods, of practical importance in organic
synthesis arethe three forms of GH arylation between &/C-X, C-H/C-H and
C-H/C-M bonds (Schem&0).? These arylation reactiordiffer in the active catalyst
during the catalytic cycle, namely Pior thereaction between -®/C-X bondsand Pd

for the reaction between €El/C-H and between &1/C-M bonds Alike other GH
activation reactionshe exact mechanisntd these reactionbave not yet beenfully
explained They have beenconjecturedto depend on the substrates, catalysts and
reaction conditions (Schemel)2 Despite this facttremendous developmentvere
achievedin relationto the pratical applicationof C-H arylationin organic synthesis.

More recently C-H arylation has become an increasingly powepfatformfor making
structurally complex compoundBigure6).
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C-H/C-X arylation

SRR

H  [Pd"] [Pd"]

= LD — @]@ﬁ’

[Pd°]

C-H/C-H arylation

b ==

H  [Pd"] [Rd"]

e ol B — (¥~

: [Pd°]
' oxidant i

C-H/C-M arylation

@[H Y=N,O,S, etc. B O O
e O — CL %
[Pd”] [Pd”]—©

oxidant

Scheme21: Examples of gneral mechanism ofalladium-catalyzedGH arylation

(+)-gilvocarcin M®¥ decaphenylcorannulefié

Figure 6: Example ofstructurally complexcompoundssynthesized by GH arylation
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1.6. Selectivity in palladium-catalyzed crosscoupling reactions
Selectivity is an impdant issue irorganic chemistrylt is understooésthe preference
of one functional group over othedsring the reaction.There are several types of
selectivity. For example, the term chenrselectivity describes the reaction selection
between two chemically differéngroups, andthe site-selectivity is for identical
chemical groups at different positions. On the other hand, the term regioselectivity is
used for thgoredominanformation of one isomer over others, while stereoselectivity is
related to the selectiverimation of one stereoisomer over othéusing the reactioff
In practice the term regioselective can be used both sitee and chemeselective
issues Representativexamples for different types of selectivity in organic synthesis

are demonstrateth Scheme??2.

(a) chemo-selectivity

Br Pd(OAC)Z, S|O2
7 (HOCHy,), polymer
N© G (HoB 80 °C N cl

(b) site-selectivity
Pd/C, PPhs

B Me | N
E\/E . K,COj P
— toluene/H,0O N

N Br (HO),B 100 °C

Me

(c) regioselectivity

OH
Me Me
Br
NH4Br, Oxone,

H,O, MeCN, RT

(d) stereoselectivity

% HCO,H, reflux exo
O>]/ H
O

Scheme22: Examples of selectivity in organic synthesis!
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With this regard palladiumcatalyzed crossoupling reactions carnproceed in
chemaselective and sitselective fashion.n chemaselective palladiumcatalyzed
crosscoupling reactions the general reactivity order of the halogen atomss
F<Cl<OTfaBr<I. Taken examplain Scheme22, position 3 of the pyridine ring is
more reactive in a Suzuki cressupling reactionas Br is more redive than Cl.On the
other handthe attackof general palladiuntatalyzed crossoupling reactions prefer
electrondeficientover electrorrich carbon atomsTherefore, the Suzuki crossupling
reaction in exampld® in Scheme22 proceedssite-selectively at position 2inceit is

more electrorteficient than position 8%

CO,H
CO,H
Br Me catalyst 1.0 mol% 2 COZH
+ /©/ LiOH 2.2 equiv._ Br
Br 65°C,24 h

catalyst = Pd,dbaj 99 :
catalyst = Pd(OAc),/DPEPhos 8 : 92

Scheme23: Example of catalystcontrolled selectivity in palladium-catalyzed
cross-coupling reactionc7!

Other factors which can have remarkable influence onhe selectivity of
palladiumcatalyzed crossoupling reactions arethe palladiumsource and the
ligand!®® For instance the Suzuki crossoupling reaction of 2:4libromobenzoic acid
with 4-tolylboronic acid (Scheme23) takes part preferentially at the position 2 of
2,4-dibromobenzoic acid under the presence of phasgdiyandfree catalyst Pgiba,
while the selectivityis reversed by using catalyst system Pd(QMPEPhos®” The
reason for th@rtho-selectivity by the use of catalyst Jdba; is possiblyattributedto a
coordination of the carboxyl group with the active catalyst duringc#ttalytic cycle
This interactionenhanceshe proximity ofthe bromine atom airtho-positionwith the
active catalystduring the catalytic cycle Incontrast, the use of the sterically
encumbering bidentate ligand DPEPh®®elieved to block the coordination between
the carboxyl group rad the catalyst Pd(OAg) As a result the bromine atom at

para-position beomes sterically favored during the reaction.
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2. Motivation, objectives and methodologies of this PhD

research

2.1. Motivation

@EBr Ph
I
+  HN{
Br Ph

Ortho-dihaloarenes are aromatic compounds with two halogen atoms next to each other.
With two electrophilic reaction centers, these compounds have considerable potential to
undergoa reaction with a bhucleophilic partner, in which a fiver sixmembered ring

is formed. For exampleprtho-dibromobenzene reacts with diphenylamiime a

palladiumcatalyzeddomino GN/C-C crosscoupling(Scheme 24/?!

_ H _
Pd(OAc),, PCys, @Bb ,
NaOtBu, toluene O
> N —_—
N
Ph
L @ IM1 |

Scheme24: Example of synthesis of heterocycle fromrtho-dihaloarenegsd

Table 3: Further examples of heterocycles synthesized fromrtho-dihaloarenes

O

@)

isoindoline1,3-dione!™

benzo[4,5]imidazo
[1,2-a]pyridine"®
R

O
O

benzofurang¢®

R R
/
N
o} R
3-alkylidene

soindolinLond3 1,2,3trialkyl-1H-indole"?
ISoindolin-1-on

o O

R

N @,\%— R
H

1H-benzo[d]imidazol€® benzof]oxazolé™
N>/:|\l N’Nj\l

: L

benzofl]imidazo[2,x benzo[4,5]thiazolo[3,2b]

b]thiazold™” [1,2,4]triazolé"”

T

benzokl]-xantheng®?
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First, in the presence othe catalyst system Pd(OAGCy, a GN coupling between
ortho-dibromobenzea and diphenylaminektesplacewhereiniM1 is formed. Next, an
intramolecular GH arylation ofIM1 is triggered by the same catalyst system to afford

the corresponding carbazole (Scheme 24). With this referertbe;dihaloarenes were
applied in a number of other syntheses with amines, carbon monoxides, amides, ketones
and phenols delivering differentded nitrogen heterocycles (Table 3).

2.2. Objectives
Themain targebf this studyis the development afew convenient, atoraconomic and
effective methodologies toreparenitrogencontainingpolycyclic aromatic compounds.
Starting materials for tlse synthess are ortho-dihaloarenes of pyridine, quinoline,
naphthalene, thiophene, benzothiophene and pyrimidinee various derivatives of
these heterocycles were frequently documented with biological and physical

propertied™

2.3. Methodologies
In the first part of the PhD researcthe domino &C/C-N coupling reaction of
ortho-dihaloarenes SM1-2 with imines is investigated. From these chemical
transformations, azaindoefased compounds PR1-2 are obtained
(Scheme25 - methoda, Chapter3.1).

The following part focuses onthe reaction model sequential regioselective Suzuki
reaction/double @\ coupling. Ortho-dihdoarenes SM2-4 are applied as starting
materials for thesereactiors, ultimately furnishing corresponding carbaztlsed
derivativesPR3-5 (Scheme25 - method b Chapter3.2).

Finally, regioselective Sonogashira reaction followed by dominepané>-N coupling/
hydroamination/@H arylation is studied acrossortho-dihaloarenesSM2, SM5 and
SM6, affording hitherto unexplored phenanthridifesed compoundsPR6-8
(Scheme25 - method ¢Chapter3.3).
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X X
N" NN
SM1 method (a) - PR1 R’
N X domino C-C/C-N coupling wRZ
NT X N7 N
SM2 J PR2 R
X
©\/\/E method (b) X O
NT X 1) regioselective N/ N PR3 R
x SM2 Suzuki reaction -

di 2) double C-N coupling @
|\
oe x

sm3

X method (c)
. . N
1) regioselective _ |
Ny Sonogashira reaction N O \
S 2) domino C-N coupling PRE s PR7

SM5 /hydroamination

N
X IC-H arylation N N
N/\/E k —
N N
—

Scheme25: Synthesis of different nitrogencontaining aromatic compounds inthis study
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3. Results and discussion

3.1. Synthesis of pyrrolefused heterocycles by domino €C/C-N
coupling of imines withortho-dihaloarenes

Imines are considered as ambidentnbcleophilic anions andalternatives to
enolated®® Their applicatios in organic synthesisvere introduced inthe early
1960s®? In these publications imines were utilized in alkylation and aldol
condensation reactions. The employment of imiresplayed less byproducts
compared to the uses of ketones and endf&f&S Henceforth they were frequently
appliedas synthons for C=& and GN®¥ bonds in organic synthesis (Sche@®).
Neverthelessthe application of imines in classic synthesis was limited by being unable

to formnew GC or GN bondsdirectly fromiminesandhaloarenes (Schen?).

Imine as synthon for C=0
Cy<
>N

I
BnO (,:BZ BnO C|:BZ
N ‘\\\M N o O
| 5 Br  LDA, HMPA, R 5
) BnO  OBn

BnO OBn THF

(+)-broussonetine W

Imine as synthon or C-N
Ph

Bpin N Bpin

UJ

duloxetine

Scheme26: Applications of imines inthe classic synthesis

NPh
Mo + /@\ — % > no reaction
Br OMe

Scheme27: Limitations in the application of imines in classic synthesis
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Fortunately, the development of palladium chemistag gradually enabled both-C
and GN crosscoupling reactionsbetweenimines and haloarenes.The first GN
coupling of imines with haloares was published in 1993cheme 28584 However,
the use of imine in tlee C-N coupling with haloarenes wa$imited by the sole
applicationas ammonigquivalencéChapterl.4). In 2007, the first @ crosscoupling

of haloarenes with imines wafisclosedby Barluengaet al. (Scheme 28Y?? More
importantly,the study took advantage of the ambident property of the intirggiering
both GC and GN bond formation reactiongy the same catalysts to construct indole
structure (SchemeB2

Pd-catalyzed C-N coupling with imines, 1997
Pd,dbas @
)’\JI\H N /@ BINAP, toluene NI
Ph Ph X

Ph Ph

Pd-catalyzed C-C coupling with imines, 2007

NHPh
NPh Pd,dba; O
+ _XPhos _ A OMe
Me dioxane
Br OMe

l oM
Domino Pd-catalyzed C-C/C-N coupling with imines, 2007

. Pd,dbas , XPhos
r NPh NaOtBu, dioxane N
\
+ )J\© Ph
Br

e

Scheme28: Palladium-catalyzed crosscoupling with iminesl48c [72b,72c]

In this regard it was envisaged that this reaction concept can betedlao the
accommodation of nitrogerrcontaining ortho-dihaloarens for the syntheses of
azaindolegPR1, Chapter3.1.1) and pyrroloquinoling®R2, Chapter3.1.2).
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3.1.1. Synthesis of azaindoles fronortho-dihalopyridines

NR1 B1
Cl N
(X = N )R
~
N~ Br [Pd] N
1a NR' 3a-0
Br
| X R2 . | N \ R2
— ~
N [Pd] N "!1
1b SM1: 1a, 1b 4a-o R
PR1: 3a-0, 4a-o

In nature, aaindoles are considered as bioisosteres of the ubiquitous indole Hibiety.

A large number of azaindole derivatives represent potential candidatgspfmationin
medicine. Forinstance, fazatryptopharnas beerapplied as fluorescent marker for
visualizing proteimprotein interactionsn bioligcal systemgFigure 7).29 In additin,
BMS-378806 is an inhibitor against Histtachment®? while Aza3 can beutilized as

an antitubercular agentFigure 7). Taking this biological importancénto account

an increasing number of drugs derived from azaindoles have been developed and

released in the pharmaceutical industty.

AN
0 N
H O N=
|N\ ) N N 8
N2 Z N N>]/Ph N
‘ X
&/ OH N0 " © | 4 OH
\—/ Nand
O H
7-azatryptophan BMS-378806 Aza3

Figure 7: Biologically important azaindole derivatives

Generally the synthesis of azaindolé®ginswith a pyridine ring,followed by an
annulationto form the correspondingazaindole skeletofi? In classic chemistry, the
annulation proceeeéd via different synthesesincluding Fischef®” Madelung®?
Reissert® Bartoli[®¥ and Chichibabif®® Nonethelessmany ofthem are suffered
from reliance onharsh conditions, low yields or low tolerance against functional
groups.Fortunately, heselimitations have beergradually solved owed to thsriking

development of palladiuroatalyzed crossoupling reactionsTo date the annulation
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can be accomplishedia (a,b) C-N/Heck coupling$®® (c) Suzuki/GN couplings®”
(d) C-N/C-N  couplings/?®  (e)hydroaminatioR® and (f) Larock synthesis
(Scheme29).°¥ Herein, a facile and effectivesynthetic elaboration of 4- and
7-azaindols (product serie$?R1) via palladiumcatalyzed domino €/C-N coupling

of ortho-dihalopyridinesand imines iglemonstratedScheme30).

: NHR O

O \ @[}\ww
NHR

Zz

e
@®
N
R (e) A (c) X
d
R (@ NH

|
R
X
X

Scheme29: Previous palladium-catalyzed synthesis of azaindoles

in this study
. N
GIy+ = GL-
/ N\ X
R

Scheme 30: Synthesis of azaindoles in this study

At first, 2,3dibromopyridine {a) and 1-bis(4methoxyphenyl)ethat-imine (2a) were
chosen asnodel substratefor the optimizationexperimentgTable 4). Starting from
these substrates, the condigdar the indole synthesidocumentedy Barluengaet al
were adopted’®? Unfortunately theseconditiors resulted inthe formation of product
mixture of 4 and #azaindoles in 12% vyield (entry 1, Tallle Next, bidentate ligands
including BINAP, Xanphos and DavePhowere testedbut proved unsuccessful
Conversely the monodentate ligands RPRataCXium A and PGygave rise to the
formation ofthe corresponding- and #azaindoles3a and4a Based on these resylts
the robustness of the catalyst systesiwas checked by surveying the influences of
palladium sources, bases and temperat@@sable conditionsfor selective generatio
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of 4- and #azaindoles were found, but the yields were modefaméries 4 and 9,
Table4). In comparisonremarkable improvement was obserwedhe presence dhe
catalytic system Pd(OAgPCy with the base NatBu in dioxane(entry 8, Tabled).
Underthese conditiongheresultingazaindolessa and4awere furnishedn 91%yield,

despite an insufficient regioselectivi{ya4awere formedn 2:3ratio).

Table 4: Optimization study for the synthesis of 4 and 7-azaindoles 3a and 4a

PMP
Br PMP< Pd-source 6 mol% {
A N : o XN X
@ N )\ ligand 12 mol% mPMP N mPMP
= pvp base 2.8 equiv. N/ NT N
N Br solvent, 105 °C S
1a 2a 48h 3a 4a
Entry  [Pd]-Source Ligand Base Solvent Yield (3a:4a)

1 Pcdba XPhos NaQBu Dioxane 129 (1:1)
2 Pddbas DavePhos NaCtBu Dioxane 7% (0:1)
3 Pd.dbas PtBus NaOQBu Dioxane -
4 Pddbas PPh NaCtBu Dioxane 399 (1:0)
5 Pddbas P(o-Tol)s NaGBu Dioxane -
6 Pddbas CataCXium A  NaQtBu Dioxane  53% (1:2)
7 Pddba PCys NaQtBu Dioxane  73% (2:1)
8 Pd(OAc), PCys NaOtBu Dioxane  91%°? (2:3)*
9 Pd(OACc) PCys K,COs Dioxane 399 (0:1)

Reaction conditions:1a (0.10mmol), 2a (0.11mmol), [Pd}source (0.08nmol), ligand (0.012nmol), base (0.2& mol),
dioxane(2 ml), 105 °C, 48 h
2isolated yield? determined by NMRspectroscopy

Subsequently, efforts were conducted in order to enhance the regioselectivity from the
conditions8 in Table5. To this end, Zoroma3-chloropyridine {b) was utilized as
starting material for the reaction. With respect to electronic effect, the chemical
transformation prefers position 2 over position 3, since it is more eledéftrient.

More importantly, the presence of an additional chemlective effect occurring in the
same direction (positioR > position 3, Br > Cl) synergisticallsaisesthe discimination

in the reactivity between position 2 and position 3. Accordingly, it was expected to
obtain higher regioselectivity by usingb?omo3-chloropyridine Lb) compared to the

utility of 2,3-dibromopyridine {a).
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Table 5: Synthesis of 4azaindoles3a-o

Cl R Pd(OAc), 6 mol% I\iR1
B . N PCys 12mol% (S =2
= 2J\ NaOtBu 2.8 equiv. P
N Br R® Me dioxane, 105 °C N
1b 2a-o 16 - 48 h 3a-o

OMe
Q Qwe Q
XN N o~ N
N N

3a(80%) 3b (95%) 3¢ (72%)

&

XN XN XN
N N N

3d (51%) 3e(48%) 3f (59%)
OMe

SRS I
U (OO (O

39 (63%) 3h (67%) 3i (58%)

XN XN N
N N N
3j (52%) 3k (79%) 3| (53%)
N
0 ~ S N! ()
00 GOy o

N
3m (59%) 3n (89%) 30 (84%)

Reaction conditionsla (0.30mmol), 2a-0 (0.33mmol), Pd(OAc) (0.018mmol), PCy (0.036mmol), NaQBu (0.84mmol),
dioxane (6ml), 105°C, 16- 48h. The yields were referred to as isolated yields
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Gratifyingly, by applying 2oroma-3-chloropyridine Lb) in the reaction with imin@a
using the condition8 in Table4, the resulting 4zaindole3a was assembled as single
regioisomer in very good yield with an excellent level of regioselectivity (Table 5).
Motivated by this result, the preparative scope of the reaction was explorttenlif
electronrich and electrompoor imines were engaged, giving-asaindoles 3b-o
(Table5). The yields varied from moderate to excellent. In general, the yields were
good for electrofrich systems, for exampleakaindoles8sn and3o in Table6. The best
yield was found with electrerich 4-azaindole3b in 95%, while the lowest occurred
with 4-azaindole3ein 48%. However, no further detailed information with reference to
the correlation between the synthetic efficiency and the chemical sewasrevealed

from the data.

Figure 8: Molecular structure of 3c in the crystal

The molecular structure of-@zaindole3c was independently confirmed by-rdy
crystalstructureanalysis Figure8). As can be seeithe atomsn the azaindole ringare
bounded in glanarconfiguration The phenyl ring at position land position ZAwist
out of the azaindole plar®y 35.2 and 69.3, respectivelyWith this conformationthe

stericrepulsionbetweerthe phenyl ring at positionl and 2wasdiminished
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Table 6: Synthesis of 7azaindoles4a-o

Br R Pd(OAc), 6 mol%

N N’ PCy; 12 mol% |\ N\ o2
w + NaO®Bu 2.8 equiv. . .~ R
2 : : N
N~ ~ClI R? "Me i o N \
ioxane, 105 °C R
1c 2a-0 16-48 h 4a-o
X
N N
Q N7 N N7 N
OMe QOMG @
4a(81%) 4b (75%) 4c (70%)
X X
> _ | OMe
N N N N N/ N
~ f< ) Q e
Me
4d (68%) 4e (47%) 4f (47%)
N N

O O GO
ZSN N N “ N

49 (72%) 4h (63%) 4i (59%)
X
\
ZN Q NT N

4j (57%) 4K (61%) 4l (56%)
-
N/ N “SN

s s s

4m (76%) 4n (67%) 40 (86%)

Reaction conditionsic (0.30mmol), 2a-0 (0.33mmol), Pd(OAc) (0.018mmol), PCy (0.036mmol), NaQBu (0.84mmol),
dioxane (6ml), 105°C, 16- 48 h The yields were referred to as isolated yields.
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Following the successfdynthesis of 4azaindolesfurtherinvestigationof the reaction
of 2-chloro-3-bromopyridine {c) with differentimines was undertakgable 6) In the
structure of Zchloro-3-bromopyridine {c), the chemaselectivityis reversed, because
the positions of Br and Gireswitched. Therefore, position 3 of the pyridine rtogns
to bemore reactive than position 2, since the chesslective effect (Br Cl) generally
overwhelns the electronic effect (position 3 > position )2in palladiumcatalyzed
crosscoupling reactions. As expected, by employingr8mao2-chloropyridine {c) in
the reactions with different imines, the resultingZaindoles4a-o were afforded in
moderate to very good yields (Talle The highest yield wsaobservedor the largéy
aromatic 7azaindole4o in 86%. In contrast, both-&@zaindoles4n and 40 were
furnished in lowest yields (47%), presumablya result o$teric effect.

Additional X-ray structure determination confirmed the molecular structuies
7-azaindoleglg and4n (Figure9-10). In similarity with the structuref 4-azaindole3c,

the azaindole ringef 7-azaindolesig and4n areregardedas planarAdditionally, the
phenyl rings at position 1 of the azaindole rimjdoth 7azaindolestg and 4n twist

out of the aromatic plane b¥5.25(5) and 60.20(4)°, respectively,due to steric
repulsion In comparisonthe deviations from the azaindole plane observed at position 2
of these compoundwe57.94(4)°(4g) and42.00(3)°(4n).

In summary, 4and #azaindoles were successfully prepared using palladatalyzed
domino GC/C-N coupling ofortho-dihalopyridines with imines. The regiochemistry of
these chemical transformatienwas dictated by the chenselectivity present in the

ortho-dihalopyridne starting materials (BversusCl).
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Figure 9: Molecular structure of4g in the crystal

Figure 10: Molecular structure of4n in the crystal
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3.1.2. Synthesis of pyrroloquinolines fromortho-dihaloquinolines

NR'
Br

| N ARZ | = \ R2

~

N~ Cl [Pd] NT N
5a 6a-i R

R1 R2

Cl NR' N §
| X Br ARZ | XX

—

N [Pd] N/
5b SM2: 5a, 5b 7a-f

PR2: 6a-i, 7a-f

With a wide scopeof the synthesisof 4- and *7azaindols demonstratedin
Chapter3.1.], furtherinvestigationof the reaction ofortho-dihaloquinolinewith imines

to assemblegyrroloquinolines (product serie®R2) was undertakerRPyrroloqunolines
were reported with antineoplasti€? antituberculdt®® and cytotoxic activitie&®? For
example, SB742457 is a potential-BTg receptor antagonist drug for the treatment of
cognitive disoder disease(Figure11)!*%3

-
Oss, g
N N
\
X N/

SB-742457

o
s

1H-pyrrolo[3,2-c]quinoline 1H-pyrrolo[2,3-b]quinoline

Figure 11: Examples of pyrroloquinolines with biological relevance

Among different pyrroloquinoline architecturesH-pyrrolo[2,3-bjquinolines and
1H-pyrrolo[3,2c]quinolines are of interest in this stud@Figurell). Until recently,
several approaches for theynthesisof these pyrroloquinolinehave beenknown,
K/Cs'-mediated  Eendodig

formation/cyclization/  decarboxylatio™*

namely cyclization™®  carboryl  azide

bromination/intramolecular N2

reaction%® intramolecular

hydrazineformation/  thermalcyclization!*’
heteroanulation of internal imine$%® Sy-Ar reaction/cyclizatio®® and tandem

reaction of isocyanid€® (Scheme31). Unfortunately, to a certain exterthese
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synthesesre considered tedious anmtbt modular. Therefore, the palladidcatalyzed
domino GC/C-N coupling of ortho-dihaloquinolines with iminesvould offer a new
convenient and modulaiccesgo these structures (Scherd®.

carbonyl azide formation/ 1) bromination on C=C bond
cyclization/decarboxylation 2) intramolecular Sy2-reaction
R
0 XX
Z >R cocl, 1 4B
| N N~ “NH,
N Me NaNj
H
% @ hydrazon formation/cyclization
R2 R NHNH,
[K]*/[CS]*-mediated N { —>
5-endo-dig cyclization N
NH2
—
<j:| N
tandem reaction of isocyanide
Z g
N~ "Me _ R
! @E
2 NC
R )J\Eto)J\/

@ % COMe

intramolecular heteroannulation
of internal imines

Me
HN N Me CN

Sy-Ar reaction/cyclization

Scheme31: Previoudy documentedsynthesisof 1H-pyrrolo[2,3 -b]quinoline s and
1H-pyrrolo[3,2 -c]quinoline s

in this study

Scheme 32: Synthesis oflH-pyrrolo[2,3 -b]quinoline s and 1H-pyrrolo[3,2 -c]Jquinoline s in
this study
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The syntheticefforts began with the optimization dhe model reactiorof 3-bromo

2-chloroquinoline %a) and 1-bis(4methoxyphenyl)ethat-imine (2a) affording

pyrroloquinoline6a (Table 7). The choice of thephosphindigands forthis screening
was basedon the previous optimization results of taeaindolesynthesisdescribed in
Table4.

Table 7: Optimization study of the synthesis oflH-pyrrolo[2,3 -b]quinoline 6a

OMe
Br /©/ [Pd]-source 8 mol%
©\/\/[ . N ligand 16 mol% mpmp
NaOfBu 2.8 equiv. =
N e Me u quiv. NT N
5a MeO 2a

dioxane, 105 °C. 24 h \

PMP
6a
Entry Pd-source Ligand Yield
1 Pd(OAc) CataCXium A 61%
2 Pd(OAc), PCys 85%
3 Pd(OAc) PPh 45%
4 Pd(OAc) XPhos 21%

Reaction conditions5a (0.10mmol), imines (0.11mmol), Pd(OAc) (0.008mmol), PCy (0.016mmol), NaQBu (0.28mmol),
dioxane (2ml), 105°C, 24h. The yields were referred to as isolated yields.

From thescreening datahe catalyst system Pd(OAHCy; was found to be thbest
conditions,assemblingpyrroloquinoline6a in good yield (85%)lt is noteworthythat
these conditiors are identical tothoseusedthe synthesis of azaindoleescribedin
Chapter3.1.1

Pyrroloquinolines6b-i were preparecn treatment with bromo2-chloroquinoline
(5a) under treseconditions in up to 85% vyields (Tab®). It seems likely that the
incorporation of electromvithdrawing groups-E and-CF;) hamperghe formation of
the products, since the yields obtaingdh pyrroloquinoline6d and 6i were lower.
Pyrroloquinoline 6i gave the lowest yield in 56%. Conversely, good vyields were
obtained with electromich 1H-pyrrolo[2,3-b]quinolines 6a, 6b, 6g and 6h, all being
greater than 75%, with the highest obserfgedbgin 90% vyield.
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Table 8: Synthesis ofLH-pyrrolo[2,3-b]quinolines 6a-i

R Pd(OAc), 8 mol%

B - X

XX r NI PCy; 16 mol% - mRz
N/ * J\ NaOtBu 2.8 equiv. N N

o RZ "Me _ ]
dioxane, 105 °C. 24 h . R

5a

NT N
OMe QOMe
6a (85%) 6b (75%)
Me
L0~ OO
N~ N NT N
Me
OMe OMe
6¢ (78%) 6d (60%)
A
L0000
N N/ N
OMe
6e(80%) 6f (88%)

Do GO0
s
5 5

69 (90%) 6h (87%)

X
DO
“SN

OMe
6i (56%)

Reaction conditions5a (0.30mmol), imines (0.33mmol), Pd(OAc) (0.024mmol), PCy (0.048mmol), NaQBu (0.84mmol),
dioxane (6ml), 105°C, 24h. The yields were referred to as isolated yields.
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Encouraged by these results, further investigations were accomplished for the reaction
of imines with 3bromo4-chloroquinoline %b) (Table 9). Applying the same
conditions, pyrroloquinoline§a-f were assembled ibetween46% and 82% yield
(Table9). Compared to the prior series, the yields obtained widsduerivativesare
slightly lower in general It is possibly interpreted as a result of the electronic
compulsion between the substituents at position 1 with the benzene ring of the quinoline
structure that potentially lowers the stability of the entire system. From Tableis
observedin agreementwith prior seriesthat products bearing electravithdrawing
groups-F and-CF; 7ef gave lower yields (46% and 58%, respectively). In comparison,
the highest yield waschievedwith electronically rich pyrroloquinolinéa in 82%

yield.

Table 9: Synthesis of pyrrolo[3,2c]quinolines 7a-f

R‘l R2
Cl

B R Pd(OAc), 8 mol% N
S N PCy; 16 mol% X
N * RZJ\Me NaOtBu 2.8 equiv. 7

dioxane, 105 °C. 24 h

5b 7a-f
OMe MeO
MeO MeQO O

N N

\ \ N

D® 9 ®

— ~ P

N N N

7a(82%) 7b (61%) 7¢(72%)

MeO i MeO CFs
Q O
I\ A 1
L, P L,
N~ N N7

7d (67%) 7€ (46%) 7f (58%)

Reaction conditions5b (0.30mmol), imines (0.33mmol), Pd(OAc) (0.024mmaoal), PCy (0.048mmol), NaQBu (0.84mmol),
dioxane (éml), 105°C, 24h. The yieldswere referred to as isolated yields.
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The molecular structure dH-pyrrolo[3,2c]quinoline 7f wasadditionallyconfirmed by
X-ray structure determination(Figure 12). The structure exhibits a planar
pyrroloquinoline ring. Tie phenyl rings at position 1 and 2 twist out of the playe

83.43) and 31.15) °, respectivelypwing tostericrepulsion

Figure 12: Molecular structure of 1H-pyrrolo[3,2 -c]quinoline 7f in the crystal

Taken togethertwo isomeric pyrroloquinolines wer@eparedoy palladiumcatalyzed
domino GC/C-N coupling of imines withortho-dihaloquinolines in moderate to good
yields. The synthetic utility and versatility of the methad manifested and can be
adapted to otheortho-dihaloarenes t@®nableaccess tamore pyrrolefused aromatic
systems
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3.2. Synthesis of indolefused heterocyclesfrom ortho-dihaloarenes by
regioselective Suzuki reaction followed by double ®l coupling
Indole is a biologically important heterocycle whictprevalently distributedh nature.
In bacterial cultureit is an intercellular molecule which regulates biological functions
including plasmid stability and spore formatidt Furthermore, indole igcorporated
in the chemical structure of the amino acid tryptophan, wipaHicipats in the
synthesis of protesiandservesasa precursor to the neurotransmitters melatonin and

serotonin in humatFigure13).*2

CO,H

N
NH, O O \_/
N N N
N H H
H
tryptophan carbazole b-carboline

Figure 13: Severalbiologically and physically importantindole-derived structures

The development of different indole derivatives has attracted attefrioom the
scientific community. Amongthese fused indole heterocycles have gained increasing
importance particularlyin the field of medicinal and material scien@aken carbazole

as an example of an indoleised scaffolda handful ofcarbazolederivativeswere
found with antitumor activitie§!? or possess low bandgap suitable for the applications
in high-performance solar cell techniqué®. *¥ Another example of indoteused
heterocycles namely b-carboling is incorporatedin alkaloids with benzodiazepine

inverse agonisting properti¢gigure13).!*13

The preparatiorof fusedindole heterocycles can be achieved by classic syntissss,
asFischerindole synthesisDiels-Alder additionand Cadogan cyclizatidh:® Besides

the synthesis can also utilizeansition metal catalysts, proceeding through different
types of transformations including-8 crosscoupling, hydroamination and domino
C-C/C-N coupling**® Among them, a development relevamthis PhD researcis the
practicalpreparationof carbazols reported by Nozakét al.in 2003 (Schemes3).**”
The synthesiscapitalizes the potential of the Buchwaldartwig amination and the
entropicprivilegeof the intramolecular reactio,2-Dibromo-1,1-biphenyland amines
areaccommodated ia double EN crosscoupling reactiorNoteworthy, he couplings

occur uneventfullyevenwith stericallycongeste@mines.

41



O N Pd,dbay O O
\O PtBuHBF, N
+
O B NaOtBu @
Br

toluene

Scheme33: Synthesis ofcarbazoles by double @N crosscoupling reaction117]

To date severaimodificationsof this methochave beemlevelopedy Langeret al**3
In thesestudies, one phenyl ring in the structure ofghbstrated , -dilalobiaryk was
exchanged by heterocycleThe correspondingubstratesvere synthesizely applying
regioselective Suzuki reactions oftho-dihaloarenes with (Bromophenyl)boronic
acid(8) (Scheme 34)These strategieare compatible with éroader rangef starting
materials, whichcouplewith primary aminego give different indolefused structures
(Scheme 38). Along with this developmentfurther modifications of the Nozaki
carbazole synthesi®ave beendeveloped for the preparation of oldquinolines
(PR3, Chapter3.2.1), benzdj]carbazoles BR4, Chapter 3.2.2) and thienoindoles
(PR5, Chapter3.2.3)in this contribution

HO),B ;
‘@ Br R @
x regioselective X Br double C-N coupling N

Suzuki reaction k
Ar = pyridine, quinoxaline, benzothiophene, indole

Scheme 34: Examples of previously reported syntheses dhdole-fused heterocycles by
sequential regioselective Suzuki reaction/double @\ coupling
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3.2.1. Synthesis of indoloquinolines fromortho-dihaloquinolines

N
@fi o
0
(HO),B N” “Me
2) R 11a-t
@EI N O®
NT N

\
PR3 11at 12a-h

Indoloquinolines are biologically activecaffolds which wee documentedwith
antimalarial**? and antitumor propertié¥’® Moreover they can interact with DNA?Y
or can be employed as ibftor for DYRK1A™?2 and NQ01*?? to name but a fewEor
example,IDQ3D was discovered as-Guadruplex stabilizer in human céfté? while
MDIQ2 represents cytotoxic DNA topoisomerase Il inhibit6?? (Figure 14).

Me
NEL N O
X
oY >
HN O N 8
N/ NMe,

IDQ3D MDIQ2

Figure 14: Examples of indoloquinoline related compoundsvith biological importance

The chemistry ofwo indoloquinoline derivativesamely 11H-indolo[3,2c]quinoline
and @H-indolo[2,3b]quinoline is focusel in this study Thear preparations can be
carried outusing classic syntheséncluding Fischer indolizatioh**® PictetSprengler
cyclizatiod?? and Curtius rearrageméit? Moreover the synthesis can be
accomplished by exploiting the potential of transition metal cat&i§tgor example
Suzuki**® Sonogashir&*! C-N coupling/GH activation!**? isocyanide insertiof>?

and carbonylative cyclizatiéfi¥ (Scheme B).
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In this relation the application of sequential regioselective Suzuki reaction of
ortho-dihaloquinoines with (2bromophenyl)boronic acid8) followed by double
C-N coupling offers a new convenient pathway to -%libstituted
11H-indolo[3,2c]quinolines and &ubstituted Bi-indolo[2,3b]quinolines
(Schemes6).

C-N coupling/C-H activation

Sonogashira/carbonylative
cyclization cl
@' 0 /© ©\)j H,N C-N coupling/C-H activation
)J\ & Pz + Cl |
H
N~ “CF, NH, N NYCF3 N

H +
R\
Suzuki reaction/C-N coupling N O

XX Sonogashira/cyclization
_ with isocyanide

N T™MS
X

—

HoN

Sl senidoil
LY - o e

~ R _R

N CN

Scheme 35: Examples of palladiumcatalyzed synttesis of indoloquinolines [130a 132a,133c,
134]

in this study

R
cl cPr O N O
X | Br N X
— — ,R /
N” "Me (HO),B™ ¢ N~ Me  HoN N~ “Me
9a T’ 11a-t
L [Pd] O [Pd]
D O Cr
—
N | 2
c NS e B N~ N
9b 12a-h R

Scheme 36: Synthesis ofl1-substitued 11H-indolo[3,2-c]quinolines and 6-substitued
6H-indolo[2,3-b]quinolines in this study

Noticeably, the preparation ofl1H-indolo[3,2c]quinolines bearing substituents at
position 11lusing current synthetic platfornssill remains asyntheticchallenge Thus
far, it has beerenabledo synthesizel 1H-indolo-[3,2-c]quinolineswith no substituerg

at position11, followed by aregioselectivesuccessive alkylatiofScheme 3).[**¥ The
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regioselectivity of the reactiorelies onthe low K, value of the NH group at position
11 and the higher basicity of the nitrogen atom at positidn basicmedium the NH
group at position 11 ipreferentiallydeprotonatedThe following nucleophilic attack
with an alkyl halide proceeds at this position, as the aromaticity of the system
retaineduntil the formation offinal product (Scheme 8). On the other hand, in a
neutral medium, the higher basicity ofetmitrogen atom at position 5 takes over,
resulting in a higher nucleophilic character at this position ir\Ha¢kylation reaction.
However, tls regioselective successiwkylation wasthus far solelydocumentedor

135

the methylation'**? possibly due tdts incompatibility with other substituents

regioselective methylation at position 11

1)NaH 2) Mel

Mel, heating

disruption of
the aromaticity

Me—I

-—X— TZ

I
’Tj (@]
Me

)

Scheme38: Mechanism ofthe regioselectivemethylation of 11H-indolo[3,2-c]quinolines
at position 11
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The initial studies focused on the reaction2¢g8-dihalo-2-methylquinolinessc-d with
(2-bromophenyl)boronic acid 8. Among these 2:8ihalo-2-methylquinolines,
3-bromao4-chloro-2-methylquinoline %c) failed to give the desired product
3-(2-bromophenyb4-chloro-2-methylquinoline  (9a)  with  satisfying  yield
(23%,Scheme 9). It is presumablyascribedto thelack of reactivity of the bromine
atom. For this reasond-chloro-3-iodo-2-methylquinoline $d) was utilized instead.In
palladiumcataly2d reactions,adine is consideretb be more reactive than bromine
Hence 4-chloro-3-iodo-2-methylquinoline $d) was expectedo deliver better result
Pleasingly the yield increased to 4266chemed0), whichwas followedby the study of
the double @ coupling of 3-(2-bromophenyh4-chloro-2-methylquinoline(9a) with
different primary amines.

CI
1.4 equiv.
(HO),B
Pd(PPh3), 5 mol%

Na,CO3 2.0 equiv. 9a (23%
DMF/water (10:1)
100 °C, 24 h

Scheme 39: Regicselective Suzuki reaction oB3-bromo-4-chloro-2-methylquinoline (5c¢)
with boronic acid 8

CI
1.4 equiv.
(HO),B
Pd(PPh3)4 5 mol%

Na,COj3; 2.0 equiv. 9a (42%
DMF/water (10:1)
100 °C, 24 h

Scheme40: Regioslective Suzuki reaction of 4chloro-3-iodo-2-methylquinoline (5d)
with boronic acid 8

46



Next, an optimization study was carried out for the reactiol-(#bromophenyh
4-chloro-2-methylquinoline(9a) with p-toluidine @0a), in which indoloquinolinella
was formed (Table D). From thescreeningresults, PtBusABF,; proved superior to
otherphosphoousligands furnishing indoloquinolind 1ain virtually quantitative yield
(95%, entry 2, Table(.

Table 10: Optimization study for the synthesis of indoloquinolinella

Me Me

1.5 equiv.
¢ O HN 0

O N Pd,dbas 5 mol% N O

P Br ligand AN
N" Me NaOtBu 2.4 equiv. O
9a o %
toluene, 100 °C, 14 h N Me
11a
Entry Ligand Yield
1 SPhos 56%
2 PtBusAdBF,4 95%
3 dppf 63%
4 (S9-BINAP 78%

Reaction condition9a (0.10mmol), 10a (0.15mmol), Pddba (0.005mmol), ligands (0.005nmol for
monodentat®r 0.010mmol for bidentate ligangs NaGBu (0.24mmol), toluene (2nl), 100°C, 14h;
The yields were referred to as isolated yields

Subsequentlythe preparative scope of the reaction vagsessedThe reaction of
3-(2-bromophenyb4-chloro-2-methylquinoline (9a) with different electrofrich
aromatic primary amineslOan assembledcorresponding indoloquinolineslan in

good to excellent yields (Tabld).
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Table 11: Synthesis of11H-indolo[3,2-c]quinolines 11a-n from electronically rich and
electronically neutral aromatic amines

R
HoN™ 1.5 equiv.
cl O 10a-n
O A Pd,dbag 5 mol%
NP Br PtBugHBF, 10 mol%
9a

=
@
-
98]
c

NaOtBu 2.4 equiv.

toluene, 100 °C, 14 h
N N

11a(93%) 11b (89%) 11c (93%) 11d (92%)
MeS MeO
= ) \ ) \ () = )
L b o O
) ® ® p
N~ "Me Z N/
11e(93%) 11f (90%) 11g (95%) 11h (91%)
OMe
Q/OMe
\ O MeO MeO
N O ;
(L (L o®
~
N Me Me N Me N"

11i (89%) 11 (97%) 11Kk (85%) 11l (89%)

F U
= U

N
X

/ z
O

N
X
/

O
/ z
54

§

X
A /Z

Me
11m (83%) 11n(91%)

Reaction conditions:9a (0.150mmol), 10an (0.225mmol), Pddba (0.0075mmol), RBusMBF, (0.015mmol), NaQBu
(0.36mmol), toluene (3nl), 100°C, 24h. The yields were referred to as isolated yields.
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Table 12: Optimization study for the synthesis of indolo[3,2c]quinoline 110

F F
/©/1.5equiv.
¢ O HN™ 100
O N Pd,dbag 5 mol% N O

pz Br ligand AN
N Me NaOtBu 2.4 equiv. O

%a toluene, 100 °C, 14 h N/ Me
110
Entry Ligand Yield
1 SPhos 73%
2 PtBusABF, 67%
3 dppf 59%
4 (S)-BINAP 95%

Reaction conditions9a (0.10mmol), 100 (0.15mmol), Pddba (0.005mmol), ligand (0.00%nmol for
monodentater 0.010mmol for bidentate ligand®NaGBu (0.24mmaol), toluene (2ml), 100°C, 14h.
The yields were referred to as isolated yields.

For the employment of electronically poaryl amines, BBusABF, did not perform
effectively. Thus, mother ligand screening was accomplished for the reaction of
3-(2-bromophenyh4-chloro-2-methylquinoline (9a) and 4fluoroaniline (00
(Table12). (9-BINAP was identified as the preferred ligand for this reaction. When
using the catalyst system Jfaba/(S)-BINAP andthe base NaftBu in toluene, the
resulting indoloquinline 11owasaffordedin 95% (entry, Table ).

Applying these optimum conditions, the scope of the doubleNCcoupling with
electronpoor aromaticaminesllo-q was probed(Table B). The yields were obtained
in the range between 77% and 95% (Tal8g The conditions were also found to be
applicable for the treatment 8f(2-bromophenyb4-chloro-2-methylquinoling(9a) with
benzylic and aliphatic amines, in which the resulting indoloquinolihbist were

affordedin good toexcellent yield (Table 3).
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Table 13: Synthesis of indolo[3,2c]quinolines 11o-t from electron-poor aromatic,
benzylic and aliphatic amines

cl O HZN’R 1.5 equiv.
100-t _
O N Pd,dbag 5 mol%
P Br (S)-BINAP 5 mol%
NaOtBu 2.4 equiv.
toluene, 100 °C, 14 h

C NC

Q Q
: ) )
o o o
~ — ~
N Me N Me N Me

110(95%) 11p (77%) 11q(93%)

TR IR

11r (96%) 115(83%) 11t (78%)

8
\ // Z/\©\
g

Reaction conditions: 9a (0.150mmol), 10o-t (0.225mmol), Pddba (0.0075mmol), (S)-BINAP (0.0075mmal),
NaOQBu (0.36mmol), toluene (3nl), 100°C, 24h. The yields were referred to as isolated yields.

50



The molecular structure of indoloquinoliddgwas independently confirmed by-rdy
crystal analysis. The asymmetric unit of indoloquinollrig comprises three molecular
units, of which a representativeiitustratedin Figure15. The corandoloquinolinering
adoptsa planarconfiguration The metloxylphenyl group in these molecules deviate
from the aromatic plane with angles of 6835 °, 87.13(4)° and 7884(3) °. Further
observation of these structures regeal” -stacking interactiondgn the molecular
network(Figure 16) Theshortestdistancebetween two adjacent indoloquinoline planes
is 3.639A.

Figure 16. p-p-Stacking interactions ithe crystalof 11H-indolo[3,2c]quinoline11g

51



With a serieof 11H-indolo[3,2c]quinolines1lat successfullypreparedthe synthesis
of 6H-indolo[2,3-b]quinolines from 2,adihaloquinolines wasascertained First, the
reaction of 3-broma2-chloroquinoline %a) with (2-bromophenyl)boronic acid8)

occurredpredominantlyat position 3 of the quinoline ring, since the chesetective
effect dominates in this instance. The resultBy(R-bromophenyh2-chloroquinoline
(9b) was generatkin good yield (Schemé4l).

Brj©
COL s (O {
N el Pd(dppfCl, 10 mol% N ¢ BT

5a Cs,C03 2.0 equiv. 9b (75%)
THF, 60 °C, 10 h

Scheme41: Regioselective Suzuki reactionfd3-bromo-2-chloroquinoline (5a)

Next, the reaction 08-(2-bromophenyb2-chloroquinoline(9b) with p-toluidine (10a)
was optimizedTable 15) During the optimization, different ligands were applisthg
the palladium sourc®d.dba andthe base NatBu in toluene (Tabled). Among these
ligands, PBusABF, worked most effectivelyyielding indoloquinoline 12a in 95%
(entry 2, Tablel4). It is worth notingthatthese conditionsreidentical tothoseapplied

for the assemblgf indoloquinoline 11an.

Table 14: Optimization study of the synthesis o6H-indolo[2,3-b]quinoline 12a

~ A
Pd,dbasz 5 mol% _
O + \©\ ligand
_ B >
N Cl r Me NaOtBu, toluene

ob 10n 100 °C, 14 h 12a
Me
Entry Ligand Yield
1 Xantphos 59%
2 PtBusABF,4 95%
3 SPhos 68%
4 dppf 55%
5 (S-BINAP 68%

Reaction condition9b (0.10mmol), 10a (0.15mmol), Pddba; (0.005mmol), ligand (0.003nmol for monodentate
or 0.010mmolfor bidentate ligangs NaCtBu (0.24mmol), toluene (2nl), 100°C, 14h.
The yields were referred to as isolated yields.
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The reactiorunder the optimized conditions provetfective across different primary
amines(Table B). Corresponding idoloquinolines 12ah were affordedn up to 95%
yield (Tablel5). In general, the yields obtained with electronicatigutral and
electronically rich aromatic amines were similarly higgd, Table B). The highest
yield gave indoloquinolind2ain 95%. In comparison, lower yields were afforded with
aliphatic and electronically poor aromatic amines, with the lowest observdadr

indoloquinolinel2g(Table 15)

Table 15: Synthesis of6H-indolo[2,3-b]quinolines 12a-h

O Pd,dbaz 5 mol% N O
HoN. PtBuyHBF, 10 mol% O
+ R I~
Br NaOtBu, toluene N N

X
—
N Cl 1.5 equiv. . \
ob 100 °C, 14 h 12a.h R
see oo 00T
N7 N N7 N N7 N
Me OMe OEt
12a(95%) 12b (91%) 12¢(89%)
oy oo X 2
X X
C ® ~y
MeO F
12d (92%) 12e(83%) 12f (75%)
o ) o ()
NN N7 N
of MeO
129(68%) 12h (80%)

Reaction conditions: 9b  (0.150mmol), amines (0.225mmol), Pddba (0.0075mmol), RBusABF, (0.015mmol),
NaOBu (0.36mmol), toluene (3nl), 100°C, 24h. The yields were referred to as isolated yields.
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To summarize the  preparation of 6H-indolo[3,2c]quinolines  and
6H-indolo[2,3-b]jquinolinesby regioselective Suzuki reaction followed by douGH\
couding was establisheddemonstrating a wide scope with electranh, electrorpoor
aromaticand aliphatic amines being compatible. Noticeably, the syntheses of these two
derivatives employed the same reaction conditidos the incorporation of
electronically rich and electronically neutaomaticamines
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3.2.2. Synthesis of benzd@]carbazoles from ortho-dihalonaphthalene

1) Br
{ S
2) .R -

13

Benzop]carbazole is a fused form of carbazole with larger structure guedter
aromaticity!®d Wwith these largely fused aromatic systems, tleg considered as
potential candidagefor medicinal and materiahpplication In the medicinal field a
handful of derivatives of benzaltarbazoleare capable of interacting with DNA®?
binding on estrogen receptd? or selectively inhibithg on cyclin dpendent
Kinase4.'*¥ Additionally, other benzaflcarbazole derivativelsave beermpplied in the
field of OLED and solar celi’® 4 Representativexamples of benza]carbazoles
with potential applications as éuimor agent (R1®8)**? and BTBsensitizers for high
efficient solar cell (Jvziqu are illustrated in Figurel?7. Given this remarkable
potentialfor applicationsn both biological and physical field,large number of patents

have emergedith referencdo benzofjcarbazole structurdately.

o,
CC

o N/\/NMez

H
R168 JY22
Figure 17: Examples of benzad]carbazole derivatives with biologicaland physical

importance

In classic chemistry, theinstallation of benzof]carbazole scaffolds can be
accomplishedvia different approaches includin@iels-Alder reaction**? Fischer
synthesis/selective oxidatiéht® *¥ FischerBorsche indole synthesi&? Cadogan
cyclization*? Scholktype oxidative cyclizatiof*? or by exploiting the dual character
of benzoquinon€*® The development of palladivcatalyzed chemistryhave

ultimately offered additional possibilities for their synthesidor example
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by C-C coupling/GH activationi**® C-N coupling/GH activation**? Sonogashira/
hydroamination/cyclizatidi*® and  isocyanide insertion/f8  activatioh*?
(Schemet2). Despite thesesignificant progressesconvenient and amo-efficient
methods usingfacilely attainable starting materials for the preparation of these

biologically and physically important scaffoldsestill needed

Sonogashira/hydroamination/cyclization C-C coupling/C-H activation
R
Et0,C N
AN
+ ©\/\O . \\
Br = > Br
3 R
=)

isocyanide insertion/C-H activation OO C-N coupling/C-H activation
N
ool oG
+ +
“ o w0

Scheme42: Examples of palladiumcatalyzed synthesis of benza@]carbazolg146-149]

Following the synthesis of indoloquinolines @hapter3.2.1, aother study for the
assemblyof benzop]carbazolegPR4) from 1,2dihalonaphthalene was undertaken in
this contribution (Schemet3).

Br
PRI ST
OTf (HO),B g O 2) H2N’R
OO [Pd] OO [Pd]

13

14 15a-0

Scheme43: Synthesis of benzad]carbazoles in this study

At the beginning of the studyl-bromo2-(2-bromophenyl)naphthalenél4) was
obtained from the regioselective Suzukireaction of 1-bromonaphthaleg-yl
trifluoromethanesulfonate(13) with (2-bromophenyl)boronic acid 8 under the
previously reported conditions (Scher®).!**? Remarkably, the regioselectivity of this
reaction was reversed comparedthat given inthe original report This is possibly
ascribedto thepresence othe electronwithdrawing and voluminous bromine atom at

the ortho-position of the boronic acié
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Br-

SURD OIS J'e
1.2 equiv.
O O
OO Pd(PPh3), 5 mol% Br
13 K3PO4 2.0 equiv. 14 (42%)
dioxane, 90 °C, 5 h

Scheme44: Regioselective Suzuki reactionfoortho-dihalonaphthalene13

The resulting1-bromo-2-(2-bromophenyl)naphthalen@4) and4-methoxyanilinewere
selectedas model substratefor the optimization study of the doubleNC coupling.
Different ligands were apigd in the presence of the catalyst,dtiy and the base
NaOBu in toluene (Tablé6). From the optimization resultshe monodentate ligand
PtBusABF, afforded benzof]carbaole 15a in good yield (89%),but Xantphos

outperformedyiving benzo@]carbazolel5ain nearly quantitative yield (95%).

Table 16: Optimization for the synthesis of benzof]carbazole 15a

MeO

Pd,dbas 5 mol% Q
oY

Br
O OMe ligand
+ NaOtBu 2.4 equiv.
Br HN toluene, 100 °C, 14 h
14 1.5 equiv.

15a
Entry Ligand Yield
1 PtBusABF, 89%
2 (S-BINAP 90%
3 SPhos 92%
4 dppf 65%
5 Xantphos 95%

Reaction conditionsl4 (0.10mmol), amine(0.15mmol), Pddba (0.005mmol), ligands (0.0 mmol for monodentater
0.005 mmolfor bidentate ligandgs NaQBu (0.24mmol), toluene (2nl), 100°C, 14h.
The yields were referred to e®lated yields.
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Table 17: Synthesis of benzadcarbazoles15a-n

.R
Br O H,N" 1.5 equiv. O
Pd,dbas 5 mol% OO
Br Xantphos 5 mol%
14 NaOtBu 2.4 equiv. 15a-n
toluene, 100 °C, 14 h

15e(78%) 15f (81%) 159(87%) 15h (83%)

@Z F cl
Q- Q. Q
S

15i (88%) 15j (83%) 15k (78%) 151 (67%)

15m (93%) 15n (90%) 150 (91%)

Reaction conditions: 14 (0.150mmol), amine (0.225mmol), Pddba (0.0075mmol), XantPhos (0.0075mmol),
NaQBu (0.36mmol), toluene (3nl), 100°C, 24h. The yieldswere referred to as isolated yields.

* 14 (0.150mmol), amine (0.22%mol), Pd:dba (0.0075mmol), (S-BINAP (0.0075mmol), NaGBu (0.36 mmol), tolueng(3 ml),
100°C, 14h. The yields were referred to as isolated yields.
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With the optimized conditionsn hand the preparative scope of the reaction was
evaluated. Different primary aryl amines were applied (Table 17). For elgmmrand
nonaryl amines, Xantphos delivered products in low yields, (8uBINAP was used
instead Noticeably,(S)-BINAP proved to be the most suited ligand for the doubld C
coupling with electrordeficient aromatic amines in Chapter 2.2.1 Among the
synthesizedenzop]carbazoles, the highest yield was obtained Wk (95%), while
the lowest was observddr the electronically poor systeftbl (67%). In comparison,
the yields afforded with benzylic and aliphatic amines were very gdbleing higher
than 90% {5m-o, Tablel7). However, no clear correlation betweenmloal structures
and obtained yields was obsedv

In conclusion, benza]carbazoles were efficiently synthesized by iterative reaction
sequence involving a regioselective Suzuki reaction and a doublee@ipling. The

reactions proceeded good to excedintyields

59



3.2.3. Synthesis of thienoindoles frormortho-dihalothiophenes

R
Br N
o, "oy D
Br S
S -
16a (HO),B 18a-t
B B 2 .R
rZ/ { T .
S / \
PR5: 18a-t, 19a-f 19a-f

Thiophenenaturally exists as minority in petroleunNotwithstanding this minority
thiophenefused heterocycles have great potential for applications in medicine and
material science. For example, Olanzapires beeremployed for the treatment of
schizophreni&® and DTTO can beused as fluorescent markers for visualizing
biological cell§™? (Figure18).

SH

Me N

\%D Meo\\s”OMe
®, (s )
N

Me/

Olanzapine DTTO TI-DTBT3

Figure 18: Relevant thiophenederived compounds

This study focusesn the chemistry of thienoindole¥hese compounds were reported
with antiviral properties™®3 Furthermore thienoindoles can be incorporated in the
structures of polymers for solar cell applications. For exampleDTBT3 is a
donoracceptor conjgated polymer with high chargarrier mobility Eigure18).1*>4

The first syntheses of theti@enoindoles were accomplished in 1982 by the reaction of
(a) substituted indole with thioamid& and (b) 3hydroxythiophene with hydraziHe?
(Schemedb). Although these syntheses were considered tedious@naiodular, no
improvement vas documenteduntil 2000. Fortunately, modern palladitoatalyzed
crosscoupling reactionshave allowed the synthesis of thienoindolédsrough more
convenient route These syntheses start with a Suzuki reaction to furnish a réw C
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bond from the thiophen®r benzenebackbone followed by a ringclosure. The
ring-closing process can be accomplisheddifferent mannes including (c) nitrene
insertion**®  (d) oxidative GN couplind®®? or (e) Cadogan cyclizatibh?
(Schemetb).

(c) 1) Suzuki reaction
2) Nitrene insertion

N3
Do -
R ﬂ g~ ~OTf _
s Bpin
HN
_ + )J\ U@ (d) 1) Suzuki reaction
o Br NH; S 2) Oxidative CN-coupling
HoN
o = Dy,
— Ij
RN

(b) hydrazine employment Q
OH / % (e) 1) Suzuki reaction
R S 2) Cadogan cyclization
/ \ + ,}l / \ 02N
:sj NH, ) _— j@
S Br
(HO),B

Scheme45: Previously reported synthesis of thieno[3,2b]indoles and thieno[3,4-
blindoles

(a) thioamide employment

Here, a convenient and efficient approachtfa synthesis athieno[3,2b]indoles and
thieno[3,4bjindoles (product seriesPR5) is presented The protocol features a
site-selectiveSuzuki reaction obrtho-dihalothiopheng with (2-bromophenyl)boronic

acid @), followed by a double @\ coupling with primary amines (Scheme 46).

Br
@Br 0 % m_@
(HO),B"g 17a 2) H2N 18a-t
[Pd] Br [Pd]
/ \ N
16b
17b 19a f

Scheme46: Synthesis ofthieno[3,2-b]indoles and thieno[3,4-bJindoles in this study

At first, 2,3dibromothiophene 168 was converted into the desired -Bromo

2-(2-bromophenyl)thiophenelfa after the treatment with {Bromophenyl)boronic
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acid @) under palladiuntatalyzed conditiongScheme 47) The reaction proceeded
smoothly, withsite-selectivity favoring position 2 over position 3 of the thiophene ring.
The resulting dromao-2-(2-bromophayl) thiophene 178 wasaccessedn 82% yield
(Schemet?).

Br
Br BrBr
HO),B
s o &
s~ Br Pd(PPhs), 5 mol% S
N82003

16a 17a (82%)

dioxane/water
Scheme47: Site-selective Suzuki reaction of 2,2libromothiophene

Thereafter, dromo2-(2-bromophenyl) thiophend {8 and 4toluidine were chosen as
model substratef®r the optimization of the double-8 coupling.In the presence the
palladium sourcd’d.dba andthe base NatBu in toluene the ligand screening was
conducted(Table B). From the optimization experimes, dppf proved to bethe best
ligandwhile giving thiend3,2-b]jindole 18ain 97%yield (entry 2, Tablel8).

Table 18: Optimization study for synthesis of thieno[3,2b]indole 18a

Me

Pd,dbas 5 mol%

Me
]\ + ligand
S NaOtBu 2.4 equiv. N
HoN
1.5 equiv. toluene / \
> equiv. 100 °C, 14 h S

17a 18a
Entry Ligand Yield
1 PtBusABF, 86%
2 dppf 97%
3 SPhos 65%
4 (9-BINAP 67%

Reaction conditionsl7a (0.10mmol), amine(0.15mmol), Pddba (0.005mmol), ligands (0.005nmol for
monodentater 0.010mmol for bidentate ligands NaGBu (0.24mmol), toluene (2nl), 100°C, 14h.
The yields were referred to as isolated yields.
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Table 19: Synthesis of thieno[3,2b]indoles 18a-t

R
B |
"Br R  Pdydbas 5 mol% N
+ .
7\ H>N . dppf 5 mol% w
S 1.5 equiv.  NaOfBU, toluene s
17a 100 °C, 14 h 18a-t
Me
Me Me
; Me ;
N N N N
LD S S D
S S S S
18a(97%) 18b (77%) 18c(83%) 18d (90%)

SMe

OMe
A
N N N N
oy oLy D oD
S S S S

18e(90%) 18f (98%) 189 (91%) 18h (92%)
OMe OMe
MeO OMe MeO OMe
; OMe I OMe
N N N N
S D D D
S S S S
18i (87%) 18j (92%) 18k (89%) 181 (92%)

tBu ‘Q F

N N N N
D S D gD
S S S S

18m (92%) 18n (78%) 180(72%) 18p (91%)
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Cl

0 o
S0 O gU FS—@

180 (86%) 18r (81%Y 18s(95%) 18t (75%)

Reaction conditionsl7a (0.150mmol), amine(0.225mmol), Pddba (0.0075mmol), dppf (0.0075mmol), NaQBu (0.36mmol),
toluene (3ml), 100°C, 24h. The yields were referred to as isolated yields.

P 17a (0.150 mmol)amine(0.225 mmol) Pd,dba (0.0075mmol), (S)-BINAP (0.0075mmol), NaGBu (0.36mmol), toluene(3 ml),
100°C, 14h.

The yields were referred to as isolated yields.

The reaction of3-bromo2-(2-bromophenyl) thiophenelfa with different primary
amines under theseptimized conditiongproceeded with good to excellent yields of
corresponding thieno[3;8]indoles 18at (Table 19). For electrorpoor and aliphatic
amines, the ligandppf gave low yields, angS-BINAP was used instead. The highest
yield was obtainedvith the electrorrich thieno[3,2b]indole 18f (98%) in contrasting
to the lowest yieldobservedor the largep-system18o (72%). Moreover the synthesis
also allowed the incorporation of sterically hindered aminebencaseof 18b (77%)
and18k (89%).

Br Br
Br Br j@ Br
Z—§ (HO)B B

S Pd(PPhs), 5 mol% S
Na,COj3 2.4 equiv. 17b (78%)
dioxane/water

Scheme48: Site-selective Suzuki reaction of 3,4dibromothiophene

In another cotext, thepreparationof thieno[3,4bjindolesfollowing the same strategy
was studied. 3-Bromo-4-(2-bromophenyl)thiopheng17b) was attained from the
site-selective Suzuki reaction of  3dlbromothiophene 16b)  with

(2-bromophenyl)boronic acid) (Schemel8).

64



Table 20: Optimization for the synthesis of thieno[3,4b]indole 19a

Me
Br
B/ Me pd,dbaz 5 mol% N
+ ligand, NaO1Bu,
[\ HoN /A
S
19a

toluene

S 1.5 equiv. 100 °C, 14 h

17b

Entry Ligand Yield
1 PtBusABF, 95%
2 dppf 43%
3 SPhos 65%
4 (S-BINAP 36%

Reaction conditions:17b (0.10mmol), amine (0.15mmol), Pddba (0.005mmol), ligands (0.005nmol for
monodentater 0.010mmolfor bidentate ligands NaGBu (0.24mmol), toluene (2nl), 100 °C, 14 h
The yields were referred to as isolated yields.

Table 21: Synthesis of thieno[3,4b]indoles 19a-f

Br Pd,dbas 5 mol% R
Br N _PBusHBF, 10 mol% _ N
]\ 1.5 equiv. NaOtBu, toluene o\
s 100 °C, 14 h s
17b 19a-f
/Q/Me /@/tBu
N N N
/ \ /\} Me / \
S S S
19a(95%) 19b (65%) 19¢(83%)
OMe OMe O
/@ OMe O
N \ A
OMe OMe
/ \ / \ / \
S S S
19d (85%) 19e(81%) 19f (78%)

Reaction conditions: 17b  (0.150mmol), amine (0.225mmol), Pddba (0.0075mmol), PtBusMBF, (0.015mmol),
NaOBu (0.36mmol), toluene (3nl), 100°C, 24h. The yields were referred to as isolated yields.
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The influence of the ligands on the reaction3dfromo-4-(2-bromophenyl)thiophene
(17b) and 4toluidine was surveyed (TableOR The screening data revealed that
PtBusAIBF, was the preferred ligand for this reaction, furnishing corresponding
thienoindolel9ain almostquantitative yield (entry 1, Tablép

Theseconditions vereapplied forthe reaction 08-broma4-(2-bromophenyl)thiophene
(17b) with different primary aryl amines, delivering corresponding thienoindbded
in good to excellent yields (65%9©5%, Table 2). In general, thanvolvement of
electron donating groupson the amines resulted in high vyield of desired
thieno[3,4bjindoles. The highest yieldf 95% was observedbr the productl9awhich
was selected as model substrate for the above optimizatidn comparison,
thieno[3,4bjindole 19b was created in moderate yield (65%), possénya result of

steric hindrance.

To conclue the preparation of thieno[3/dindoles and thieno[3;b]indoles from
ortho-dibromothiophenes following sequentialte-selective Suzuki reaction/double
C-N couplingwas successfully conductethedouble CN coupling reaction proceeded
with good to excellent yieldsThe key for thesuccess of the reactiomas the ligand

choice.
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3.3. Synthesis of phenanthridinefused  heterocycles from
ortho-dihaloarenes by regioselective Sonogaisa reaction followed
by domino C-N coupling/hydroamination/C-H arylation
The concept hydroamination describes the direct formation of névbGnd through
the addition of a N-H groupto a multiple GC bond. The atoreconomic property of
this concept malkeit appealing to synthetic chemists. However, classic chemistry only
allowed such a @ formation via conjugate addition of electramch amine to
electronpoor alkynyl group (Schemed9).

O v NH2 Me O
_ Me.
/Me > e H)\/U\Me

Scheme49: Conjugate addition on alkynyl group in classic chemistfip®l

Me

For other systemsn activation othe amine orthe alkynyl groupis requiredIn 1935,
an arly effort was madeto activate the aminessing alkali metal, albeit in harsh
conditiors (Schemeb0). Later studiesdiscoveredmilder conditions by using bases,

metal catalysts of rare earth grogpoup IV, and late transition metaf§?

. __ _KOH (18 mol%)_
N "~ decaline, 170 °C N
Y

Scheme50: Early exampleof hydroamination

0]
OMe
/—< Pd(OAc),
PhCOzH N\
PhCOle N
MeCN, 90 °C

Scheme51: Example of @lladium-catalyzed domino reaction involving intramolecular
hydroamination(161]

Of practical importance among different types of hydroamination are the
palladiumcatalyzed intramolecular hydroamination reactieiass-endedig cyclization

which form pyrrole structurd$® These reactions were frequengypliedin a domino
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fashion with other transformations including alkylatiti?, Michael!*®? Heck!*®3
Sonogashir&®® reductive eliminatioh®? and carbonylatidh®¥ to form different fused
heterocycles. These reawti concepts were considered as atwonomic and gained

therefore increasing attention in organic chemistpently(Schemebl).

One of the interestsn this study is the development of new convenieand
atomeconomic syntheses of nitrogecontaining polycyclic aromatic compounds,
which involve Sonogashira C-N coupling, hydroamination and-B arylation in
onepot or dominomanner Regarding thisan indolesynthesis fronortho-haloanilines
and aryl acetylenegia domino Sonogashira reaatitnydroamination was disclosed by
Larock et al. in 1991 (Scheme52).!*®@ |In 2005, Ackermannet al. reported a
construction of indole by domino -8 coupling/hydroamination using
ortho-halo@rylethynyl}benzenes and aryl amines as starting materials (Sch@rfé?
Later, his reaction model wasptimized forthe ortho-halo(@rylethynyl) heterocyclic

systems of benzothiopheh&? coumarift™ and quinoloné!’?

Larock indole-synthesis by domino Sonogashira/hydroamination
Cl
X e
¥ N
NH, H
Ackermann indolo-synthesis by domino C-N coupling/hydroamination
N
HoN
o
B
Br

Scheme52: Synthesis of indole byintramolecular hydroamination

I\ / A\
Me™ >y PA(OAC),  Me— "~y O
Br P(o-Tol)3 .
082003
toluene, 110 °C

> 80%

AN

Scheme53: Synthesis of phenanthridinefused heterocycles by € arylation
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Further atorreconomic syntheses of nitrogen heterocyate®rporatingSonogashira
reaction, GN coupling and hydroamination emerged in 2006ey wererepors with
reference to theonstructionof phenanthridines (Schers8).!™¥ In these synthess, a

six-membered ringises from a GX/C-H typed GH arylation.

O /@ then O N\ O
(HO),B Pd(OAc), N
Cu(OAc), P(o-Tol)s
O decanoic acid Cs,CO3 O
NH, 2,6-lutidine
toluene, air

Scheme54: Synthesis of indolo[1,2f]phenanthridine s by one-pot hydroamination/C-H
arylation(174]

/© PORS oM

domino C-N coupling/
regloselectlve Sonogashlra reaction hydroamination/C-H arylation

Scheme55: Synthesis of phenanthridinefused heterocycles by regioselective Sonogashira
reaction followed by a domino GN couplinghydroamination/C -H arylation(75]

In 2014 this GH arylation wasexploitedin a onepot process involvinga domino
ChanLam GN coupling followed by aydroamination (Schem®4)."? In 2015 the
preparatios of phenanthridindused compounds which involved domino -NC
coupling/hydroamination/& arylation have beerfinally devisedby Langeret al.
(Schemes5).[*"¥ The syntheses stad with an ortho-dihaloarene whichundewent a
regioselective Sonogashira reaction to fanortho-halo-(arylalkynyl)areneNext, the
reactiors of the ortho-halo-(arylalkynyl)arenes with differenortho-haloaryl amines
proceeeéd via domino GN coupling/intramolecular hydroaminatiori arylation to

assembleorrespondingphenanthridindused heterocycles (Scherss).

In this contribution the reaction model domino-B coupling/hydroamination/<d
arylation was further exploited repremnting a gateway tophenanthridindused
compound¢PR6-8, Chapter 3.3.43) with no synthetic precedent

69



3.3.1. Synthesis of benzo[4',5thieno[2',3":4,5]pyrrolo[1,2f]phenanthridines

from 2,3-dibromobenzothiophenes

SMS5: 20
PR6: 24a-0, 26d-h

Phenanthridine is a tricyclic heterocycle, of which fused derivatives have found
applications in medicine and material science. For example, sanguinarine is a potential
candidate for the treatment of can¢&f while BT2 exhibitsinteresting photochemical
propertie§”? (Figure 19). Henceforth great effors were devoted to synthesize fused
derivatives of phenanthridine with coumarin, pyrroleyrine, indole, imidazole,

benimidazole and gmazolinel*’**8

benzo[4',5'thieno[2',3":4,5]
pyrrolo[1,2flphenanthridine

sanguinarine BT2

Figure 19: Relevant phenanthridinefused compounds

Herein a synthetic procedure towardseries ophenanthridindused benzothiophese
(PR6) wasdeveloped. The protocol begins witlsige-selectiveSonogashira reaction of
2,3-dibromobenzothiophene with aryl acetylenes, followed by a dominbl C
coupling/hydroamination/&H arylation with ortho-bromoaryl amines to afford
corresponding benzo[4',5'thieno[2',3":4Bjrrolo[1,2f][phenanthridines (Schen®®).
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CL,
NH,
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S

Scheme56: Synthesis of phenanthridinefused heterocycles in this study
Initial efforts were conducted to carry otlte site-selective Sonogashira reaction of
2,3-dibromothiophene 20) with different aryl acetylene¢Table 2). The reactions
proceed exclusively at position 2 of zZjibromothiophene, furnishing -Bromo
2-(arylethynyl)benzdjjthiophene22a-c in good yields (Table2).

Table 22: Synthesis of 3bromo-2-(arylethynyl)benzol b]thiophenes 22a-c

R
Br = Br
= 21a-c
S Pd(PPh3),Cl, 5 mol% S
20 Cul 10 mol% 22a-c
NEts;, RT, 14 h
Br Br Br
S S S
22a(80%) 22b (85%) 22¢(87%)

Reaction conditions: 2,3-Dibromothiophene (20) (3.0mmol), aryl acetylene (48&mol), Pd(PP§.Cl, (0.15mmol),
Cul (0.3mmol), NEt; (2.0ml), 80°C, 14h. The yields were referred to as isolated yields.
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Table 23: Optimization study for the synthesis of benzo[4',5'thieno[2',3":4,5]pyrrolo-
[1,2-flphenanthridine (24a)

Br. O
Br I :] O
O N O AN o 3a N
IS o Pd-source 10 mol% O \ |
S

22a ligand, base
DMF, 140 °C 243
Entry Pd-source Ligand Base Yield
1 Pd(OAc) Xantphos CsCOs 30%
2 Pd(PPh)4 Xantphos CsCO; -
3 Pd(OAc) dppf CsCOs 35%
4 Pd(OAc) dppe CsCOs 42%
5 Pd(OAc) XPhos CsCOs 38%
6 Pd(OAc) DavePhos CsCOs 40%
7 Pd(OAc) (9-BINAP CsCO; 34%
8 Pd(OAc) SPhos CsCOs 30%
9 Pd(OAc) PPh CsCOs 30%
10 Pd(OAc), PtBusABF, Cs,CO3 65%
11 Pd(PPh)4 PtBusABF, CsCO; -
12 Pddba PtBusABF, CsCO; 55%
13 Pd(OAc) PtBusABF, K,COs -
14 Pd(OAc) PtBusABF, KOtBu -
15 Pd(OAc) PtBusABF, CsCO; 60%
16° Pd(OAc) PtBus/AiBF;, CsCOs -

Reaction conditionsta (0.1 mmol), 2a (0.12mmol), [Pd}source (0.0Inmol), ligand(0.02 mmol for monodentate ar@ 0l mmol
for bidentate ligangsbase (0.3nmol), DMF (3 ml), 140°C, 24h. The yields were referred to as isolated yields.
3reaction was carried out at 180; ® reaction was carried out at 120

Next, the domino &N coupling/hydroamination/& arylation of 3bromo
2-(arylethynyl)benzdj|thiophenes22a-c with different ortho-bromoaryl amines was
studied, in  which  correspondin benzo[4',5thieno[2',3":4,pyrrolo[1,2f]-
phenanthridines werebtained(Table ). For the optimization experiment3;bromo-
2-(arylethynyl)benzdjjthiophene22aand 2bromoaniline 238 were chosen asmodel
substratesThe optimization study was initiated byopting previously documented

conditions for analogous procedures, in whichdoio[l,2f]phenanthridines and
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azaindolo[1,ZX]phenanthridines were assembled by takingaathge of domino @l
couplinghydroamination/€H arylation reaction (entries-4, Table 3). Unfortunately,

these conditionsvere unsuccessful

After evaluatingothe ligands in the presence of Pd(OA®)ith the base GEG; in

DMF (entries 3 10, Table 3), the highest yield was observed by usingwBAiBF,

(65%, entry 10, Table 3. Subsequentlydifferent options ofligand sourcg bases,
solvents and reaction tem@aturs were exhausted(entries 11 16, Table 3), but
proved to be futile in improving the yields. Therefore, the conditithin Table 24

were chosenfor further preparative studiednterestingly, theparametersof these
conditions includingcatalysts, base and solvent were identical to tlapgdied for the
previously documented synthesis dfl-benzo[4,5]thieng3,2-b]pyrroles by domino
C-N coupling/hydroamination (Schers@).!l*™®

g

+
S H2N C32CO3,
DMF, 105 °C

Br Pd(OAc),
\ - PtBU3H BF4 _
— > N
\

S

Scheme57: Previously documented gnthesis of 1H-benzo[4,5]thieno[3,2-b]pyrrole by
domino G-N coupling/hydroamination [170]

Applying the above optimized conditions, the reaction of-br@nec
2-(arylethynyl)benzdjJthiophene 22a&c with 2-bromoaryl amines23ac delivered
correspondi ng benzot-fipheaantbridi2e@4a8id 55%;89% pyr r
yield (Table 2). The highest yieldiavethe electrorrich systenf4l.

Table 24: Synthesis ofbenzo[4',5thieno[2',3":4,5]pyrrolo[1,2 -flphenanthridine s 24a-o

Br

Br j@
HoN
g Pd(OAc), 10 mol%
22a-c PtBus'HBF4 20 mol%
Cs,CO3 3.0 equiv.
140 °C, 24 h
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24a(65%) 24b (68%) 24¢(58%)

iPr F
() () I~
86 8e 8¢
Ly Ly -
S S S
24d (70%) 24e(60%) 24f (55%)
F Cl
O
L
L
S
24h (57%)
O OMe
94
)
S
24j (75%) 24k (58%) 241 (77%)
iPr Cl F
O OMe O OMe O OMe
L L L
S S S
24m (80%) 24n (66%) 240(60%)

Reaction conditions:22ac (0.32mmol), amine (0.38mmol), Pd(OAc) (0.032mmol), RBusMBF, (0.064mmol), base
(0.96mmol), DMF (4ml), 140°C, 24h. The yields were referred to as isolated yields.
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Scheme58: Alternative OT OOA O1 AAT U pyddiop & fghengnthidmés gt h v ¥
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I n t he next pl ace, an alternati«ve
[1,2-flphenanthridine was ascertained (Scheme 58). In this route, both bromine atoms
are incorporated in the starting mate@abromao2-((2-bromophenyl)ethynyl)benzb]-
thiophene(25). Therefore, the second reaction partisesimply aryl amine instead of
ortho-bromoaryl amine (Schemép It is assumed that Pd catalyst would likely attack
the GBr bond at the benzothiophene fi(Scheme 8). After the hydroaminationthe

C-H arylation would occur with thesecondC-Br bond to form the corresponding

product (Schemedj.

0y ™

Br Pd(PPha),Cls, Br

S (i) KOH S
20
Br
Pd(PPh3),Cls,
Cul, NEt; |

Scheme59: Synthesis of 3bromo-2-((2-bromophenyl)ethynyl)benzo[b]thiophene (25)
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Table 25:3 U1 OEAOEO 1T £ AAT Ul OEfphendnthrigiieb 268, t hv YDUOOT 1 1T ¥ pF

R\

X
| TR
HoN™ O
O ) O |
S Pd(OAC), 10 mol% O \
S

PtBuyHBF, 20 mol%
Cs,CO3 3.0 equiv. 26a-h
DMF, 140 °C, 24 h

Me

()

N
\

N
\

O

O
W,
IsWes

O

26a(60%) vs24a(65%)  26b (65%) vs24b (58%)  26¢(50%) vs.24c (58%)

N MeO N
> Ly >
S

26d (65%) 26€(60%) 26f (52%)
MeS

9
O
Ao
O
O

269 (55%) 26h (48%)

Reaction conditions: 22ac (0.32mmol), amine (0.38mmol), Pd(OAc) (0.032mmol), RBusABF, (0.064mmol),
CsC05(0.96mmol), DMF (4ml), 140°C, 24h. The yields were referred to as isolated yields.

Pleasingly under the best conditions described in Tablethe reaction of 3bromo
2-((2-bromophenyl)ethynyl)benzb]thiophene 25) with different aryl amineproved to

be similarly effective compared tahe prior procedure Z6ac, Table ). The yield
observedforbenz ot hi eno[ 2 6-flpBedanthridibe?6p was everslighflyl , 2

higher by applying this procedureFurther applicabn of theseconditions for the

reactios  with other amines afforded benzot hi eno[ 206, 306: 4, 5]



[1,2-flphenanthridines26d-h in mocderate to good vyields (48%65%, Table 25)
Electronically rich, electronically mp and even stericallgncumberingaminesproved
to be compatible reaction partners for hemicalransformation

Figure 20:- T 1 AAOI AO OOOOBAOO0OA 1 £ AAphénanthidibd24h r ¢ 8 h o

The mol ecul ar structur e o-fiphebaathridimt4thwag no [ 2
independently confirmed by -K¥ay structure determinatioriigure 20). The aromatic
backboneexhibitsa noticeabledistortion from planarity due tthe electronic repulsion
between the rings (CX:7C22) and (Q0- C15).

To summarize, by applying regioselective Sonogashira reaction of
2,3-dibromothiophene and aryl acetyéerfollowed by domino GN coupling/
hydroamination/éH arylation, the previously unknown fused systems of
phenathridine with benzothiophene weattainedin moderate to good yield&or the
domino CN coupling/hydroamination/& arylation reaction, two atnative sets of
starting materialsvere applied with the first set involving two bromine atoms at two
individual reaction partners and the second set consisting of two bromine atoms at the

sole substrate.

77



3.3.2. Synthesis of quinolino[34":4,5]pyrrolo[1,2 -flphenanthridines from

ortho-dihaloquinoline

R
R
: &,
Cl 1)/©/ O
o — - O
N Me Br R O =
5d 2) N Me

HoN 28a-p

SM2: 5d
PR7: 28a-p

On the basisof he synthesis of b e[fh,2-flphehantrridires, 2 6, 36: 4, &
further effort was devoted to prepageinolino[3',4":4,5]pyrrolg1,2-flphenanthridine
28ap (product serie®R7) by an analogous route (Schef®.

26a-p

A
C-H arylation
@Br HO

N Me

Scheme60: Synthesis ofguinolino[3',4":4,5]pyrrolo[1,2 -flphenanthridines in this study
Initially, the regioselective Sonogashira reaction -@htbro-3-iodo-2-methylquinoline
(5d) with electronicallyrich, -neutraland-poor aryl acetylene®{ae) wascarried out
Although position 4of the quinoline ring is more electrateficient than position 3, the
reaction prefershe latter over the formeirhe reason for this wdke higher reactivity
of the iodine compared tochlorine atom. Furthermorethe chemeselectivity factor

would take overelectronic effect ingeneral palladiuatatalyzed reactianFor this
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reason the reactios afforded regioselectively  4-chloro-2-methyt

3-(arylethynyl)quinoline®7a-e (Table X).

Table 26: Synthesis of 4chloro-2-methyl-3-(arylethynyl)quinolines 27a-e by
regioselective Sonogashira reaction

R1
/©/ C] 5
1.5 equiv.
Cl
| Z 1 Cl P
a-e
CLY O
N” >Me  Pd(PPh3),Cly 5 mol% _

54 Cul 10 mol% N~ Me
NEts, 80 °C, 14 h 27a-e

Me OMe
Cl O Cl O Cl O
_ yz gz
ood
_ 7 pZ
N Me N Me N Me

27a (70%) 27b (75%) 27¢ (80%)
F CF3
. LT . 0
g7 P
s e
N Me N Me
27d (83%) 27e(78%)

Reaction conditions4-Chloro-3-iodo-2-methylquinoline $d) (3.0mmol), aryl acetylene (4.mmol), Pd(PP}).Cl, (0.15mmol),
Cul (0.3mmol), NEt; (2.0ml), 80 °C, 14 hThe yields were referred to as isolated yields.

Next, 4chloro-2-methyt3-(arylethynyl)quinoline(27a) and 2-broma4-methylaniline
(239 wereselectedas model substratefor the optimization study of the dominoNXC
coupling/hydroamination/& arylation. In the presence of Pd(OA@nd the base
CsCOs; in DMF, different ligands werprobed It was foundthat ioth monodentate and
bidentate ligandg/ielded the desired produc28a but SPhos emerged gweferred
ligand giving 6met hy | g ui n o-byrrolopl[2phenanthridihe28a]in 65%

yield (entry 9, Table &). Next, the robustness of these reaction conditions was checked.
By changing the base, the reaction failed to deliver the expected r&rsgtdes the
palladium sotce Pddba proved inferior, while Pd(PRJy yielded virtually no
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corresponding product (entry A, Table27). Therefore, thebest conditiors 9 in
Table27 wereappliedfor the study of the preparative reaction scopthe reaction

Table 27: Optimization study for the synthesis of 6methylquinolino-
f 06 htddrt hdphénanihdingé (P8a)yp h ¢

e

M
O O
\©i 1.2 equiv. O
Cl P NH,
N Z

A
O [Pd]-sou_rce 10 mol% O N
N/ Me base“g.%n:quiv. N/ Me
27a DMF, 140 °C, 24 h 28a
Entry [Pd]-Source Ligand Base Yield
1 Pd(OAc) Xantphos CsCO; 25%
2 Pd(OAc) dppe CsCOs 42%
3 Pd(OAc) dppf CsCOs 30%
4 Pd(OAc) DavePhos CsCOs 45%
5 Pd(OAc) (9-BINAP CsCOs 38%
6 Pd(OAc)» Xphos CsCOs 40%
7 Pd(OAc) PtBusABF, CsCOs 50%
8 Pd(OAc) PPh CsCOs 30%
9 Pd(OACc), Sphos Cs,CO3 65%
10 Pd(PPh)4 Sphos CsCOs -
11 Pddbas Sphos CsCOs 55%
12 Pd(OAc) Sphos K.COs -
13 Pd(OAc) Sphos KOtBu -

Reaction conditions27a (0.1 mmol), amine (0.12mmol), [Pd-source (0.0Inmol), ligand (0.2 mmol for monodentateor
0.01 mmolfor bidentate ligangsbase (0.3nmol), DMF (3ml), 140°C, 24h. The yields were referred to as isolated yields.

Under theseconditions the reaction of 4€hloro-2-methyl3-(arylethynyl)quinolines
27a-e  with different  2bromoaryl amines produced corresponding
guinol i no[ 30,-#pbenahthridlihep2§a+p riro maoaldrate, t& good yields
(42% - 81%, Table 8). Aryl amineswith different electronic structures were tolerated,
but theres no correlation between the structure and the reaction yield revealed from the

data.
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Table 28:3 UT OEAOEO

Me
28a(65%)

Me
&
\

N
X
7

O

28d (67%)

/ !
<
®

N
X
>

R

289(62%)
Me
N
L
~
Me

N

~ O
~
W
c

28] (81%)

zZ
N/ Z

Me
28b (60%)

Me

4
N /=

Me
28h (67%)

Bu

Qo
\

O Me

28k (65%)

F

=z
N /Z

81

"
C

I £ NOET I I-ffphdnantbiriihes Z28d:p h v YDUOOT 1 |
1
2 2 R
R1
O 1 2 equiv. O Q
A
Pd(OAc), 10 mol% X
SPhos 20 mol% O
Cs,CO3 3.0 equiv. N M e
DMF, 140 °C, 24 h 28a-p
iPr F

N
X
~
28f (63%)

tBu
\

N
X
Z

Ijs

28i (58%)

OMe
N
AN
—

281 (42%)



OMe F CF3
D=0 N = )
N N N
\ \ \
L o® L

— — —
N Me N

Me N Me
28m (47%) 28n (64%) 280(67%)
CF
Me :
A\
e
~
N Me
28p (53%)

Reaction conditions27ae (0.32mmol), amine (0.38mmol), Pd(OAc} (0.032mmol), SPhos (0.06fhmol), base (0.96imol),
DMF (4 ml), 140°C, 24h. The yields were referred to as isolated yields.

Figure 21: Molecular structure of 28l in crystal

The molecular structure of quinolino[3',454pyrrolo[1,2flphenanthridine28l was
independently confirmed byeans ofX-ray crystallographic analysi@-igure21). The
structure proof reveala helical distortion structure of theore aromatic ring. Th
distortion from the planarity is interpreted as the resulthef electronic repulsion
between théaydrogen atoms of things (C1C6) and (C19C24).

82



In  summary a series of g u i nfjphenantirifliried ,w4so :
synthesized by regioseleati Sonogashira reaction followed by domino-NC
coupling/hydroamination/& arylation in moderate to good yields. Compared to the
synthesis of benzo[4',5'thieno[2',3":4,5]pyrroloEf}ghenanthridines irChapter3.3.1,

the monodentate ligand SPhidasmonstatedhigher effectiveneskor the preparation of
quinolino[3',4":4,5]pyrrolo[1,Z]phenanthridines this study.

83

4,



3.3.3. Synthesis of 11,13dimethylpyrimido[5',4":4,5]pyrrolo[1,2 -f]-

phenanthridines from 5,6-dihalopyrimidine

1)

Me
N™ X
N Z P
PR T M
_— e
Me” N7 >l Br
29 i

2)
HoN
SM6: 29
PRS8: 32a-i

Pyrimidinefused heterocycles were first known in 1776 during the isolation of uric acid
by Scheeleet all*’™? However their chemistry progressexnhly sincethe second half of
the 1800s, wite several syntheses were estaiis'®® Later, pyrimidines were
identified to be the core structures of the nucleobasgtosine/guanine and
thymine/adeninghat constitutehe DNAs.*8¥ This finding hasmotivatel scientists to
carry out firther research into fusggyrimidines from which a sheer number of
potential candidates for the application as drhgve beerdisclosed For example,

NQPPs displaysnhanced anfproliferative activity(Figure22).

H\
N—H---O\ N
N
N §N—<\ =
O---H-N
H
pyrimidine cytosine/guanine NQPPs
o H

5 Me O---H-N N
HN N ! =
)\ | )=o /" N-H---N N,
N A\

© H H §N_§O

pyrimido[5',4":4,5]pyrrolo[1,2

uric acid thymine/adenine flphenanthridine

Figure 22: Examples of several primidine -related compounds
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The successes in thesynthess of benzo[4'5thieno[2',3":4,5]pyrrolo[18-
phenanthriding (Chapter 3.3.1) and quinolino[3',4":4,5]pyrrolo[1,Z]phenanthridine
(Chapter 3.3.2) underpins a further investigation into the synthesis of
11,13dimethylpyrimido[5',4":4,5]pyrrolo[1,Z]phenanthridines (PR8) in  this
contribution (Schemesl1). Similarly, the synthesis startsvith a regioselective
Sonogashira reaction dfchloro-5-iodo-2,6-dimethylpyrimidine(29) with different aryl
acetylene(step 1, Scheme 61Bubsequently, the corresponding produtishloro
2,6-dimethyl5-(arylethynyl)}pyrimidines 30af are coupledwith different 2haloaryl
aminevia a domino GN coupling/hydroamination to afford corresponding product
3laf (step2a, Scheme 61)which undego further GH arylation, furnishing final
11,13dimethylpyrimide[5',4":4,5]pyrrolo[1,2f|[phenanthridine  32af (step2b,
Schemebl). For this synthesis, aubjection of additional catalysts and a change of
reaction solvents between st@a and step 2b following a onepot procedureare

required(Scheme 61)

N™

Me

Me~ "N~ ClI
29 32a-f O

R
1) R
& one-pot | 2b)

" Br R Me
L 2 1T Nm'?
N H,N |
)l\ pZ = Me)\N N
Me N Cl 31a-f Br
30a-f
R

Scheme61: Synthesis ofl1,13-dimethylpyrimido[5',4":4,5]pyrrolo[1,2 -flphenanthridines
in this study
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At the outset of thestudy, the Sonogashira reaction afchloro5-iodo-
2,6-dimethylpyrimidine (29) with aryl acetylenes delivered predominantly
correspondingd-chloro-2,6-dimethyl5-(phenylethynyl)pyrimidines30af in moderate
to good yields (Tabl@9). The selectivity in this reaction wasnparted by the
preference in the reaetiy of iodine against chlorine.

Table 29: Synthesis of 4chloro-2,6-dimethyl-5-(phenylethynyl)pyrimidines 30a-f by
regioselective Sonogashira reaction

| /3

NZ ey PA(PPh3)Cly 5 mol% Me)\ “
Cul 10 mol% 30a-f
NEts, 80 °C, 14 h

Me nPr

Me

_— Me Me

= _ P
A = 72

| YO N| &/XCV

—
N Cl Me)\N/ Cl Me)\N/ Cl

30a (75%) 30b (78%) 30c(80%)
OMe F tBu
Me P Me _ Me P
N™™ ~ N™™ ~ N™™ ~
I I I
)\N/ Cl Me)\N/ Cl Me)\N/ Cl
30d (84%) 30e(62%) 30f (89%)
Reaction  conditions:  -Chloro-5-iodo-2,6-dimethylpyrimidine  29)  (3.0mmol), aryl acetylene  (4.mmol),

Pd(PPh).Cl, (0.15mmol), Cul (0.3mmol), NEt; (2.0 ml), 80°C, 14h. The yields were referred to as isolated yields.

To study thefollowing domino GN coupling/hydroaminatiord4-chloro-2,6-dimethyt
5-(phenylethynyl)pyrimidine30a and 2bromoaniline were chosen asodel substrates
for the optimization In the presence ofhé palladium source Pd(OAg)the base
CsCO; and the solvent DMF, the influence of different ligands masitored Among
these ligands, Xantphagasidentified as the best ligandiving corresponding product
3lain 60% yield (entry 1, Table @. Next,the palladium sourceand bases were tuned.
This revealed that the palladium source Pd@Phresulted in an increase oield
compared to Pd(OAg) Conducting the reactiomithe presence of the catalyst system
Pd(PPh)4+/Xantphos with the base &30; in DMF led to the formation gbroduct3la
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in 72%yield (entry 10, Tabl&0). In contrast by changing the palladium source to
Pddba;, the yield dropped to 50% (entry 11, Tabl®.3Besides the presence of the
base C#£0O; proved crucial for this chemical transformatiorhe reactionfailed to
furnish the desired producthen other bases were applied

Table 30: Optimization study for the synthesis of 7-(2-bromophenyl)-2,4-dimethyl-
6-phenyl-7H-pyrrolo[2,3 -d]pyrimidine (31a)

Br Me
L= O D0
N P
Me)l\N/ cl [Pd]-Hsf)l:rcem mol% Me™ N
30a ligand, t:ase, 3I‘31ra\©
DMF, 100 °C, 14 h

Entry [Pd]-source Ligand Base Yield
1 Pd(OAc) Xantphos CsCO; 60%
2 Pd(OAc) XPhos CsCOs 45%
3 Pd(OAc) SPhos CsCOs 40%
4 Pd(OAc) PtBusABF, CsCOs 55%
5 Pd(OAc)» dppe CsCOs 42
6 Pd(OAc) PPh CsCOs 37
7 Pd(OAc) dppf CsCO; 30
8 Pd(OAc)» Dawvephos CsCOs 34
9 Pd(OAc) (9-BINAP CsCO; 25
10 Pd(PhsP)4 Xantphos Cs,CO3 72%
11 Pddbas Xantphos CsCOs 50

12 Pd(PhP), Xantphos K2COs -

13 Pd(PhP), Xantphos KOtBu -

Reaction conditions30a (0.1 mmol), amine (0.12mmol), [Pd-source (0.0Inmol), ligand (0.2 mmol for monodentateor
0.01 mmolfor bidentate ligangsbase (0.3nmol), DMF (3ml), 100°C, 14h. The yields were referred to as isolated yields.
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Me Me

Nm m PR O
0 I
Py . Pd(OAc), 5 mol% Me)\N/ N

N PPh; 10 mol%
Br Cs,CO3 1.2 equiv.
31a toluene, 100 °C, 6 h 32a

Scheme62: Synthesis ofl1,13-dimethylpyrimido[5',4":4,5]pyrrolo[1,2 -fljphenanthridine
by GH arylation

Me

Subsequently the GH arylation of 7-(2-bromophenyb2,4-dimethyt6-phenyt

7H-pyrrolo[2,3-d]pyrimidine (318 was examinedOn treatment withcatalyst system
Pd(OAc)y/PPh in toluene at 100 °C,11,13dimethylpyrimido[5',4":4,5]pyrrole
[1,2-flphenanthridine82awasfurnishedin 87% yield (Schem62).

Following this result,a furtherinvestigationinto the feasibility of conducing the
domino GN coupling/hydroamination and the-K arylation in @ onepot procedure
was carried out After the domino &N coupling/hydroaminatiorwas finished, the
solvent was removeih vacuofollowed by the addition ohew catalysts and solvent.
The mkture was heated at 100 °C for additionahdurs. Gratifyingly, the
correspondind.1,13dimethylpyrimidce[5',4":4,5]pyrrolo[1,2f]-phenanthridin82a was
affordedvia this onepot process in 65% yield his result indicates that the yield was
not remarkaly sufferedfollowing a onepot procedure. Therefore, this model was

choserfor the following study of the preparative scope of the method.

Applying this procedure for the reaction of4-chloro-2,6-dimethyt
5-(phenylethynyl)pyrimidines30a-f and different Zoromoaryl aminescorresponding
pyrimido[5',4":4,5]pyrrolo[1,ZX]phenanthridine 32a-p were isolatedin moderate to
good yields(Table 3). There was no clear trend between chemical structure and
reaction yield.The highest yield gave thsystem32g (75%), whereasthe lowest
reaction efficiencyvas observetbr 32n (42%).
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Table 31: Synthesis ofpyrimido[5',4":4,5]pyrrolo[1,2 -flphenanthridine s 32a-i

|
R HoN

Me 1) Pd(PPha), 10 mol%
N = Xantphos 10 mol%
)I\ P Cs,CO5 3.0 equiv.
Me N Cl DMF, 100 °C, 14-24 h
30a-f 2) then
Pd(OAc), 10 mol%
PPh 20 mol%
toluene, 100 °C, 6 h
Me
Me Nl X N
Me)\N/ N

iPr

32a (65%) 32b (60%) 32¢ (70%)
Me

N\\ Me
)l\/N N
—
O Me” N~ N
g S

32d (63%) 326 (72%)

iPr
329 (75%) 32h (55%) 32i (65%)
Me

Me N7 A Me
N\ )l\ N ner NI O\
)|\ P nPr Me” N )|\ P OMe
Me~ N~ N e~ N~ N

s S s

32j (51%) 32k (57%) 320 (65%)
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Me Me

Me
g - e

iPr Me
32m (72%) 32n (42%) 320 (45%)

Me
NI\
e W,

F
32p (67%)

Me

Me

Reaction conditions30af (0.32mmol), amine(0.38mmol), Pd(PP¥), (0.032mmol), XantPhos (0.03&imol), base (0.96imol),
DMF (4 ml), 100°C, 14- 24 h; then Pd(OAg)(0.032mmol), PP (0.064mmol), toluene (2nl), 100°C, 6h.
The yields were referred to as isolated yields.

To sum up a synthesis ofpyrimido[5',4"4,5]pyrrolo[1,2Z]phenanthridine was
developed by regioselective Sonogashira reaction, followed bypanalomino

C-N coupling/hydroamination and -8 arylation. In difference to the synthesis of
benzo[4',5'thieno[2',3":4,5]pyrrolo[1-Bphenanthridines  Ghapter 3.3.1) and
quinolino[3',4":4,5]pyrrolo[1,Z]phenanthridinesGhapter3.3.2), @ onepot procedure

was applied, in which an addition of further catalysts and a change of solvent between
the domino @GN coupling/hydroamination and th€-H arylation were key to the

success of thmethod
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4. Conclusion
In this PhD researcheight different seriesPR1-8 of 169 nitrogencontaining

heterocycles wersolatedfrom ortho-dihaloarenes bthreedifferent strategies.

First, the palladiuncatalyzed domino €/C-N coupling of imines with
ortho-dihalopyridines and ortho-dihaloquinolines employed identical reaction
conditions, furnishing corresponding azaindoleR1) and pyrroloquinolinesRR2) in

moderate to good yields.

Next, indoloquinolinesRR3), benzof]carbazoles®R4) and thienoindolesAR5) were
obtained by regioselective Suzuki reaction/doubidl Coupling. The resulting yields
were from good to excellent. came obvious that the choice of ligand was essemtial f

the performance of the doubleNCcoupling.

Finally, product serie®R6-8 were synthesized by regioselective Sonogashira reaction
followed by domino/ongot GN coupling/hydroamination/& arylation in moderate
to good yieldsNoticeably, the synthesa the product serieBR9 required a switch of
solvent and an addition of further catalysts between #he c@upling/hydroamination

and the GH arylation.
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Appendix

5. Experimental section

Solvents used for the woitlkp and column chromatogiayp were distilled using
standard procedures. Molecular sieves were dried at 300 °C for more than 10 hours. If
not otherwise noted, other chemicals and solvents were obtained from commercial
sources without further purification. Column chromatography wagomeed using

normal silica gel with particle sizes 0.006.043 nm.

NMR measurements were performed wBituker AVANCE 250 1l (built 2006), Bruker
AVANCE 300 Il (built 2007) and Bruker AVANCE 500 (built 2001INMR peaks
were calibrated using standardgrsals of chloroform 7.260ppm for *H-NMR,
77.160ppm for °C-NMR), acetone (2.05ppm for H-NMR, 29.840ppm for
13C-NMR) and DMSO (2.50ppm for *H-NMR, 39.520ppm for **C-NMR). For peak
description, abbreviations s (singlet), d (duplet), t (ttiplel (Quartet), sept (septet) and
pt (pseuddriplet) were used.

IR measurements were recorded on a Nicolet 38dRFEpectrometer using ATR
sampling techniqud-or peakdescription abbreviations w (weak), m (medium) and s

(strong) were used.

GC/MS measuremédsn were carried out witkinnigan MAT 95XP device using HB
capillary column with helium carrier gas and electron ionization (EI) scan technique at
70 eV.HRMS was measured withFannigan MAT 95 XPdevice.

The calculations of the yieldvia NMR-spectr@copy were performed using

dimethylsulfone as internal standard.

Crystallographic dta were collected on a Bruker Kappa APEX Il Duo diffractometer.
The structure was solved by direct meth8idsand refined by fulimatrix leastsquares

procedures® XP (Bruker AXS) and Mercuf{?¥ were used for molecular graphics.

5.1. Geneaal synthetic procedures
3-Bromo-2-chloroquinolin€®**? (5a), 3-bromo4-chloroquinolin€®?? (5b), 3-bromo
4-chloro-2-methylquinolin€®®  (5¢),  4-chloro-3-iodo-2-methylquinolin€®®  (5d),
1-bromonaphthale@-yl trifluoromethanesulfondt€? (13) and 4-chloro5-iodo-
2,6-dimethylpyrimidiné'®”? (29) were synthesized according previouslgcumented

procedures.
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5.1.1. Synthesis of imines2a-0
To a dried flask,ketone (10.0mmol), amine (10.0nmol), NaHCQ (4.20g) and
molecular sieve 4A (8.06) in 10.0ml toluene were adde@ubsequently, the reaction
mixture was heated to 8C or refluxed overnight. After the reaction was finished
(monitored by TLC)the mixture was taken up in dichloromethane and filteTdu:
solvents wereremoved under reduced pressure. The products weuefied by
recrystallization in heptane/ethyl acetate or by Kugelrohr distillation under reduced

pressure.

5.1.2. Synthesis of 4azaindoles3a-0 and 7-azaindoles4a-o
2-Bromo-3-chloropyridine (1b) or 3-bromo2-chloropyridine {c) (0.3mmol), imine
2a0 (0.33mmol), Pd(OAc) (0.018mmol), PCy (0.036mmol) and Na@Bu
(0.84mmol) were put into a driedlasspressure tube. The tube was then evacuated and
backfilled three times with argomried 1,4dioxane (60 ml) was added to the tube
under argon atmospher€he reaction mixture was sealby a Teflon capstirredfor 10
minutesat room temperatureand subsequently heateml105°C for 16- 48 hours. The
reaction was controlled by TL@ntil completion.Thereaftey it was cooled down to
room temperature, taken up in dichloromethane and filtered. The solvent was removed
by evaporationin vacuo The residue wagurified by column chromatography

(heptane/ethyl acetate)

5.1.3. Synthesis of pyrroloquinolines6a-i and pyrroloquinolines 7a-f
3-Bromo-2-chloroquinoline(5a) or 3-broma-4-chloroquinoline(5b) (0.3mmaol), imine
(0.33mmol), Pd(OAc) (0.018mmol), PCy (0.036mmol) and Na@Bu (0.84mmol)
were put into a driedlasspressure tube. The tube was then evacuated and backfilled
three times with argorDried 1,4dioxane (60 ml) was added to the tuhender argon
atmosphereThe reaction mixture was sealleg a Teflon capstirredfor 10 minutesat
room temperatureand subsquently heatedo 105°C for 24 hours. The reaction was
controlled by TLC until completion. Thereafter it was cooled down to room
temperature, taken up in dichloromethane and filtered. The solvent was removed by
evaporationin vacuo The residuepurified by column chromatographgheptane/ethyl

acetate)

S2



Appendix

5.1.4. Synthesis of3-(2-bromophenyl)-4-chloro-2-methylquinoline (9a)
3,4-Dihalo-2-methylquinoline 5¢-d (3.0mmol), (2bromophenyl)boronic acid 8]
(4.2mmol), Pd(PP$)4 (0.15mmol) and NaCO; (6.0mmol) were added to a dried glass
pressure tube. The tube was evacuated and backfilled three times with argon. The solids
were solved in 10.6nl of DMF and 1.0ml of distilled water. The tube was sealed with
a Teflon cap and heated to 1@ for 24hours. After the reaction completed
(monitored by TLC), it was allowed to cool to room temperature. To the reaction
mixture, NaSQO, was added, diluted with ethyl acetate and filtered. The solvent was
removed under reduced pressure. The crude oil was pub§ieolumn chromatography

(heptane/ethyl acetate)

5.1.5. Synthesis of3-(2-bromophenyl)-2-chloroquinoline (9b)
3-Bromo-2-chloroquinoline  %a) (3.0mmol), (2bromophenyl)boronic acid 8]
(3.6mmol), Pd(dppf)G (0.3mmol) and CgCO; (6.0mmol) were added to aridd
glass pressure tube. The tube was evacuated and backfilled three times with argon. The
solids were solved in 5/@I of dried THF. The tube was sealed with a Teflon cap and
heated to 60C for 10hours. After the reaction completed (monitored by TLC)as
allowed to cool to room temperature. The solvent was removed under reduced pressure.

The crude oil was purified by column chromatografiigptang

5.1.6. Synthesis ofl-bromo-2-(2-bromophenyl)naphthalene(14)
1-Bromonaphthalef2-yl trifluoromethanesulfonate (13 (3.0mmol),
(2-bromophenyl)boronic acid 8] (3.3mmol), Pd(PP¥.; (0.15mmol) and KPO,
(6.0mmol) were added to a dried glass pressure tube. Thewabevacuated and
backfilled three times with argon, then B0 of dried1,4-dioxane was added. The tube
was sealed with a Teflon cap and heated td@®0or 5hours. After the reaction
completed (monitored by TLC), it was allowed to cool to room temperature. The
reaction mixture was filtered, and the solvent was removed wedeced pressure. The

crude oil was purified by column chromatograghgptang

5.1.7. Synthesis of 3bromo-2-(2-bromophenyl)-thiophene (17a) and dbromo-
4-(2-bromophenyl)thiophene (17b)

To a dried glass pressure tube were added @r33,4dibromothiophenel6ab

(3.0mmol), (2-bromophenyl)boronic acid8) (3.3mmol), Pd(PP¥, (0.15mmol),

NaCOs; (6.0mmol). The tube was evacuated and backfilled three times with argon.
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Subsequently, the solids were solved inr8l0of 1,4dioxane and 2.0 ml of distilled
water.The tube was sealed by a Teflon cap and heated tdCLafF 14hours. After the
reaction was finished (monitored by TLC), it was allowed to cool to room temperature
and NaSQ, was added to the mixture, diluted with ethyl acetate and filtered. The
solventwas removed under reduced pressure. The crude oil was purified by column

chromatographyheptang

5.1.8. Synthesis of indoloquinolines 11at and indoloquinolines 12ah
3-(2-Bromophenyb4-chloro-2-methylquinoline  (99) or 3-(2-bromophenyh
2-chloroquinoline (9b) (0.15mmol), amine (0.225nmol), Pddba (0.0075mmol),
PtBusABF, (0.015mmol) or (S)-BINAP (0.0075mmol) and NaOtBu (0.3mol) were
added to a dried glass pressure tdllee tube wagvacuated and backfilled three times
with argon. To this tube3.0 ml of dried toluene was adde@ihe mixture was heated to
100°C for 14hours After the reaction complete@nonitored by TLC) it wasallowed
to cool to room temperaturéfhe solvent was removed under reduced pressure. The

crude oil wagurified bycolumn ciromatographyheptane/ethyl acetate)

5.1.9. Synthesis of benzaf]carbazolesl5a0
1-Bromo-2-(2-bromophenyl)naphthaleng(14) (0.15mmol), amine (0.225mol),
Pd.dba (0.0075mmol), Xantphos (0.007&mol) or (S§-BINAP (0.0075mmol) and
NaQtBu (0.36mmol) wereadded to a dried glass pressure tube. The tube was evacuated
and backfilledthree times with argon, theBlO ml of dried toluene was added. The
mixture was heated to 10C for 14hours until completion (monitored by TLC). After
cooling to room temperaturéhe solvent was removed under reduced pressure. The

crude oilwas purified bycolumn chromatographiheptane/ethyl acetate)

5.1.10.Synthesis of thienandoles18at and thienoindoles 19&
3-Bromao-2-(2-bromophenylthiophene 17 (0.15mmol), amine (0.2251mol),
Pckdba (0.0075mmol), dppf or (9-BINAP (0.0075mmol) or PBuAiBF,
(0.015mmol) and Na@Bu (0.36mmol) were added to a dried glass pressure tube. The
tube was evacuated and backfiliikdee times with argon, thehO ml of dried toluene
was addedThe mixture was heated to 100 for 14hours until completion (monitored
by TLC). After cooling to room temperature, the solvent was removed under reduced

pressure. The crude oil wpsrified bycolumn chromatographiheptane/ethyl acetate)
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5.1.11.Synthesis of3-bromo-2-(arylethynyl) -benzopp]thiophenes 22ac
2,3-Dibromobenzothiophene2) (3.0mmol), aryl acetylene (3.8mol), Pd(PP¥).Cl,
(0.15mmol) and Cul (0.3nmol) were added to a dried glass pressure tube. The tube
was evacuated and backfilltiaree timeswith argon, ther2.0 ml of triethylamine was
added. The tube was sealed with a Teflon cap and stirred at room temperature for
14 hours until completion (monitored by TLC). After cooling to room temperature, the
solvent was removed under reduced pressline. crude oil was purified by column

chromatography (heptane/ethyl acetate).

5.1.12.Synthesis of4-chloro-2-methyl-3-(arylethynyl)quinolines 27ae
4-Chloro-3-iodo-2-methylquinoline %d) (3.0mmol), aryl acetylene (4mmol),
Pd(PPh).Cl, (0.15mmol) and Cul (0.3nmol) were added to a dried glass pressure
tube. The tube was evacuated and backfittege times with argon, then 41l of
triethylamine was added. The tube was sealed with a Teflon cap and heaté€ ttm80
14 hours until completion (monitored by T). After cooling to room temperature, the
solvent was removed under reduced pressure. The crude oil was purified by column

chromatography (heptane/ethyl acetate).

5.1.13.Synthesis of4-chloro-2,6-dimethyl-5-(phenylethynyl)pyrimidines 30af
4-Chloro-5-iodo-2,6-dimethylpyrimidine (29) (3.0mmol), aryl acetylene (4.mmol),
Pd(PPh).Cl, (0.15mmol) and Cul (0.3nmol) were added to a dried glass pressure
tube. The tube was evacuated and backfitte@e times with argon, then 2l of
triethylamine was added. Thabie was sealed with a Teflon cap and heated t€Cg0r
14 hours until completion (monitored by TLC). After cooling to room temperature, the
solvent was removed under reduced pressure. The crude oil was purified by column

chromatography (heptane/ethyl tate).

5.1.14.Synthesis of benzo[4',5"thieno[2',3":4,5]pyrrolo[1,2f]phenanthridines

24a-0 and benzo[4',5thieno[2',3":4,5]pyrrolo[1,2-f]phenanthridines

26ah
3-Bromo-2-(phenylethynyl)benzdthiophenes 22ac) or 3-bromo
2-((2-bromophenyl)ethynyl)benzb]-thiophene (25 (0.32mmol), aryl amine
(0.38mmol), Pd(OAc) (0.032mmol), RBusABF; (0.064mmol) and CsCO;
(0.96mmol) were added to a dried glass pressure tube. The tube was evacuated and
backfilled three times with argon, then 4l of dried DMF wasadded. The tube was
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sealed with a Teflon cap and heated to A@0for 24hours. After cooling to room
temperature, bO was poured to the reaction mixture and extracted withOGHThe
combined organic layers were dried over,8f@, and concentrateih vacua The

residue was purified by column chromatography (heptane/ethyl acetate).

5.1.15.Synthesis of quinolino[3',4":4,5]pyrrolo-[1,2-f]phenanthridines 28ap
4-Chloro-3-(arylethynyl)quinoline (27a€) (0.3mmol), ortho-bromoaryl amine
(0.36mmol), Pd(OAc) (0.03mmol), SPhos (0.061mol) and CgCO; (0.9mmol) were
added to a dried glass pressure tube. The tube was evacuated and b#uiddl¢idhes
with argon, then 4.énl of dried DMF was added. The tube was sealed with a Teflon
cap and heated to 14Q for 24hours. After cooling to room temperature;QHwas
poured to the reaction mixture and extracted with@J The combined organic layers
were dried over N&Oy and concentrateih vacuo The residue was purified by column
chromatography (heptane/ethyl ateja

5.1.18.Synthesis of 11,13dimethylpyrimido[5',4":4,5]pyrrolo[1,2 -f]-
phenanthridines 32&i
To a dried flask, 4-chloro-2,6-dimethyt5-(phenylethynyl)pyrimidine (30ab)
(0.3mmol), ortho-bromoaryl amine (0.36mol), Pd(PP¥s (0.03mmol), Xantphos
(0.03mmol), Cs,CO; (0.9mmol) anddried DMF (4.0ml) were added. The flask was
heated to 100C for 14- 24 hours under argon atmosphefde reaction profile was
checked by TLC until completion of the first stéxter cooling to room temperature,
the solvent wasemoved under reduced pressure. To the reaction mixture, Pg(OAc)
(0.03 mmol), PPk (0.06 mmol) and 4.0ml of dried toluenewere added. The reaction
mixture was heated for furtherh®urs under argon atmosphere. After the reaction was
completed, the solvénwas removed under reduced pressure. The residue was purified

by column chromatography (heptane/ethyl acetate).
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5.2. Spectral data
5.2.1. Synthesis of azaindolefom imines by domino C-C/C-N coupling

5.2.1.1lmines
N,1-bis(4-Methoxyphenyl)ethanl-imine (2a): 'H NMR (250MHz, Chloroformd)

Suio] U=8.03-7.85 (M, 2H CHa,), 7.00- 6.84 (M, 4H CHa),
Q 6.80- 6.71 (M, 2H CHa), 3.87 (s,3H, OCHp), 3.82 (s,
N

| 3H, OCHs), 2.23 (s, 3H CHzimine). *C NMR (63MHz,
J@)\ CDCl) =165.1(Ca), 161.7(Ca), 156.1(Ca/), 145.5
MeO

(Ca), 132.7(Ca), 129.0 (2®ia), 121.2 (2Cin), 114.4
(2CHa,), 113.8 (2@ia), 55.6 (OCHy), 55.5(0CHs), 17.3(CHsimine). MS (EI, 70eV):
m/z(%) = 256 (10), 255M]"* (54), 241 (17), 240 (100),97 (11). 92 (15)77 (12) 64
(13), 63 (14) HRMS(EI): Calculated for @H170.N [M]* 255.12538 found 255.12542.
'H- and™*C-NMR spectral data are in accordance with the literdifffe.

N-(3-M ethoxyphenyl)} 1-(4-methoxyphenyl)ethar1-imine (2b): *H NMR (250MHz,

Q Chloroformd) =#.88 (d, 3J=8.9Hz, 2H, CHa),
N ome| 7-34-7.17 (m, 1H CHy), 6.88 (d,°J=89Hz, 2H,

| CHa), 6.56 (ddd,3]=8.3Hz, “J=2.3Hz, “J=1.1Hz,
o 1H, CHa), 6.48-6.33 (m, 2H CHa), 3.87 (s, 3H

OCHg), 3.80 6 3H, OCHg), 2.22 (s, 3K CHs.imine)-
3C NMR (63MHz, CDCkL) =165.1(Cp;), 161.8(Car), 160.4(Ca), 153.1(Ca/), 130.7
(Car), 129.9(CHar), 129.1 (2Car), 113.8 (2®&4r), 112.2(CHpr), 109.0(CHa), 105.5
(CHar), 55.6 (OCHg), 55.4 (OCHg), 17.4 (CHas.imine). MS (El, 70eV): m/z(%) = 255
[M]™ (47), 241 (19), 240 (100), 92 (25), 77 (2ARMS (El): Calculated for gH17O.N
[M]* 255.12538 found 255.12528H-NMR spectraldata is in accordance with the

literaturel*®9

1-(4-M ethoxyphenyl)}N-phenylethan-1-imine (20): 'H NMR (250MHz,

@ Chloroformd) =u.95 (d,23J=89Hz, 2H CHy), 7.42- 7.29
N (m, 2H, CHa), 7.12- 7.02 (m, 1H CHa,), 6.96 (d,2J=8.9Hz,

| oH, CHa), 6.80 (dd2J = 8.4Hz, “J= 1.2 Hz, 2H CHy), 3.87
o (s, 3H OCHy), 2.21 (s, 3H CHaimind. *CNMR (63MHz,

CDCly) =164.7 (Cay), 161.7(Car), 152.0(Car), 132.3(Car), 129.0 (2Gia), 129.0
(2CHa7), 123.2(CHay), 119.7 (2G1a), 113.7(2CHa,), 55.5(OCHs), 17.3 (CHaimine).
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MS (EI, 70eV): m/z(%) = 225 [M]" (36), 211 (14), 210 (100), 167 (11), 118 (12), 92
(10), 78 (12), 77 (86), 63 (13), 51 (2BHRMS (El): Calculated for GHisNO [M]*
225.11482 found 225.1147'H- and**C-NMR spectral data are in accordance with the

literature!*®?

1-(4-M ethoxyphenyl}N-(naphthalen-2-yl)ethan-1-imine (2d): Pale yellow crystal,
mp.107- 108°C, purified by recrystallization, 61%6eld.
N 'HNMR (250MHz, Chloroformd)  =8.10 (d,

J@)'\ 3J=8.9Hz, 2H, CHa), 7.86 (d,3J=8.9Hz, 1H, CHy),
VO 7.79 (d,3)=8.3Hz, 1H, CHy), 7.60 (d,*J=8.2Hz, 1H
CHa), 7.53- 7.35 (m, 3H CHy,), 7.02 (d,%J=8.9Hz, 2H, CHa,), 6.80 (dd,21=7.2,
4J=1.2Hz, 1H CHa), 3.90 (s, 3HOCH), 2.18 (S, 3H CHaimind). -°C NMR (63MHz,
CDCly) 1i=166.0 (Ca), 162.1(Ca/), 148.3 (Ca), 134.5(Car), 132.2 (Ca), 129.4
(2CHa7), 128.3(CHa,), 126.5(Ca;), 126.4(CHa,), 126.2(CHa), 125.7(CHa/), 124.0
(CHar), 123.4(CHp), 114.1(CHa,), 114.0 (2@la), 55.8 (OCH), 17.8 (CH.imino).

IR (ATR, cm®): f = 3060 (w), 3012 (w), 2975 (w), 2954 (w), 2840 (w), 2050 (w=, 1962
(w), 1913 (w), 1849 (w), 1821 (w), 1788 (w), 1632 (m), 1596 (m), 1504 (m), 1437 (m),
1360 (m), 1307 (m), 1251 (s), 1173 (m), 1024 (m), 960 (m), 838 (s), 7A7&IM).
MS (El, 70 eV): m/z(%) = 276 (16), 279M]* (80), 261 (20), 260 (100), 217 (20), 127
(64), 77 (15) HRMS (EI): Calculated for GH1-NO [M] * 275.13047ound 275.13030.

N-(2,3-Dihydro-1H-inden-5-yl)-1-(4-methoxyphenyl)ethanl-imine (2e):. Yellow
/@Q solid, mp.61-62°C, purified by Kugelrohr distillation,
N 54%yield. '"H NMR (250MHz, Chloroformd) =.94

J@)'\ (d, 3J=8.9Hz, 2H CHy), 7.17 (d,3J=7.9Hz, 1H
MeO CHa), 6.95 (d, 3J=8.9Hz, 2H, CHa), 6.67 (d,
“J=1.2Hz, 1H CHy), 6.56 (dd,*J=7.8Hz, *J=2.0Hz, 1H CHa), 3.87 (s, 3H
OCHg), 2.90 (1,3 = 7.4Hz, 4H, CHa.aiiphat), 2-22 (S, 3K CHs.ming), 2.17- 2.02 (m, 2H
CHo.aliphaid- “C NMR (63MHz, CDCk) t=161.6 (Ca/), 145.2 (Ca/), 138.9 (Ca),
132.5 (Cp;), 130.7(Ca), 129.0 (2®ia/), 124.6 CHa/), 117.7 (CHya/), 115.9(CHa),
113.9 (Gy), 113.7 (2Qa), 55.5 (OCH), 33.2 (CHzaiphaid, 32.5 (CHz-aliphatid, 25.77
(CHa.aiiphatid, 17.3 (CHuiming). IR (ATR, cm™): T =3093 (w), 3015 (w), 2967 (w), 2931
(m), 2841 (m), 2062 (w), 2051 (w), 1983 (w), 1923 (w), 1671 (w), 1628 (m), 1598 (s),
1507 (m), 1483 (m), 1444 (m), 1364 (m), 1304 (m), 1255 (s), 1234 (m), 112318),
(m), 1027 (s), 839 (s), 832 (s), 573 (&S (El, 70eV): m/z(%) = 266 (9), 265[M] *
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(47), 250 (100), 115 (30), 91 (13HRMS(EI): Calculated for G@HiON [M]*
265.1461%ound 265.14612

N-(3,5-Dimethylphenyl)-1-(4-methoxyphenyl)etharl-imine (2f): Yellow solid,

Me mp.74-75°C, purified by Kugelrohr distillation,
/@\ 54%yield. *H NMR (250MHz, Chloroformd) =.92
N ve| (d,%3=8.9Hz, 2H, CHy/), 6.94 (d,3]=8.9Hz, 2H, CHy),
J@)'\ 6.72 (s, 1HCHa,), 6.42 (S, 2HCHa,), 3.87 (s, 3HOCHg),
MeO 2.31 (s, 6HCHy), 2.26- 2.17 (M, 3H CHgiming). °"C NMR

(63MHz, CDCI3) ii = 164.4(Ca), 161.6(Car), 151.9(Car), 138.6(2Ca), 132.4(Cay),
130.7(Car), 128.9 (2®ia;), 124.8(CHar), 117.4 (2@1a), 113.7 (2®la), 55.5 (OCH),
21.5(CHs), 17.3 (CHimine). IR (ATR, cmi®): ¥ =3005 (w), 2959 (w), 2913 (m), 2838
(W), 2732 (w), 2052 (w), 1910 (W), 1626 (m), 1590 (s), 1509 (m), 1454 (m), 1366 (m),
1308 (m), 1251 (s), 1171 (1028 (s), 829 (s), 689 (M), 571 (8)S (EIl, 70eV):
m/z(%) = 254 (10), 253M]* (51), 239 (21), 238 (100), 105 (13), 77 (IARMS (EI):
Calculated for GH19ON [M] ™ 253.1461%ound 253.14642.

N-(4-M ethoxyphenyl)}1-phenylethan-1-imine (29): 'H NMR (250MHz,

oMe| Chloroformd) =8.02-7.91 (m, 2H CHy), 7.49-7.37 (m,
N/©/ 3H, CHy), 6.97-6.85 (m, 2H CHy), 6.81-6.71 (m, 2H

' CHa), 3.82 (s, 3HOCH), 2.26 (S, 3H CHaimind). **C NMR
(63MHz, CDCk) U=166.0 (Ca), 156.1(Cp), 144.9 (Cay),

139.9 (Ca/), 130.5 (CHp), 128.5 (2®a), 127.3 (2®a), 120.9 (2®a), 114.4
(2CHar), 55.9 (OCH), 17.5 (CH.imine)- MS (EIl, 70€eV): m/z(%) = 226 (13), 225 [M]

(58), 211 (20), 210 (100), 195 (15), 167 (18), 64 (17), 63 (15), 51 (16). HENS
Calculated for @H:sNO [M]* 225.11482 found 225.114884- and*C-NMR spectral

data are in accordance with the literatd?g.

N-(4-M ethoxyphenyl)-1-(4-(trifluoromethyl)phenyl)ethan -1-imine  (2h): *H NMR

oMel (B300MHz, Chloroformd) =8.07 (d,%J=8.1Hz, 2H,
Q CHa), 7.69 (d, 3J=8.2Hz, 2H CHy), 6.93 (dd,
N

| 3)=9.3Hz, “3=2.7Hz, 2H CHa), 6.83-6.66 (m, 2H
CHa), 3.83 (s, 3H OCH), 2.28 (s, 3H CHaimine)-
FsC

FNMR (282MHz, CDCk) =u62.7 (FsC). *C NMR
(63MHz , CDEIL6a.%(Ca), t156.3(Car), 144.1(Cp), 142.9(Cp), 131.9 (q,
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2)er=32.4Hz, Cu), 127.5 (2®x), 125.4 (q, 3Jor=3.8Hz, 2CHa), 124.1 (q,
L3er = 269.9Hz, CR), 120.7 (2®ia), 114.3 (2@ia), 55.5 (OCHs), 17.4 (CHaimino).
MS (EI, 70eV): miz(%) = 294 (10), 293 [M] (56), 279 (16), 278 (100), 148 (12), 92
(15), 77 (21), 64 (12). HRMEEI): Calculated for GH1,ONFs [M]* 293.10220 found
293.10235'H- and™*C-NMR spectral data are in accordance with the literdttfe.

1-(4-Fluorophenyl)-N-(4-methoxyphenyl)ethan1-imine (2i): *H NMR (300MHz,
OMe Chloroformd) =8.01-7.92 (m, 2H CHy,), 7.17-7.05

/©/ (m, 2H CHy,), 6.96- 6.86 (M, 2H CHy), 6.79- 6.69 (m,
N

| 2H, CHx), 3.82 (s, 3H OCHy), 2.24 (s, 3H CHainine).
J@)\ 19 NMR (282MHz, CDCl) =i110.7 (FC). C NMR
F (126MHz, CDCk)  =U64.5 (Ca), 164.4 (d,

LJcr = 250.4Hz, Ca), 156.2(Car), 144.8(Cp;), 136.1 (d,*Jce=3.1Hz, Ca), 129.3 (d,
33k = 8.6 Hz, 2CHp), 120.9 (2®1a), 115.4 (d2Jcr = 21.6Hz, 2CHa), 114.4 (2Gia),
55.7 (OCHs), 17.4(CHaimine). MS (El, 70€V): m/z(%) = 243 [M]" (55), 229 (16), 228
(100), 185 (11), 92 (12), 77 (16). HRMBI): Calculated for GHi,ONF [M]*
243.10539 found 243.1054'H- and**F-NMR spectral data are in accordance with the

literaturel**3

1-(4-Fluorophenyl)-N-phenylethan-1-imine (2j): *H NMR (300MHz, Chloroformd)
U=8.04-7.94 (m, 2H CHy), 7.35 (t,°J=7.8Hz, 2H CHa),
N/© 7.21-7.05 (m, 3H CHa), 6.84- 6.76 (m, 2H CHy), 2.22 (s, 3H
J@)'\ CHaimind. FNMR (282MHz, CDCk) =i1053 (FG).
- 3CNMR (75MHz, CDCL) =164.6 (d,"Jcr=252 Hz CFy),
164.5(Ca), 152.8(Ca;), 136.1(Ca;), 130.2 (d,2Jce=8.6Hz, 2CHy,), 130.2(2CHa,),
124.6 (CHa), 120.2 (2CHy), 116.7 (d,%Jce=21.5Hz, 2CHy), 17.5 (CHaimine)-
MS (El, 70eV): m/z(%) = 213 [M]" (51), 199 (14), 198 (100421 (5), 78 (5)77 (64),
51 (20). HRMSEI): Calculated for gH.NF [M]* 213.09483 found 213.09477.

'H- and™®*C-NMR spectral data are in accordance withltieeaturel**

N-(4-Fluorophenyl)-1-phenylethan-1-imine (2k): *H NMR (300MHz, Chloroformd)
U=7.99-7.96 (m, 2H CHy), 7.49-7.43 (m, 3H, CH,), 7.08-7.04 (m, 2H, CHa),
6.78- 6.74 (M, 2H, CHa,), 2.24 (S, 3H, Chliming)- *C NMR (75MHz, CDCk) =166.5
(Car), 159.5 (dXJcr = 2411 Hz, CFy), 147.8 (dJcr = 2.4Hz, Ca), 139.5(Ca), 130.7
(CHa)), 128.4 (2®la), 127.3 (2Ga;), 120.8 (d,%Jcr=8.2Hz, 2CHp,), 115.7 (d,

S10



Appendix

miz(%) = 213 [M]* (48), 199 (14), 198 (100), 136 (14), 95 (35),

' 77 (15), 75 (18). HRMSEI): Calculated for gH:oNF [M]*
213.09483 found 213.09496- and*C-NMR spectral datés in

accordance with the literaturé?

/©/F 2Jcr=22.0Hz, 2CHx), 17.4 (CHsimnd. MS (El, 70eV):
N

N,1-Diphenylethan-1-imine (2I): *H NMR (300MHz, Chloroformd) =8.02-7.94

/@ (m, 2H CHa), 7.50- 7.42 (m, 3H CHy), 7.39- 7.31 (m, 2H CHa),
N 7.12-7.05 (m, 1H CHy), 6.83-6.77 (m, 2H CHa), 2.24 (s, 3H

©)'\ CHaimine). **CNMR (63MHz, Acetoned®) U=165.5 (Ca/), 152.9
(Car), 140.3 (Cu), 131.1 (CH,), 129.7 RCHp), 129.0 RCHa),

128.0 QCHy), 123.8 (CH,), 120.0 RCHa), 17.2 (CHimne. MS(El, 70eV):
miz(%) = 195 [M]* (41), 181 (13), 180 (100), 118 (16), 103 (11), 77 (87), 76 (12), 51
(39), 50 (12). HRMSEI): Calculated for @HisN [M]* 195.10425 found 195.10362.

'H- and**C-NMR spectral data are in accordance with the literdttfe.

1-([1,1'-Biphenyl]-4-yl)-N-phenylethan-1-imine  (2m):  'HNMR  (250MHz,

/@ Chloroformd) : =85 (d,%J=8.4Hz, 2H, CHa,), 7.68 (d,
N 3J=8.4Hz, 2H, CHa), 7.65 (d,*J=8.0Hz, 2H CHa),

| 7.51-7.42 (m, 2H CHa), 7.40- 7.33 (m, 3H CHy), 7.09 (1,

O 3)=7.2Hz, 1H CHa), 6.81 (d2J=7.6Hz, 2H CHa), 2.26
O (s, 3H CHsimine). “CNMR (63MHz, CDCk) ii=165.2

(Car), 151.9(Car), 143.3(Car), 140.6(Car), 138.5(Car), 129.1 (2CH,), 129.0 (2CH,),
127.9 (CHa), 127.8 (2CH,), 127.3 (2CH,), 127.2 (2CH,), 123.4 (CHa), 119.6
(2CHa), 17.5 (CH.imine). MS (El, 70eV): m/z(%) = 272 (11), 271 [M] (45), 257 (21),
256 (100), 179 (15), 152 (22), 151 (14), 77 (60), 51 (22). HRES Calculated for
CooH1/N [M]* 271.13555 found 271.13552H- and **C-NMR spectral data are in
accordance with the literatufe’

1-(Naphthalen-2-yl)-N-phenylethan-1-imine (2n): 'H NMR (300MHz,

Chloroformd) : =8i85 (s, 1H CHa/), 8.23 (d,>J=8.8Hz, 2H

N@ CHa/), 7.96-7.85 (m, 3H CHy), 7.59- 7.48 (m, 2H CHy,),
' 7.38 (dd, J=7.6Hz, 3J=7.6Hz, 2H CHa), 7.12 (t,

OO 3)=7.6Hz, 1H, CHa,), 6.84 (d3J=7.6Hz, 2H, CHa), 2.36 (s,

3H, CHsiming). ~°C NMR (63MHz, CDCk) Ui = 165.5(Ca;), 151.8(Car), 137.0(Ca),
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134.6 (Ca), 133.1(Ca), 129.1 (2CH,), 129.1(CHg), 128.2(CHa), 127.8(2CHa),
127.3 (CHa), 126.5 (CHa), 124.4 (CHa), 123.5 (CHa), 119.6 (2CH,), 17.5
(CHa.imine). MS (EI, 70 eV): m/z(%) = 245 [M]" (45), 231 (19), 230 (100), 153 (16), 127
(21), 126 (12), 77 (55), 51 (22). HRMEI): Calculated for GHisN [M]* 245.11990
found 245.12002.*H- and ®*C-NMR spectral data are in accordance with the

literature(*°8

N,1-Di(naphthalen-2-yl)ethan-1-imine (20): Brown crystal, mp136- 137°C, purified

by recrystallization, 47%yield. 'H NMR (300MHz,

N Chloroformd) =&.47 (s, 1H CHa), 8.41 (dd,

| 3)=8.7Hz, *J=1.8Hz, 1H CHy), 8.02-7.80 (m, 5H
OO CHa/), 7.63 (m, 1H CHy), 7.60-7.54 (m, 2H CHa),
7.52-7.39 (m, 3H CHy), 6.86 (d,J=7.2Hz, 1H CHa), 2.35 (s, 3H CHsimine).
¥C NMR (75MHz, CDCkL) =136.7(Ca;), 134.8(Ca;), 134.4(Ca), 133.1(Ca/), 129.7
(Car), 129.2(CHay), 128.6(Car), 128.3(CHar), 128.2 (CHyr), 128.1 (CHa), 127.9
(CHar), 127.5(CHar), 126.6 (CHar), 126.3(Car), 126.2(CHyr), 126.1(CHar), 125.6
(CHar), 124.5 (CHa;), 123.8 (CHpr), 123.6 (CHar), 113.8 (CHa), 17.9 (CHaiimine)-
IR (ATR, cm™): T = 3468 (w), 3397 (w), 3239 (w), 3084 (w), 3050 (m), 3006 (w), 2963
(w), 2852 (w), 2704 (w), 2561 (w), 1938 (w), 1915 (w), 1848 (w), 1690 (w), 1625 (s),
1570 (m), 1504 (m), 1433 (w), 1387 (m), 1366 (m), 1292 (m), 1293 (m), 1223 (m),
1129 (m), 1080 (m),1014 (m), 858 (m), 802 (m), 777 (s), 747 (m), 868 (m).
MS (El, 70eV): m/z(%) = 296 (17), 299M]* (74), 281 (23), 280 (100), 153 (15), 127
(67), 126 (29)HRMS (EI): Calculated for gH;7N [M]* 295.135550und 295.13563.

5.2.1.24-Azaindoles
1,2-bis(4-methoxyphenyl}1H-pyrrolo[3,2-b]pyridine (3a): Yellow solid,
OMe mp.188-189°C. 'HNMR (250MHz, Chloroformd)
U=8.40 (s, 1H CHa,), 7.39 (d,%J=8.5Hz, 1H CHa),
7.16 (d,33=8.9Hz, 2H CHa,), 7.07 (d,33=8.9Hz, 2H,
m_@we CHa), 6.98 (dd,2J=8.3Hz, 3J=4.5Hz, 1H, CHy), 6.87
N~ (d, 3J=8.9Hz, 2H CHa), 6.83 (s, 1H CHx), 6.73 (d,
3J=89Hz, 2H, CHa), 3.75 6 3H, OCH), 3.71 (s, 3H OCH,). **C NMR (63MHz,
CDCl;) =159.4 (Ca), 158.8 (Ca), 146.5 (G/), 144.2 (Ca/), 143.8 (Ca), 132.4
(CHar), 130.3 (2®la), 128.9 (2®1a), 124.2(Cp;), 117.5(CHa), 116.6(CHp,), 114.6
(2CHpr), 113.8 (Gy), 113.8 (2®pa;), 102.9 (CHa), 55.5 (OCHs), 55.2 (OCH).
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IR (ATR, cm™): T = 3122 (w), 3076 (W), 2918 (m), 2848 (w), 2045 (w), 1923 (w), 1716
(w), 1608 (m), 1510 (s), 1498 (s), 1458 (m), 1414 (s), 1247 (s), 1186 (m), 1104 (m),
1025 (s), 923 (m), 834 (s), 800 (s), 789 (s), 729 (m), 644 (w), 58MES]EI, 70eV):
m/z(%) = 331 (29, 330[M]" (100), 315 (28), 243 (17HRMS (ESI): Calculated for
C21H1gN202 [M+H] ¥ 331.1441G0ound 331.14419.

1-(3-M ethoxyphenyl)2-(4-methoxyphenyl)}1H-pyrrolo[3,2-b]pyridine (3b): Yellow

3)=4.7Hz, *3=1.3Hz, 1H CHa), 7.46 (d,*J=8.2Hz,

N 1H, CHa), 7.23 (t, 2J=8.1Hz, 1H CHy), 7.16 (d,
Wom 3)=8.8Hz, 2H, CHy), 6.97 (dd,2J=8.3Hz, 3J=4.7Hz,

1H, CHa), 6.83 (s, 1H, Ch), 6.86- 6.80 (m,1H, CHy), 6.76- 6.69 (m,3H, CHa,),

6.67 M, 1H, CHa), 3.69 (s, 3H OCHs), 3.64 (s, 3H OCHs). *C NMR (63MHz,
CDCl;) =160.4 (Ca), 159.6 (Ca;), 146.9 (Ca;), 144.3(CHa/), 144.0(Ca), 138.8
(Car), 132.1(Ca;), 130.4 (2®a), 130.2 (CHa/), 124.3 (Cp;), 120.1 (CHp,), 117.6
(CHa), 116.9(CHa/), 113.9 (2®a), 113.6(CHa), 113.4(CHp/), 103.7(CHa,), 55.5
(OCHg), 55.3(OCHy). IR (ATR, cm™): | =3036 (w) 2002 (w), 2933 (w), 2834 (W),
2926 (w), 2034 (w), 1891 (w), 1676 (w), 1588 (s), 1491 (s), 1454 (m), 1411 (s), 1281
(m), 1246 (s), 1172 (s), 1027 (s), 833 (m), 778 (s), 725 (m), 694 (m), 552 (m).
MS (El, 70eV): m/z(%) = 331 (25), 33gM]* (100), 315 (24), 243 (17HRMS (EI):
Calculated for gH;50:N, [M] ¥ 330.136280und 330.13602.

Q oo oil. '"HNMR (300MHz, Chloroformd) =8.39 (dd,

2-(4-M ethoxyphenyl}1-phenyl-1H-pyrrolo[3,2-b]pyridine  (3c): Yellow solid,
mp.137-138°C. 'HNMR (250MHz, Chloroformd)
Q U=8.40 (n, 1H, CHy), 7.43 (d,3J=8.1Hz, 1H CHa,),
XN 7.38-7.26 (m, 3H CHya), 7.17-7.09 (m, 4H CHy,), 6.97
WOMG (dd,*J=8.3Hz, %)= 4.6Hz, 1H CHa/), 6.85 (S, 1HCHa/),
6.71 (d,3J=8.8Hz, 2H, CHa), 3.69 (s, 3H OCH;). *CNMR (63MHz, CDCk)
U=159.6(Ca), 146.8(Ca;), 144.1(CHp) 144.1 (G,), 137.8(Ca), 132.2(Ca;), 130.5
(2CHar), 129.6 (2G@1a), 127.9 (2®la/), 127.7(CHar), 124.2(Ca), 117.6(CHa/), 116.9
(CHar), 113.9(2CHa/), 103.6(CHp,), 55.3(0OCHs). IR (ATR, cm™): = 3117 (w), 3060
(W), 2960 (w), 2834 (w), 1595 (m), 1500 (s), 1414 (s), 1242 (m), 1179 (m), 1023 (m),
834 (m), 782 (s), 700 (s), 598 (NS (El, 70eV): m/z(%) = 301 (23), 30qM] * (100),
285 (39), 255(27), 128 (10), 77 (10), 51(8HRMS (El): Calculated for GH1cON;
[M]* 300.1257 Ffound 300.12513
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2-(4-M ethoxyphenyl}1-(naphthalen-2-yl)-1H-pyrrolo[3,2-b]pyridine (3d): Yellow

solid, mp.140- 141°C. 'HNMR (250MHz,
OO Chloroformd) =8.50 (dd,3J=4.6Hz, “J=1.5Hz, 1H
CHa), 7.94 (dd,3J=8.3Hz, “J=1.1Hz, 2H CHa),
m_@we 7.56- 7.52 (M, 1H CHa,), 7.48 (d,31=8.3Hz, 1H, CHa),

NT 7.47-7.33 (m, 2H, CHy), 7.33 (dd, 3J=7.3Hz,
4J=1.2Hz, 1H CHy), 7.18 (d3J=8.8Hz, 2H, CHy), 7.07 (d3J = 7.2Hz, 2H, CHa/),
6.97 (dd,*J=8.3Hz, 3J=4.5Hz, 1H, CHa,), 6.66 (d,2J=8.8Hz, 2H, CHa), 3.69 (s,
3H, OCHs). ®C NMR (63MHz, CDCkL) =59.6(Cp;), 146.8(Ca;), 145.5(Cx), 144.1
(CHa/), 134.5(Ca/), 134.5(Ca), 133.4(Ca), 131.2(Ca;), 129.8 (2@ a/), 129.1 (CHh),
128.6 (CHy), 127.5 (CH,), 127.3 (CHy), 126.9 (CH,), 125.7(CHa), 124.3(Cn,),
123.2(CHar), 118.2(CHa;), 116.9(CHa), 113.9 (2G1), 103.1(CHa/), 55.3(OCHk).

IR (ATR, cm™): = 3048 (w), 2921 (w), 2850 (w), 1607 (m), 1496 (m), 1417 (m), 1251
(s), 1178 (m), 1024 (m), 848m), 806 (s), 797 (s), 773 (s), 590 (m), 539 (m).
MS (El, 70eV): m/z(%) = 351 (22), 350[M]* (100), 335 (17), 305 (20), 153 (11).
HRMS (ESI): Calculated for G4H1gN,0 [M+H]" 351.14919 found 351.14934

1-(2,3-Dihydro-1H-inden-5-yl)-2-(4-methoxyphenyl}1H-pyrrolo[3,2-b]pyridine

(3e): Yellow solid, mp51-52°C. '"HNMR (300MHz,
Chloroformd) =8.39 (dd,3J=4.7Hz, *J=1.4Hz, 1H
CHa), 7.41 (ddd?1=8.3Hz, “J=1.4Hz, °J=0.8Hz, 1H
m—@om CHa), 7.19 (d,*3=1.7Hz, 1H CHy,), 7.18-7.14 (m,2H,

N CHa), 7.02-6.99 (m, 1H CHy), 6.96 (dd, %J=8.3Hz,
“J=4.7Hz, 1H CHy), 686 (dd, 3J=7.9Hz, *J=2.0Hz, 1H CHy), 682 (d,
°J=0.7Hz, 1H CHay), 6.73 (d,23J=8.8Hz, 2H, CHy), 371 (s, 3H OCHg), 2.87 - 2.83
(M, 4H, CHaaiphaid, 2.13-1.99 (M, 2H CHaiphaid. "C NMR (63MHz, CDCk)
U=159.5(Car), 146.8(Ca), 145.8(Car), 144.2(Car), 144.1(CHar), 144.0(Car), 135.8
(Car), 132.5(Cp), 130.4 (2®ar), 125.9 (CHyar), 125.1 (CHyf), 124.5(Ca), 123.8
(CHar), 117.7(CHar), 116.7(CHy), 113.9 (2G1ar), 103.2(CHar), 55.4(0OCHg), 33.0
(CHa-aliphatid), 32.7 (CHa-aiiphati)s 25.7 (CHa-aliphatid- IR (ATR, cm®): | = 3038 (w), 3005
(w), 2924(m), 2844 (m), 2197 (w), 2058 (w), 2035 (w), 1889 (w), 1722 (w), 1674 (w),
1068 (m), 1596 (w), 1496 (s), 1412 (s), 1281 (m), 1246 (s), 1174 (s), 1028 (m), 832 (m),
780 (s), 726 (M)MS (El, 70eV): m/z(%) = 341 (25),340 [M]" (100), 325 (18), 156
(12), 15 (6).HRMS (El): Calculated for gH»0ON> [M]* 340.1570%ound 340.15685.
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1-(3,5-Dimethylphenyl)-2-(4-methoxyphenyl} 1H-pyrrolo[3,2-b]pyridine (3f):
™ Yellow solid, mp.143-144°C. 'HNMR (300MHz,
OMe Chloroformd) =8.38 (dd,3J=4.7Hz, “J=1.4Hz, 1H
CHa), 7.41 (dd23=8.2Hz, “3J=2.1Hz, 1H CHa), 7.17

m_@o,we d, %J=89Hz, 2H, CHx), 6.96 (dd, 2J=8.3Hz
N 3J=4.7Hz, 1H CHa), 6.92 (s, 1H CHa), 6.82 (d,

°J=0.7Hz, 1H, CHa), 6.78-6.69 (m,4H, CHa), 3.70 (s, 3H OCHs), 2.22 (s, 6H

CHs). ®*CNMR (63MHz, CDCk) =159.5(Ca), 146.9 (Cp), 144.1(Ca), 144.0
(CHa), 139.3(2Ca/), 137.62(Cp;), 132.3(Ca/), 130.4 (2®a/), 129.5(CHa,), 125.6
(2CHar), 124.5(Cp;), 117.7(CHa), 116.7(CHa,), 113.9 (2®i), 103.3(CHy/), 55.4
(OCHs), 21.4 (2®3). IR (ATR, cm™): T =3038 (w), 3008 (w), 2920 (w), 2837 (w),
1610 (m), 1594 (m), 1497 (s), 1413 (s), 1377 (m), 1250 (s), 1177 (m), 1037 (m), 837
(m), 783 (m).MS (El, 70eV): m/z(%) = 329 (25), 32gM] * (100), 313 (21), 269 (13),

157 (12) HRMS (El): Calculated for GH.0ON, [M] * 328.155701found 328.15685.

1-(4-M ethoxyphenyl)-2-phenyl-1H-pyrrolo[3,2-b]pyridine  (3g): Yellow solid,
oMe | Mp.146- 147°C. *H NMR (300MHz, Chloroformd) =8.50 (d,

3J=4.1Hz, 1H CHy), 7.50 (d, 3J=8.2Hz, 1H CHa),

7.35-7.25 (m, 5H CHa,), 7.24 (d, 3J=8.9Hz, 2H, CHy,), 7.08

m_@ (dd,33=8.3Hz, %J=4.6Hz, 1H CHa), 6.99 (s, 1HCHa,), 6.94

N (d, 3J=8.9Hz, 2H CHa), 3.84 (s, 3H OCHy). “*CNMR

(63MHz, CDCk) =158.9(Cp,), 146.3(Ca), 144.2(Cp;), 143.9(CHp,), 132.6(Ca)),

131.7(Ca), 130.2(Car), 129.1 (2®a), 128.9 (2Gia,), 128.3 (2Cia), 127.9(CHp,),

117.8 (CHa), 116.9 (CHp), 114.7 (2®a), 103.8 (CHp), 55.5 (OCHy).

IR (ATR, cm): T = 3128 (w), 3012 (w), 292(w), 2850 (w), 2044 (w), 1891 (w), 1852

(w), 1597 (m), 1510 (s), 1414 (s), 1245 (s), 1176 (m), 1022 (m), 843 (m), 769 (s), 696

(s), 583 (m).MS (El, 70eV): m/z(%) = 301 (22), 30gM]* (100), 209 (19), 285 (18),

255 (22), 128 (11)HRMS (El): Calculated ér CyoH160N, [M]* 300.12571found

300.12562.

1-(4-M ethoxyphenyl)-2-(4-(trifluoromethyl)phenyl) -1H-pyrrolo[3,2-b]pyridine

(3h): Yellow solid, mp.143- 144°C. *H NMR (300MHz, Chloroformd) =8.52 (dd,
3)=4.6Hz, *J=1.4Hz, 1H CHy), 7.56- 7.47 (m,3H, CHy,), 7.41 (d2J=8.1Hz, 2H
CHa), 7.14 (d,33=8.9Hz, 2H, CHy), 7.10 (d, 3J=8.3Hz, 3= 4.6 Hz, 1H, CHa,),
7.04 (d,°J=0.7Hz, 1H CHy), 6.96 (d,%33=8.9Hz, 2H, CHa/), 3.85 (s, 3H OCH).
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OMe FNMR (282MHz, CDCkL) =u62.7 (FsC). *CNMR
(63MHz, CDCL) =159.3 (Ca), 146.4 (Cp), 144.7
(CHa), 142.2(Ca/), 135.4(Cp;), 133.0(Ca/), 130.0(Cn),
m_@% 129.8 (q, Yer=32.6Hz, Ca), 129.2 (2Gia), 129.0

N (2CHa), 125.4 (q, 3Jcr=3.7Hz, 2CHA), 124.1 (q,
LJer = 272.1Hz, CFs), 118.0(CHa,), 117.7(CHa), 115.0 (2®a), 105.2(CHa), 55.6
(OCHy). IR (ATR, cmY):  =3044 (w), 3014 (w), 2959 (w), 2932 (w), 2840 (w), 1726
(W), 1616 (w), 1514 (s), 1416 (m), 1328), 1317 (s), 1245 (m), 1167 (s), 1109 (s),
1061 (m), 856 (M), 804 (s), 758 (M), 623 (M)S (El, 70 eV): m/z(%) = 369 (23), 368
(100), 367 (19), 255 (11), 182 (11), 128 (IHRMS (EI): Calculated for GiH1sON,F3
[M] " 368.1131Gound 368.11256.

2-(4-Fluorophenyl)-1-(4-methoxyphenyl)}1H-pyrrolo[3,2-b]pyridine  (3i): Yellow
OMe solid, mp.143-144°C. *HNMR (300MHz, Chloroformd)
U=8.42 (dd,*J=4.6Hz, “J=1.5Hz, 1H CHy), 7.40 (ddd,
3)=8.4Hz, J=1.4Hz, 2J=0.7Hz, 1H CHy), 7.20 (dd,
WF 3)=8.9Hz, J=5.3Hz, 2H, CHy), 7.05 (d,3J=8.9Hz, 2H,
N CHa), 6.99 (dd?J=8.3Hz, 31=4.6Hz, 1H CHa,), 6.92 (m,
1H, CHa/), 6.90- 6.83 (m, 4H CHa,), 3.76 (s, 3HOCH;). *F NMR (282MHz, CDCh)
U=-113.3 (FG,). ®*CNMR (63MHz, CDCkL) =162.6 (d,Jcr=248.6Hz, Ca),
159.1(Car), 146.5(Car), 144.4(CHp,), 143.1(Ca), 132.6(Ca), 131.0 (d3Jce = 8.2 Hz,
2CHp;), 130.1(Car), 129.0 (2®a)), 128.1 (d,"Jcr = 3.4Hz, Cp;), 117.8(CHp,), 117.2
(CHa), 115.6 (d,2Jcr=21.7Hz, 2CHy), 114.8 (2®a/), 103.9(CHp,), 55.6 (OCHy).
IR (ATR, cm™): T = 3117 (w), 3050 (w=, 3014 (w), 2916 (w), 2835 (w), 1600 (m), 1558
(w), 1515 (s), 1496 (s), 1419 (m), 1359 (m), 1248 (s), 1@ 1158 (m), 1108 (m),
1024 (s), 840 (s), 681 (s), 577.(8)S (El, 70eV): m/z(%) = 319 (23), 31§M] * (100),
317 (17), 275 (18), 137 (9HRMS (EI): Calculated for GH1sONsF [M]* 318.11629
found 318.11615.

2-(4-Fluorophenyl)-1-phenyl-1H-pyrrolo[3,2-b]pyridine  (3j): Yellow  solid,

mp.128-129°C. 'HNMR (250MHz, Chloroformd)

Q U=8.44 (s, 1H CHy), 7.48 (d,%J=83Hz, 1H CHa),
N 7.42-7.28 (m, 3H CHy/), 7.26- 7.08 (M, 4H CHy,), 7.04 (dd,
|N/ Z " 2328.3Hz, 21 = 4.6Hz, 1H CHx), 6.95- 6.82 (m, 3H CHa).

"FNMR (282MHz, CDCk) =u1129 (FGy). *CNMR (63MHz, CDCk) =162.7
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(d, Yer = 249.0Hz, CFyy), 146.1(Car), 143.8(CHay), 143.4(Cay), 137.3(CHyy), 132.3

(Car), 131.0 (d3Jcr = 8.2Hz, 2CHar), 129.8 (2Gia), 128.1(Car), 127.9 (2Gia), 127.8

(d, “Jcr = 3.4Hz, Ca), 118.3(CHar), 117.3(CHa,), 115.6 (d,2Jce = 21.7Hz, 2CHa),
104.1(CHa). IR (ATR, cmi)): { = 3046 (w), 2920 (w), 2851 (w), 1893 (W)596 (m),

1495 (s), 1412 (s), 1359 (m), 1219 (m), 1156 (m), 1013 (m), 835 (s), 798 (s), 782 (s),
696 (s), 594 (S)MS (El, 70eV): m/z(%) = 289 (20), 288M]* (100), 287 (47), 286

(15), 120 (7), 77 (12), 51 (L2RMS (El): Calculated for @HisFN, [M]* 288.10573
found 288.10600.

1-(4-Fluorophenyl)-2-phenyl-1H-pyrrolo[3,2-b]pyridine  (3k):  Yellow solid,
= mp.120- 121°C. *HNMR (500MHz, Chloroformd) =8.51
(dd, 3J=4.6Hz, *J=1.2Hz, 1H CHa,), 7.49 (ddd, *J=8.3Hz,
“J=1.4Hz, °J=0.8Hz, 1H CHy), 7.28-7.23 (m, 5H, CHy),
m_@ 7.22-7.17 (M, 2H CHa,), 7.15- 7.07 (m, 3H CHa,), 6.99 (s, 1H
N CHa). *FNMR (282MHz, CDCkL) =#113.2(FCa). *C NMR
(63MHz, CDCk) =t61.8 (d\Jcr = 248.2Hz, CFy,), 146.8(Ca/), 144.6(CHa), 144.1
(Car), 133.7 (d,"Jcr=3.0Hz, Ca), 133.6 (G), 131.6(Ca;), 129.5 (d,*Jcr = 8.5Hz,
2CHp), 129.2 (2®a), 128.5 (2®a), 128.3 (CHar), 117.6 (CHar), 117.3 (CHa),
116.6 (d,%Jcr=22.8Hz, 2CHp;), 104.7 (CHp,). IR (ATR, cm?): f =3054 (w), 2924
(w), 2853 (w), 1888 (w), 1599 (w), 1560 (w), 1507 (s), 1415 (s), 1221 (s), 1153 (m),
965 (m), 850 (m), 763 (s), 693 (s), 581 (&)S (El, 70eV): m/z(%) = 289 (21), 288
[M]* (100), 287 (45), 286 (14), 143 (8), 75 (MWRMS (EI): Calculated for @H;sNF
[M]* 288.1057Found 288.10531.

1,2-Diphenyl-1H-pyrrolo[3,2-b]pyridine  (3l):  Yellow solid, mp.117-118°C.

'H NMR (250MHz, Chloroformd) =8.49 (d,3J=4.3Hz, 1H

Q CHa), 7.54 (d3=8.2Hz, 1H, CHa,), 7.46- 7.34 (m, 3H CHa,),
N 7.28-7.25(m, 4H, CHy), 7.24- 7.20 (m, 2H CHa), 7.20- 7.17

| N Z (m, 1H, CHa), 7.07 (ddJ=8.3Hz, 31 =4.6Hz, 1H CHa), 6.99

(d, ®J=0.5Hz, 1H, CHa). *CNMR (63MHz, CDCk) =146.7 (Ca), 144.3(Ca),
144.1 (CHpy), 137.8(Ca), 132.4(Ca), 131.8(Car), 129.6 (2Ga), 129.2 (2Gia),
128.4 (2G4, 128.2(CHar), 127.9 (2Cia), 127.8(CHar), 117.9(CHa,), 117.2(CHa),
104.5(CHay). IR (ATR, cmi)): T = 3046 (w), 2920 (w), 2850 (w), 1595 (m), 1558 (w),
1598 (m), 1454 (w), 1412 (s), 1382 (m), 1327 (m), 1@8) 1178 (m), 1113 (m), 963
(m), 769 (s), 690 (s), 604 (IS (EI, 70 eV): m/z(%) = 271 (21), 27qM] * (100), 269
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(52), 268 (18), 77 (12), 51 (1L4HRMS(ESI): Calculated for GoHiN, [M+H]*
271.12297ound 271.12302*H- and**C-NMR spectral data aii@ accordance with the

literaturel*6°l

2-([1,1'-Biphenyl]-4-yl)-1-phenyl-1H-pyrrolo[3,2-b]pyridine  (3m): Yellow solid,

mp.169- 170°C. *H NMR (250MHz, Chloroformd)
Q U=8.45 (d,3)=4.5Hz, 1H CHy,), 7.55- 7.25 (m, 13H

xpe-N CHa), 7.24-7.15 (m, 2H CHy), 7.07-6.97 (m, 2H
| N7 J O O CHa). ®CNMR (63MHz, CDCk) =146.7 (Ca),

144.4 (Car), 143.7(CHpr), 140.8(Car), 140.3(Ca), 137.7(Ca), 132.5(Ca), 130.7
(Car), 129.7 (2C®ar), 129.5 (2C®,Ar), 128.9 (2E® ), 127.9 (2CH4;), 127.9 (CHay),
127.7(CHar), 127.1 RCHa,), 127.1 QCHa), 1178 (CHa,), 117.2(CHa/), 104.6(CHa,).

IR (ATR, cm™): f =3113 (w), 3061 (w), 2921 (w), 2851 (w), 19@0), 1681 (w), 1596

(m), 1494 (m), 1411 (s), 1353 (m), 844 (m), 805 (m), 785 (m), 769 (s), 698 (s), 605 (m).
MS (El, 70eV): m/z(%) = 346 [M] * (100), 347 (27), 345 (32), 269 (8), 77 (11), 51 (7).
HRMS (EI): Calculated for gH1gN> [M]* 346.1464F0ound 346.14578.

2-(Naphthalen-2-yl)-1-phenyl-1H-pyrrolo[3,2-b]pyridine  (3n): Brownish solid,
mp.130-131°C. 'HNMR (250MHz, Chloroformd)
Q U=8.46 (s, 1H CHy), 7.80-7.57 (m, 4H CHa,), 7.51 (d,
N 3)=8.2Hz, 1H, CHy,), 7.44- 7.13 (m, 8H CHy,), 7.11- 6.97
| P OQ (m, 2H, CHa). **C NMR (63MHz, CDCk) =146.6(Ca/),
. 144.2 (CHp,), 144.1 (G,), 137.7 (Ca), 133.2(Ca/), 132.8
(Car), 129.7 (2®4), 129.7 (Gy), 129.2 (Car), 128.6 (CHar), 128.4 (CHar), 128.0
(CHay), 127.9 (2® ), 127.8 (CHy), 127.6 (CH,), 126.7 (CH,), 126.6 (CH,), 126.6
(CHar), 118.0(CHa), 117.3(CHa), 104.8(CHa). IR (ATR, cm™): T = 3053 (w), 2923
(w), 2851 (w), 1592 (m), 1497 (s), 1414 (s), 1288 (m), 865 &2, (m), 781 (s), 759
(m), 693 (s).MS (El, 70eV): m/z(%) =321 (26), 32qM]* (100), 319 (49), 318 (16),
159 (7).HRMS (ESI): Calculated for GsH1gN2 [M+H] " 320.1308F0ound 320.13045.

1,2-Di(naphthalen-2-yl)-1H-pyrrolo[3,2-b]pyridine (30): yellow solid,
mp.157- 158°C. 'HNMR (300MHz, Chloroformd) =8.46 (dd, %J=4.6Hz
“J=1.5Hz, 1H CHy), 7.85 (dd, 3J=8.3Hz, %J=3.4Hz, 1H CHy), 7.69 (d,
*J=1.3Hz, 1H CHa,), 7.63- 7.55 (m, 1H CHa,), 7.52- 7.26 (m,10H, CHa,), 7.23 (dd,
3)=8.6Hz, *3=1.8Hz, 1H CHa), 7.18- 7.15 (m, 1H, CH,), 7.04 (ddd3J=8.3Hz,
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“J=1.4Hz, *J=0.8Hz, 1H, CHy), 6.92 (dd,3J=8.3Hz,
OO 3J=4.6Hz, 1H, CHy). CNMR (75MHz, CDCkL)

U=146.7(Ca/), 145.3(Cn;), 144.4(Cp), 134.4(CHp,), 134.3
| t N/ OO (Car), 133.6 (Car), 133.0 (Ca)), 132.7 (Car), 131.1 (Cny),
N 129.2(Ca), 129.1(CHp,), 128.5(CHp;), 128.2(CHp,), 127.9
(CHar), 127.8(CHa/), 127.5(CHa/), 127.5(CHp,), 127.2(CHa,), 126.8(CHy/), 126.4
(CHa), 126.3(CHa), 125.9(CHa/), 125.5(CHp,), 123.1(CHp), 118.2(CHa/), 117.2
(CHa), 104.4(CHa). IR (ATR, cm®): T =3050 (w), 2923 (w), 2850 (w), 1595 (m),
1505 (m), 1465m), 1415 (m), 1399 (m), 1284 (m), 1016 (m), 863 (m), 798 (m), 770
(s), 755 (m), 663 (m), 589 (mMS (EI, 70eV): m/z(%) =371 (31), 37dM] * (100),
369 (36), 368 (13), 367 (15), 184 (13). HRNS): Calculated for GHigN, [M]*
370.1464Found 370.14572

5.2.1.37-Azaindoles
1,2-Bis(4-M ethoxyphenyl)}1H-pyrrolo[2,3-b]pyridine (4a): White solid,
| S - mp.145- 146°C. 'HNMR (250MHz, Chloroformd)
PN °l 1=8.22 (dd,*J=4.7Hz, “J=1.5Hz, 1H, CHa,), 7.85 (dd,
3)=7.8Hz, “3=1.5Hz, 1H CHy), 7.22-7.09 (m, 4H
CHa), 7.02 (dd,3J=7.8Hz, 3J=4.8Hz, 1H CHa),
OMe 6.92-6.82 (M, 2H CHa/), 6.78- 6.69 (m, 2H CHa,), 6.56
(s, 1H CHy), 3.75 (s, 3HOCHs), 3.71 (s, 3H OCHs). *C NMR (63MHz, CDCh)
U=159.3(Car), 158.6(Car), 150.0(Car), 143.2(CHp,), 141.2(Car), 130.2(2CHa,),
129.9(Car), 129.5(2CHa;), 128.0(CHa/), 124.6(Ca;), 120.9(Ca), 116.8(CHp,), 114.4
(2CHa/), 113.8(2CHa;), 99.9 (CHoyrrold), 55.4(OCHs), 55.2 (OCHg). IR (ATR, cm™):
{ =3114 (w), 3049 (w), 3018 (w), 2929 (w), 2835 (w), 2037 (w), 1905 (w), 1833 (w),
1610 (m), 1567 (w), 1515 (s), 1500 (s), 1454 (m), 1371 (m), 1301 (m), 1242 (s), 1184
(m), 1024 (m), 833 (s), 798 (s), 766 (s), 584 (M¥ (El, 70eV): m/z(%) = 331 (18),
330 [M] " (83), 329 (100), 286 (11), 243 (17), 121 (7). HREESI): Calculated for
C21H1gN»0, [M+H] * 331.1441Gound 331.14454.

1-(3-M ethoxyphenyl)-2-(4-methoxyphenyl}1H-pyrrolo[2,3-b]pyridine (4b): Yellow
oil. 'HNMR (300MHz, Chloroformd) =8.30-8.04 (m, 1H CHa), 7.83 (t,
3J=8.0Hz, 1H CHa), 7.32-7.06 (m, 3H CHy), 7.06-6.93 (m, 1H CHy),
6.92-6.62 (M, 5H CHy,), 6.55 (d,°J=9.6Hz, 1H, CHa), 3.69 6, OCH), 3.63 §, 3H,
OCHs). ®*CNMR (75MHz, CDCk) =60.1(Ca), 159.5(Ca;), 150.0(Ca), 143.4
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m@ome (CHa), 141.2 (Ca), 138.3 (Ca), 130.2 (2Gia), 129.8
NE N (CHa), 128.1 (CHy), 124.8 (Gi), 121.1 (CH,), 121.0
Q (Car), 117.1 (CH,), 114.3(CHa), 113.9 (2Gia), 113.5

OMe (CHa), 100.6 (CHa), 55.5 (OCHs), 55.4 (OCH).

IR (ATR, cm™): | = 3041 (w), 3001 (w), 2933 (W), 2834 (w), 22@2), 2032 (w), 1920

(w), 1731 (w), 1604 (m), 1588 (m), 1498 (s), 1455 (m), 1406 (s), 1368 (m), 1283 (m),
1247 (s), 1173 (m), 1028 (m), 833 (m), 802 (m), 767 (m), 692 (m), 612 (m).
MS (El, 70eV): m/z(%) =331 (20), 330[M]"* (98), 329 (100), 243 (16), 121 (13).
HRMS (EI): Calculated for @H150,N, [M] * 330.136280und 330.13539.

2-(4-M ethoxyphenyl}1-phenyl-1H-pyrrolo[2,3-b]pyridine  (4c):  Yellow solid,

~ mp.138-139°C. 'HNMR (300MHz, Chloroformd)
WOMG {i=8.21 (dd,J=4.8Hz, *J=1.6Hz, 1H, CHy), 7.83 (dd,
3J=7.8Hz, “3=1.6Hz, 1H CHy), 7.37-7.28 (m, 2H

@ CHar), 7.28-7.19 (m, 3H CHy), 7.11 (d,%J = 8.8Hz, 2H,

CHa), 7.02 (dd,*J=7.8Hz, 2J=4.8Hz, 1H CHa,), 6.70 (d,33=8.8Hz, 2H CHy),

6.56 (S, 1H CHoyrole), 3.68 (S, 3HOCH). *C NMR (75MHz, CDCk) =159.3(Ca),

149.9 (Cp;), 143.3(CHa;), 141.1(CHar), 137.2(Car), 130.2(2CHa,), 129.1(2CHa),

128.5 (2CHa;), 128.1(CHa), 127.3(CHa), 124.6(Ca;), 121.0(Cp), 117.0(CHay),
113.8(2CHa), 100.5(CHpyrole), 55.2(OCH). IR (ATR, cm™): T = 3044 (w), 3008w),

2953 (m), 2833 (m), 1674 (w), 1608 (m), 1500 (s), 1408 (s), 1368 (m), 1242 (s), 1182
(m), 1024 (s), 836 (m), 799 (s), 766 (s), 696 (s), S59MS)(EIl, 70eV): m/z(%) = 301

(18), 300[M]* (91), 299 (100), 285 (8), 255 (31), 128 (18), 51 (GRMS (EI):
Calculated for GgH160N, [M] " 300.1257 found 300.12482.

2-(4-M ethoxyphenyl}1-(naphthalen-2-yl)-1H-pyrrolo[2,3-b]pyridine (4d): Yellow
~ solid, mp.123- 124°C. H NMR (250MHz,
m_@o'\"e Chloroformd) =8.13 (dd,%J=4.8Hz, “J=1.6Hz, 1H
CHa), 7.91 (dd,3J=7.8Hz, “J=1.6Hz, 1H CHy),

QQ 7.87-7.77 (m, 2H CHy,), 7.48-7.30 (m, 3H CHa),
7.29-7.18 (m, 2H CHy,), 7.05 (d,3J=8.8 Hz, 1H, CHa,),

7.04-6.97 (M,1H, CHy), 6.69 (s, 1H CHyrod), 6.55 (d,°J=8.8Hz, 2H CHy), 3.58
(s, 3H OCHs). ®*CNMR (63MHz, CDCl;)) =159.3(Ca/), 150.9(Ca), 143.4(Cq),

142.5(Cpy), 134.4(CHp;), 134.2(Car), 131.7(Car), 129.5 (2®ia), 129.0(CHa), 128.3
(CHay), 128.1(CHay), 127.6(CHa;), 127.0(CHa/), 126.4(CHg), 125.5(CHa,), 124.6
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(Car), 123.5(CHp/), 120.9(Car), 116.9(CHar), 113.7 (2@ ar), 100.0(CHpyrrole), 55.1
(OCHy). IR (ATR, cm™): T = 3604 (w), 3388 (w), 3044 (w), 2961 (w), 2835 (w), 1609
(m), 1497 (s), 1469 (m), 1425 (m), 1298 (m), 1245 (s), 1176 (m), 1024 (m), 833 (m),
798 (s), 761 (S)MS (El, 70eV): m/z(%) =351 (23), 3500M] " (100), 349 (87), 305
(29), 243 (25), 153 (13). HRMEEI): Calculated for gH:gN-O [M+H]" 351.14919
found 351.14934.

1-(2,3-Dihydro-1H-inden-5-yl)-2-(4-methoxyphenyl)1H-pyrrolo[2,3-b]pyridine
(4e): Yellow oil. *HNMR (300MHz, Chloroformd)
U=8.21 (dd,’J=4.7Hz, 3= 1.7 Hz, 1H, CHy), 7.83 (dd,
3)=78Hz, *3=1.7Hz, 1H CHp), 7.19-7.12 (m, 3H
CHa), 7.11 (s, 1H CHa), 7.00 (dd, *J=7.8Hz,
3)=4.8Hz, 1H, CHy), 6.94 (dd,233=79Hz, “J=1.9Hz,
1H, CHay), 6.73 (d,J=8.8Hz, 2H, CHy,), 6.55 (S, 1H CHyyrroi), 3.70 (S, 1HOCHg),
2.84 (t, 2J=7.0Hz, 4H CHraipraid, 2.09-1.93 (M, 2H ChHhaiphaid- —C NMR
(63MHz, CDCk) =159.3(Ca), 150.3(Car), 145.3(Ca), 143.8(Ca), 143.3(CHa),
141.4(Car), 135.3(Ca;), 130.3 (2@1a,), 128.0(CHa,), 126.5(CHar), 125.0(Car), 124.8
(CHar), 124.6(CHar), 121.0(Ca), 116.8(CHa/), 113.9 (2®la;), 100.0(CHpyrole), 55.4
(OCHs), 33.1 (CHaaliphaid: 32.8 (CHaaiphatd, 25.7 (CHaaiphaid. IR (ATR, cmi™):
{ =3042 (w), 2944 (m), 2839 (w), 1675 (w), 1609 (m), 1499 (s), 1407 (m), 1248 (s),
1176 (m), 103Qm), 834 (m), 803 (m), 769 (mMS (El, 70eV): m/z(%) =341 (17),
340 (79), 339M]* (100), 296 (10), 115 (12HRMS (El): Calculated for gzH1gON,
[M]*339.1491%ound 339.14923.

SN

OMe

7

N N

1-(3,5-Dimethylphenyl)-2-(4-methoxyphenyl}1H-pyrrolo[2,3-b]pyridine (41):
Yellow solid, mp95-96°C. 'HNMR (300MHz,

m—@@\ﬂe Chloroformd) =8.21 (dd,®J=4.8Hz, *J=1.5Hz, 1H
N CHa), 7.83 (dd,21=7.8Hz, 3J=15Hz, 1H CHa), 7.15
QMe (d, 3J=8.7Hz, 2H CHy), 7.01 (dd, 3J=7.8Hz

Me %)J=4.8Hz, 1H CHy), 6.90 (s, 1H CHa), 6.85 (s, 2H

CHar), 6.72 (d,2J=8.8Hz, 2H, CHa,), 6.55 (S, 1H CHyyrroie), 3.71 (S, 3HOCHg), 2.22
(s, 6H CHs). *C NMR (63MHz, CDCl;) =159.3(Ca;), 150.2(Ca/), 143.3(CHa),
141.3 (Ca/), 138.7(2Ca), 137.1(Cn;), 130.2 (2Gia), 129.6 (CHy), 128.0(CHa),
126.5 (2®ar), 124.9(Ca;), 121.0(Car), 116.8(CHa,), 113.8 (2Ga;), 100.1(CHpyrrold),
55.3 (OCHy), 21.5(2CHy). IR (ATR, cm™): f =3040 (w), 3006 (w), 2917 (w), 2836

S21



Appendix

(w), 1609 (m), 1546 (w), 1498 (s), 1473 (m), 1405 (s), 1369 (m), 1247 (s), 1175 (m),
1026 (m), 836 (m), 801 (m), 767 (m), 696 (MNS (EI, 70eV): m/z(%) = 329 (21), 328

[M]* (99), 327 (100), 313 (12),12 (14), 269 (17), 157 (12), 135 (1BRMS (ESI):
Calculated for GH;90ON, [M-H]* 327.1491%ound 327.14906.

1-(4-Methoxyphenyl)-2-phenyl-1H-pyrrolo[2,3-b]pyridine  (4g): Yellow solid,
mp.188- 189°C. 'H NMR (250MHz, Chloroformd) =8.24

PN (dd, 33=4.7Hz, “3=1.6Hz, 1H, CHa,), 7.87 (dd,?J=7.8Hz,
Q “J=1.6Hz, 1H CHa), 7.28-7.11 (m, 7H CHa), 7.03 (dd,

SN

3)=7.8Hz, %J=4.7Hz, 1H CHa), 6.85 (d, 3J=8.9Hz, 2H,
OMe CHar), 6.63 (S, 1H CHyyoi), 3.74 (s, 3H OCHy). *C NMR

(63MHz, CDCk) =158.7(Car), 150.1(Ca;), 143.5(CHa), 141.2(Ca;), 132.2(Ca,),

129.8(Car), 129.4 (2G1a), 128.9 (2®a,), 128.3(CHa), 128.3 (2G1a), 127.7(CHa,),

120.8 (Ca), 116.9 (CHa), 114.4 (2®la), 100.9 (CHpyro), 55.4 (OCHy).

IR (ATR, cm): f = 3067 (w), 3043 (w), 3010 (w), 2840 (w), 1901 (w), 1856 (w), 1604

(w), 1510(m), 1419 (m), 1236 (s), 1025 (s), 842 (m), 808,(752 (s), 693 (s), 556 (S).

MS (El, 70eV): m/z(%) = 301 (13), 30qM] * (68), 299 (100), 256 (27255 (20),128

(9). HRMS (ESI): Calculated for GoH1s0N, [M-H]* 299.1178%ound 299.11775.

1-(4-M ethoxyphenyl)-2-(4-(trifluoromethyl)phenyl) -1H-pyrrolo[2,3-b]pyridine
(4h): Yellow solid, mp.158- 159°C. *H NMR (300MHz,

|N\/ N\ CFs| Chloroformd) =8.27 (dd,%J=4.7Hz, 2J=1.6Hz, 1H
CHa/), 7.89 (dd,2J=7.8Hz, “J=1.6Hz, 1H CHa), 7.45

Q (d, 3J=8.3Hz, 2H, CHy,), 7.33 (d,°J=8.1Hz, 2H, CHa,),

OMe 7.15 (d, 33=8.9Hz, 2H, CHy), 7.05 (dd,3J=7.8Hz

3)=4.7Hz, 1H CHy), 6.88 (d,31=8.9Hz, 2H, CHy), 6.70 (S, 1H CHyyrroid), 3.75 (s,

3H, OCHy). "*FNMR (235MHz, CDCk) ti = -62.6 (FsC)."*C NMR (63MHz, CDCl)
U=159.0 (Ca), 150.5 (Ca;), 144.5 (CHp/), 139.5 (Ca), 135.8 (Ca), 129.7 (q.

2Jcr = 32.6Hz, Car), 129.6(Car), 129.5 (2®ia;), 129.0 (2®ia), 128.9(CHa,), 125.4 (q,

3Jce = 3.8Hz, 2CHp,), 124.2 (q1cr = 272.1Hz, CR), 120.6(Ca/), 117.3(CHp,), 114.7
(2CHar), 102.3(CHgyrrold), 55.6(0OCHg). IR (ATR, cmi'): T = 3020 (w), 2971 (w), 2843

(W), 2549 (w), 2315 (w), 2051 (w), 1934 (w), 1869 (w), 1613 (m), 1BH7 1515 (s),

1468 (m), 1442 (m), 1323 (s), 1300 (m), 1250 (s), 1162 (s), 1115 (s), 1028 (m), 918
(m), 844 (s), 800 (s), 764 (s), 591 (m), 561 (Mp (El, 70eV): m/z(%) = 369 (13),
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368 [M]* (69), 367 (100), 324 (22), 323 (10), 255 (ARMS (ES): Calculated for
C21H14ON2F3 [M -H]+ 367.10527found 367.10514.

2-(4-Fluorophenyl)-1-(4-methoxyphenyl}1H-pyrrolo[2,3-b]pyridine  (4i): Yellow
<= solid, mp.173-174°C. 'H NMR (300MHz, Chloroformd)
WF U=8.24 (dd,*J=4.7Hz, *J=1.6Hz, 1H CHa), 7.86 (dd,
3)=7.8Hz, *J=1.6Hz, 1H, CHa), 7.23- 7.10 (m, 4H CHa,),

7.04 (dd,®J=7.8Hz, J=4.7Hz, 1H CHy), 6.94- 6.83 (m,

OMe 4H, CHa), 6.59 (s, 1H CHyymoe), 3.75 (s, 3K OCHy).
' NMR (282MHz, CDCk) =u113.6(FCa/). **C NMR (63MHz, CDCk) =162.5
(d, 2cr = 248.2Hz, Cu;), 158.9(Ca), 150.2(Car), 143.9(CHa), 140.3(Ca), 130.8 (d,
3Jce=8.1Hz, 2CHp,), 129.8(Ca;), 129.6 (2®ia;), 128.5(Cp), 128.4(CHya), 120.8
(Car), 117.1(CHp,), 115.5 (d2Jcr = 21.7 Hz 2CHa,), 114.6 (2Eia), 100.9(CHpyrrole),
55.6 (OCHy). IR (ATR, cm): { = 3103 (w), 3014 (w), 2969 (w), 2841 (w), 2050 (w),
1893 (w), 1602 (w), 1511 (s), 1496 (s), 1297 (m), 1245 (s), 1152 (m), 1106 (m), 1029
(m), 834 (s), 813 (s), 773 (s), 581 (B)S (El, 70eV): m/z(%) =319 (12), 31gM]*
(67), 317 100), 274 (29), 273 (21), 137 (7), 63 (BRMS(ESI): Calculated for
CooH140NLF [M-H]* 317.1084found 317.10836.

2-(4-Fluorophenyl)-1-phenyl-1H-pyrrolo[2,3-b]pyridine (4): White  solid,
~ mp.141- 142°C.*H NMR (300MHz, Chloroformd) =8.34
m—@F (d, 3J=4.7Hz, 1H CHy), 7.90 (d,%J=7.8Hz, 1H CHa),
7.35 (d,3J=7.7Hz, 2H, CHy), 7.29 (d,%J=7.1Hz, 1H,
@ CHa), 7.23 (d,*J=71Hz, 2H, CHy), 7.17 (al, 3J=7.1Hz,
3)=5.3Hz, 2H, CHa), 7.15 (dd, 3J=7.8Hz, %J=4.7Hz, 1H CHy), 6.89 (t,
3)=8.7Hz, 2H, CHy), 6.70 (s, 1H CHyyrrold). “*F NMR (282MHz, CDCk) =#113.4
(FCa). ®*CNMR (63MHz, CDCL) =162.6 (d,'Jcr= 248.4Hz, CFy,), 149.8(Ch),
143.8(CHar), 140.3(Ca;), 136.9(Ca), 130.8 (d2Jcr=8.2Hz, 2CHa), 129.3 (2Cia,),
128.6(CHa,), 128.5 (2®a), 128.4 (d,*Jcr = 3.4Hz, Ca/), 127.7(CHa/), 121.0(Cn),
117.3 (CHay), 115.5 (d,?Jcp=21.7Hz, 2CHp;), 101.5 (CHyymol). IR (ATR, cmid):
f =3064 (w), 3043 (w), 2921 (w), 1589 (m), 1543 (m), 1496 (s), 1424 (m), 1402 (m),
1220 (s), 1157 (m), 840 (s), 802 (s), 768 (s), 691 (s), 592 (s), 53MB(El, 70eV):
m/z(%) = 289 (10), 289M]* (62), 287 (100), 286 (21), 143 (6), 51 (ARMS (ESI):
Calculated for GgH1aFN, [M+H] * 289.113550und 289.11359.
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1-(4-Fluorophenyl)-2-phenyl-1H-pyrrolo[2,3-b]pyridine  (4k):  Yellow solid,
mp. 164- 165°C. '"H NMR (300MHz, Chloroformd) =8.31

= A\ 3 4 3
| _ (dd, *J=4.7Hz, "J=1.6Hz, 1H CHy,), 7.95 (dd,”J=7.8Hz,
N

N %J=1.6Hz, 1H CHa), 7.35- 7.20 (M, 7H CHy,), 7.16- 7.04 (m,
3H, CHy), 664 (s, 1H, CHoyrol). *FNMR (282MHz, CDCh)
E U=-114.4 (FCy). ®CNMR (75MHz, CDCk) =d61.7 (d,

1Jce=247.1Hz, CF,), 150.1(Ca;), 143.8(CHa,), 141.2(Ca/), 133.1 (d*Jcr= 3.2 Hz

Car), 132.0(Cp;), 130.1 (d2Jcr=8.6Hz, 2CHa/), 129.1 (2Gia), 128.6(CHa/), 128.5
(2CHa;), 128.1(CHa), 121.0(Ca/), 117.3(CHa), 116.1 (d,%Jcr= 22.8Hz, 2CHa,),
101.6 (CHpyrrold). IR (ATR, cm™): f =3110 (w), 3059 (w), 3008 (w), 2924 (w), 1907
(w), 1858 (w), 1675 (w), 1568 (w), 1508 (m), 1420 (m), 1208 (m), 1096 (w), 852 (m),
804 (s), 747 (s). 698 (s), 552 (MMS (El, 70 eV): m/z(%) = 289 (10), 28gM] * (60),

287 (100), 286 (21), 75 (11)HRMS(ESI): Calculated for GgHiFN, [M-H]*
287.097906und 287.09747.

1,2-Diphenyl-1H-pyrrolo[2,3-b]pyridine (4l): White solid, mp130- 132°C.*H NMR
S (250MHz, Chloroformd) i=8.33 (dd,®J=4.7Hz, *J=1.6Hz,
N 1H, CHy), 7.97 (dd, 3J=7.8Hz, “J=1.6Hz, 1H, CH),
@ 7.48-7.26(m, 10H, CHy), 7.14 (dd3J=7.8Hz,3)=4.7Hz, 1H,
CHp), 6.74 (s, 1H, Chlmo). *CNMR (63MHz, CDCl)
U=150.1(Ca), 143.8(CHa/), 141.3(Ca), 137.2(Ca;), 132.3(Ca), 129.2 (2Cipn,),
129.1 (2QGHa), 128.5 RCHp), 128.5 (CHy), 128.4 (2@®a), 127.9 (CHa), 127.5
(CHar), 121.0(Ca), 117.2(CHp), 101.6 (CHpyroid). IR (ATR, cm™): T =3116 (w),
3064 (w), 2925 (w), 1852 (w), 1594 (m), 1540 (m), 1496 (s), 1474 (m), 1425 (m), 1401
(m), 1370 (m), 1224 (s), 1158 (m), 841 (m), 799 (s), 767 (s), (892593 (s).
MS (El, 70eV): m/z(%) =271 (11),270[M]* (59), 269 (100), 268 (21), 135 (8).
HRMS (ESI): Calculated for GoH14N, [M+H] " 271.12297found 271.12322'H- and

¥C-NMR spectral data are in accordance with the literattite.

2-([1,1'-Biphenyl]-4-yl)-1-phenyl-1H-pyrrolo[2,3-b]pyridine  (4m): White solid,
S~ mp.182-183°C. 'HNMR (250MHz, Chloroformd)
» \ O O U=8.36 (dd,®J=4.7Hz, “J=1.5Hz, 1H, CHa,), 7.99
@ (dd, 3J=7.8Hz, “J=1.5Hz, 1H, CHa), 7.48 (d,
3)=7.0Hz, 2H, CHa), 7.42 (d,3J=8.3Hz, 2H, CHa),

7.39-7.31 (m,4H, CHa), 7.28 M, 4H, CHa), 7.26- 7.21 (m,2H, CHy,), 7.15 (dd,
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3)=7.8Hz, %)= 4.7Hz, 1H CHy), 6.80 (S, 1H CHyyrrold). “°C NMR (63MHz, CDCh)

U =150.2(Ca;), 143.8(CHa), 140.9(Cp), 140.5(Cp;), 140.4(Cp,), 137.2(Ca;), 131.1
(Car), 129.3 (2Cia), 129.3 (2Ga), 128.9 (2Gia), 128.6 (2®a), 128.5(CHa),
127.6(CHp,), 127.5 (2Ga), 127.1 (2@1a), 127.0(CHp,), 121.0(Ca), 117.2(CHa)),
101.6 (CHpyrold). IR (ATR, cmi™):  =3110 (w), 3050 (w), 3034 (w), 3001 (w), 1591
(W), 1500 (m), 1421 (m), 1293 (w), 1247 (w), 997 (w), 842 (m), 807 (m), 760 (s), 694
(s), 610 (w).MS (El, 70eV): m/z(%) = 347 (19), 346M]* (84), 345 (100), 268 (8),
173 (6), 77(9). HRMS(ESI): Calculated for GHigN, [M+H]* 347.15419found
347.15428.

2-(Naphthalen-2-yl)-1-phenyl-1H-pyrrolo[2,3-b]pyridine  (4n):  Yellow solid,
O mp.180-181°C. 'HNMR (300MHz, Chloroformd)
TN O i=8.37 (dd,3)=4.7Hz, “J=1.5Hz, 1H CHa,), 8.01 (dd,

—
N? 3)=7.8Hz, *J=1.5Hz, 1H, CHy), 7.83 (d,"J=1.1Hz, 1H

CHnaphthaleny 7-81- 7.77 (m, 1H CHy,), 7.71 (d,>J=8.9Hz,
2H, CHa), 7.54-7.43 (m, 2H CHy,), 7.43-7.30 (m, 6H,
CHa), 7.17 (dd,2J=7.8Hz, ®J=4.7Hz, 1H CHa), 6.87 (s, 1H CHoyrroi). “"C NMR
(63MHz, CDCL) =50.1(Ca), 143.8(CHa/), 141.2(Ca), 137.2(Ca;), 133.3(Car),
132.8(Car), 129.7(Car), 129.3 (2®a/), 128.6(CHa/), 128.5 (2G1a;), 128.3(CHa,),
128.3(CHp,), 127.9(CHa,), 127.8(CHa/), 127.5(CHa), 126.6(CHp;), 126.6(CHa,),
126.5 (CHar), 121.1(Car), 117.3(CHa;), 102.0(CHpyroid). IR (ATR, cmi?): T = 3053
(W), 2923 (w), 2851 (w), 1957 (w), 1930 (w), 1879 (w), 1865 (w), 1674 1892 (m),
1499 (m), 1416 (s), 1293 (m), 827 (m), 802 (s), 772 (s), 755 (s), 596 (s), 578 (m).
MS (El, 70eV): m/z(%) = 321 (15),320M]* (68), 319 (100), 318 (22), 317 (10), 159
(13).HRMS (ESI): Calculated for GH1gN, [M+H] * 321.1386Found 321.13885.

1,2-Di(naphthalen-2-yl)-1H-pyrrolo[2,3-b]pyridine (40): Yellow solid,
mp.168-169°C. 'HNMR (300MHz, Chloroformd)

| \/ N OO U=8.29 (dd,*J=4.7Hz, 3J=1.6Hz, 1H CHa), 8.07 (dd,
NT N %J=7.8Hz, *J=1.6Hz, 1H CHy), 7.96-7.87 (m, 2H
Q CHa), 7.75 (d,"J=1.3Hz, 1H, CHy), 7.71-7.64 (m, 1H
Q CHa), 7.60-7.51 (m, 2H CHa,), 7.51- 7.45 (m, 2H CHha,),
7.45-7.42 (m, 1H CHy,), 7.42- 7.34 (m, 4H CHy,), 7.31 (dd2J=8.6Hz, “J = 1.8Hz,
1H, CHy), 7.17 (dd2J = 7.8Hz, 3J = 4.7Hz, 1H CHy), 7.00 (s, 1HCHa,). *C NMR
(75MHz, CDCk) =051.2(Ca), 144.0(CHa,), 142.5(Cp;), 134.4(Cp;), 134.2(Ch),
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133.0(Char), 132.6(Car), 131.7(Car), 129.5(Ca), 129.1(CHy), 128.5(CHar), 1284
(CHar), 128.2 (CH,), 127.7 (CH,), 127.7 (CH,), 127.5 CHp), 127.5 (CH,), 127.1
(CHar), 126.5(CHar), 126.3(CHar), 126.2(CHpr), 125.8(CHpr), 125.5(CHapy), 123.4
(CHa), 120.8(Ca), 117.1(CHa,), 101.4(CHa/). IR (ATR, cmi): T = 3052 (w), 2922

(w), 2851 (w), 1929 (w), 1595 (m), 1415 (m), 1297 (m), 958 (w), 786 (m), 768 (s), 758
(s). MS (El, 70eV): m/z(%) = 371 (28), 37dM] * (99), 369 (100), 367 (16), 243 (25),
184 (10), 127 (11), 77 (BHRMS (EI): Calculated for gH1gN, [M]* 370.14645found
370.14531.

5.2.2. Synthesis of pyrroloquinolines from iminesby domino C-C/C-N coupling

5.2.2.1Pyrrolo[2,3-b]quinolines
1,2-Bis(4-methoxyphenyl}1H-pyrrolo[2,3-b]quinoline (6a). Pale yellow solid,
O S O . mp.201- 203°C. *H NMR (300MHz, Chloroformd)
NP~N 0=8.36 (s, 1H, Chlsding, 8.05 (d,*J=8.9Hz, 1H,
CHa), 7.92 (dd,®J=8.2Hz, *J=1.5Hz, 1H, CHy),
7.57 (ddd,®J=8.5Hz, 3J=6.7Hz, J=1.5Hz, 1H,
OMe CHa), 7.40 (ddd3)=8.1Hz,%3=6.7Hz,*J=1.2Hz,
1H, CHy), 7.33 (d,33=8.9Hz, 2H, CHy), 7.28 (d,33=8.9Hz, 2H, CHy), 6.98 (d,
%)=8.9Hz, 2H, CHy), 6.84 (d,*J=8.8Hz, 2H, CHy), 6.75 (s, 1H, Ckmold), 3.87 (s,
3H, OCH), 3.81 (s, 3H, OCH. *CNMR (75MHz, CDCk) ti=159.8 (G,), 158.7
(Car), 145.3 CHa), 145.1 (G;), 130.4 (2CH,), 130.1 (G,), 129.8 (2CH,), 128.5
(CHar), 128.0 (CH,), 127.5 (CH,), 126.7 (G/), 125.6 (Gy), 125.1 (G,), 124.6 (G,),
123.3 (CHy), 122.5 (G,), 114.4 (2CH), 1140 (2CHy/), 99.8 (CHy), 55.6 (OCH),
55.4 (OCH). IR (ATR, cmi®) { =3112 (w), 3049 (w), 3013 (w), 2930 (w), 2831 (w),
2546 (W), 2050 (w), 1891 (w), 1793 (w), 1605 (m), 1570 (m), 1514 (m), 1496 (m), 1397
(m), 1293 (m), 1247 (s), 1177 (m), 1027 (m), 894 (m), 829 (s), 768 (m), 745 (m), 628
(m), 590 (m).MS (El, 70eV): m/z= 381 (23), 38qM]* (98), 379 (100), 336 (15), 294
(10), 293 (23), 292 (12). HRMES!): Calculated forC,sHzoN;0O [M+H]" 381.15975
found 381.16007.

1-(3-Methoxyphenyl)-2-(4-methoxyphenyl}1H-pyrrolo[2,3-b]quinoline (6b): Pale
yellow solid, mp.180- 181°C.*H NMR (300MHz, Chloroformd) ti=8.37 (s, 1H
CHpyriding, 8.08 (d,%J=8.5Hz, 1H CHy), 7.93 (dd,’J=8.2Hz, 3J=1.6Hz, 1H,
CHa), 7.59 (ddd,3J=8.5Hz, %J=6.7Hz, *J=1.5Hz, 1H CHa), 7.42 (ddd,
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S 31=8.1Hz, %=6.7Hz, *J=1.2Hz, 1H CHy), 7.35
oM
O O °l (d, 33=8.1Hz, 1H CH), 7.30 (d,31=8.7Hz, 2H

Q CHa), 7.04 (t,"J=2.2Hz, 1H CHa), 6.98 (ddd,
OMe 3)=7.9Hz, “3=1.9Hz, °J=0.9Hz, 1H, CHa), 6.92
(ddd,3J=8.3Hz, 2J=2.6Hz, °J=1.0Hz, 1H, CHa,), 6.85 (d,>J=8.8Hz, 2H, CHa,),

6.76 (s, 1H CHyyrroi), 3.81 (s, 3K OCHp), 3.78 (s, 3H OCH). "*C NMR (75MHz,
CDCl) Ui=160.0 (G,), 1598 (Ca), 1514 (Ca;), 1452 (Ca), 145.0 (G), 1383 (Ca)),

1303 (2CHy,), 129.6 (CH), 128.6 (CH,), 128.0 (CH,), 127.5 (CH.), 1266 (CHa),
125.7 (Gv), 124.6 (G,), 123.4 (CH,), 122.5 (G,), 1211 (CHy), 114.4 (CHy), 114.0
(2CHa), 113.3 (CH,), 1004 (CHa), 55.5 (OCH), 55.4 (OCH). IR (ATR, cm?)

f =3066 (w), 3053 (w), 2950 (W), 2930 (W), 2907 (w), 2834 (w), 1594 (m), 1493 (m),
1453 (m), 1393 (m), 1376 (m), 1284 (m), 1246 (m), 1181 (m), 1171 (m), 1123 (m),
1027 (m), 991 (m), 892 (m), 839 (s), 785 (m), 773 (m), 754 (m), 695 (m), 615 (M)
MS (El, 70 eV): m/z= 381 (25), 38qM] * (100), 379 (91), 321 (10), 293 (14), 146 (10).
HRMS (ESI): Calculated for GsH2oN2O, [M+H] * 381.15975 found 381.15979.

2-(3,5-Dimethylphenyl)-1-(4-methoxyphenyl}1H-pyrrolo[2,3-b]quinoline (6c): Pale
ve| Yellow solid, mp.210-212°C HNMR (300MHz,

O A\ O Chloroformd) 10=8.36 (s, 1H, ChHldging, 8.08 (d,
“ 3)=8.5Hz, 1H, CH\,), 7.92 (dd?J=8.3Hz, )= 1.5Hz,

N~ N
Q M| 1H, CHy), 7.58 (ddd, 3J=85Hz, 3J=6.8Hz,
“J=15Hz, 1H, CHy), 7.40 (ddd, °J=8.1Hz,
B 3)=6.8Hz, “3J=1.2Hz, 1H, CHy), 7.29 (d,%)=8.8Hz,
2H, CHy), 7.02 (d2J=0.8Hz, 2H, CHy), 7.01 (s, 1H, CH}), 6.84 (d 2] = 8.8Hz, 2H,
CHa), 6.75 (s, 1H, Chmoe), 3.81 (s, 3H, OCH, 2.33 (s, 6H, CH. CNMR
(63MHz, CDCh) U= 159.7 (Gy), 145.2 (G,), 138.6 (CH,), 137.0 (2G/), 136.2 (G,),
135.2 (G,), 130.3 (2CH,), 129.3 (CH,), 128.6 (CH,), 128.0 (CH,), 1274 (CHa),
126.5 (2CH,), 125.6 (Gy), 124.7 (G/), 123.3 (CH,), 122.6 (G,), 114.4 (G,), 113.9
(2CHa,), 99.9 (CHy), 55.4 (OCH), 21.5 (2CH). IR (ATR, cm?){ =3114 (w), 3062
(W), 3041 (w), 3016 (w), 2918 (w), 2839 (w), 2042 (w), 1980 (w), 1946 (w), 1898 (w),
1604 (m), 1498 (m), 1397 (m), 1331 (m), 1250 (s), 1182 (m), 1118 (m), 1022 (m), 904
(m), 836 (M), 753 (m), 613 (MMS (El, 70eV): m/z= 379 (24), 37gM]* (100), 377
(90), 363 (13), 362 (15), 320 (12), 319 (22), 159 (HIRMS (ESI): Calculated for
CoeH22N20 [M+H]* 379.18049 found 379.18053.
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2-(4-Fluorophenyl)-1-(4-methoxyphenyl}1H-pyrrolo[2,3-b]quinoline  (6d): Pale
Sy yellow solid, mp.240-242°C. 'HNMR (250MHz,

O P O FI| DMSO-dg) 1U=8.55 (s, 1H CHyyigingd, 8.02 (dd,
3)=8.3Hz, 3J=1.6Hz, 1H, CHy), 7.86 (d,2J=8.9Hz,

1H, CHa), 7.59 (ddd, 3J=8.5Hz, 3J=6.7Hz,

OMe %)=1.6Hz, 1H CHy,), 7.49-7.35 (m, 3H CHy,), 7.27

(d, 3J=8.9Hz, 2H, CHa,), 7.14 (t,3J=8.9Hz, 2H, CHa), 7.02 (d,J=8.9Hz, 2H
CHa), 6.95 (S, 1H CHoyroi), 3.83 (s, 3KH OCHy). FNMR (235MHz, DMSO)
U=-1131 (FCa). *CNMR (63MHz, DMSO) ti= 1617 (d, *Jcg=247.1 Hz CFa,),
158.1 (Ca), 151.1(Ca;), 144.4(Cp), 143.6(Ca;), 130.37 (d,*Jcr=8.3 Hz 2CHa),
129.4(Ca), 129.3 RCHa/), 127.71 (d*Jce= 3.2 Hz Ca), 127.6 (CHy), 127.2 (CH,),

127.0 (CH,), 126.2 (CH,), 124.8 (Ca), 122.6 (CH,), 121.3 (Ca), 1148 (d,
2Jcr=21.8Hz, 2CHy), 114.0 @CH), 100.2 (CH,), 55.0 (OCH).

IR (ATR, cm™) f = 3110 (w), 3072 (w), 3052 (w), 3022 (w), 2937 (W), 2964 (w), 2922
(w), 2850 (w), 2828 (w), 1570 (m), 1513 (s), 1496 (s), 1401 (m), 1298 (m), 1242 (m),
1226 (m), 1164 (m), 1026 (m), 886 (m), 844 (s), 823 (m), 775 (m), 732 (s), 629 (m),
588 (m).MS (El, 70eV): m/z= 369 (17), 36gM]* (77), 367 (100), 324 (25), 323 (17),
162 (10). HRMS(ESI): Calculated for GH:/FN,O [M+H]" 369.13977 found
369.13985.

2-([1,1'-Biphenyl]-4-yl)-1-(4-methoxyphenyl}1H-pyrrolo[2,3-b]quinoline (6e) Pale
yellow solid,mp.230- 231°C. *H NMR (250MHz,
VPN DMSO-dg) 1i=8.56 (S, 1H CHyyriging, 8.04 (dd,
3)=8.2Hz, *J=1.7Hz, 1H CHy), 7.87 (dd,
3)=8.6Hz, “J=1.3Hz, 1H CHy), 7.69- 7.67 (m,
OMe 1H, CHy), 7.70-7.59 (m, 3H CHy), 7.61-7.55
(m, 1H, CHa), 7.53-7.39 (m, 5H CHy,), 7.39- 7.29 (m, 3H CHy), 7.09- 7.01 (m,
3H, CHa), 3.84 (s, 3H OCH,). *C NMR (63MHz, DMSO) li= 1581 (Ca), 151.2
(Car), 144.4 (G,), 144.1 (G)), 139.5 (G,), 1388 (Ca), 1302 (Car), 129.6 (CH,),
129.2 (2CH,), 1286 (2CHy), 1283 (2CHy), 127.5 (CH,), 1272 (CHa), 1271
(CHar), 126.9 (2CH,), 126.1 (2CH,), 126.0 (CH,), 125.9 (CH,), 1248 (C), 122.5
(Car), 121.3 (G,), 113.9(2CHa;), 100.2(CHa,), 55.0 (OCH). IR (ATR, cm™) T = 3049
(w), 3026 (w), 3010 (w), 2950 (w), 2933 (W), 2906 (w), 2854 (w), 2833 (w), 1610 (w),
1567 (w), 1514 (m)k, 1483 (m), 1424 (m), 1330 (m), 1299 (m), 1244 (m), 1173 (m),
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1035 (m), 891 (m), 842 (m), 820 (m), 756 (s), 732 (s), 697 (m), 593 (m).
MS (El, 70 eV): m/z= 427 (28), 42dM] " (100), 425 (99), 382 (26), 381 (17), 77 (12).
HRMS (ESI): Calculated for goH2,N,0 [M+H]" 427.18049 found 427.180109.

2-([1,1'-Biphenyl]-4-yl)-1-(2,3-dihydro -1H-inden-4-yl)-1H-pyrrolo[2,3-b]quinoline
(6f): Pale yellow solidmp.218- 220°C. *H NMR
NN (300MHz, Chloroformd) 0=8.33 (s, 1H
CHypyriding, 8.03 (d,2J=8.2Hz, 1H, CHa,), 7.86 (dd,
@ 3)=8.3Hz, *J=1.5Hz, 1H, CHy,), 7.56- 7.50 (m,
3H, CHa), 7.47 (d,%3=8.4Hz, 2H CHy), 7.40-7.35 (m, 3H, CHa), 7.34 (d,
43=3.1Hz, 2H, CHy), 7.32- 7.27 (m,1H, CHa,), 7.26- 7.24 (m, 1H CHa,), 7.20 (d,
3)=8.1Hz, 1H CHy), 7.07 (dd,*J=7.9Hz, “J=2.0Hz, 1H CHa), 6.81 (s, 1H
CHpyrrold), 2.88 (td,%=7.4Hz, %)= 4.8Hz, 4H, CHyaiphatid, 2.06 (p,°J=7.5Hz, 2H
CHy.aliphatid- "C NMR (63MHz, CDClk) ti=151.8 (G,), 145.3 (G/), 145.0 (CHa,),
1437 (Ca), 140.8 (Gy), 140.4 (G,), 135.1 (G,), 131.1 (G/), 1294 (2CHy), 120.0
(2CHa), 128.5 (CH,), 1281 (CHa), 127.7 (CH,), 127.1 (2CH,), 127.0 (2CH,),
126.8 (CHy), 126.6 (CH,), 125.6 (G,), 1248 (CHa/), 1247 (CHa), 123.4 (CH,),
122.5 (Gy), 114.0(Car), 112.2 (Gy), 100.9 (CH), 331 (CH: aliphatid, 32.8 (CH aiiphatid)
257 (CHpaiphatd- IR (ATR, cmi') ¥ = 3062 (w), 3048 (w), 3027 (w), 2936 (w), 2891
(W), 2840 (w), 2245 (w), 1562 (w), 1492 (m), 1482 (m), 1396 (m), 1330 (m), 1252 (m),
1122 (w), 905 (m), 842 (m), 754 (m), 729 (s), 694 (m), 601 (m).
MS (El, 70eV): m/z= 437 (27), 43GM] " (94), 435 (100), 40714), 115 (11)HRMS
(ESI): Calculated for GHo4N, [M+H] ™ 437.20123 found 437.20101.

2-(4-Methoxyphenyl)-1-(naphthalen-1-yl)-1H-pyrrolo[2,3-b]quinoline  (6g). Pale

S yellow solid, mp.163- 164°C. *H NMR (300MHz,
Or-ome

7

N” N Chloroformd) tGi=8.45 (s, 1H CHa), 8.01- 7.88 (m,
4H, CHy), 7.56 (dd,®J=8.1Hz, 3J=7.3Hz, 1H

Q CHa), 7.52- 7.46 (m, 3H CHy/), 7.48-7.36 (m, 1H
' CHa/), 7.37 (d,%J=1.3Hz, 1H CHy), 7.31 (ddd,

3)=8.5Hz, %1=6.6Hz, *J=1.2Hz, 1H CHa), 7.20 (d,3J=8.8Hz, 2H, CHa/), 6.90
(s, 1H CHa,), 6.66 (d2J=8.8Hz, 2H, CHa/), 3.70 (s, 3HOCH). **C NMR (75MHz,
CDCly) ti=159.7 (Gy), 147.8 (G,), 146.5 (G/), 139.8 (G), 1346 (Ca), 134.5 (G),
132.0 (CHy), 129.7 (2CH,), 129.0 (CH,), 128.7 (Gy), 128.5 (G,), 1284 (CHa,),
1281 (CHay), 128.0 (CHa,), 127.7 (CHy), 127.5(CHar), 126.9(CHa,), 1265 (CHa),
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1257 (CHar), 124.5(Car), 123.9(CHar), 1234 (CHay), 1225 (Car), 1139 (2CHsy), 997
(CHa), 553 (OCHa).IR (ATR, cm®) T = 3060 (w), 2997 (w), 2921 (m), 2850 (w), 1599
(m), 1575 (m), 1496 (m), 1465 (m), 1393 (m), 1330 (m), 1250 (m), 1181 (m), 1025 (m),
866 (m), 834 (m), 792 (m), 767 (s), 750 (s), 731 (s), 623MB)(EI, 70eV): m/z= 401

(30), 400[M]" (100), 399 (48), 356 (15), 355 (27), 354 (10), 293 (42), 292 (12).
HRMS (ESI): Calculated for GgH2oN20O [M+H]"401.16484 found 401.16472.

1-(Naphthalen-1-yl)-2-(naphthalen-2-yl)-1H-pyrrolo[2,3-b]quinoline  (6h): Pale
yellow solid, mp.208-210°C."H NMR (300MHz,

Chloroformd) =852 (s, 1H CHyicind, 8.03- 7.88

NN (m, 4H CHy), 7.80 (s,1H, CHa), 7.74-7.65 (m, 1H
Q CHa/), 7.61-7.50 (m, 5H CHy,), 7.50- 7.37 (m, 5H
' CHa), 7.37-7.29 (M, 2H CH), 7.11 (S, 1THCHoyraid).

YCNMR (63MHz, CDCk) U=1466 (Ca), 1346

(Car), 134.3 (Gy), 1331 (Car), 133.0 (Ca), 132.0 (Car), 131.6 (Gy), 1294 (Ca), 129.2
(CHa), 128.4 (CH,), 128.4 (2CH,), 128.2 (2CH,), 128.1 (CH,), 127.9 (G/), 127.9
(2CHa,), 127.7 (CH,), 127.0 (CH,), 1267 (CHa,), 126.5 (CH,), 126.4 (CH,), 125.8
(CHar), 125.7 (CH,), 1257 (CHa), 125.7 (Gi), 123.8 (CH,), 123.6 (CH,), 122.4
(Car), 101.3 (CH,). IR (ATR, cmY) ¥ = 3050 (w), 2957 (w), 2921 (WPR851 (w), 1945
(w), 1921 (w), 1592rf), 1497 (m), 1467 (m), 1418 (m), 1391 (m), 1324 (m), 1290 (m),
1259 (m), 1014 (m), 894 (m), 826 (m), 793 (m), 766 (m), 745 (s), 726 (s), 598 (m).
MS (El, 70 eV): m/z= 421 (31), 42qM]* (100), 419 (66), 418 (12), 4X15), 294 (11),
293 (50), 292 (19), 209 (11), 127 (LHRMS (ESI): Calculated for GHzoN, [M+H] *
421.16993 found 421.16957.

1-(4-Methoxyphenyl)-2-(4-(trifluoromethyl)phenyl) -1H-pyrrolo[2,3-b]quinoline
O S O CF (6i): Pale llow solid, mp.214-215°C. *H NMR
NPN *l' (250MHz, Chloroformd) t=8.37 &, 1H, CHhyidind,
8.05 (d,%1=8.6Hz, 1H, CHy), 7.87 (d %J=8.2Hz,
1H, CHy), 7.59- 7.45 (m, 3H, CH,), 7.41- 7.30 (m,
OMe 3H, CHy), 7.23 (d,J=8.9Hz, 2H, CHy), 6.91 (d,
3)=8.9Hz, 2H, CHy), 6.82 (s, 1H, Ckinole), 3.79 (S, 3H, OCh). F NMR (235MHz,
CDCl) ti=-62.7 (EC). *CNMR (126MHz, CDCk) U= 159.0 (CHa/), 1513 (Ca/),
145.3(Car), 1435 (Ca), 1356 (Ca), 130.14 (g %Jce=32.7Hz, Ca;), 129.7 (2CH,),
129.5(Car), 1292 (2CHy), 128.3(CHa/), 1282 (CHa), 1256 (Ca), 125.5(Cpr), 125.3
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(0, *Jcr = 3.7Hz, 2CHy,), 125.2 (Gy), 124.13 @, “Jce= 272.2Hz, CF3), 123.7 (CHy),

1221 (CHa,), 114.7 (2CH,), 102.1 (CH,), 55.6 (OCH). IR (ATR, cmiY) T =2924 (w),

2836 (w), 1513 (m), 1442 (m), 1321 (m), 1165 (m), 1122 (s), 1012 (m), 719 (s), 592
(m). MS (El, 70eV): m/z= 419 (17), 418[M]" (75), 417 (100), 374 (21), 373 (12).
HRMS (ESI): Calculated foiCasH17F3N2O [M+H] " 419.13657 found 419.13670.

5.2.2.2Pyrrolo[2,3-c]quinolines
1,2-Bis(4-methoxyphenyl}1H-pyrrolo[3,2-c]quinoline (7a). Pale yellow solid,

OMe| Mp.198- 200°C.*H NMR (300MHz, Chloroformd)
MeO O 0=9.11 (S, 1K CHyyridine), 8.09 (dd2J=8.2Hz, “J=1.1Hz,
Q 1H, CHy), 7.40 (ddd,2J=8.3Hz, 3J=6.0Hz, “J=2.3Hz,
N 1H, CHa), 7.19 (d,%)=8.8Hz, 2H CHa,), 7.13- 7.04 (m,

O h 4H, CHa), 6.90 (d,J=8.8Hz, 2H CHa), 6.78 (s, 1H

~

N CHDyrrole)1 6.68 (d, 3~]:8-8HZ, 2H, CHAr)y 3.80 (S' 3H

OCHs), 3.67 (s, 3H OCH). °C NMR (75MHz, CDCls) @i = 160.0(Car), 159.3(Ca),
146.0(CHp), 144.8(Car), 141.7(Car), 135.9(Car), 132.2(Car), 130.8(2CHa,), 130.5
(2CHa), 130.4(CHa), 126.1(CHa), 125.3(CHa), 124.5(Ca), 121.2(Car), 120.7
(CHa), 118.5(Car), 114.9(2CHa,), 113.7(2CHx), 102.8(CHa;), 55.6 (OCH), 55.3
(OCHy). IR (ATR, cmih) ¥ =3102 (w), 3055 (w), 3009 (W), 2934 (w), 2910 (w), 2834
(W), 2547 (w), 1608 (m), 1508 (m), 1491 (m), 1441 (m), 1366 (m), 1242 (s), 1175 (m),
1028 (m), 836 (m), 803 (m), 755 (s), 585 (M), 431 (. (El, 70eV): m/z= 381 (27),
380[M]* (100), 365 (28), 293 (11HRMS (ESI): Calculated for GsHaoN,O, [M+H]*
381.15975 found 381.15965.

2-(3-M ethoxyphenyl)1-(4-methoxyphenyl)}1H-pyrrolo[3,2-c]quinoline (7b):
Yellow solid, mp.168-170°C. 'HNMR (250MHz,

MeO
Meo@ O Chloroformd) &= 9.21 (s, 1H CHyyriand, 8.21 (d,2]=8.4Hz,
P\

1H, CHa), 7.51 (ddd3J=8.4Hz, 3J=5.5Hz, *J=2.8Hz, 1H
CHa), 7.49-7.35 (m, 1H CHy), 7.23-7.17 (m, 4H CHa),
O t 7.08 (ddd2J =8.4Hz, 3= 2.5Hz, 5J= 1.0Hz, 1H, CHa,), 7.02

N (ddd, 33=7.7Hz, 2J=1.9Hz, ®2J=1.0Hz, 1H CHa), 6.90 (s,
1H, CHyyrrole), 6.89 (d,"J = 1.9Hz, 1H, CHy), 6.78 (d,2J=8.8Hz, 2H, CHy,), 3.77 (s,
3H, OCHs), 3.76 (s, 3H OCHs). *C NMR (63MHz, CDCh) ti=1607 (Cu), 1594
(Car), 1458 (CHy), 1445 (Car), 141.6(Car), 1406 (Car), 1357 (Car), 130.7 (2CH,),

130.5 (CHy), 130.1 (CHy), 126.3 (CH), 1255 (CHar), 124.3 (G), 121.9 (CH,),
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121.2 (Gy), 120.8(CHa), 1184 (Ca), 115.4 (CH,), 115.0 (CH,), 113.8 (2CHL),
103.1 (CHy), 557 (CHs), 55.3(CHa). IR (ATR, cm)){ =3059 (w), 2996 (w), 2964
(W), 2936 (m), 2835 (M), 1604 (m)489 (s), 1367 (m), 1288 (m), 1248 (m), 1175 (m),
1023 (m), 843 (m), 762 (s), 690 (M), 558 (NYS (EI, 70 eV): m/z(%) = 381 (26), 380
[M]* (100), 365 (26)HRMS (El): Calculated for GsH200:N, [M]* 380.15193 found
38015172.

2-(Naphthalen-2-yl)-1-phenyl-1H-pyrrolo[3,2-c]quinoline  (7c).  Yellow solid,
mp. 177 - 178°C. *H NMR (300MHz, Chloroformd) ti=9.27
(s, 1H, CHyiidine), 8.25 (d,%J=8.6Hz, 1H, CHy), 7.81-7.73
(m, 2H, CHy), 7.69 (dd,33=9.2Hz, *J=2.9Hz, 2H, CHy),
7.58-7.48 (m, 4H, CH), 7.48- 7.43 (m, 4H, CH,), 7.33 (dd,
3)=8.5Hz, “J=1.8Hz, 1H, CHy), 7.25- 7.19 (m, 1H, CH,),
7.19-7.14 (m, 1H, CH), 7.10 (S, 1H, CHma. “CNMR
(63MHz, CDCh) Ui=145.9 (CHy), 1446 (Car), 141.7(Ca), 1396 (Car), 1362 (Car),
133.1(Char), 132.6(Car), 1302 (CHa,), 130.0 (2CHy), 129.7 (2CH,), 129.6 (CH,),
129.3 (Gy), 1289 (CHar), 1283 (CHa,), 1278 (CHay), 127.7 (CHy), 127.0 (CH,),
126.6 (CHy), 126.5(2CHy), 125.6 (CHar), 121.3 (Gy), 120.8 (CH,), 118.4 (G)),
104.3 (CHy). IR (ATR, cm®) T = 3059 (w), 2923 (w), 2169 (w), 1497 (m), 1366 (m),
1169 (w), 932 (m), 862 (m), 752 (m), 723 (s), 693 (m), 638 (m), 475 (m).
MS (El, 70eV): m/z=371 (27), 370[M]* (100), 369 (24), 184 (11). HRMEI):
Calculated for GH1gN» [M] ™ 370.14645 found 370.145809.

2-([1,1'-Biphenyl]-4-yl)-1-phenyl-1H-pyrrolo[3,2-c]quinoline (7d): Yellow solid,

mp. 203- 204°C. *H NMR (300MHz, Chloroformd) ti=9.26

Q (s, 1H, CHyiidine), 8.24 (d,%J=8.5Hz, 1H, CHy), 7.59-7.52

(m, 6H, CHy), 7.54- 7.46 (m, 1H, CH,), 7.48- 7.39 (m, 5H,

Q O CHa), 7.35 (d2J=7.3Hz, 1H, CHy), 7.31 (d3J = 8.6 Hz, 2H,
A

CHa), 7.21 (ddd,3J=8.1Hz, 3J=6.2Hz, “J=1.3Hz, 1H,
O A CHa), 7.14 (ddd,3J=8.5Hz, “J=1.6Hz, *2J=0.6Hz, 1H,

N CHa), 7.04 (s,1H, CHyrod. “CNMR (63MHz, CDCh)
U=145.9 (CH,), 144.6 (Gy), 1414 (Cu), 1405 (Cu), 1403 (Ca), 1396 (Ca), 136.1
(Car), 1308 (Car), 130.2(CHa), 130.0 (2CHy), 129.8(2CHy,), 129.6(2CHa), 1296
(CHar), 128.9 (2CHy,), 1277 (CHa), 127.0 (2CHy), 126.9 (2CHy,), 1265 (CHa),

1256 (CHa), 1213 (Gs), 120.7 (CHa), 1184 (Ca), 103.9 (CHa).
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IR (ATR, cm™) ¥ = 3369 (w), 3031 (W), 2957 (w), 2855 (w), 1497 (m), 1481 (m), 1367
(m), 1332 (m), 1005 (m), 840 (m), 755 (s), 691 (m), 605 (m), 508 (m).
MS (El, 70 eV): m/z= 397 (31), 39gM] * (100), 395 (17)HRMS (El): Calculated for
CaoH20N2 [M] * 396.16210 found 396.163.

2-(4-Fluorophenyl)-1-(4-methoxyphenyl}1H-pyrrolo[3,2-c]quinoline (7e)} Yellow
solid, mp.174-175°C. *HNMR (250MHz, Chloroformd)

F
MeO, . 5
Q O U=9.12 (s, 1H), 8.13 (dfJ=7.9Hz, °J=0.8Hz, 1H, CHa),
A

7.43 (ddd,3J=8.4Hz, ®J=6.2Hz, “3=2.1Hz, 1H CHa),
7.24-7.08 (m, 6H CHa,), 6.97-6.82 (m, 5H CHy), 3.82 (s,
O \/ 3H, OCHs). FNMR (235MHz, CDCk) ti=-113.6 (FG,).

N 3CNMR (126MHz, CDCk) Ui=1625 (d, 'Jcr=248.4Hz,
CFa), 160.2(Ca/), 145.9 (CH,), 144.7 (Ca), 140.9(Ca;), 136.2(Car), 131.8(Ca),
1313 (d, 3Jce = 8.1Hz, 2CHy,), 130.5 RCHa,), 130.2 (CH,), 1282 (d, *Jcr = 3.4Hz,
Ca), 126.4 (CH,), 125.6 (CH,), 121.0(Ca/), 120.7 (CH,), 118.5(Cx), 1154 (d,
2Jcr=21.6Hz, 2CHy), 1150 @CHa), 1036 (CH,), 55.7 (OCH).
IR (ATR, cm™) T =3102(w), 3059 (m), 2995 (m), 2962 (m), 2931 (m), 2833 (m), 1510
(s), 1489 (m), 1440 (m), 1369 (m), 1335 (m), 1294 (m), 1239 (m), 1217 (m), 1182 (m),
1028 (m), 838 (m), 811 (m), 760 (s), 699 (m), 578 (m), 422 (m).
MS (El, 70eV): m/z= 369 (26), 36§M]"* (100), 353(17). HRMS(EI): Calculated for
Co4H170NoF [M] * 368.13194 found 368.13161.

1-(4-M ethoxyphenyl)-2-(4-(trifluoromethyl)phenyl) -1H-pyrrolo[3,2-c]quinoline
CF5 (7f): Yellow solid, mp.146- 147°C. *H NMR (300MHz,
Meo O Chioroformd) 1=9.22 (s, 1H ChHygnd, 8.22 (ddd,
Q 3)=8.4Hz, “J=1.4Hz, ®2J=0.7Hz, 1H CHa), 7.57- 7.54
AR\ (m, 1H, CHy), 7.54- 7.48 (m, 2H CHy,), 7.41- 7.35 (m, 2H
O D CHa), 7.31 (d,31=8.8Hz, 2H, CHa,), 7.23 (ddJ = 6.6Hz,
N “J=1.3Hz, 1H CHa), 7.19 (ddd,®3=8.5Hz, “J=1.8Hz,
®J=0.7Hz, 1H CHy), 7.07-7.01 (m, 3H, CH,), 3.92 (s, 3H OCHy). **F NMR
(282MHz, CDCh) ti=-62.6 (RC). **C NMR (63MHz, CDCk) ti= 160.4 (G,), 145.9
(CHa), 144.7 (Gy), 140.1 (G,), 136.7 (G,), 135.6 (G), 131.6 (G/), 130.5 (2CH,),
130.2 (CHy), 129.7 (q,%Jcr=32.6Hz, Cu), 129.5 (2CH,), 126.8 (CH,), 125.8

(CHay), 125.2 (92Jcr = 3.8Hz, 2CHy,), 124.13 (qXJcr = 2721 Hz, CRy), 121.0 (G)),
1208 (CHa), 118.4 (Ca), 115.2 (2CHa), 1048 (CHw), 55.7 (OCH).
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IR (ATR, cm™) T = 3065 (w), 2999 (W), 2963 (w), 2935 (w), 2837 (w), 2185 (w), 1511
(m), 1322 (m), 1250 (m), 1160 (m), 1111 (m), 1066 (m), 838 (m), 764 (m), 725 (s), 701
(m), 637 (M), 429 (M)MS (El, 70eV): m/z= 419 (26), 418[M]* (100), 403 (17).
HRMS (EI): Calculated for @H;70N.F5 [M] " 418.12875 found 4182870.

5.2.3. Synthesis of indoloquinolines by sequential regioselective Suzuki

reaction/double GN coupling

5.2.3.1Starting materials for double C-N coupling
3-(2-Bromophenyl)-4-chloro-2-methylquinoline  (9a). Colorless oil *H NMR
= (250MHz, Chloroformd) U=8.26 (ddd,3J=8.4Hz, “J=1.5Hz,
¢ O 5J=0.7Hz, 1H CHa,), 8.15 (dJ= 8.6 Hz, 1H, CHa,), 7.85- 7.73
O t (m, 2H, CHa), 7.64 (ddd,J=8.4Hz 3J=6.9Hz, “J=1.3Hz,
N _Me | 1H, CHa), 7.48 (td, 3J=7.5Hz, “J=1.3Hz, 1H CHa),
7.43-7.28 (M, 1H CHa,), 7.26 (dd,*J=75Hz, “J=1.9Hz, 1H CHy), 2.48 (s, 3H
CHs). ®*CNMR (63MHz, CDCk) ti=158.0 (G,), 147.4 (G,), 142.1 (G/), 138.3
(Car), 1334 (Ca), 1332 (CHa)), 1309 (CHa,), 1308 (CHa/), 1302 (CHa,), 1288
(CHar), 1281 (CHy,), 127.3 (CH,), 125.1 (Gy), 1248 (CHa,), 123.8 (G,), 247 (CHy).
IR (ATR, cm™): T = 3660 (w), 3399 (w), 3060 (m), 2998 (w), 2954 (w), 2919 (w), 2848
(w), 1613 (m), 1581 (m), 1555 (m), 1475 (m), 1433 (m), 1394 (m), 1345 (s), 1253 (w),
1057 (m), 1026 (m), 924 (m), 840 (m), 751 (s), 638 (m), 592 (m)(BAF0eV):
m/z(%) = 335 (29), 33 (18), 333[M]* (100), 331 (71), 298 (12), 296 (11), 254 (16),
253 (12), 252 (43), 251 (10), 176 (45), 175 (14), 174 (10), 150 (15), 126 (13), 109 (10),
88 (14), 87 (14), 75 (15HRMS (EI): Calculated forCieH1aNBrCl [M]* 330.97579
found 330.97625, caltated for GgH1:N®'BrCl [M]* 332.97.97374 found 332.97349,
calculated for GHyNBr¥’Cl [M]* 332.97284 found 332.97349, calculated for
Ci16H1:N®'Br3’Cl [M]* 334.97079 found 334.97103.

3-(2-Bromophenyl)-2-chloroquinoline  (9b-71): Yellow solid, mp.124-125°C.
'H NMR (300MHz, Chloroformd) U=8.10 (d,3J=8.5Hz, 1H
O CHa,), 8.07 (s, 1K CHuyriding, 7.85 (dd,®J=8.2Hz, )= 1.6 Hz,

O \/ g, | 1H, CHy), 7.78 (ddd,’J=8.5Hz, *J=7.0Hz, “J=15Hz, 1H
N CHL), 7.72 (dd,20=7.8Hz, “3=1.6Hz, 1H CHy), 7.60 (ddd,
3)=8.1Hz,%=7.0Hz, U= 1.2Hz, 1H, CHy), 7.47- 7.40 (m, 1H CHy), 7.38-7.29
(m, 2H, CHa,). *C NMR (75MHz, CDCh) li= 150.0(Ca;), 147.4(Ca;), 139.2 (CH,),
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138.7(Ca), 134.3(Car), 132.9 (CH,), 131.4 (CH,), 130.9 (CH,), 130.2 (CH,), 128.6
(CHa), 127.8 (CH,), 127.5 (CH,), 127.5 (CH,), 127.0 (Ca), 124.1 (Cn).

IR (ATR, cm): f = 3055 (w), 2921 (w), 1560 (m), 1477 (m), 1362 (m), 1134 (m), 1095
(m), 1023 (m), 922 (m), 747 (s), 653 (M), 596 (MP (El, 70eV): m/z(%) = 321 (17),

320 (1), 319 63), 318 (12), 31749), 240 (34), 239 (19), 238 (100), 204 (16), 203
(96), 202 (28), 201(27), 150 (11), 119 (13), 101 (18IRMS(EI): Calculated for
CisHoN®'BrCl [M]* 318.95809 found 318.95836, calculated fogstHGN®'Bre’Cl
320.95514 found 320.05587.

5.2.3.2Indolo[3,2-c]quinolines
6-Methyl-11-(p-tolyl)-11H-indolo[3,2-cJquinoline  (11a) Yellow oil. 'HNMR
Me (300MHz, Chloroformd) ti=8.32-8.27 (m, 1H, CH,), 8.21 (d,
3)=8.4Hz, 1H, CHy), 7.60 (ddd,3J=8.4Hz, %J=6.9Hz,
N O 43=1.5Hz, 1H,CHa,), 7.48 (d21=7.7Hz, 2H, CHy), 7.44 (dd,
O X 3J=6.1Hz, 2J=3.2Hz, 2H, CHy), 7.40 (d,°J=8.2Hz, 2H,
N “Me | CHa), 7.36 (ddd,3J=8.4Hz, *J=1.5Hz, *J=0.6Hz, 1H,
CHa/), 7.25-7.18 (m, 2H, CH,), 3.28 (s, 3H, CH), 2.58 (s, 3H, Ch. *CNMR
(75MHz, CDCh) U=154.9(Ca/), 146.1(Ca’), 142.1(Ca/), 140.2(Ca;), 139.7(Cn,),
135.9(Car), 131.0(2CHa), 129.2(CHa/), 128.7(2CHa), 127.9(CHa/), 125.3(CHay),
124.5(CHa), 122.4(Car), 121.9(CHa), 121.7(CHa;), 121.6(CHa,), 116.7(Ca), 114.3
(Car), 110.8(CHa;), 25.0 (CHsquinoiind, 21.5(CHzar). IR (ATR, cmi™): T = 3057 (w),
3035 (w), 2951 (w), 2918 (w), 2852 (w), 1560 (w), 1509 (m), 1428 (m), 1365 (m), 1197
(w), 1118 (w), 740 (s), 507 (m). MEI, 70eV): m/z(%) = 323 (27), 322 [M] (100),
321 (24),306 (8), 153 (10). RMS (ESI): Calculated for GsH1gN, [M+H] " 323.15428
found 323.15462.

11-(3,5Dimethylphenyl)-6-methyl-11H-indolo[3,2-c]quinoline (11b). Yellow solid,

Mo mp.182-183°C. HNMR (300 MHz, Chloroforrd)
U=8.34-8.30 (m, 1H CHy), 8.23 (d,°J=8.4Hz, 1H CHa,),
Me 7.63 (ddd,®J=8.4Hz, 3J=6.9 Hz, “J=1.5Hz, 1H CHa),
L O 7.49-7.44 (m, 2H CHy), 7.40 (dd,3J=84Hz, *J=0.8Hz,
O t 1H, CHa), 7.32 (s, 1H CHy,), 7.29- 7.22 (m, 2H CHy), 7.16

N Me

(51 2H CHAr)1 3.30 (51 3H CH3-quinoIine)a 2.47 (516H' C|'|3-Ar)-
¥C NMR (75MHz, CDCk) U= 154.9 (Ca;), 146.1(Ca;), 142.0(2Cx), 140.2(Cn),
140.1 (Cp), 138.4(Cp;), 131.2(CHa/), 129.2(CHa), 127.8 (CHa/), 126.4(2CHa),
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125.2 (CHar), 124.5(CHa,), 122.3(Ca;), 122.1(CHa), 121.7(CHa), 121.5(CHa/),
116.7 (Car), 114.2 (Ca), 110.9 (CHa), 25.0 (CHazquinoind, 21.4 (2CHsar).

IR (ATR, cm™): T =3038(w), 2995 (w), 2960 (w), 2916 (w), 2855 (w), 1595 (w), 1560
(m), 1506 (m), 1470 (m), 1363 (m), 1244 (m), 1181 (w), 1023 (w), 858 (m), 744 (s),
726 (m). MS(EI, 70eV): m/z(%) = 337 (28), 336 [M] (100), 160 (8).HRMS (ESI):
Calculated for g4H20N> [M+H]* 337.16993 found 337.1701.

11-(2,3-Dihydro-1H-inden-5-yl)-6-methyl-11H-indolo[3,2-c]quinoline (11c): White
solid, mp.185-186°C. *HNMR (250MHz, Chloroformd)
@ li=8.33-8.27 (M, 1H CHy), 8.22 (ddJ=8.6Hz, “J= 14 Hz,
N O 1H, CHa), 7.61 (ddd2J=8.4Hz, %J=6.9Hz, “J=1.5Hz, 1H
O = CHa), 7.50 (d,%)1=8.0Hz, 1H CHy), 7.47-7.42 (m, 2H
N “Me CHa), 7.39 (d,%J=7.5Hz, 1H CHy), 7.34 (s, 1H, CHa),
7.30-7.19 (m, 3H CHa,), 3.29 (s, 3H CHsquinoind, 3.19-2.99 (M, 4Hjiphatic CHy),
2.34-2.19 (M, 2Hiphaic CHz). ®*CNMR (63MHz, CDCh) &i=1549 (Ca), 1469
(Car), 146.1 (Ca), 146.0 (G,), 142.2 (Ca/), 140.3(Ca), 136.4(Ca/), 129.0(CHa),
128.0 (CHay), 1267 (CHar), 125.9(CHa), 125.2(CHa), 124.7(CHay), 124.5(CHa),
122.3(Ca;), 122.0(CHa/), 121.6(CHp,), 121.6(CHa/), 116.7(Ca), 114.2(Ca/), 110.9
(CHar), 33.0 (CH,), 32.8 (CH,), 25.6 (CHy), 24.9 (CHzqunoind- IR (ATR, cmi’):
{ =3039 (w), 3004 (w), 206 (m), 2841 (m), 1561 (m), 1493 (m), 1428 (m), 1361 (m),
1238 (m), 1154 (m), 838 (W), 734 (s), 627 (W), 429 (m). (@5 70eV): m/z(%) = 349
(30), 348 [M] (100), 347 (25), 160 (7). HRME&I): Calculated for GHooN, [M]*
348.16210 found 348.16164.

11-(4-(tert-Butyl)phenyl)-6-methyl-11H-indolo[3,2-c]quinoline (11d). Yellow solid,

{Bu mp.137- 138°C. 'H NMR (250MHz, Chloroformd)
@ U=8.33-8.28 (m, 1H CHa), 8.23 (d, 3J=84Hz, 1H CHa),

N O 769 (d, 31=8.7Hz, 2H, CHa), 760 (ddd, 3J=8.4Hz,

XN 3)=6.8Hz, “J=1.6Hz, 1H CHy), 7.48-7.40 (m,4H, CHy),

O N “Me | 7.32 (ddd, *J=84Hz, “J=1.6Hz, °J=0.6Hz, 1H CHa),

7.25-7.17 (M, 2H CHy), 3.29 (S, 3H CHsquinolind, 1.49 (S, 9H CHaigy). “°C NMR
(63MHz, CDCh) U=154.8(Ca/), 152.9(Cn,), 145.9 Ca/), 1421 (Ca), 140.2(Ca),
135.7(Car), 129.0(CHa,), 128.3(2CHa), 127.9(CHa,), 127.2(2CHa,), 125.3(CHa),
124.6(CHp), 122.3(CHa/), 121.9(CHa,), 121.6(CHa), 116.7(Car), 114.2(Cp;), 112.9
(Car), 110.9 (CHa/), 35.0 (Cigy), 31.5(3CHsy), 25.0 (CHsquinoind- IR (ATR, crmi™):
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U

I =3393(w), 3064 (W), 3045 (w), 2956 (m), 2903 (w), 2866 (W), 1561 (m), 1506 (m),
1458 (m), 1429 (m), 1323 (m), 1239 (m), 1199 (m), 1116 (m), 740 (s), 629 (m).
MS (El, 70eV): m/z(%) =364 [M]" (100), 349 (52), 307 (8), 160 (1IHRMS (ESI):
Calculated for GgH24N> [M+H] " 365.20123 found 365.20144.

6-M ethyl-11-phenyl-11H-indolo[3,2-c]quinoline (11e) Yellow solid,
mp.195- 196°C. 'H NMR (300MHz, Chloroformd) Ui=8.30
Q (ddd, 33=62Hz, “J=31Hz, “J=0.8Hz, 1H CHa), 8.22 (d,
N O 3)=84Hz, 1H CHy), 7.73-7.66 (m, 3H CHa), 7.60 (ddd,
O = 3)=8.4Hz, 3J=6.8Hz, “J=1.6Hz, 1H CHa), 7.56-7.51 (m,
N” e 2H, CHa,), 7.45 (dd2J =62 Hz, 3= 3.1Hz, 2H, CHa,), 7.29 (dd,
3)=84Hz, “J=1.0Hz, 1H CHy), 7.23-7.17 (m, 2H CH), 3.28 (s, 3H
CHz.quinolind. "C NMR (75MHz, CDCk) ti=1550 (Ca;), 1462 (Ca;), 1421 (Ca),
140.2 (Ca), 138.7 (Gy), 130.5 (2CH), 1298 (CHa,), 1294 (CHa/), 129.1 (2CHh),
128.0 (CHy), 125.5 (CH,), 124.7 (CH,), 122.5 (G), 121.9 (CH,), 1219 (CHa),
121.8 (CHy), 116.7 (G,), 1145 (Ca), 110.8 (CH,), 25.1 (CHsquinolind-
IR (ATR, cm™): T = 3055 (w),2992 (w), 2947 (w), 2912 (w), 2848 (w), 1591 (w), 1559
(m), 1502 (m), 1455 (m), 1435 (m), 1368 (m), 1235 (m), 1197 (m), 1917 (m), 736 (s),
701 (m), 625 (m). MSEI, 70eV): m/z(%) = 309 (22), 308 [M] (100), 307 (30), 153
(5). HRMS(ESI): Calculated for gH1gN2 [M+H]* 309.13862 found 309.13876.

6-M ethyl-11-(4-(methylthio)phenyl)-11H-indolo[3,2-c]quinoline  (11f):  Yellow
MeS solid, mp.170-171°C. 'HNMR (250MHz, Chloroformd)

@ 1=8.32-8.26 (m, 1H CHy), 8.21 (d,33=8.0Hz, 1H CHy),
= )

7.61 (ddd2J=8.4Hz, 3=6.9Hz, “J=1.5Hz, 1H, CHa,), 7.51
N (d,33=8.7Hz, 2H, CHy), 7.47- 7.37 (m, 5H CHy), 7.28- 7.23

O N Me | (M, 1H CH), 7.23-7.17 (m, 1H CHa), 3.26 (s, 3H
CHz quinolind, 2.64 (s, 3K SCHy). *C NMR (63MHz, CDCk) Ui=154.8 (Ca), 146.0
(Car), 142.0(Cp;), 140.9(Cp), 140.1(Ca), 135.1(Car), 129.2(2CHy), 127.9(CHa,),
127.3(2CHa), 125.4(CHa;), 124.7(CHa), 122.4(Cp;), 121.8(2CHa,), 121.7(2CHa,),
116.6(Car), 114.3(Car), 110.7(CHa,), 25.0(CHs.quinoiind, 15.4(SCHp). IR (ATR, cmi™):
f =3054(w), 2948 (w), 2918 (w), 1560 (W), 1496 (m), 1432 (m), 1363 (m), 1198 (m),
1087 (m), 737 (s), 626 (m), 511 (m). MBI, 70eV): m/z(%) =355 (27), 354 [M]
(100), 306 (10), 153 (6HRMS (El): Calculated for gsH1gN,S [M]* 354.11852 found
354.11843.
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11-(4-M ethoxyphenyl}6-methyl-11H-indolo[3,2-c]quinoline (11g)} Yellow solid,
MeO mp.234- 236°C. *H NMR (250MHz, Chloroformd) ti = 8.54
(d, 3J=8.4Hz, 1H CHa), 832-828 (m, 1H CHa), 7.68

N O (ddd,33=8.4Hz, 31=6.6Hz, *J=1.7Hz, 1H CHa,), 7.51 (d,

N 3J=8.9Hz, 2H, CHa,), 7.45 (d,33=8.9Hz, 2H, CHa,), 7.38
O N “Me | (ddd,*J=84Hz “J=17Hz °J=0.7Hz, 1H CHy), 7.32 (dd,
3J=6.7Hz, 2J=1.3Hz, 1H CHy), 7.25-7.17 (m, 3H CHa), 4.00 (s, 3H OCH),
342 (s, 3H CHaquinolind.- *CNMR (63 MHz, CDChk) U= 160.4 (Ca,OCHs), 154.5
(Cquinolineme), 144.9(Car), 142.4(Car), 140.5(Ca), 130.7(Ca;), 129.9(2CHa,), 128.3
(CHar), 125.6(CHp;), 124.9(CHp,), 122.2(CHa), 121.9(CHa/), 121.9(Cyp), 121.7
(CHar), 116.5(Ca/), 115.6 (2CHa/), 114.1(CHp), 113.9(Ca), 110.9 (CHy), 55.7
(OCHg), 24.2 (CHs quinolind- IR (ATR, cmi): T = 3398 (w), 3056 (m), 3004 (w), 2958
(w), 2933 (m), 2837 (m), 2546 (M), 2198 (m), 2056 (w), 1891 (w), 1635 (m), 1606 (m),
1508 (s), 1435 (s), 1368 (m), 1296 (m), 1248 (s), 1198 (m), 1026 (m), 908 (m), 842 (m),
723 (s), 526 (m). MSEI, 70eV): m/z(%) = 338 [M]" (100), 323 (10), 294 (21), 147
(14). HRMS (El): Calculated for GH1g0ON, [M] * 338.14136 found 338.14096.

11-(3-Methoxyphenyl}6-methyl-11H-indolo[3,2-c]quinoline (11h). Yellow solid,
OMe mp.206i 207°C. HNMR (300MHz, Chloroformd)
@ i=8.32-8.28 (m, 1H CHa,), 8.22 (d,%J=8.4Hz, 1H CHa),
N O 7.64-7.60 (M, 1H CHy), 7.60- 7.56 (m, 1H CHy,), 7.50- 7.41
L (m, 2H, CHa,), 7.38 (ddd,®J=8.4Hz, “J=1.5Hz, °J=0.6Hz,
O _ 1H, CHa), 7.28-7.20 (m, 3H CHy), 7.13 (ddd,%J=7.7Hz,
nHe “J=1.9Hz, ®J=1.0Hz, 1H CHa), 7.05 (t, “3=2.2Hz, 1H
CHas), 3.85 (s,3H, OCH), 3.28 (S,3H, CHsquinolind. ~-C NMR (75MHz, CDCk)
U=161.1(CaOCHs), 154.8(Cp), 146.0(Ca), 141.9(Ca;), 140.0(Ca;), 139.6(Ca,),
131.1(CHa/), 129.2(CHa/), 128.0(CHa), 125.4(CHa/), 124.7(CHa;), 122.4(CHa),
122.0(Car), 121.7(2CHar), 121.1(CHp), 116.6(Ca), 115.7(CHa/), 114.3(Ca/), 114.2
(CHar), 110.8(CHa,), 55.6(OCHs), 25.0(CHs quinoiind- IR (ATR, cm™):  =3037 (w),
3008 (W), 2967 (w), 2837 (W), 1594 (m), 1494 (m), 1427 (m), 1364 (m), 1243 (m), 1029
(m), 860 (m), 793 (m), 37 (s), 709 (m), 635 (m). ME&I, 70eV): m/z(%) = 339 (25),
338 [M]" (100), 323 (6), 294 (12). RMS (ESI): Calculated for GzH1gN,O [M+H]*
339.14919 found 339.14961.
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11-(2-M ethoxyphenyl}6-methyl-11H-indolo[3,2-c]quinoline  (11i): Brown oil.
OMe 'H NMR (300MHz, Chloroformd) U= 8.36- 8.25 (m, 2H CHa,),

Q/ 7.73-7.59 (m, 2H CHy,), 7.52 (dd3)=7.7Hz, *J=1.7Hz, 1H

A O CHa), 7.49-7.45 (m, 2H CH), 7.39 (ddd, 2J=84Hz,
O j 4J=1.5Hz, ®J=0.6Hz, 1H CHa), 7.31-7.15 (m,4H, CHa),
N _Me | 360 (s, 3HOCHy), 3.33 (S, 3H CHs.quinoiind- °C NMR (75MHz,
CDCly) Ui = 156.5(CaOCHa), 154.6(Ca), 145.2(Ca), 141.6(Ca;), 140.6(Cp), 131.3
(CHar), 130.4(CHa;), 128.6(CHa), 128.1(CHa/), 126.8(Ca;), 125.4(CHy,), 124.8
(CHar), 122.5(Cp;), 121.7(CHa/), 121.7(CHa/), 121.6(CHa;), 121.2(CHa,), 117.0
(Car), 114.3 (Car), 112.8 (CHar), 110.7 (CHa;), 55.8 (OCHs), 24.5 (CHa.quinolind-
IR (ATR, cm™): = 3358 (m), 3056 (m), 3011 (m), 2939 (m), 2839 (m), 2563 (w), 1596
(m), 1559 (m), 1502 (s), 1455 (m), 1432 (m), 1366 (m), 1244 (m), 1118 (m), 1019 (m),
741 (s), 626 (m). M$EI, 70eV): m/z(%) =338 [M]" (100), 323 (12), 293 (10).
HRMS (EI): Calculated for gsH;g0ON, [M]* 338.14136 found 338.14102.

11-(3,5Dimethoxyphenyl)}-6-methyl-11H-indolo[3,2-c]quinoline (11j): Yellow solid,
TV mp.203-204°C. 'HNMR (250MHz, Chloroformd)
U=8.33-8.27 (m, 1H CHy,), 8.22 (d,J = 8.4Hz, 1H CHa,),
MeO/O 7.63 (ddd,®1=8.4Hz, 3J=6.9Hz, “J=1.5Hz, 1H CHa),
N O 7.53-7.43 (m, 3H CHy,), 7.34- 7.24 (m, 2H CHa,), 6.77 (t,
O j 43=2.3Hz, 1H CHa,), 6.68 (d,%J=2.3Hz, 2H, CHa/), 3.83
N _Me | (s, 6H OCHp), 3.28 (S, 3H CHaquinoiind- -"C NMR (63MHz,
CDCl) Ui = 162.0(2CaOCHs), 154.8(Ca;), 146.1(Ca), 141.7(Ca), 140.1(Ca), 139.9
(Car), 129.2 (CHa/), 127.9(CHa), 125.4 (CHy,), 124.7 (CHa), 122.4(Ca), 122.1
(CHa), 121.7(2CHa;), 116.5(Ca), 114.3(Car), 110.8(CHa), 106.9(2CHy,), 101.9
(CHar), 55.7 (20CHs), 25.0 (CHaquinolingd- IR (ATR, cmi®): ¥ =3004 (m), 2966 (m),
2939 (m), 2858 (m), 1607 (m), 1582 (m), 1422 (m), 1192 (m), 1151 (s), 1060 (m), 989
(m), 854 (m), 745 (s), 724 (m), 633 (m). NBI, 70eV): m/z(%) = 369 (27), 368 [M]
(100), 309 (7). HRMS(EI): Calculated for G4H»00:N, [M]* 368.155193 found
368.15148.

11-(2,4Dimethoxyphenyl}-6-methyl-11H-indolo[3,2-c]quinoline (11k): White solid,
mp.137- 138°C. *H NMR (250MHz, Chloroformd) U= 8.33-8.26 (m, 1H CHa,),
8.22 (d,33=8.4Hz, 1H CHy), 7.60 (ddd,®J=8.4Hz, J=6.9Hz, *J=1.5Hz, 1H
CHa), 7.49-7.41 (m,3H, CHa), 7.39 (dd,®J=8.0Hz, %3J=0.9Hz, 1H, CHa), 7.24
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MeO (ddd, 3J=8.4Hz, 3%J=6.9Hz, “J=1.3Hz, 1H CHa),
OMe 7.19- 7.13 (m, 1H CHy/), 6.74 (d2J=8.0Hz, 2H, CHa,), 3.98
N O (s, 3H OCH), 3.56 (s, 3H OCHp), 3.28 (s, 3K CHa.quinolind-
X ¥CNMR (63MHz, CDCk) li=161.8 (CaOCHs), 157.4
O N “Me | (CarOCHg), 154.8(Ca;), 145.7(Ca;), 141.9(Car), 140.6(Ca),
130.8(CHa), 128.9(CHa/), 127.8(CHa,), 125.2(CHa/), 124.6(Ca), 122.4(Cpr), 121.6
(Car), 121.5(CHp;), 121.2(Cp;), 119.8(Ch), 117.2(CHa/), 114.2(CHp;), 110.6(CHa,),
105.1 (CHa), 100.2 (CHa;), 55.8 (OCHs), 55.7 (OCHs), 24.8 (CHaquinolind-
IR (ATR, cm™): f = 3369 (w), 3057 (w), 3011 (w), 2930 (w), 2838 (w), 2573 (w), 1605
(w), 1587 (m), 1510 (m), 1368 (m), 1285 (m), 1208 (m), 1159 (m), 1021 (m), 835 (m),
744 (s), 547 (m). M$EI, 70eV): m/z(%) = 369 (26), 368 [M] (100), 293 (5), 281 (9),
147 (5).HRMS (El): Calculated for gH-00:N, [M] * 368.15193 found 368.15197.

6-M ethyl-11-(3,4,5trimethoxyphenyl)-11H-indolo[3,2-c]quinoline  (11l):  White
oVie solid, mp.201- 202°C. *H NMR (250MHz, Chloroformd)
MeO li=8.33-8.28 (M, 1H CHa,), 8.24 (d,2J = 8.4Hz, 1H CHa),
MeO@ 7.63 (ddd,21=8.4Hz, J=6.8Hz, “J=1.5Hz, 1H CHa),
N O 7.51-7.45 (m, 2H CHy,), 7.43 (ddd3J =84 Hz, *J = 1.5Hz,
O \/ °J=0.6Hz, 1H CHy), 7.34-7.28 (m, 2H CHa), 6.76 (s,
N__ _Me | 2H, CHy), 4.06 (s, 3HOCH;), 3.84 (s, 6H OCHg), 3.29 (s,
3H, CHs.quinolind- “°C NMR (63MHz, CDCk) Ui = 154.8 (G), 154.6(2CaOCH), 145.8
(Car), 1420 (Ca), 1401 (Cu), 138.8 (G/), 133.8 (G,), 129.0 (CH,), 128.1 (CH.,),
1255 (CHa), 124.9 (CHy), 122.3 (G,), 121.9 (CH,), 121.8 (CH,), 121.7 (CH.),
116.5 (Gy), 114.1 (G,), 110.8 (CH,), 106.0 (2CHx), 61.2 (OCH), 564 (20CH),
248 (CHa.quinoling- IR (ATR, cmi): T = 3049 (w), 2993 (w), 2939 (w), 2827 (w), 2454
(w), 1591 (m), 183 (m), 1346 (w), 1227 (m), 1118 (s), 1000 (m), 747 (s).
MS (El, 70eV): m/z(%) = 398 [M] * (100), 383 (22), 297 (8HRMS (El): Calculated
for CasH2203N2 [M] * 398.16249 found 398.16215.

6-M ethyl-11-(naphthalen-1-yl)-11H-indolo[3,2-clquinoline  (11m). Red solid,
mp.197-198°C. 'HNMR (250MHz, Chloroformd) ©i=8.38 (ddd, 3J=8.0Hz,
“J=12Hz, °J=0.7Hz, 1H CHy), 8.20 (d, °J=8.4Hz, 2H, CHa), 8.07 (d,
3J=8.3Hz, 1H CHy), 7.82-7.66 (m, 2H CHy), 7.58-7.54 (m, 1H CHa),
7.53-7.49 (m, 1H CHy), 7.49-7.43 (m, 1H CHa), 7.38 (ddd,3J=8.3Hz
3J=7.2Hz, *3=1.3Hz, 1H, CHa), 7.27 (ddd,2J=8.2Hz, 31=6.8Hz, “J=1.2Hz,
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1H, CHy), 7.10 (d,3J=8.5Hz, 1H CHy), 7.02- 6.99 (m, 1H

0 CHar), 6.99-6.94 (m, 2H CHy), 3.35 (S, 3H, Chlguinoling-
O 3C NMR (63MHz, CDCk) U=1550 (Ca), 146.1 (G,), 142.2
N O (Car), 140.8 (G), 135.0 (G,), 134.7 (G/), 131.1 (G,), 130.2
O \/ (CHa,), 129.1 (CH,), 128.5 (CH,), 127.9 (CH,), 127.8 (CH.),
N _Me | 127.2 (CHy), 1272 (CHx), 126.0 (CHa), 1255 (CHa,), 124.7
(CHa), 122.8 (CH,), 122.5 (CH,), 121.8 (CH,), 121.5 (CH,), 1166 (Cx), 114.4
(Car), 111.0 (CHy), 100.0 (G/), 25.1 (CHquinoind- IR (ATR, cm™): T =3047 (m),
2889 (W), 2915 (W), 2849 (w), 1595 (w), 1560 (m), 1508 (m), 1433 (m), 1364 (m), 1240
(m), 1117 (m), 776 (m), 738 (s), 638 (m). NB, 70eV): m/z(%) = 359 (30), 35§M] *
(100), 357 (20), 178 (5). HRMEESI): Calculated for GsHigN, [M+H]* 359.15428
found 359.15493.

11-(Anthracen-2-yl)-6-methyl-11H-indolo[3,2-c]quinoline  (11n). Yellow solid,

mp.290- 291 °C.*H NMR (250MHz, Chloroformd) ti= 8.66 (d,

0 %J=1.3Hz, 1H CHy), 8.54 (d,*J=1.1Hz, 1H CHa,), 8.39- 8.26
0 (m, 4H CHy), 8.17-8.02 (m, 2H CHy,), 7.64-7.55 (m, 3H
O CHa), 7.53- 7.40 (m, 4H CHy), 7.36- 7.28 (m, 1H CHy,), 7.11
N O (ddd,3J=8.4Hz, 3J=6.9Hz, “*J=1.3Hz, 1H CHa,), 3.35 (s, 3H

O N CHa quinolind. "C NMR (63MHz, CDCk) ti=154.7 (Ca,), 142.1
N “Me (Car), 140.3(Cp;), 135.1(Ca;), 132.6 (Cp), 132.4(Cp;), 131.3

(Car), 131.2(CHay), 131.0(Ca;), 128.3(CHa), 128.2(2CHa,), 127.9(2CHy), 127.2
(CHar), 126.9(2CHa;), 126.4(2CHay), 125.7(Car), 125.6(CHa;), 124.9(CHay), 122.5
(Car), 122.0 (2CHa), 121.8 (CHa), 116.6 (Ca), 114.5 (Ca), 110.9 (CHp), 24.6
(CHaquinoing- IR (ATR, cni®): T = 3046 (w), 2911 (w), 1672 (m), 1582 (m), 1558 (m),
1430 (m), 1364 (m), 1289 (m), 736 (s), 636 (M), 468 (s)(EIS70 €V): m/z(%) = 409
(32), 408[M]* (100), 407 (54), 204 (11). RMS (EI): Calculated for GoHaoN» [M]*
408.16210 found 408.16132.

11-(4-Fluorophenyl)-6-methyl-11H-indolo[3,2-c]quinoline (110} Orange solid,
mp. 226- 227°C. 'H NMR (250MHz, Chloroformd) U= 8.38 (d,3J:8.4 Hz, 1H
CHa), 8.32-8.24 (m, 1H CHy), 7.64 (dt, 3J=8.4Hz, “J=4.3Hz, 1H CHa),
7.57-7.46 (m, 4H CHy), 7.45- 7.36 (M, 2H CHy,), 7.27 (n, 2H, CHy,), 7.22- 7.15
(m, 1H CHa), 3.32 (S, 3H CHa.quinoing- ~FNMR (235MHz, CDCk) &i=-110.0
(FCa). ®*CNMR (63MHz, CDCk) ti= 163.1(d, *Jcr = 250.8Hz, CaF), 154.3(Cay),
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= 1442 (Cx), 1422 (Cay), 1405 (Cay), 134.1(d, “Jer = 3.5Hz, Cay),
@ 130.7(d, 3Jcr = 8.8Hz, 2CHy), 128.7 (CHy), 1280 (CHa,), 126.0

N O (CHa), 125.3 (CH), 1224 (CHy), 1223 (Ca), 121.8 (CH),
N 1216 (CHa,), 1177 (d, 2Jcr = 22.8Hz, 2CHy), 1162 (Ca), 114.2
O M (Car), 1108 (CHas), 23.8 (CH.quinoind- IR (ATR, cmi): T = 3060

e

(w), 2465 (w), 2426 (w), 1886 (w), 1636 (w), 1585 (w), 1506 (m), 1436 (m), 1370 (m),
1220 (m), 1198 (m), 845 (m), 756 (m), 738 (m), 521 (m). (B570eV):
m/z(%) = 327 (23), 32M]" (100), 325 (28)HRMS (El): Calculated for GH1sNoF

[M] " 326.12138 found 326.12098.

11-(4-Chlorophenyl)-6-methyl-11H-indolo[3,2-c]quinoline  (11p): Yellow solid,
mp.261- 262°C. *H NMR (250MHz, Chloroformd) ti=8.59 (d,
3)=8.4Hz, 1H CHy), 8.34-8.24 (m, 1H CHy), 7.76- 7.66 (m,

Q 3H, CHyy), 7.58-7.47 (m, 4H CHy), 7.38-7.32 (m, 2H CHa),

A O 7.24-7.17 (m, 1H CHy), 3.43 (s, 3H CHaquinoind. “C NMR
O \/ (63MHz, CDCk) G=1538 (Ca), 149.7 (G/), 146.0 (G,), 142.2
(CHar), 140.7(Car), 136.3 (G), 136.2 (G,), 131.0 (2CH,), 1301
(2CHar), 129.5(CHar), 126.6 (CH,), 1261 (CHa), 123.0 (CH,), 1222 (Ca), 1219
(CHar), 1217 (CHar), 1158 (Ca), 114.2 (G/), 111.0 (CH,), 22.8 (CH.quinoiino-
IR (ATR, cm™): { = 3050 (w), 2453 (m), 1876 (w), 1584 (w), 1493 (m), 1433 (m), 1368
(m), 1198 (m), 1085 (m), 1013 (m), 843 (m), 740 (s), 626 (m), 508 (MYBWI0eV):
m/z (%) = 342 [M]" (100), 306 (8), 153 (14). HRMEI): Calculated for gH;sN.Cl
[M]* 342.09183 foud 342.09087, calculated for»115N-3'Cl [M]* 344.08888 found
344.08934.

4-(6-M ethyl-11H-indolo[3,2-c]quinolin -11-yl)benzonitrile  (11q): White solid,
NG mp.221-222°C.  'HNMR  (250MHz,  Chloroformd)
i=8.35-8.26 (M, 1H CHy), 8.22 (d,3J=8.4Hz, 1H, CHa,),
N O 8.01 (d,*J=8.7Hz, 2H, CHy), 7.70 (d,33=8.7Hz, 2H CHa),

N 7.62 (ddd,®J=8.4Hz, 3J=6.6Hz, “J=1.8 Hz, 1H CHa),

O N Me | 7-53-7.44 (m, 2H CHy), 7.30- 7.13 (m,3H, CHay), 3.25 (s, 3H
CHa quinolind. -"C NMR (63MHz, CDCk) ti=154.9 (Ca;), 146.0 (Ca;), 142.8 (Ca),
141.3(Cp;), 139.7(Car), 134.3(2CHa), 130.0(2CHa;), 129.5(CHp,), 128.3(CHa),
125.9 (CHp;), 125.0(CHp), 122.8(Cp;), 122.4(CHp), 122.1(CHa), 121.3 (CHa),
117.8 (Car), 116.1(Car), 115.0(Car), 113.6(Car), 110.2(CHa), 24.9 (CHzquinoling-

A2



Appendix

IR (ATR, cm™): T = 3033 (w), 2992 (w), 2919 (W), 2654 (W), 2475 (w), 2226 (w), 1602
(w), 1561 (m), 1431 (m), 1363 (m), 1228 (m), 1198 (m), 1117 (w),(gR3I626 (M),
547 (m). MS(EI, 70eV): m/z(%) = 334 (23), 333 [M] (100), 331 (23). RMS (El):
Calculated for GH1sN3 [M] " 333.12605 found 333.12566.

11-Benzyt6-methyl-11H-indolo[3,2-cJquinoline  (11r): Yellow oil. 'HNMR
(250MHz, Chloroformd) 0=8.32-823 (m, 2H CHa,), 815
(ddd,®J=8.4Hz, 2J=1.3Hz, °J= 0.6 Hz, 1H, CHa,), 764 (ddd,
N O 3)=8.4Hz, 3J=7.0Hz, “3=1.3Hz, 1H CHy), 755- 752 (m,
L 1H, CHa), 752- 751 (m, 1H CHa,), 750- 7.44 (m, 1H CHa,),
O _ 7.39 (ddd, 3J=8.6Hz, %1=7.1Hz, “J=1.5Hz, 1H CHa),
S 7.33-7.28(m, 3H CHy), 7.19- 7.14 (m, 2H, CHa,), 595 (s, 2H,
CHy.aliphatid, 323 (S, 3H CHaquinoiind- "C NMR (63MHz, CDCk) U= 154.7 (Ca),
145.9(Car), 140.8(Car), 140.0(Ca;), 136.2(CHar), 129.3(CHp,), 129.2 (2Eia), 128.0
(CHar), 127.8 (CH,), 125.8 (2CH,), 1256 (CHa,), 125.1(CHa,), 122.5(CHp,), 122.0
(CHar), 121.7(CHa,), 121.7(CHa/), 116.6(Ca;), 114.3(Ca), 109.7(CHa), 49.4(CHy),
24.8 (CHa.quinoling- IR (ATR, cm™): ¥ =3031(m), 2921 (m), 2852 (m), 1561 (m), 1513
(m), 1441 (m), 1350 (m), 1239 (m), 1122 (m), 738 (s), 724 (s), 689 (M), 470 (m).
MS (El, 70 eV): m/z(%) = 323 (16), 324M] * (63), 231 (15), 204 (7), 91 (100), 65 (12).
HRMS (EI): Calculated for GgH1gN» [M] ™ 322.14645 found 322.14659.

11-(4-M ethoxybenzyl}6-methyl-11H-indolo[3,2-c]quinoline  (11s): Yellow solid,

OMe mp.168-169°C. 'H NMR (250MHz, Chloroformd) i=8.29

(dt, 3J=7.7Hz, “J=1.0Hz, 2H CHa), 8.20 (ddd,>J=8.5Hz,

“J=1.4Hz, ®J=0.6Hz, 1H CHa), 7.66 (ddd, 3J=8.4Hz,

N O 3)=7.0Hz, *J=1.3Hz, 1H CHa), 7.57-7.52 (m, 2H CHa),

N 7.50-7.38 (m, 2H CHy), 7.09 f, 2H, CHa), 6.84 (d,

O N Mo 3)=8.7Hz, 2H, CHy), 5.93 (S, 2H CHaiphaid, 3.74 (s, 3H
OCHg), 3.26 (S, 3H CHaquinolind. “"CNMR (63MHz, CDCh) Uli=159.2 (G,OCH),
154.5 (G,), 1455 (Ca), 1408 (Ca), 1400 (Ca), 129.0 (CH,), 128.1 (CH,), 128.0
(Car), 127.0 (2CH,), 125.6 (CH,), 125.3 (CH,), 122.4 (G,), 1220 (CHa), 1218
(CHar), 121.7 (CH\), 116.6 (Ca), 114.6 (2CH,), 1142 (Ca), 1098 (CHy), 55.3
(OCHg), 48.9 (CH), 246 (CHsquinolind- IR (ATR, cmi): T =3059 (w), 3002 (w), 2962

(W), 2936 (w), 2907 (w), 2830 (w), 2641 (w), 1613 (w), 1560 (w), 1511 (m), 1439 (m),
1242 (m), 1164 (w), 1024 (m)808 (m), 741 (s), 506 (m). MEI, 70eV):
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miz(%) = 352 [M]" (25), 122 (12), 121 (100), 95 (5), 78 (8). HRNES): Calculatedor
C24H200N2 [M] * 352.15701 found 352.15643.

6-Methyl-11-pentyl-11H-indolo[3,2-cJquinoline  (11t): Yellow oil. 'HNMR
(250MHz, Chloroformd) ti=8.35 (dd,3J=8.4Hz, “J=1.0Hz,
1H, CHa), 8.28 (dd,*J=8.4Hz, *J=1.2Hz, 1H CHa,), 8.23 (dt,
3J=80Hz, “J=1.0Hz, 1H CHa), 7.71 (ddd, 3J=8.4Hz

N O 3J=6.9Hz, “1=1.4Hz, 1H CHa), 7.63-7.51 (m, 3H CHa),
O = 7.42 (ddd, 3J=80Hz, 31=6.0Hz, “J=2.2Hz, 1H CHa),

N" “Me | 4.74-4.60 (M, 2H CHyaiphaiid» 3-18 (S, 3H CHs.quinolind, 2.03 (p,
3)=7.7Hz, 2H, CHyiiphatid, 1.60-1.34 (M,4H, CHy aiphaid, 0.94 (t,°J=7.0Hz, 3H,
CHs). ®*CNMR (63MHz, CDCk) ti=154.7 (Ca/), 145.9(Ca), 140.1(Ca), 139.1
(Car), 129.6(CHp,), 127.7(CHa/), 125.1(CHp,), 125.0(CHa,), 122.2(CHa), 121.9
(Car), 121.5(CHa), 121.1(CHa,), 116.9(Ca), 114.1(Ca), 109.4(CHa,), 45.7(CHy),
29.4 (CHy), 29.1 (CHy), 24.8 (CHaquinolingd, 22.4 (CHy), 14.0 (CHs). IR (ATR, cm™):
{ =3054 (w), 2950 (m), 2923 (m), 2853 (w), 1560 (m), 1439 (m), 1364 (m), 1251 (m),
1161 (m), 1111 (m), 1029 (w), 736 (s), 621 (MWS (El, 70eV): m/z(%) = 303 (13),
302 [M]" (52), 246 (19), 245 (100), 204 (1MIRMS (El): Calculated for GH2.N,
[M]* 302.17775 found 302.17686.

5.2.3.3lndolo[2,3-b]quinolines
6-(p-Tolyl)-6H-indolo[2,3-b]quinoline (12a)} White solid,mp.135- 137°C. *H NMR
(300MHz, Chloroformd) ti=8.79 (s, 1H CHyyrigineg, 8.21 (dd,
O - O 3)=7.7Hz, J=1.0Hz, 1H CHy), 8.09 (dd,3J=8.4Hz
N 'iQ 3J=1.2Hz, 1H CHa), 8.02 (dd,*J=8.3Hz, *J=1.5Hz, 1H,

CHa/), 7.72-7.61 (m, 3H CHy), 7.53-7.42 (m, 5H CHa),

\io| 7-38-7.34 (m, 1H CHy), 2.51 (s, 3H CHy). BCNMR (75
MHz, CDChk) ti=152.9 (G,), 147.0 (G,), 142.9 (G,), 137.5 (G,), 1338 (Cu), 1304
(2CHy), 128.8 (CH,), 128.4 (CH,), 128.3 (CH\,), 128.2 (CH,), 127.5 (CH,), 127.4
(2CHy), 124.7 (Gy), 123.4 (CH,), 121.5 (CH,), 120.9 (G,), 120.8 (CH,), 118.5
(Car), 1103 (CHa), 215 (CHy). IR (ATR, cm): f =3064 (w), 3033 (w), 2958 (w),
2918 (w), 2851 (w), 1602 (m), 1516 (m), 1460 (m), 1407 (m), 1226 (m), 897 (m), 740
(s), 596 (m), 475 (MMS (El, 70eV): m/z(%) = 309 (22), 30gM] * (100), 307 (86),
292 (13).HRMS (ESI): Calculated for GH1gN, [M+H] * 30913862 found 309.13878.
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6-(4-Methoxyphenyl)-6H-indolo[2,3-b]quinoline  (12b). Pale yellow solid,
mp.182- 184°C. *H NMR (300MHz, Chloroformd) U= 8.80
O X O (s, 1H CHyyriging, 8.21 (d,°J=7.3Hz, 1H, CHa), 8.10 (d,

N7 N %)J=8.5Hz, 1H CHy), 8.03 (dd,2J=8.0Hz, 3J=1.6Hz, 1H
CHa,), 7.73-7.60 (M, 3H CHy,), 7.55-7.49 (m, 1H CHy,),
7.49-7.43 (m, 1H CHa,), 7.40 (d,3J=8.2Hz, 1H, CHa),
7.36-7.31 (M, 1H CHy,), 7.16 (d,2J=8.9Hz, 2H, CHa), 3.94

(s, 3H OCHy). ®*CNMR (75MHz, CDCk) ti=159.1 (G,), 143.2 (G,), 129.1 (Gy),
129.0(2C;), 12.0 (2CHy), 128.5 (CH,), 128.3 (CH,), 128.1 (CH,), 127.8 (CH,),
124.7 (Gy), 124.7 (G,), 123.5 (CH\), 121.5 (CH,), 120.9 (CH,), 120.8 (CH,), 118.6
(Car), 115.1 (2CH,), 110.3 (CH\), 55.7 (OCH). IR (ATR, cm™): f =3050 (w), 3033

(w), 3015 (w), 2955 (w), 2918 (w), 1602 (m), 1516 (m), 1461 (m), 1408 (m), 1227 (m),
1176 (m), 1024 (m), 742 (s), 598 (m), 476 (MWAS (El, 70eV): m/z(%) = 325 (24),
324[M]* (100), 323 (29), 309 (33), 281 (16), 280 (13), 279 (13), 218 (10), 140 (12).
HRMS (ESI): Calculated for GH1gN,O [M+H]" 325.13354 found 325.13339.

OMe

6-(4-Ethoxyphenyl)-6H-indolo[2,3-b]quinoline (12c} White solid, mp.165- 166°C.
'H NMR (300MHz, Chloroformd) ti=8.78 (s, 1H CHyridine),

O A O 8.20 (dt, 2J=7.6Hz, “J=1.0Hz, 1H CHa), 8.10 (d,

NTTN 3J=8.6Hz, 1H, CHa,), 8.02 (dd,2J=8.1Hz, J=1.5Hz, 1H
CHa), 7.68 (ddd,*J=8.5Hz, J=6.8Hz, “J=1.5Hz, 1H
be| CHa), 7.62 (d,%3=8.9Hz, 2H CHy), 7.55-7.49 (m, 1H
CHa), 7.49-7.44 (m, 1H CHy,), 7.46-7.38 (m, 1H CHa), 7.34 (td,3J=7.5Hz,
“J=1.1Hz, 1H CH), 7.15 (d,3J=8.9Hz, 2H CHy), 4.16 (q,3J=7.0Hz, 2H
OCH,), 1.51 (t,%3=7.0Hz, 3H CHs). *CNMR (63MHz, CDCk) ti=158.4 (G,),
1531 (Cay), 147.0(Car), 1432 (Ca), 128.9(Cn;), 1289 (2CHy), 128.8 (CH,), 128.8
(Car), 128.4 (CHy), 128.3 (CH,), 128.2 (CH,), 127.5(CHp), 1247 (Ca), 1234
(CHa), 1215 (CHa/), 1208 (CHy), 118.4 (G,), 115.5 (2CH,), 1102 (CHy), 63.9
(OCH), 15.0 (CH). IR (ATR, cm™): { = 3044 (w), 2981 (w), 2934 (w), 2876 (w), 2738
(w), 1603 (m), 1514 (m), 1473 (m), 1407 (m), 1224 (m), 1112 (m), 1041 (m), 742 (s),
587 (m).MS (El,70eV): m/z(%) = 339 (24), 33gM]* (100), 310 (29), 309 (94), 281
(31), 280 (24), 279 (26), 218 (19), 29 J2HRMS (ESI): Calculated for GzH1gN;O
[M+H]* 339.14919 found 339.14919.
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6-(3,5-Dimethoxyphenyl}6H-indolo[2,3-b]quinoline (22d):. White solid,
mp.143- 145°C. 'HNMR (300MHz, Chloroformd)
O X O li=8.79 (s, 1H CHy), 8.20 (ddd3]=7.7Hz, 3= 1.3Hz,
N7 N 4J=0.8Hz, 1H CHa), 8.12 (d,%3=8.5Hz, 1H CHa),
ove| 802 (ddd23=8.7Hz, *J=1.5Hz, °J=0.6Hz, 1H, CHa,),
MeO 7.69 (ddd,*J=8.5Hz, °J=6.8Hz, “J=1.5Hz, 1H CHy),
7.57 (ddd2J=8.2Hz, “J=1.5Hz, °J=0.7Hz, 1H, CHa), 7.55- 7.50 (m, 1H CHa,),
7.50- 7.45 (m, 1H CHa,), 7.35 (ddd3J=7.6Hz, 3J=6.8Hz, “J=1.5Hz, 1H, CHa,),
6.95 (d,"J=2.3Hz, 2H CHa), 6.61 (t,"J=2.3Hz, 1H CHa/), 3.88 (s, 6H OCHp).
3C NMR (75 MHz, CDC}) U= 161.5 (2CAOCHs), 152.7 (Car), 147.0(Ca;), 142.6
(Car), 138.0(Cn), 128.9 (CH,), 128.4 (2CH,), 128.3 (CH,), 127.6 (CH,), 124.8
(Car), 123.6 (CH,), 121.5 (CH,), 121.0(Ca/), 121.0 (CH,), 118.5(Cx;), 110.6 (CH,),
105.8 (2CH,), 100.2 (CH,), 55.7 (20CH). IR (ATR, cmi’): T =3055 (w), 2998 (w),
2931 (w), 2833 (w), 1593 (m), 1460 (m), 1405 (m), 1221 (m), 1193 (m), 1148 (m),
1063 (m), 1016 (m), 782 (m), 731 (s), 685 (m), 574 (m), 473 MY (El, 70eV):
m/z(%) = 355 (24), 354M]* (100), 353 (83), 325 (14), 324 (31), 281 (14), 280 (10),

279 (12), 267 (22), 218 (23), 190 (IHRMS (ESI): Calculated for GsHiN,O,
[M+H] * 355.14410 found 355.14436.

6-(Naphthalen-1-yl)-6H-indolo[2,3-b]quinoline  (12e) Pale yellow solid,
mp.155- 157°C. *H NMR (300MHz, Chloroformd) U= 8.89
O N O (d, ®2J=0.8Hz, 1H, CHy), 8.28 (dd,*J=7.3,°J=0.9 Hz, 1H,
N N CHa/), 8.12-8.07 (m, 1H, CHy), 8.07-8.01 (m, 2H, CH,),
Q 7.99 (d,3)=8.7Hz, 1H, CHy), 7.79- 7.69 (m, 2H, CH,), 7.64
Q (ddd, 3J=8.5Hz, %J=6.8Hz, “J=15Hz, 1H, CHy),
7.57-7.49 (m, 1H, CH,), 7.46 (dt3)=6.8Hz, “J=1.3Hz, 1H, CHy), 7.46- 7.25 (m,
4H, CHy), 6.96 (dt,>J=8.1Hz, °J=0.8Hz, 1H, CHy). *CNMR (63MHz, CDCk)
U=153.8(Ca’), 146.9 (Gy), 144.0(Ca), 135.1(Car), 133.0(Ca), 131.1(Ca), 129.5
(CHa), 129.0 (CH), 128.7 (CH,), 128.5 (CH,), 128.4 (CH,), 128.2 (CH,), 127.9
(CHar), 127.6 (CH,), 127.0 (CH,), 126.7 (CH,), 126.2 (CH,), 124.7 (Cn/), 123.7
(CHar), 123.6 (CH,), 122.2 (G,), 121.5 (CH,), 121.0, 120.8 (CK), 118.6(Ca),
110.8 (CHy). IR (ATR, cm™): T = 3050 (w), 2957 (w), 2922 (m), 2851 (w), 1600 (m),
1468 (m), 1409 (m), 1224 (m), 1015 (m), 741 (s), 587 (m), 478 NIB)(EI, 70eV):
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m/z(%) = 345 (13), 344[M]" (61), 343 (100), 342 (31), 172 (11IHRMS (ESI):
Calculated folCysH16N2 [M+H] " 345.13862 dund 345.13882.

6-(4-Fluorophenyl)-6H-indolo[2,3-b]quinoline (22f): Pale yellow solid,
mp. 166- 167°C. *H NMR (300 MHz, Chloroforred) ti=8.79

O - O (s, 1H CHy), 8.21 (dtJ=7.6Hz, *J=0.9Hz, 1H, CHy), 8.08

N“N (d, 33=8.5Hz, 1H, CH), 8.03 (dd,3J=8.2Hz, *J=1.5Hz,
1H, CHy), 7.77- 7.65 (m, 3H, CH), 7.51 (m, 2H, CH,), 7.42
] 3)=8.1Hz, 1H, CHy), 7.40- 7.30 (m, 3H, CH,). *C NMR
(75MHz, CDCk) U= 161.8 (d,"Jcr = 246.9Hz, CRy), 152.8(Ca), 146.9(Cn,), 142.7
(Car), 132.4 (d,*Jcr=3.1Hz, Gy), 129.4 (CH,), 129.3 (d,*Jcr=8.5Hz, 2CHh,),
128.5 (CHy), 128.3 (CH,), 128.2 (CH,), 127.7 (CH,), 124.8(Ca), 123.7 (CH,),
121.6 (CHy), 121.1 (CH,), 121.0(Ca/), 118.4(Ca;), 116.7 (d2Jcr = 22.8Hz, 2CHh),
110.1 (CH,). IR (ATR, cmi!): { =3053 (w), 1604 (m), 1510 (m), 1461 (m), 1403 (m),
1220 (m), 1159 (m), 839 (m), 783 (m), 732 (s), 595 (m), 509 (m), 446 NiS).
(El, 70eV): m/z(%) = 313 (21), 314M]* (99), 311 (100), 310 (19; 156 (12), 75 (16).
HRMS (ESI): Calculated for GiH1sFN, [M+H] " 313.11355 found 313.11384.

6-(4-Chlorophenyl)-6H-indolo[2,3-b]quinoline (129} Pale yellow solid,

mp.193- 195°C. *H NMR (300MHz, Chloroformd) ti=8.77

O h O (s, 1H CHa), 8.20 (dd2J=7.7Hz, “J= 0.9Hz, 1H, CHa/), 8.08
NN (dd, 3J=8.7Hz, “J=1.2 Hz, 1H CHy), 8.02 (dd,%J=8.2,
*J=1.5 Hz, 1H CHy), 7.76-7.66 (m, 3H CHa), 7.65- 7.57
L, | (M, 2H CHy), 7.59-7.48 (m, 1H CHy), 7.51-7.43 (m, 2H

CHa), 7.43-7.31 (M, 1H CHa). *CNMR (75MHz, CDCh) li= 152.5(Ca/), 146.9
(Car), 142.3 (Car), 135.0 (Ca), 133.1(Ca), 129.9 (2CH,), 129.1 (CH,), 128.7
(2CHa), 128.5 (CH,), 128.4 (CH,), 128.2 (CH,), 127.7 (CH,), 124.9(Cn,), 123.7
(CHa), 121.7 (CH,), 121.3 (CH,), 121.1 (Ca), 118.5 (Ca), 110.1 (CH,).

IR (ATR, cmY): | = 3421 (w). 3044 (w), 2959 (w), 2923 (w), 2852 (w), 1601 (m), 1496
(m), 1405 (m), 1223 (m), 1088 (m), 1014 (m), 740 (s), 586 (WB. (El, 70eV):
m/z(%) = 330 (33), 329 (45), 32pM] " (100), 327 (74), 293 (19), 292 (37), 291 (13),
146 (30), 75 (16)HRMS (ESI): Calculated for GH;zCIN, [M+H] " 329.0840 found
329.08391, calculated foro@13N,Cl [M]* 328.07618 found 328.07527, calculated for
Cx1H13N>>'Cl [M] " 330.07323 found 330.07376.
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6-(4-Methoxybenzyl}6H-indolo[2,3-b]quinoline  (12h). Pale yellow solid,
mp.157- 159°C. *H NMR (300MHz, Chloroformd) ii=8.76
O X O (s, 1H), 8.17 (d°J=8.4Hz, 1H CHa,), 8.16 (ddd?J=7.7Hz,

NT N %J=1.2Hz, °J=0.7Hz, 1H CHa), 8.03 (dd, 3J=8.2Hz
%J=1.3Hz, 1H CHa), 7.73 (ddd,*J=8.5Hz, 3J=6.8Hz,
*)J=1.5Hz, 1H CHa), 7.53-7.48 (m, 1H CHy), 7.48-7.44
(m, 1H CHy), 7.34 (d,33=8.2Hz, 1H CHy), 7.35- 7.27 (m,
2H, CHa), 7.30- 7.27 (m, 1H CHa), 6.80 (d,3J=8.6Hz, 2H, CHa), 5.72 (s, 2H
CHobenzy), 3.74 (S, 3H OCHs). ®*C NMR (75MHz, CDCk) U=1591 (Cy), 142.2
(Car), 129.5(Cp;), 129.0(CHa/), 1288 (2CHy), 128.6 (CHp,), 128.2(CHa), 127.8
(Car), 127.7(CHp,), 1245 (Ca;), 123.2(CHa), 121.6(CHa,), 121.1 (GHa/), 120.8(Ca),
1203 (CHy), 120.2 (Gy), 118.4 (G,), 114.2 (2CH,), 109.9 (CH,), 554 (OCH;), 44.7
(CHo.aiiphaid- IR (ATR, cm™®): T = 3053 (w), 3033 (w), 3002 (w), 2957 (w), 2929 (w),
2838 (w), 2552 (w), 1605 (m), 1514 (m), 1467 (m), 1403 (m), 1244 1803 (m),
1116 (m), 1031 (m), 742 (s), 475 (WS (El, 70eV): m/z(%) = 339 (16), 33gM] "
(67), 337 (14), 323 (10), 190 (11321 (100), 78 (10)HRMS (ESI): Calculated for
CoaH16N20 [M+H]* 339.14919 found 339.14898.

MeO

5.2.4. Synthesis of benzd]carbazoles by sequential regioselective Suzuki

reaction/double GN coupling

5.2.4.1Starting material for double C-N coupling
1-Bromo-2-(2-bromophenyl)naphthalene (14): Colorless oil. '"H NMR (300MHz,

B Chloroformd) ti=8.29 (dd,3J=8.4Hz, *J=0.7Hz, 1H CHa,),

O 7.81-7.69 (m, 1H CHa,), 7.60 (dd,*J=7.9Hz, “*J=0.9Hz, 1H

OO Br | CHy), 7.52 (ddd3J=8.5Hz, 2J=6.9Hz, )= 1.5Hz, 1H, CHa),
7.45 (ddd?J=8.1Hz, %J=6.9Hz, “3=1.3Hz, 1H, CHa,), 7.33- 7.26 (m, 1H CHa,),
7.24-7.19 (m, 3H CHy), 7.19-7.10 (m, 1H CHy). ®*CNMR (75 MHz, CDC})
U=143.1(Ca), 140.2(Cp), 134.0(Ca), 132.7 (CH,), 132.4(Ca), 131.2 (CH,),
129.5 (CHy), 128.4 (CH,), 128.0 (CH,), 127.9 (CH,), 127.8(CHa/), 127.6 (CH,),
127.3 (CHy), 127.0 (CH,), 123.6 (G,), 123.5 (G/). IR (ATR,cm™): T =3051 (w),
2924 (w), 1425 (m), 1321 (m), 1021 (m), 954 (m), 817 (m), 750 (s), 654 (m), 527 (m),
455 (m).MS (El, 70eV): m/z(%) = 364 (21), 362 (42), 360 (21), 293 (25), 281 (24),
203 (16), 202 (100), 201 (25), 200 (36), 101 (22), 100 @BMS (EI): Calculated for
CieHiBr. [M]* 359.91438 found 359.91420, calculated forgHGoBr'Br [M]*
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361.91233 found 361.91190, calculated forgHGo®'Br. [M]* 363.91028 found
363.91017.

5.2.4.2Benzof]carbazoles
11-(4-Methoxyphenyl)-11H-benzof]carbazole (15a) Colorless solid,
MeO mp. 198- 200°C. *H NMR (300MHz, Chloroformd) Ui=8.13
(d, 3J=8.5Hz, 1H, CHa), 8.11-8.07 (m, 1H CHa), 7.89 (d,
N O 3J=8.1Hz, 1H CHa,), 7.61 (d,°J=8.5Hz, 1H, CHa), 7.40
(dd, 3=8.5Hz, “J=1.0Hz, 1H CHy), 7.38-7.30 (m, 3H
OO CHa), 7.30-7.21 (m, 2H CHa), 7.18-7.11 (m, 1H CHha,),
7.10- 7.03 (m, 3H CHa,), 3.87 (s, 3HOCH;). °C NMR (75MHz, CDCL) ti= 1599
(Car), 1425 (Ca), 135.8 (Gy), 1336 (Ca), 132.7 (Gy), 130.3(2CHa), 129.2(CHa,),
1251 (CHa/), 125.0 (CHa,), 124.8(CHa), 123.3 (Gy), 122.3(CHa), 122.2 (G/), 1211
(CHar), 1203 (CHa,), 1196 (CHar), 119.34(Ca/), 119.2(CHa,), 1154 (2CHa), 110.5
(CHar), 558 (OCHy). IR (ATR, cm™): f =3051 (w), 3008 (w), 2956 (w), 2928 (w),
2834 (w), 1509 (m), 1439 (m), 1248 (m), 1224 (m), 1024 (m), 812 (m), 747 (s), 621
(m), 563 (m).MS (El, 70eV): m/z(%) = 324 (24),323 [M]" (100), 308 (11), 279 (17),
278 (23), 139 (10)HRMS (EI): Calculated forC,sH;7ON [M]* 323.13047 found
323.13082.

11-(2-Methoxyphenyl)-11H-benzof]carbazole (15b)  Yellow oil. *'HNMR
(250MHz, Chloroformd) ti=8.24 (d,3J=8.5Hz, 1H CHa),
QOMG’ 8.22-8.17 (M, 1H CHy,), 7.98 (d2J=8.2Hz, 1H, CHy,), 7.70 (d,
N O 3)=8.5Hz, 1H CHy), 7.62 (ddd, 3%J=8.4Hz, 3J=7.5Hz,
OO 43=1.8Hz, 1H CHa), 7.50 (dd,%)J=7.9Hz, *J=1.8Hz, 1H
CHa), 7.51-7.46 (m, 1H CHa), 7.45-7.40 (m, 1H CHa),
7.39-7.32 (m, 2H CHy/), 7.26- 7.18 (m, 3H CHa,), 7.13-7.07 (m, 1H CHa), 3.60
(s, 3H OCH). *C NMR (63MHz, CDCk) ti= 157.0(Ca), 1417 (Ca/), 135.7(Ca),
133.4(Cp;), 131.0 (CHa), 1306 (CHa), 129.1(CHa), 1286 (Ca), 1251 (CHa), 1249
(CHar), 1247 (CHa), 123.5(Cp;), 1226 (Car), 121.68 (CH,), 121.5(CHp,), 1209
(CHar), 1202 (CHa/), 1196 (CHa), 1194 (Ca/), 119.3(CHa/), 1129 (CHy,), 110.4
(CHar), 56.0 (OCHy). IR (ATR,cm™):  =3078 (w), 3016 (w), 2959 (w), 2930 (w),
2836 (w), 1594 (w), 1503 (m), 1460 (m), 1404 (m), 1274 (m), 1224 (m), 1120 (m),
1023 (m), 811 1), 742 (s), 439 (M)MS (El, 70eV): m/z(%) = 324 (26), 323 [M]
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(100), 308 (20), 307 (20), 279 (12), 278 (2HRMS (ESI): Calculated for GsH;7ON
[M+H] * 324.13829 found 324.13865.

11-(2,4Dimethoxyphenyl}-11H-benzofg]carbazole (15c) White solid,

MeO mp. 156- 158°C. *H NMR (300MHz, Chloroformd) ti=8.23
QOMG (d, 3J=8.5Hz, 1H, CHa,), 8.19 (ddd2J=7.4Hz, “J=1.6Hz,
N O 5]=0.7Hz, 1H CHy), 7.98 (d3J=8.1Hz, 1H CHa,), 7.69 (d,

OO 3J=8.5Hz, 1H CHa), 7.58 (d, 3J=8.6Hz, 1H CHa),
7.46-7.42 (m, 1H CHa), 7.40 (d,3J=8.5Hz, 1H CHa),

7.36-7.34 (M, 1H CHy), 7.33-7.27 (m, 1H CHy), 7.14- 7.09 (m, 1H CHa,), 3.98

(s, 3H OCHg), 3.57 (s, 3HOCH). *C NMR (75MHz, CDCh) ti= 161.4 (G,), 1579
(Car), 142.0 (Car), 1359 (Car), 1334 (Car), 131.3(CHay), 1291 (CHay), 1251 (CHay),
124.8(CHp,), 1247 (CHa), 123.4(Cp), 1226 (Cp,), 121.7(CHa), 121.5(Cp;), 120.7
(CHar), 1201 (CHar), 119.5(CHa), 119.3(CHar), 1192 (Car), 1104 (CHyr), 1051
(CHar), 100.3(CHa,), 56.0 (OCHg), 55.8(OCHs). IR (ATR, cm™): T = 3378 (w), 3026
(w), 2858 (w), 2767 (w), 2664 (w), 1505 (w), 1119 (m), 1083 (m), 973 (m), 949 (m),
901 (m), 800 1), 719 (s), 639 (m), 547 (m), 438 (NS (EI, 70eV): m/z(%) = 354
(27), 353[M] " (100), 278 (12), 265 (10), 177 (10), 139 (14), 133 (HRMS (El):
Calculated for gH;90,N [M] " 353.14103 found 353.14075.

11-(3,4,5Trimethoxyphenyl)-11H-benzof]carbazole  (15d):. White solid,

OMe mp.157- 159°C. *H NMR (300MHz, Chloroformd) ii = 8.23

(d, 3J=8.6Hz, 1H), 8.228.18 (m, 1H), 8.00 (ddd,

N O 3)=8.7Hz, *J=1.2Hz, °J=0.6Hz, 1H), 7.73 (d3J=8.3Hz,

1H), 7.54 (dJ=8.6Hz, 1H), 7.49 7.45 (m, 1H), 7.44 7.40

OO (m, 1H), 7.39- 7.35 (m, 1H), 7.32 (dfJ=8.6Hz, “J=1.5Hz,

1H), 7.29-7.26 (m, 1H), 6.78 (s, 2HCHa), 4.05 (s, 3HOCH), 3.83 (s, 6H OCHy).

3C NMR (75MHz, CDCh) U= 1544 (2COCHs), 1421 (Cp), 138.4 (G,), 1356

(Car), 1355 (Car), 1336 (Car), 129.2(CHa/), 1253 (CHa), 125.1 (CH,), 125.0 (CHa,),

1234 (Ca), 122.4 (CH,), 122.0 (G,), 1213 (CHa,), 120.4 (CH,), 1197 (CHy), 1194

(Car), 119.2 (2CH,), 110.5 (CHa/), 1064 (CHa), 614 (OCHs), 565 (20CH).

IR (ATR, cm™): f = 3053 (w), 2998 (w), 2961 (w), 2936 (m), 2828 (w), 2592 (w), 1589

(m), 1500 (m), 1460 (m), 1412 (m), 1361 (m), 1300 (m), 1223 (m), 1122 (s), 1004 (m),

809 (m), 732 (s)654 (m), 441 (m)MS (El, 70eV): m/z(%) = 384 (23), 383[M]*

MeO

MeO
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(100), 281 (12), 216 (11HRMS (EI): Calculated for GH»:0sN [M]* 383.15160 found
383.15163.

11-(Naphthalen-1-yl)-11H-benzof]carbazole (15e) White solid, mp.189-191°C.
'H NMR (250MHz, Chloroformd) ti=8.37-8.26 (m,1H, CHa),
OO 8.30-8.25 (m, 1H CHa,), 8.17 (dd,*J=7.2Hz, “J=2.3Hz, 1H
N O CHa), 8.06 (d,%J=8.4Hz, 1H CHa,), 7.97 (d,31=8.1Hz, 1H
CHa), 7.76 (d,°J=8.3Hz, 1H CHa), 7.73 (d,33=5.7Hz, 1H
OO CHa), 7.71 (m, 1H CHa), 7.54 (ddd,®J=8.2Hz, *J=6.4Hz,
“J=1.7Hz, 1H CHy), 7.41-7.36 (m, 1H CHy), 7.36-7.33 (m, 1H CHa),
7.32-7.29 (m, 1H CHy), 7.29-7.26 (m, 1H CHy), 7.25-7.18 (m, 1H CHa),
7.15-7.04 (m, 1H CHy,), 7.02 (dd2J = 6.8Hz,“J = 1.4Hz, 1H, CHy), 6.96- 6.91 (m,
1H, CHa). ®*CNMR (63MHz, CDCk) Ui=142.44 (G,), 136.67 (G/), 136.32 (G,),
134.87 (Gy), 133.53 (G), 131.81 (G), 129.70 (CH,), 129.12 (CH,), 128.52 (CH,),
127.64 (CH,), 127.46 (CH,), 127.12 (CH,), 126.17 (CH,), 125.25 (CH,), 125.15
(CHa)), 124.82 (CH,), 123.54 (G,), 123.51 (CH,), 122.11 (G/), 121.98 (CHa),
121.32 (CH,), 120.45 (CH,), 119.65 (CH,), 119.48 (G,), 119.30 (CH,), 110.75
(CHa). IR (ATR, cm): f =3054 (w), 1594 (w), 1460 (m), 1432 (m), 1409 (m), 1377
(m), 1228 (m), 1112 (m), 781 (m), 748 (s), 682 (m), 544 (m), 418MIB)EI, 70eV):
m/z(%) = 344 (28), 343M]* (100), 342 (16), 341 (22), 170 (28), 158 (I4RMS (El):
Calculated for GgH;7N [M]* 343.13555 found 343.13524.

11-(Anthracen-2-yl)-11H-benzof]carbazole  (15f): Pale yellow solid,

mp.218- 220°C. *H NMR (250MHz, Chloroformd) ti=8.63 (d,

O 4J=1.2Hz,1H, CHy), 8.53 (d*J = 1.1Hz, 1H, CHy), 8.31- 8.27
O (m, 2H, CHy), 8.27-8.25 (m, 1H CHy), 8.25-8.22 (m, 1H
O CHa/), 8.16- 8.09 (m, 1H CHa/), 8.09- 8.03 (m,1H, CHy,), 8.01
N O (d, 3J=8.2Hz, 1H, CHy), 7.77 (d,3J=8.3Hz, 1H, CHa),
OO 7.62-7.54 (m,3H, CHy,), 7.51 (dd3J=8.9Hz, “J=2.1Hz, 1H,
CHa), 7.45- 7.35 (m,3H, CHa), 7.35- 7.27 (m, 1H CHy), 7.12

(ddd, %3=8.4Hz, %J=6.9Hz, “J=1.3Hz, 1H, CHy). ®*CNMR (63MHz, CDCh)
U=142.2 (Gy), 137.0 (G,), 1357 (Ca), 133.6 (G,), 132.5 (G,), 132.4 (G,), 131.7
(Car), 1311 (Ca), 1308 (CHa/), 1293 (CHa), 128.4(CHy,), 128.3 (CHy,), 1276
(CHar), 127.0(CHa/), 126.8(CHa;), 126.6(CHa,), 126.3(CHa,), 126.2(CHa/), 125.2
(2CHa), 124.9(CHa), 123.7 (G/), 122.5(CHa;), 1223 (Ca/), 1215 (CHy,), 1206
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(CHa), 1199 (Ca), 119.7 (CHa), 1193 (CHa), 1106 (CHa). IR (ATR, cmi):

{ =3047(w), 1616 (w), 1461 (m), 1433 (m), 1381 (m), 1324 (m), 1219 (m), 1155 (m),
893 (m), 809 (m), 741 (s), 650 (m), 468 (IS (EI, 70eV): m/z(%) = 394 (29), 393

[M]* (100), 392 (36), 391 (29), 390 (11), 197 (23), 196 (27), 195 (20), 189 (11), 176

(11). HRMS (El): Calculated foiCagH1eN [M] * 393.15120 found 393.15099.

11-(4-(Methylthio)phenyl)-11H-benzofg]carbazole (15g) Pale vyellow solid,
mp. 147- 149°C. *H NMR (300MHz, Chloroformd) ti= 8.23

@ (d, 3J=8.5Hz, 1H CHy), 8.21- 8.16 (m, 1H CHa,), 7.99 (d,

\ O 3J=8.3Hz, 1H CHy), 7.72 (d, 3J=8.5Hz, 1H CHa),

755-752 (m, 1H CHy), 7.52-7.50 (m, 1H CHa),

OO 7.50-7.46 (m, 3H CHa), 7.44 (q,*J=1.6Hz, 1H CHa),
7.42-7.38 (m, 1H CHy), 7.38-7.33 (m, 1H CHa,), 7.30-7.23 (m, 1H CHa),
7.21-7.16 (M, 1H CHa,), 2.64 (s, 3H SCH). **C NMR (75MHz, CDCh) ti=142.2
(Car), 139.8 (Gy), 136.9 (G/), 1356 (Ca), 1336 (Ca;), 1296 (2CHa), 1293 (CHa),
127.5(2CHa;), 1252 (CHa/), 125.1(CHa/), 1249 (CHa), 123.5 (G/), 122.3(CHa),
122.1 (Gy), 1213 (CHa/), 1205 (CHy,), 119.6 (G,), 119.6(CHa,), 119.2(CHa,), 1105
(CHa,), 158 (SCHy). IR (ATR, cm™): T =3076 (w), 3043 (w), 2982 (w), 2917 (w),
2818 (w), 1495 (m), 1560 (m), 1403 (m), 1224 (m), 1094(m), 809 (m), 738 (s), 617 (M),
552 (m).MS (El, 70 eV): m/z(%) = 340 (26), 33qM]* (100), 325 (18), 291 (26), 146
(32). HRMS(EI): Calculated foiCa3H:/NS 339.10762 found 339.10776.

MeS

11-(3,5Dimethylphenyl)-11H-benzop]carbazole (15h): Yellow oil. HNMR
Me (300MHz, Chloroformd) ti=8.23 (d,*J=8.5Hz, 1H CHa),
8.21-8.17 (m, 1H CHa,), 7.99 (d2J=8.2Hz, 1H, CHy), 7.72
N O (d,33=8.2Hz, 1H, CHy), 7.51 (d2J=8.5Hz, 1H CHy,), 7.44
(ddd, 33=8.1Hz, 3J=6.9Hz, “J=13Hz, 1H CHy),
OO 7.40-7.36 (m, 1H CHy), 7.36-7.30 (m, 1H CHa),
7.28-7.24 (m, 2H CHy/), 7.23-7.18 (m, 1H CHa,), 7.16 (s, 2HCHa,), 2.44 (s, 6H
CHs). ®*CNMR (75MHz, CDCk) ti=142.2 (G,), 1400 (Ca), 1399 (2Gy), 135.6
(Car), 1336 (Ca), 1306 (CHa), 1292 (CHa), 126.7 (2CH,), 125.0 (CHy,), 124.9
(CHar), 1248 (CHa), 123.4(Cp), 1226 (CHa), 1222 (Ca), 1211 (CHa), 1202
(CHar), 1196 (CHa), 119.4 (G), 119.2 (CH,), 110.6 (CH,), 21.5 (2CH).
IR (ATR, cm™): T = 3006 (w), 2930 (w), 2837 (w), 2820 (w), 1591 (m), 1504 (m), 1460
(m), 1204 (m), 1120 (m), 1026 (m), 809 (m), 740 (s), 702 (M), 437MRB)EI, 70eV):

Me
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m/z(%) = 322 (26), 321[M]* (100), 305 (12), 146 (19). HRMEI): Calculated for
CaaH1oN [M] * 321.15120 found 321.15109.

11-(4-(tert-Butyl)phenyl)-11H-benzof]carbazole (151): Yellow solid,
Bu mp. 258- 259°C. *H NMR (300MHz, Chloroformd) U=8.24

@ (d, 3J=8.5Hz, 1H, CHa,), 8.22- 8.17 (m, 1H CHy), 7.99 (dd,
= )

3J=8.2Hz, *J=10Hz, 1H CHy), 7.72 (dd, J=8.5Hz,

“J=10Hz, 1H CHa), 7.66 (d, 2J=8.6Hz, 2H CHa),
OO 7.49-7.41 (m, 4H CHy,), 7.41- 7.30 (M, 2H CHa,), 7.26- 7.18
(m, 2H, CHa,), 1.49 (s9H, CHagsy). “*C NMR (75MHz, CDCk) ti= 152.1 (G,), 1423
(Car), 1374 (Ca), 135.7 (G,), 1336 (Ca), 129.2 (CH,), 1287 (2CHy), 1271
(2CHa), 125.0 (CH,), 125.0 (CHa), 1248 (CHa), 123.4(Cu), 122.4 (CH,), 122.2
(Ca), 121.1 (CH,), 1203 (CHa), 1196 (CHy), 1195 (Ca), 1192 (CHa), 110.6
(CHar), 351 (Cigy), 317 (3CHp). IR (ATR, cm™): ¥ =3051 (w), 2960 (w), 2902 (w),
2866 (w), 1516 (m), 1462 (m), 1405 (m), 1306 (m), 1226 (s), 1190 (m), 1119 (m), 981
(m), 810 (m), 741 (m), 625 (m), 557 (mMYS (El, 70eV): m/z(%) = 350 (29), 349
(100), 334 (26), 319 (13), 291 (13), 216 (14), 153 (11), (3®. HRMS (El):
Calculated folCzgH1gN [M] " 393.15120 found 3903.150909.

11-Phenyk11H-benzof]carbazole (15j): Colorless oil. 'HNMR (300MHz,
Chloroformd) ti=8.13 (d,3J=8.6Hz, 1H, CHa,), 8.11- 8.08 (m,

@ 1H, CHy), 7.89 (dd.2)=8.5Hz, “J=1.3Hz, 1H, CHa,), 7.62 (d,
N O 3)=8.4Hz, 1H CHa), 7.58-7.50 (m, 3H CH), 7.44 (dd,
OO 3)=7.7Hz, “3=2.0Hz, 2H CHa), 7.37-7.23 (M, 4H CHa),

7.15-7.06 (M, 2H CHa,). *CNMR (63MHz, CDCk) ii=142.2

(Car), 140.2 (G,), 135.6 (Gi), 133.6 (Ca)), 1302 (2CHa), 1293 (3CHy), 128.9
(CHar), 1251 (CHa), 1250 (CHy), 124.8(CHa), 123.5(Ca), 1224 (CHa), 122.1
(Car), 121.3(CHa), 120.4 (CH), 119.6 (CH,), 119.2 (CH,), 118.4 (G,), 110.5
(CHay). IR (ATR, cmi): ¥ =3397 (w), 3053 (m), 2957 (w), 2867 (W), 1594 (m), 1496
(m), 1461 (m), 1401 (m), 1224 (m), 1157 (m), 1025 (m), 906 (m), 807 (m), 740 (s), 695
(M), 622 (M), 554 (MMS (El, 70eV): m/z(%) = 294 (23), 293M] * (100), 292 (30),

291 (36), 214 (12), 146 (14)7 (15), 51 (13). HRM$EI): Calculated for @HisN [M]*
293.11990 found 293.11970.
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11-(4-Fluorophenyl)-11H-benzof]carbazole (15k): Colorless oil 'HNMR

- (300MHz, Chloroformd) U=8.11 (d, 3J=8.6Hz, 1H, CHa),
@ 8.10- 8.06 (m, 1H CHy), 7.89 (dd,2J=8.1Hz, *J=0.9Hz, 1H
\ O CHa), 7.65-7.59 (m, 1H CHy), 7.40 (dd, *J=8.9Hz
3J=4.9Hz, 2H CHy), 7.36-7.20 (m, 6H CHy), 7.16 (dd,

OO 31=6.8Hz, “J=1.5Hz, 1H CHa), 7.09-6.99 (m, 1H, CHa).

% NMR (282MHz, CDCk) ti=-112.0 (FGy). **C NMR (63MHz, CDCk) ti= 162. 7

(d, 2cr= 248.8 Hz, CR), 142.2 (G,), 1362 (d, “Jcr = 3.3 Hz, G), 1356 (Ca;), 133.6
(Car), 130.99 (d,2Jcr=8.6 Hz, 2CH,), 1294 (CH), 125.2 (CH,), 125.2 (CH,),
124.9 (CHy), 123.5 (Gy), 1221 (CHa/), 122.0(Ca;), 1215 (CHa), 1206 (CHa), 119.7
(CHar), 1197 (Cp), 1192 (CHy), 117.25 (d,2Jce=22.7 Hz, 2®a), 1103 (CHa).

IR (ATR, cm™): | = 3399 (w), 3052 (W), 2956 (W), 2925 (w), 2867 (w), 2688 (W), 2565
(W), 2245 (w), 1891 (w), 1506 (s), 1462 (m), 1402 (m), 1219 (m), 1151 (m), 1089 (m),
907 (m), 807 (m), 740 (s), 618 (m), 515 (M)S (El, 70eV): m/z(%) = 312 (25), 311
[M]* (100), 310 (29)309 (32), 214 (11), 75 (16). HRMEI): Calculated for GH14NF
[M]*311.11048 found 311.11027.

11-(4-Chlorophenyl)-11H-benzop]carbazole  (15l): Colorless oil. 'HNMR

cl (250MHz, Chloroformd) U=8.23 (d,3J=8.5Hz, 1H, CHy),
Q 8.21-8.17 (m, 1H, CH,), 8.01 (ddJ=8.4Hz, *J=1.4Hz, 2H,
N O CHa), 7.74 (d,3J=8.4Hz, 1H, CHy), 7.64 (d,*J=8.7Hz, 1H,

CHar), 7.49 (d,3=8.7Hz, 2H, CHy,), 7.46- 7.34 (m, 4H, CH,),

OO 7.32-7.27 (m, 1H, CH,), 7.21- 7.14 (m, 1H, CH,). *C NMR

(126 MHz, CDCl) il = 142.1(Ca;), 138.9(Car), 135.4(Ca;), 134.8(Car), 133.6 (CH.),

130.6 (CHy), 130.5 RCHay), 129.4(Ca;), 129.4 (CH,), 125.3 RCHyy), 125.0 (CH,),
123.7(Car), 122.2(Ca;), 122.0 (CHy), 121.6 (CHy), 120.7 (CHy), 119.9(Ca,), 119.8
(CHar), 119.2 (CH,), 110.3 (CH,). IR (ATR, cmi): ¥ =3392 (w), 3054 (w), 2959 (w),
2932 (W), 2867 (W), 1492 (m), 1461 (m), 1224 (m), 1086 (m), 807 (m), 741 (s), 501
(m). MS (El, 70 eV): m/z(%) = 329 (36), 328 (29), 327 [M](100), 325 (10), 291 (27),

146 (21).HRMS (EI): Calculated folC»H14NCI [M]* 327.08093.

11-Benzyt11H-benzop]carbazole (15m): White solid, mp.146- 148°C. 'H NMR
(250MHz, Chloroformd) ti=8.32-8.21 (m, 3H CHy), 8.04 (dd, 3J=8.3Hz
“J=1.4Hz, 1H, CHa), 7.73 (d,33=8.3Hz, 1H, CHy/), 7.55- 7.20 (m, 10H CHa/),
6.02 (d,"J=1.0Hz, 2H CHzpeny). *CNMR (126MHz, CDChk) Ui=141.2 (Ca/),
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137.7(Ca), 135.4(Ca;), 133.8(Car), 129.5(CHar), 129.2(2CHa),
127.6 (CHar), 126.1(2CHa,), 1256 (CHa), 125.2 (CHy), 1248
(CHar), 1235 (Cay), 1222 (Car), 122.1 (CH,), 1211 (Ca), 1202
(CHa), 119.8 (CH,), 119.5 (CH,), 1193 (CHy), 109.4 (CH),
OO 499 (CHpaipaid- IR (ATR, cmi®): | = 3052 (w), 3022 (w), 2935

N

(W), 1467 (m), 1407 (m), 1326 (m), 1189 (m), 808 (m), 739 (s), 739 (s), 693 (M), 436
(m). MS (El, 70 eV): m/z(%) = 308 (25), 307M] * (99), 217 (17), 216 (100), 215 (23),
214 (20), 190 (11), 189 (13), 91 (66), 65 (12RMS (EI): Calculated foiCosH1:N [M]*
307.13555 found 307.13537.

11-(4-Methoxybenzyl)}11H-benzof]carbazole (15n). White solid, mp.139- 140°C.

OMe 'H NMR (250MHz, Chloroformd) Ui=8.31 (d,3J=7.9Hz, 1H,

CHa), 8.24 (d, 3J=8.5Hz, 2H, CH), 8.03 (dd, 3J=8.0,

*J=1.5Hz, 1H, CHy), 7.71 (dJ=8.5Hz, 1H, CHy), 7.52- 7.41

N O (m, 4H, CHy,), 7.40- 7.32 (m, 1H, CH), 7.18 (d,>J=8.7Hz, 2H,

CHa), 6.86 (d,3J = 8.7Hz, 2H, CHy), 5.96 (t,°J=0.8Hz, 2H,

OO CHabenzy), 3.76 (s, 3H, OCH. CNMR (126MHz, CDCk)

U=159.1(Ca/), 141.2(Ca), 135.4(Ca;), 133.8(Ca), 129.6(Cp;), 129.5 (CH,), 127.3

(2CHa), 125.6 (CH,), 125.2 (CH,), 124.8 (CH,), 123.4(Cp), 122.2(Cp), 122.2

(CHar), 121.0 (CH,), 120.1 (CH,), 119.8 (CH,), 119.5(Cp;), 119.3 (CH,), 114.6

(2CHa;), 109.5 (CH,), 55.4 (OCH), 49.3 (CHu.penzy). IR (ATR, cm™): T = 3142 (w),
3116 (w), 3074 (w), 3032 (w), 2989 (w), 2917 (w), 1612 (m), 1509 (m), 1472 (m), 1385
(m), 1330 (m), 1289 (m), 1241 (s), 1171 (m), 1032 (m), 902 (m), 840 (m), 791 (m), 705

(m), 626 (M), 536 (M)MS (El, 70eV): m/z(%) = 337 [M]* (28), 216 (18), 21 (100).

HRMS (EI): Calculated foIC,4H1oNO [M] * 337.14612 found 337.14594.

11-Hexyl-11H-benzof]carbazole (150} Colorless oil. "HNMR (300MHz,
Chloroformdd) ti=8.52 (dd,®J=8.5Hz, °J=1.2Hz, 1H), 8.21 (d,
3)=8.4Hz, 1H), 8.19 (d2J=7.7Hz, 1H), 8.07 (dd3J=8.0Hz,
3)=1.5Hz, 1H), 7.69 (d2J=8.5Hz, 1H), 7.64 (ddd’J = 8.5Hz,
N O 3)=6.9Hz, “J=1.6Hz, 1H), 7.60- 7.57 (m, 1H), 7.58 7.54 (m,

1H), 7.54-7.49 (m, 1H), 7.34 (dddJ=7.9Hz, 3J=6.8Hz,
OO 3)=1.2Hz, 1H), 4.88 4.72 (m, 2H), 2.09 (p3J=7.6Hz, 2H),
1.57 (p,3)=7.6Hz, 3J=7.1Hz, 2H), 1.48 1.35 (m, 4H), 0.94 (t2J=7.1Hz, 3H).
3C NMR (75MHz, CDCk) Ui=140.5 (G/), 134.6 (G/), 133.8 (G/), 129.8 (CH,),
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125.5 (CHy), 124.8 (CH), 124.6 (CH,), 123.1 (Gv), 122.4 (Gv), 122.0 (CH,), 120.6
(CHa), 119.7 (G,), 119.6 (CH,), 119.4 (CH,), 119.3 (CH,), 109.2 (CH.), 46.1
(CHz-aliphatid, 31.7 (CH.aiiphatid, 30.1 (CHo.aiiphatid, 26.9 (CH.aiiphaid, 22.7 (CH-aiiphatid),

14.2 (CHaipnatd. IR (ATR, cmid): | =3051 (w), 2953 (M)2925 (m), 2854 (m), 1466
(M), 1407 (m), 1383 (M), 1333 (m), 1186 (M), 1125 (m), 804 (m), 737 (s), 553 (m), 438
(M). MS (EI, 70eV): m/z(%) = 302 (14), 304M]* (57), 231 (19), 230 (100), 217 (11),
216 (20), 202 (17). HRMEEI): Calculated for GH»3N 301.18250[M]* found
301.18213.

5.2.5. Synthesis of thienoindoles by sequential site-selective  Suzuki

reaction/double GN coupling

5.2.5.1Starting materials for double C-N coupling

3-Bromo-2-(2-bromophenyl)thiophene (L78): White sold, mp.63- 64°C. 'H NMR
(500MHz, Chloroformd) U=7.69 (d *J=8.0Hz, 1H, CHa),

7 \Br Br 742-7.34 (m, 3H CH), 728 (ddd, 2J=8.0Hz, 3J=6.7Hz,

s %3=2.5Hz, 1H, CHy,), 7.07 (d, 3J= 5.3 Hz, 1H, CHiophend- °C NMR
(126 MHz, CDCE) ti= 1373 (Ca), 134.0 (Ca), 133.1 (CH,), 1329
(CHa,), 130.6 (CH,), 1303 (CHy), 1273 (CHa), 1262 (CHy), 1252 (Ca), 1112
(Car). IR (ATR, cm™): T =3110 (w), 3085 (w), 3059 (w), 1528 (w), 1463 (m), 1419
(m), 1340 (m), 1148 (w), 1024 (m), 857 (m), 756 (s), 712 (s), 654 (M), 620 (m), 522
(m), 446 (m). MS (EI70eV): m/z(%) = 318 [M]* (45), 239 (22), 158 (100), 114 (30),
79 (21). HRMS (El): Calculatedfor CigHeBr.S [M]" 315.85515 found 315.85464,
calculated for GHeBr¥'BrS [M]" 317.85310 found 317.85281, calculated for
C1oHeBr,S [M]* 319.85105 found 319.85069.

3-Bromo-4-(2-bromophenyl)thiophene (L7b): Colorless oil. *H NMR (500MHz,
Chloroformd) ti=7.67 (d, 3J=8.1Hz, 1H), 7.39-7.34 (m, 2H,
BrBr CHp), 7.31-7.24 (m, 3H, CH). *CNMR (126MHz, CDCL)
7\ U=1415 (Car), 136.6 (Gy), 132.9 (CH,), 132.0 (CH), 129.8 (CH,),
S 127.2 (CHy), 1249 (CHar), 1245 (Car), 1233 (CHay), 1124 (Ca).
IR (ATR, cm™): T = 3107 (w), 3057 (w), 1560 (w), 1525 (w), 1464 (m), 1425 (m), 1339
(m), 1257 (w), 1081 (w), 1026 (m), 921 (m), 852 (m), 792 (m), 751 (s), 710 (m), 653
(m), 451 (m). MSEI, 70eV): m/z(%) = 320 (23), 318 [M] (43), 239 (31), 158 (100),
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114 (26), 113 (20), 79 (24HRMS (El): Calculated for GHeBr.S [M]* 315.85515
found 315.85490, calculated for;@eBre'BrS [M]* 317.85310 found 317.85301,
calculated for GHs>'Br,S [M]* 319.85105 found 319.85073.

5.2.5.2Indolo[3,2-b]thiophene

4-(p-Tolyl)-4H-thieno[3,2-blindole (18a): Yellow solid, mp. 92-93°C. *H NMR
Me (300MHz, Chloroformd) t=7.82-7.77 (m, H, CHa,), 7.55- 7.50

(m, 1H, CHp,), 7.47 (d,°J=8.3Hz, H, CHa), 7.40-7.33 (m, #,

CHar), 7.30- 7.19 (m, M, CHp,), 7.08 (d,2J=5.2Hz, 1H, CHuniophend,

% 2.47 (s, 3H, Ch). *CNMR (75MHz, CDCk) ti= 1453 (Cu), 1416
S

(Car), 1368 (Ca), 1364 (Cu), 1305 (2CHa), 1269 (CHa,), 1252
(2CHa7), 123.0 (CHx), 1224 (Ca), 1202 (CHa,), 119.1 (CHa), 1178 (Ca), 1116
(CHa), 1112 (CHar), 213 (CHy). IR (ATR, cmi): f = 3393 (w), 3109 (w), 3080 (w),
3056 (w), 3030 (w), 2917 (w), 2857 (w), 1600 (m), 1510 (s), 1450 (s), 1392 (m), 1337
(m), 1200 (m), 1085 (m), 1044 (m), 847 (m), 812 (n99 1s), 663 (M), 650 (M), 568
(m), 506 (m), 433 (m). MEEI, 70eV): m/z(%) = 264 (20), 263 [M] (100), 262 (15),

248 (7), 247 (6), 128 (5). HRMEI): Calculated for GHiaNS [M]* 263.07632 found
263.07598.

4-(o-Tolyl)-4H-thieno[3,2-blindole  (18b): Yellow oil. 'HNMR (250MHz,
Chloroformd) G4=7.74-7.68 (m, H, CHpa), 7.34-7.29 (m, H,
©\ CHar), 7.28- 7.24 (m, M, CHy,), 7.23 (d,23=5.2 Hz, H, CHuniophend
N e 7.15-7.10 (m, M, CHy/), 7.01- 6.95 (m, H, CHa,), 6.70 (d,*J=5.2
[S\_Q Hz, 1H, CHiiophend, 1.94 (s, 3H, Ch). ®CNMR (63 MHz, CDC})
S U=1458 (Car), 1423 (Car), 1372 (Car), 136.5(Ca), 1316 (CHay),
1286 (CHpy), 1286 (CHar), 1272 (CHar), 127.0 (CHar), 1229 (CHay), 122.0 (Ca),
119.9 (CHa), 119.0 (CHa/), 1171 (Ca), 111.3 (CH,), 1112 (CHa/), 179 (CHby).
IR (ATR, cmi®): T = 3048 (w), 2917 (w), 1601 (w), 1505 (m), 1486 (m), 1451 (m), 1486
(m), 1450 (s), 1332 (m), 1082 (m), 820 (m), 734 (s), 64%@&),(m). MS(EI, 70eV):
m/z(%) = 264 (23, 263 [M] (100), 262 (47), 230 (16), 218 (11), 217 (13), HRMS (EI):
Calculated for ¢H1aNS [M]* 263.07632 found 263.07591.

4-Phenyl-4H-thieno[3,2-blindole  (18): Yellow oil. HNMR (300MHz,
Chloroformd) t=7.86- 7.79 (m, H, CHa), 7.66- 7.54 (m, ¥, CHp(), 7.45- 7.39 (m,
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1H, CHa), 7.38 (d,%J=5.2Hz, 1H, CHiophend, 7.34-7.21 (m, H,
© CHa), 7.12 (d,3J=5.2Hz, 1H, CHuiophend. "CNMR (75MHz,
N CDCls) ti= 1451 (Ca,), 1414 (Car), 13.0 (Car), 1299 (2CHpp), 127.0
@ (CHar), 1269 (CHa/), 1252 (2CHpr), 1232 (CHa,), 1225 (Ca), 1204
S (CHa), 1191 (CHa), 1181 (Ca), 1116 (CHa), 1112 (CHa).
IR (ATR, cm™): T =3083(w), 3050 (w), 1594 (m), 1505 (s), 1449 (s), 1392 (m), 1337
(m), 1201 (m), 1086 (m), 839 (m), 779 (m), 737 (s), 696 (s), 653 (s), 430 (m).
MS (El, 70 eV): m/z(%) = 249 [M]* (100), 217 (6), 204 (9), 172 (5), 128 (8), 77 (9), 51
(13). HRMS (EI): Calculatetbr CigH1:NS [M]* 249.06067 found 249.06073.

4-(3,5-Dimethylphenyl)-4H-thieno[3,2-bJindole (18d): Yellow solid,
mp.112-113°C. *H NMR (250MHz, Chloroformd) ti=7.73- 7.67

Me Me
\©/ (m, IH, CHAr), 7.51-7.44 (m, H, CHAr), 7.27 (d,3J:5.2 Hz, H,
CHuhiophend, 7.22-7.09 (m, 4, CHp), 7.01 (d,%J=5.2Hz, 1H,

m CHuhiophend, 6.95 6, 1H, CHp,), 2.33 6, 6H, CHa). **C NMR (63 MHz,

S CDCly) U= 1452 (Ca), 1414 (Ca), 139.7 (2G,), 138.8(Ca), 128.6
(CHar), 1268 (CHa), 123.0 (CH,), 122.9 (2CH,), 122.4 (G,), 120.2 (CH,), 119.1
(CHa), 117.8 (G,), 1118 (CHy), 111.3 (CH,), 21.5 (2CH). IR (ATR, cm™):

f =3051 (w), 3006 (w), 2956 (m), 2915 (m), 2851 (w), 1731 (m), 1594 (m), 1504 (m),
1449 (m), 1343 (m), 1173 (m), 1090 (m), 839 (m), 815 (m), 738 (s), 701 (m), 568 (s).
MS (EI, 70 eV):m/z(%) = 278 (21), 27qM] * (100), 276 (7), 262 (8), 260 (7), 228 (5),

77 (5). HRMS(EI): Calculated for ggH1sNS [M]* 277.09197 found 277.09166.

4-(2,3-Dihydro-1H-inden-5-yl)-4H-thieno[3,2-bjindole  (18): Yellow solid,
mp.81- 82°C. *H NMR (250 MHz, Chloroformd) Ui = 7.74- 7.68 (m,
1H, CHaf), 7.49-7.42 (m, H, CHp), 7.37-7.20 (m, 4H, CHp,), 7.15
(m, 2H, CHa), 7.00 (d, 2J=5.2Hz, 1H, CHuiophend, 2.92 (t,
% 3J=7.4Hz, 4H CHp), 2.10 (p,3=7.5Hz, 2H CH,). *CNMR

s (63MHz, CDCkL) u=146.2 (G), 1454 (G, 143.1 (G,), 141.7
(Car), 137.1 (Gy), 126.8 (CH), 125.4 (CH,), 123.3 (CH,), 123.0(CHa), 122.3 (G)),
121.4 (CHy), 120.1 (CH,), 119.0 (CH,), 117.6 (G,), 111.7 (CH,), 1113 (CHu,),
332 (CHy), 327 (CHy), 258 (CHp). IR (ATR, cm™): T =2933 (w), 2837 (w), 1606 (W),
1505 (m), 1486 (m), 1451 (m), 1344 (m), 1099 (m), 820 (m), 73®4S) (s), 426 (m).
MS (El, 70eV): m/z(%) = 289 [M]" (100), 255 (5), 172 (12), 115 (10). HRNBI):
Calculated for GH;sNS [M]* 289.09197 found 289.09201.
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4-(4-(Methylthio)phenyl)-4H-thieno[3,2-blindole (18f): White solid,mp. 91-92°C.
'H NMR (250MHz, Chloroformd) U=7.69-7.63 (m, H, CHa),

T 7.41-7.27 (m, B, CHa), 7.21 (d,J=5.2Hz, 1H, CHiophend,

7.15-7.08 (m, M, CHa), 6.92 (d,2J =5.2Hz, 1H, CHiophend, 2.41 (S,

N 3H, SCH;). *C NMR (63MHz, CDCk) ti=145.0 (Ca), 141.3(Ca),

@ 137.1(Ca;), 1361 (Ca), 1279 (2CHy), 1271 (CHa), 125.6(2CHa,),
S

123.1 (CHpr), 1225 (Car), 1204 (CHa), 1191 (CHay), 118.0(Ca),

111.4 (CHp,), 111.0(CHa), 162 (SCHy). IR (ATR, cmi’): T =3381 (w), 3095 (w),
3082 (w), 3046 (w), 2917 (w), 1591 (w), 1505 (s), 1491 (s), 1450 (s), 1393 (m), 1339
(m), 1294 (m), 1094 (m), 1044 (m), 1012 (m), 814 (s), 750 (s),(f)9662 (s), 506

(m). MS(EI, 70eV): m/z(%)=295 [M]" (100), 280 (68), 247 (22), 148 (10).
HRMS (EIl): Calculated for ¢/H13NS, 295.04839 found 295.04844.

4-(4-M ethoxyphenyl}4H-thieno[3,2-bjindole (18g): White solid, mp.124- 125°C.
'H NMR (250 MHz, Chloroformd) ti=7.77-7.65 (m, H, CHa),

e 7.46-7.34 (m, $, CHa), 7.27 (d,3J=5.2Hz, 1H, CHiophend,
7.22-7.08 (m,2H, CHp/), 6.99 (M, 2H, CHa), 6.95 (d,3J=5.2Hz,

N 1H, CHihiophend, 3.82 (s, 3H OCHs). *CNMR (63MHz, CDCh)
/S@ U=1585 (Cu), 1456 (Ca/), 1419 (Ca), 1318 (Ca/), 1269 (CHa),

1268 (2CHar), 123.0 (CHay), 1222 (Car), 120.1 (CH,), 119.1(CHa,),
1175 (G,), 1151 (2CHp), 1114 (CHy), 111.0 (CHy), 557 (OCH).

IR (ATR, cm™): = 3140 (w), 3097 (w), 3082 (w), 2838 (w), 1510 (m), 1243 (m), 1024
(m), 824 (m), 754 (s), 713 (m). M&I, 70eV): m/z(%) =279 [M]* (100), 264 (45),
236 (15), 191 (9), 140 (8). HRMEI): Calculated for &H1:0ONS [M]* 279.07124
found 279.07129.

4-(3-Methoxyphenyl)}-4H-thieno[3,2-b]indole (18h): Yellow oil. *H NMR (300MHz,
; oMe| Chloroformd) U=7.73-7.67 (m, H, CHp), 7.54-7.48 (m, H,

CHa/), 7.36 (t,°J=8.1Hz, 1H, CHa), 7.26 (d,%J=5.2Hz, 1H,

N CHuniophend, 7.22-7.12 (m, M, CHp), 7.12-7.06 (m, H, CHp),
[S\_Q 7.06-7.00 (m, M, CHa), 6.84 (ddd,3J=8.4Hz, “J=25Hz
s °J=0.9Hz, 1H, CHa), 3.76 (s, 3H OCHs). *CNMR (75MHz,
CDCly) ti=160.8 (G,), 145.0 (G,), 1413 (Ca), 140.1 (G/), 1306 (CHy), 127.0
(CHa,), 1232 (CHa), 1226 (Ca), 120.4 (CH,), 119.1 (CH,), 118.2 (G,), 117.4
(CHa), 1125 (CHy), 111.7 (CH,), 111.3 (CH,), 111.0 (CH,), 55.6 (OCH).
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IR (ATR, cmi®): T = 3392 (w), 3084 (w), 3051 (w), 3000 (w), 2956 (w), 2833 (W), 1589
(s), 1505 (s), 1489 (s), 1450 (s), 1391 (m), 1340 (m), 1313 (m), 1278 (m), 1252 (m),
1233 (m), 1193 (m), 160 (m), 1086 (m), 1036 (m), 821 (m), 777 (m), 738 (s), 695 (S),
656 (s), 431 (m). MSEI, 70eV): miz(%) = 279[M] * (100), 236 (23), 204 (5), 191 (8),

139 (9). HRMSEI): Calculated for §Hi3ONS [M]* 279.07124 found 279.07131.

4-(2-M ethoxyphenyl)-4H-thieno[3,2-bjindole (18i): Yellow oil. *H NMR (300MHz,
Chloroformd) G=7.81-7.76 (m, H, CHp), 7.50-7.41 (m, H,
@L CHa), 7.32 (d,%J=5.2Hz, 1H, CHmiophend, 7.25-7.18 (m, i,
N OMe CHa), 7.18-7.08 (m, M, CHa), 6.88 (d, 3J=5.2Hz, 1H,
[S\_@ CHihiophend, 3.77 (s, 3HOCH). *C NMR (75MHz, CDCh) ti= 1551
S (Car), 1458 (Cu), 1422 (Ca), 129.1 (CHa), 1287 (CHa,), 1272
(Car), 1265 (CHay), 1228 (CHa), 1223 (Car), 1212 (CHa), 1199 (CHy), 1189
(CHar), 1174 (Ca), 1128 (CHa), 1121 (CHa), 1117 (CHa), 558 (OCHp).
IR (ATR, cm™): T = 3396(w), 3048 (W), 3006 (w), 2958 (w), 2930 (w), 2835 (w), 1594
(m), 1509 (s), 1449 (s), 1393 (m), 1337 (m), 1273 (m), 1243 (m), 1118 (m), 1083 (m),
1021 (m), 702 (m), 654 (m), 430 (m). MBI, 70eV): m/z(%) = 279[M]* (100), 263
(20), 236 (11), 204 (5), 19(7), 139 (8). HRMSEI): Calculated for ¢H1:0NS [M]
279.07124 found 279.07092.

4-(3,5Dimethoxyphenyl}4H-thieno[3,2-blindole  (18j): Yellow oil. *HNMR
(300MHz, Chloroformd) U=7.74-7.66 (m, H, CHa),

MeO OMe
Q 7.59-7.52 (m, H, CHa), 7.28 (d,J=5.2Hz, 1H, CHiophend,
7.24-7.11 (m, M, CHa), 7.07 (d,%J=5.2Hz, 1H, CHiophend,

[S\_@ 6.67 (d,"J=2.3Hz, H, CHa), 6.42 (t,"J=2.3Hz, 1H, CHa,),

S 3.76 (s, 6H OCHy). “CNMR (75MHz, CDCk) U=1608
(2CAOCHy), 143.9 (G,), 140.3 (G/), 139.6 (G,), 126.0 (CH,), 122.2 (CH,), 121.6
(Ca), 119.5 (CH,), 1181 (CHa), 1172 (Ca), 1109 (CHy), 1105 (CHa,), 1025
(2CHy), 98.0 (CHy), 547 (20CH). IR (ATR, cm™): T =3084 (w), 3050 (w), 2959
(w), 2930 (w), 2837 (w), 1590 (s), 1505 (m), 1477 (m), 1449 (s), 1362 (m), 1285 (m),
1267 (m), 1202 (m), 1150 (s), 1062 (m), 1037 (m), 813 (m), 737 (sXBUS0eV):
m/z(%) =310 (20), 309 [M] (100), 266 (12), 251 (13), 2345). HRMS(EI):
Calculatedor CigH150,NS [M]* 309.08180 found 309.08198.
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4-(2,4-Dimethoxyphenyl)}-4H-thieno[3,2-bjindole (18Kk): Colorless solid,
OMe mp.165- 166°C. *H NMR (250MHz, Chloroformdd) ti=7.83- 7.76
(m, IH, CHp,), 7.36 (d,2J=8.6Hz, 1H, CHa), 7.32 (d,*J=5.2Hz,

oMe| 1H, CHiniophend, 7.25-7.16 (m, #, CHy,), 6.87 (d,%J=5.2Hz, 1H,

N CHihiophend, 6.71 (d,*J=2.6Hz, 1H, CHy), 6.63 (dd,%J=8.6Hz,
/S@ 4J=2.6Hz, 1H, CHa), 3.91 (s, 3H OCH), 3.73 (s, 3H OCHy).
13C NMR (63MHz, CDCL) ti = 1605 (Ca;), 1563 (Car), 1462 (Ca), 1425 (Ca), 1294
(CHar), 1264 (CHy), 1227 (CHa/), 1221 (Ca/), 1202 (Ca;), 1197 (CHa/), 1189
(CHar), 1169 (Ca), 1119 (CHy), 1115 (CHy), 1048 (CHy), 1002 (CHy), 558
(OCHg), 558 (OCH). IR (ATR, cm™): T =3087 (w), 3045 (w), 3005 (w), 2965 (w),
2931 (w), 2835 (w), 1611 (m), 1584 (m), 1518 (s), 1451 (s), 1305 (m), 1204 (s), 1158
(s), 1050 (m), 1022 (m), 928 (w), 827 (m), 740 (s), 651 (m), 581 (m)ENS0eV):
m/z(%) = 309 [M]* (100), 294 (19), 251 @), 223 (8). HRMSEI): Calculated for
C1gH150.NS [M]* 309.08180 found 309.08151.

4-(3,4,5Trimethoxyphenyl)-4H-thieno[3,2-b]indole (a8l: White solid,
mp.94- 95°C. *H NMR (250MHz, Chloroformd) ti=7.75- 7.67

MeO e oMe| (M, IH, CHa), 7.52- 7.46 (m, H, CHa,), 7.30 (d,2J=5.2Hz, 1H,

CHuniophend, 7-26-7.10 (m,2H, CHga), 7.02 (d,3J=5.2Hz, 1H,

N CHuniophend, 6.72 (S, B, CHp,), 3.87 (s, 3H OCHs), 3.80 (s, 6H

m OCH;). ®*C NMR (63MHz, CDCk) ti= 1541 (2G5 OCHg), 1452
S

(Car), 1416 (Car), 137.0 (Car), 134.7 (G;), 1271 (CHy), 1232
(CHap), 1224 (Cap), 120.4 (CH,), 1192 (CHay), 1179 (Cay), 111.6 (CH,), 1112
(CHar), 108.0 (2CHy), 61.2 (OCH), 56.5 (20CH). IR (ATR, cm™): T =3082 (w),
3051 (w), 2926 (m), 2824 (w), 1593 (m), 1505 (m), 1450 (m), 1415 (m), 1289 (m),
1226 (m), 1124 (s), 1007 (m), 818 (m), 740 (m), 655 (m). (HIS70eV):
m/z(%) =339 [M]* (100), 324 (75), 296 (10), 266 (9), 210 (9), 172 (13), 154 (8).
HRMS (El): Calculated for gH;70sNS [M]* 339.09237 found 339.09217.

4-(4-(tert-Butyl)phenyl)-4H-thieno[3,2-blindole  (18m):  Yellow oil. *HNMR
(250MHz, Chloroformd) U=7.75-7.67 (m, H, CHa,), 7.52-7.39 (m, B, CHa),
7.26 (d,*J=5.2Hz, 1H, CHiiophend, 7.20-7.12 (m, M, CHa,), 7.02 (d,*J=5.2Hz,
1H, CHihiophend, 1.32 (s, 9K tBu). **C NMR (63MHz, CDCk) U= 149.9 (G,), 1452
(Car), 1415 (G)), 1363 (Car), 126.9 (CH,), 126.7 (2CH,), 124.7 (2CH,), 123.0
(CHa), 1224 (Car), 120.2 (CHar), 119.1 (CHy), 117.8 (Gy), 111.7 (CH,), 111.3
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(CHar), 34.9 (Ggu), 31.6 (3CH). IR (ATR, cm™): { = 3049 (w), 2959
(m), 2901 (w), 2865 (w), 1602 (w), 1519 (s), 1451 (s), 1394 (m), 1337
(m), 1267 (m), 1205 (m), 1112 (m), 1086 (m), 1046 (m), 1016 (m), 922
(w), 825 (m), 705 (m), 648 (m), 552 (m). MBI, 70eV):
m/z(%) = 305 [M] " (100), 290 (95), 275 @), 262 (11), 172 (17), 131

(11). HRMS(EI): Calculated for goH1gNS [M]* 305.12327 found 305.12374.

4-(Naphthalen-1-yl)-4H-thieno[3,2-bjindole (18n): Colorless solidmp.141- 142°C.

7.06- 6.99 (m,

Acetoneds) U=

'HNMR (300MHz, Acetoneds) Ui=8.19-8.09 (m, 2, CHa),
7.92-7.87 (m, H, CHa), 7.79-7.70 (m, M, CHa), 7.61 (ddd,
3)=8.2Hz, J=6.8Hz, “J=1.3Hz, 1H, CHa), 7.54 (d,3J=5.2Hz,
1H, CHiophend, 7.45 (ddd,*J=8.2Hz, °J=6.8Hz, “J=1.3Hz, 1H,
CHa), 7.32-7.27 (m, H, CHp), 7.27-7.16 (m, M, CHa),
H, CHa), 6.79 (d,3J=5.2Hz, 1H, CHuiophend. "C NMR (75MHz,
147.6 (Gv), 144.0 (G,), 135.8 (G,), 135.6 (G,), 131.2 (G,), 129.8

(CHar), 129.5 (CH,), 128.4 (CH\), 128.0 (CH,), 127.7 (CH\), 126.9 (CH.), 126.7
(CHa), 123.9 (CHy), 123.8 (CH,), 123.0 (G,), 121.1 (CH), 119.7 (CH,), 117.9
(Car), 112.3 (CH,), 112.1 (CH,). IR (ATR, cmi®): T =3047 (m), 1592 (w), 1575 (w),
1504 (m), 1448 (m), 1401 (m), 1327 (m), 1211 (m), 1110 (m), 1076 (m), 1914 (m), 800
(m), 773 (m), 735 (s), 657 (m). M&I, 70eV): m/z(%) =299 [M]* (100), 265 (18),

149 (8), 127
299.07610.

(7). HRMSEI): Calculated for gH:sNS [M]" 299.07632 found

4-(Anthracen-2-yl)-4H-thieno[3,2-blindole (180: Yellow solid, mp.176-177°C.

N

(30
S

'H NMR (250MHz, Chloroformd) ti=8.53 (s, H, CHa), 8.47 (s,
1H, CHa), 8.25-8.14 (m, M, CHa), 8.05 (m, ™, CHa,), 7.90- 7.78
(m, 1H, CHp,), 7.78-7.65 (m, M, CHp), 7.59- 7.47 (m, M, CHa),
7.42 (d,3J=5.2Hz, 1H, CHumiophend, 7.37-7.18 (m, 3, CHa).
3C NMR (63MHz, CDCk) ti=145.2 (G,), 1415 (Ca), 135.7 (G,
132.3 (Gy), 1319 (Ca), 131.7 (G/), 130.2 (CH,), 130.1 (G,), 1283
(CHar), 128.0 (CH,), 127.0 (CH,), 126.5 (CH,), 1261 (CHa), 126.0

(CHa), 1257 (CHa), 123.7 (CH), 123.1 (CHy), 1226 (Ca), 122.3 (CH,), 1205

(CHAI’)! 1191

(CHy), 118.3 (G, 111.8 (CH), 111.4 (CH,). IR (ATR, cm™):

f =3049 (W), 2954 (W), 1670 (w), 1592 (w), 1504 (m), 1450 (m), 1321 (m), 887 (m),
738 (s), 652 (M), 603 (M), 469 (M), 429 (m). KBS, 70 eV): m/z(%) = 349[M] * (100),
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315 (4), 176 (7). HRMSEI): Calculated for @HisNS [M]* 349.09197 found
349.09165.

4-(4-Fluorophenyl)-4H-thieno[3,2-b]indole (18p): White solid, mp.117-118°C.

F 'H NMR (300MHz, Chloroformd) ti=7.75-7.68 (m, H, CHa/),
7.50-7.41 (m, M, CHp), 7.40-7.36 (m, H, CHa), 7.28 (d,
3J=5.2Hz, 1H, CHiophend, 7.23-7.11 (m, 4, CHp), 6.95 (d,

N 3)=5.2Hz, 1H, CHmiophend- ~F NMR (282MHz, CDCk) li=-1146
/S@ (FCa). ®*CNMR (75MHz, CDCk) ti=1612 (d, “Jor = 246.7Hz,
CFa), 1452 (Car), 1416 (Ca), 1346 (d, “Jce=3.1Hz, Cu), 1271 (CHa), 127.0 (d,
3Jce=8.5Hz, 2CHy), 1232 (CHa/), 122.3(Ca/), 1204 (CHa/), 1191 (CHay,), 118.0
(Car), 1167 (d, 2er = 22.8Hz, 2CHy), 111.2 (CH,), 110.9 (CH,). IR (ATR, cm):
i =3106 (w), 3093 (w), 3050 (w), 1600 (w), 1510 (s), 1451 (m), 1340 (m), 1218 (m),
1090 (m), 826 (m), 740 (s), 708 (m), 571 (m), 515 (m).(@670eV): m/z(%) = 267
[M]* (100), 235 (9), 222 (9), 128 (5), 75 (10). HRNE): Calculated for gH1oNFS
[M]* 267.05125 found 267.05098.

4-(4-Chlorophenyl)-4H-thieno[3,2-bjindole (18q): Colorless solidmp.114- 115°C.

cl 'H NMR (250MHz, Chloroformd) ti=7.76-7.69 (m, 1H, CH,),
7.46 (M 5H, CHp), 7.31 (d,*J=5.2Hz, 1H, CHuiophend, 7.25-7.13
(m, 2H, CHa), 6.99 (d,%J=52Hz, 1H, CHuiophend. “CNMR

N (63MHz, CDChk) U=1448 (Ca), 1412 (Car), 137.6 (G, 132.4
Q@ (Car), 130.1 (2CHyy), 127.3 (CHy), 1264 (2CHy), 1234 (CHa),
1226 (Car), 120.7 (CH,), 1193 (CHar), 1185 (Car), 1113 (CHa), 1109 (CHa).
IR (ATR, cm™): T = 3099 (w), 3084 (w), 3050 (w), 2959 (w), 2920 (w), 2848 (w), 1592
(w), 1505 (s), 1488 (m), 1452 (m), 1390 (m), 1356 (w), 1338 (m), 1204 (m), 1088 (s),
1012 (m), 823 (s), 748 (s), 708 (s), 661 (m), 646 (m), 509 (m), 479 (m), 431 (w).
MS (El, 70eV): m/z(%) =285 (32), 283[M]* (100), 247 (12), 128 (10), 75 (18).
HRMS (El): Calculated for @Hio0NCIS 283.02170 found 283.02225, calculated for
Ci16H10N?'CIS [M]* 285.01875 found 285.01936.

4-Benzyt4H-thieno[3,2-blindole  (18r):  Yellow oil. 'HNMR (250MHz,
Chloroformd) U= 7.69 (ddd2J=7.6Hz, “J=1.5Hz, °J=0.7Hz, 1H, CHa/), 7.25 (dd,
“J=1.4Hz, °J=0.8Hz, 1H, CHa), 7.23 (d,%J=5.2Hz, 1H, CHuiophend, 7.21-7.11
(m, B4, CHa), 7.11- 7.03 (M,2H, CHa), 6.84 (d,J = 5.2Hz, 1H, CHihiophend, 5.36 6,
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2Haiiphaic CHp). *CNMR (63MHz, CDCh) ti=1456 (Ca,), 1417

K© (Car), 1373 (Ca), 1289 (2CHp,), 1277 (CHay), 127.0 (CHa,), 1268
N (2CHa7), 1227 (CHay), 122.1 (Car), 1195 (CHa,), 1191 (CHy), 1167

[S_@ (Car), 1107 (CHa), 1103 (CHa), 489 (CHy). IR (ATR, cmid):

S { =3422 (w), 3081 (w), 3054 (W), 3025 (w), 2921 (w), 2852 (w), 1733
(W), 1583 (w), 1507 (m), 1463 (m), 1349 (m), 1161 (m), 736 (s), 695 (M), 654 (s), 430
(m). MS(EI, 70eV): miz(%) = 264 (15), 263 [M] (71), 172 (27), 128 (13), 91 (100),

65 (17). HRMS(EI): Calculated for ¢H:3NS [M]* 263.07632 found 263.07642.

4-(4-methoxybenzyl}4H-thieno[3,2-blindole ~ (18s)  Colorless  oil. *HNMR
OMe (250MHz, Chloroformd) U=7.68 (n, 1H, CHa.), 7.28 (d
K@f 3J=8.3Hz, 1H, CHp), 7.22 (d,%J=5.2Hz, 1H, CHiiophend,
| 7.20-7.12 (m, H, CHy), 7.12- 7.04 (m, H, CHa/), 7.00 (d,
w 3J=8.6Hz, 2H, CHy), 6.82 (d,%J=5.2Hz, 1H, CHuiophen),

S 6.70 (d,J=8.6 Hz, 2H, CHp,), 5.28 (S, 2Hiphatic CHy), 3.65 (S,
3H, OCHg). *C NMR (63MHz, CDCh) U= 1592 (Ca;), 1455 (Ca/), 1417 (Ca,), 1294
(Car), 1282 (2CHp), 1269 (CHp,), 1227 (CHa)), 1221 (Ca), 1194 (CHp), 1191
(CHar), 1166 (Car), 1143 (2CHa/), 1107 (CHa,), 1103 (CHa,), 554 (OCHs), 484
(CHy). IR (ATR, cm™): ¥ = 3105 (w), 3051 (w), 3024 (w), 2997 (m), 2955 (m), 2915
(w), 2832 (m), 1613 (m), 1584 (m), 1508 (s), 1457 (s), 1439 (m), 1348 (m), 1245 (s),
1161 (s), 1025 (m), 807 (s), 735 (s), 653 (s), 430 (M).(MS70eV): m/z(%) = 294
(6), 293 [M] (28), 121 (100), 7§10). HRMS(EI): Calculated for GHisONS [M]
293.08689 found 293.08643.

4-Pentyl-4H-thieno[3,2-blindole ~ (18%):  Yellow oil. *HNMR (250MHz,
Chloroformd) ti=7.76 (ddd,?J=7.8Hz, “J=1.3Hz, *J=0.7Hz,

NK\/\ 1H, CHy), 7.43-7.35 (m, M, CHy), 7.34-7.26 (m, H, CHa),
[S_@ 7.17 (ddd23=8.1Hz, 31=7.0Hz, *J=1.2Hz, 1H, CHp,), 7.08 (d,

S 31=5.2Hz, 1H, CHuiophend, 4.27 (t,3J=7.1Hz, 2Hiphaic CHp),
2.00- 1.74 (m, 2Hiiphatic CHz), 1.34 M, 4Haiphatic 2CHp), 0.98-0.80 (M, 3Hiphatio
CHs). ®*CNMR (63MHz, CDCh) ti=145.5 (G,), 141.4 (G,), 126.8 (CH,), 122.4
(CHa), 121.9 (G/), 119.1 (CH,), 119.0 (CH,), 116.0 (G,), 110.5 (CH,), 110.0
(CHar), 45.4 (CH, pentyl), 29.6 (CH pentyl), 29.4 (CH pentyl), 22.5 (ChH pentyl),
14.1 (CH, pentyl) IR (ATR, cm): T = 3081 (w), 3052 (w), 2954 (m), 2927 (m), 2856
(m), 1610 (w), 1509 (m), 1123 (m), 1348 (m), 1317 (m), 1162 (m), 1079 (m), 1017 (w),
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815 (w), 735 (s), 653 (m), 431 (m). MBI, 70eV): m/z(%) =243 [M]" (30), 186
(100), 115 (12). HRMSEI): Calculated for CisHi/NS [M]" 243.10762 found
243.10811.

5.2.5.3Indolo[3,4-b]thiophene

4-(p-Tolyl)-4H-thieno[3,4-blindole  (19a): Yellow oil. *HNMR (250MHz,

Chloroformd) 0=7.86 (dt, 3J=7.6Hz, “J=1.0Hz, 1H,
N@Me CHar), 7.54 (m, H, CHa), 7.50 (s, H, CHp), 7.49 (s, H,

m CHa), 7.31-7.21 (m, 4, CHa), 7.14 (ddd,3J=7.6Hz,

S %)=6.6Hz, “J=1.7Hz, 1H, CHy), 6.59 (m, H, CHa), 2.36

(s, 3H, CH). ®*CNMR (63MHz, CDCk) Ui=148.1 (G,), 146.3 (G,), 136.8 (G.),

136.1 (G,), 133.5 (G,), 130.5 (2CH,), 126.5 (CH,), 124.4 (2CH,), 121.5 (CH,),

120.3 (Gy), 119.8 (CH,), 110.6 (CH,), 109.9 (CH,), 92.6 (CH,), 21.3 (CH).

IR (ATR, cm™): T = 3399 (w), 3101 (w), 3030 (w), 2917 (w), 2859 (w), 1608 (w), 1576

(m), 1512 (s), 1449 (m), 1397 (m), 1321 (m), 1223 (m), 1152 (m), 1108 (w), 1020 (w),

928(w), 816 (m), 740 (s), 619 (m), 499 (m). MBI, 70eV): m/z(%) = 263[M] * (100),

247 (8), 218 (12), 128 (7). HRMEI): Calculated for §H13NS [M]* 263.07632 found

263.07634.

4-(o-Tolyl)-4H-thieno[3,4-blindole  (19b):  Yellow oil. 'HNMR (300MHz,
Acetoneds) U=8.02-7.92 (m, H, CHp), 7.89-7.79 (m, H,

N/Q CHar), 7.79 (d,%J=2.5Hz, 1H, CHuiophend, 7.58 (d,3J=8.2Hz,
— wd 1H, CHp), 7.48-7.32 (m,2H, CHa/), 7.16 (m, H, CHy), 6.93 (d,
s 3J=8.2Hz, 1H, CHa,), 6.51 (d,"J = 2.5Hz, 1H, CHiophend, 2.22 (S,
3H, CHs). *C NMR (75MHz, Acetoneds) Ui=149.9 (G,), 147.5 (G/), 141.0 (G.),
137.8 (Gv), 134.1 (G)), 131.2 (CH,), 129.5(CHa,), 127.5 (CH,), 126.9 (CH,), 122.3
(CHar), 121.3 (CH,), 120.8 (G/), 1204 (CHa), 112.0 (CH,), 110.5 (CH,), 93.2
(CHa), 18.2 (CH). IR (ATR, cm®): { =3412(w), 3103 (w), 3052 (w), 2919 (w), 2853
(w), 1577 (m), 1499 (m), 1450 (m), 1395 (m), 1316 (m), 1227 (m), 1151 (m), 824 (m),
741 (s), 622 (m), 445 (m). ME&I, 70eV): m/z(%) =264 (21), 263 [M] (100), 262
(41), 260 (11), 231 (16), 228 (11), 218 (20),72B2), 216 (11), 204 (15), 128 (17).
HRMS (EI): Calculated for ¢H;3NS [M]* 263.07632 found 263.07567.

4-(4-(tert-Butyl)phenyl)-4H-thieno[3,4-blindole  (199:  Yellow oil. HNMR
(250MHz, Chloroformd) ti=7.78 fn, 1H, CHa,), 7.48 M, 4H, CHp), 7.41 6, 1Hp),
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| 7-33 (ddd,3J=8.3Hz, “J=1.2Hz, *J=0.7Hz, 1H, CHa),
N/@/ 7.25 (dd,®J=7.1Hz, “3=1.3Hz, 1H, CHa), 7.18 (s, H,

I\ CHa), 7.09- 7.02 (m, H, CHa/), 1.33 (s, 9HtBu). *C NMR

S (63MHz, CDCk) ti=1492 (Ca), 148.1 (Ca), 1462 (Ca),
1368 (Car), 1335 (Ca), 1268 (2CHu), 1265 (CHa/), 1239 (2CHy), 1215 (CHa),
1204 (Car), 1198 (CHa), 1105 (CHa,), 110.0 (CHa), 927 (CHa/), 34.8 (Ggy), 316
(3CHy). IR (ATR, cm™): T = 3401 (w), 3053 (w), 2958 (m), 2865 (w), 1605 (w), 1578
(m), 1517 (s), 1451 (m), 1399 (m), 1323 (m), 1224 (m), 1190 (m), 1152 (m), 1017 (w),
827 (m), 742 (s), 622 (m), 552 (m). MBI, 70eV): m/z(%) =305 [M]" (97), 290
(100), 275 (18), 262 (8), 172 (20), 1340), 109 (9).HRMS (El): Calculated for
CooH1gNS[M] * 305.12327 found 305.12400.

4-(3,5-Dimethoxyphenyl)}-4H-thieno[3,4-blindole  (19d): Yellow oil. 'HNMR
OMe (300MHz, Chloroformd) G=7.85 (m, H, CHa), 7.52- 7.45
@\ (m, 2H, CHa/), 7.33 (ddd3J = 8.4Hz,%1=7.3Hz,*) = 1.3Hz,
N e 1H, CHp), 7.15 (td,33=7.3Hz, “3=1.3Hz, 1H, CHa/), 6.81
7\ (d, 2J=2.3Hz, 2H, CHa), 6.68 (d, 2J=2.5Hz, 1IH,
S CHiniophend, 6.45 (t, *J=2.3Hz, 1H, CHa), 3.85 (s, 6H,
OCH,). ®*CNMR (75MHz, CDCk) ti=161.9 (2G,), 147.7 (G), 145.8 (G,), 141.2
(Car), 133.5 (Gy), 126.6 (CH,), 121.5 (CH,), 120.6 (G,), 120.1 (CH\), 1108 (CHa,),
110.4 (CH,), 102.6 (2CH,), 98.4 (CHy), 93.3 (CH,), 55.7 (20CH). IR (ATR, cm'):
{ =3388 (w), 3102 (w), 3056 (w), 2998 (w), 2929 (w), 2837 (w), 1591 (s), 1498 (m),
1451 (s), 1293 (m), 1258 (s), 1202 (s), 1149 (s), 1056 (m), 929 (m), 823 (m), 742 (s),
689 (m), 627 (m). MSEI, 70eV): m/z(%) = 310 (21), 309 [M] (100), 294 (22), 264
(8), 251 (19), 250 (18), 234 (10), 191 (6), 178 (11), 128 (9). HREMS Calculated for
C1gH150:NS [M]* 309.08180 found 309.08182.

4-(3,4,5Trimethoxyphenyl)-4H-thieno[3,4-blindole  (19e¢):  Colorless  solid,
O mp.96- 97 °C. *H NMR (300MHz, Chloroformd) U= 7.87
/@\/we (ddd, 3J=7.7Hz, %3 = 1.3Hz, >J=0.7Hz, 1H, CH,), 7.50

N (d, “3=1.8Hz, IH, CHmiophend, 7.40 (idd, 3J=8.2Hz,
/\ OMe 1 43=1.3Hz, %3=0.7Hz, H, CHy), 7.33 (dddJ=8.2Hz,
S 3)=7.0Hz, 2J=1.3Hz, 1H, CHp), 7.16 (ddd3)=7.7Hz
3J=7.0Hz, “J=1.3Hz, 1H, CHa), 6.85 (s, B, CHya), 6.61 (d,*J=2.5Hz, 1H,
CHihiophend, 3.94 (S, 3HCHg), 3.89 (s, 6K CHs). **C NMR (75MHz, CDCh) &i = 1542
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(2CaOCHs), 1481 (Ca), 1463 (Ca), 1365 (Ca), 1351 (Ca), 1334 (Ca), 1266
(CHar), 1216 (CHa,), 1204 (Ca/), 1200 (CHa/), 1109 (CHa;), 110.0 (CHy), 1022
(2CHar), 927 (CHar), 612 (OCH), 565 (20CH). IR (ATR, cm™): f =3101(m), 3056

(W), 2999 (m), 2929 (m), 2829 (w), 1592 (m), 1502 (m), 1450 (m), 1416 (m), 1354 (m),
1262 (m), 1226 (m), 1123 (s), 998 (m), 823 (M), 736 (s)(EIS70 eV): m/z(%) = 339

[M]™ (100), 324 (78), 296 (6), 280 (8), 238 (10), 210 (8), 172 (HBMS (EI):
Calculated for GoH;70sNS[M] * 339.09237 found 339.09241.

4-(Anthracen-2-yl)-4H-thieno[3,4-blindole (199): Light yellow solid,
mp.171-172°C. 'HNMR (250MHz, Chloroformd)
0 U=8.50 (s, H, CHa/), 8.44 (s, H, CHa/), 8.24-8.13 (m,
O 2H, CHp,), 8.11- 7.96 (m, M, CHa/), 7.91 (ddd*J =75 Hz,
N O 4J=1.3Hz, 2J=0.7Hz, 1H, CHa), 7.79 (dd,3J=9.0Hz,
]\ “J=2.1Hz, H, CHp,), 7.59- 7.44 (m, H, CHp,), 7.36 (ddd,
S 3)=8.3Hz, 21=73Hz, *3=1.3Hz, 1H, CHa), 7.20 (td,
3)=7.5Hz, “J = 1.0Hz, 1H, CHa), 6.76 (d,"J=2.5Hz, 1H, CHiiophend- ~-C NMR
(63MHz, CDCh) U=147.9 (G,), 146.0 (G/), 136.4 (G/), 133.5 (G,), 132.4 (G,),
132.0 (Gy), 131.9 (Gy), 130.4(CHa), 130.1 (G), 128.4 (CH.), 128.1 (CH,), 126.7
(CHar), 126.6 (CH,), 126.1 (CH,), 125.9 (CH,), 1257 (CHa/), 123.2 (CH,), 121.6
(CHar), 121.3 (CH,), 120.7 (G,), 120.3 (CH,), 110.9 (CH,), 110.2 (CH,), 93.2
(CHa). IR (ATR, cm™): T =3093 (w), 3050 (w), 2956 (w), 1628 (w), 1573 (m), 1451
(m), 1389 (w), 1216 (w), 891 (m), 742 (s), 472 (m). &S 70eV): m/z(%) = 349
[M]* (100), 304 (48), 174 (24), 152 (20), 128 (6). HRIES: Calculated for gH1sNS
[M]*349.09197 found 349.09161

5.2.6. Synthesis of benzot hi e murpldlg2-flphenadthridines by
site-selective  Sonogashira reaction followed by domino -0

coupling/hydroamination/C-H arylation.

5.2.6.1Starting materials

3-Bromo-2-((2-bromophenyl)ethynyl)benzop]thiophene  (25): White  solid,
mp.190- 191°C. *H NMR (300MHz, Chloroformd): ti=7.70- 7.62 (m, 2H, CH,),
7.53-7.49 (m, 2H, CH,), 7.37-7.29 (m, 2H, CH,), 7.22-7.17 (m, 1H, CH,),
7.13-7.07 (m, 1H, CH,). **C NMR (75.5MHz, CDCk): ti= 138.5(Ca/), 137.5(Ca/),

S67



Appendix

Br Br 133.5 (CHa/), 132.6 (CHa/), 130.2 (CHa/), 127.1 (CHa),
O N\ O 126.7 (CHar), 125.6(CHa/), 125.5(Ca), 124.6(Cy/), 123.8

86.1 (Csp).IR (ATR, cmi): T = 3111, 3056, 3026, 2747, 2324, 2286, 224), 1942,

1907, 1879, 1820, 1782, 1688 (m), 1659, 1603 (w), 1587, 1555, 1522 (m), 1504, 1480
(w), 1463, 1451, 1432 (s), 1320, 1311, 1287 (m), 1271 (w), 1240 (s), 1210, 1201 (w),
1160, 1124 (m)1105, 1079 (w), 1063 (m), 1038, 1025, 1017 (s), 974, 939 (W), 924 (s),
855 (m), 820 (s), 762 (m), 740, 717, 662 (s), 634, 599, 546 MB)(El, 70eV):
m/z(%) = 394 (54) 392M] " (100), 390 (50), 232 (84), 196 (15), 187 (62), 161 (10),
116 (42).HRMS (EI): Calculatedfor CigHgBr*'BrS [M]* 391.86875found: 391.868%
calculatedor CygHg®'Br,S; [M] © 393.86670 foun393.86649

5.26.2Benz ot hi e npyriolg[H2-fphenadthridines
Benzo[4',5'thieno[2',3":4,5]pyrrolo[1,2-f]phenanthridine  (24a/26a): Pale yellow
solid, mp.188- 189°C. 'H NMR (250MHz, DMSO): ti=8.51

(d, 1H,%)= 8.1Hz, CHy), 8.46-8.41 (m, 2H, CH,), 8.33 (d,
1H, 33 = 8.2Hz, CHy), 8.21-8.17 (m, 1H, CH,), 7.98 (d, 1H,
3)=7.9Hz, CHy), 7.75-7.69 (m, 1H, CH,), 7.60- 7.46 (m,
5H, CHa), 7.36-7.30 (m, 1H, CH,). *CNMR (62.9MHz,
CDCl3): U=141.4 (Car), 135.9 (Car), 133.2(Cpr), 129.6 (Car), 129.2 (Car), 128.5
(CHar), 128.0(CHpr), 127.7(Car), 127.2(CHar), 125.7(Car), 125.6(Car), 124.6(CHa),
124.5(CHpr), 124.4(CHp), 124.2(CHay), 123.2(CHar), 123.0(CHay), 122.8(CHay),
121.8(Car), 120.6(CHar), 117.7(CHa,), 96.4 (CHp,). IR (ATR, cmi): T = 3116 (w),
3052(w), 3029(w), 2918(m), 2849 (m), 1892 (w), 1807 (w), 1682 (w), 1605 (m), 1585
(m), 1532 (m), 1471 (m), 1455, 1436 (s), 1376 (m), 1354 (s), 1293 (w), 1233 (w), 1160
(m), 1010 (w), 975 (w), 962 (w), 948, 922 (m), 863 (w), 847 (w), 796 (B, 735,
710, 694 (s), 666 (m), 652 (m), 614 (M), 563, 532 (S (El, 70eV): m/z(%) = 324
(26), 323[M] " (100), 322 (22), 321 (07), 221 (07), 162 (06), 146 (BEXMS (EI):
Calculatedor C,,H13NS[M] * 323.07632 foun®23.07692.

6-Met hyl benzo[ 46, 56] t hdiflghenanth2dine @4b/26b); Balepyr r ol o[ 1
yellow solid, mp.159- 160°C. *H NMR (250MHz, Chloroformd): ti=8.31 (d, 1H,
3)=8.4Hz, CHy), 8.27 (d, 1H3J = 8.4Hz, CHy,), 8.24- 8.21 (m, 1H, CH,), 8.09 (s,
1H, CHy), 7.96-8.01 (m, 1H, CH,), 7.80 (dd, 1H3J=7.9Hz, °J=0.6Hz, CHa),
7.47-7.32 (m, 4H, CH,), 7.25- 7.20 (m, 1H, CH,), 7.19 (s, 1H, CH), 2.50 (s, 3H,
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CHs). ®CNMR (62.9MHz, CDCh): ti=142.0 Ca), 136.2
(Car), 133.6 Car), 131.9(Ca), 130.1 Ca), 129.2 Ca), 128.5
(CHa), 128.4(Cpu), 128.2(CHa), 126.7(CHa), 126.4 Ca),
126.2 Ca’), 124.4(CHa), 124.3(CHy,), 123.8(CHp,), 123.2
(CHpy), 122.7(CHp,), 122.5(CHa,), 122.2 Car), 120.8 CHa),
118.2 (CHa), 95.4 (CHa), 21.3 (CH). IR (ATR,cm™):
f =3037(w), 2913(w), 2851 (w), 1606(w), 1532 (m), 1498 (m), 1482 (m), 1447 (s),
1409, 1372 (m), 1352 (s), 1292 (w), 1196 (w), 1181 (w), 1117 (w), 874(vB4B17
(s), 811 (s), 767 (s), 750 (s), 738 (s), 721 (s), 681 (W), 6656(B)(s) MS (El, 70eV):
m/z(%) =338 (27), 337[M]* (100), 336 (18), 322 (08), 161 (16HRMS (EI):
Calculatedor Cp3H1sNS[M] * 337.09199 foun®37.09137.

6-Chlorobenzo[4',5'thieno[2',3":4,5]pyrrolo[1,2-flphenanthridine (24c/26c): Pale
yellow solid, mp227-228°C. *H NMR (250MHz, DMSO):
U=8.53 (d,"J= 2.4Hz, 1H, CHy), 8.47- 8.43(m, 2H, CHy),

8.31 (d,%J=8.2Hz, 1H, CH), 8.22-8.19 (m, 1H, CH,),
8.01-7.97 (m, 1H, CH,), 7.75 (d,%J=8.8Hz, 1H, CHy),
7.62-7.58 (m, 1H, CH,), 7.58- 7.46 (m, 3H, CH,), 7.36 (ddd,
3)=8.2Hz, %1=7.2Hz, 2J=1.2Hz, 1H, CHy). *CNMR
(62.9MHz, CDCh): U= 141.6(Ca), 135.8(Ca), 132.0(Car), 129.7(Ca), 129.6(Ch),
129.2(CHar), 129.1(Ca), 127.8(CHa;), 127.6(Car), 127.3(CHar), 126.0(Cx;), 124.7
(Car), 124.5(CHa), 124.3(CHp), 124.0 (CHa/), 123.7 (Ca), 123.3(CHa), 123.2
(CHar), 123.1 (CHa;), 120.5 (CHa), 119.4 (CHa/), 96.8 (CHa). IR (ATR, cmiY):

{ =3119(w), 3056(w), 2925(w), 2850(w), 1942(w), 1897(w), 1606 (m), 1585 (m),
1557 (m), 1529 (s), 1491 (w), 1605, 1476 (m), 1444, 1408 (s), 1371 (w), 1352 (m),
1293(m), 1253 (m), 1188 (m), 1158 (m), 1102 (s), 950 (m), 923 (m), 861 (m), 835 (M),
811 (s), 767 (m), 758 (m), 739 (s), 722,310 (s),652 (m), 578 (s), 529 (s)

MS (El, 70eV): m/z(%) = 359 (40), 357M] * (100), 322 (21), 321 (10), 255 (08), 178
(08), 161 (33).HRMS (El): Calculated for CyH1:N*CIS [M]* 357.03735 found
357.03685¢alculatedor C,,H1.N*'CIS [M] * 359.03440 foun®59.03457.

Cl

6-1sopropylbenzo[4',5thieno[2',3":4,5]pyrrolo[1,2-flphenanthridine  (24d): Pale
yellow solid, mpl11-112°C. 'H NMR (300MHz, Chloroformd): ti=8.31 (d,
3)=8.5Hz, 1H, CHy), 8.26 (d,*J=8.3Hz, 1H, CH\), 8.21 (dd,3J=6.8Hz,
4)=2.5Hz, 1H, CHy), 8.01 (d,*J = 1.8Hz, 1H, CHy,), 7.92- 7.96(m, 1H, CHy), 7.78
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(d, 3J=8.1Hz, 1H, CH), 7.30-7.42 (m, 4H, CH),
2.17-7.22 (m, 1H, CH,), 7.13(s, 1H, CH,), 2.97-3.09 (m,
1H, CHp), 1.32 (d, 3J=6.9Hz, 6H, CHaip). “CNMR
(75.5MHz, CDCk): U=144.6 (G,), 142.0 (G,), 136.2 (G)),
132.2 (Gy), 130.1 (G)), 129.2 (G)), 128.4 (G,), 128.1 (CH,),
126.7 (CH,), 126.4 (G,), 126.3 (G,), 125.9 (CH,), 124.4
(CHar), 123.8 (CHy), 123.2 (CH,), 122.7 (CH,), 122.4(CHa), 122.1 (G,), 121.8
(CHar), 120.9 (CH,), 118.3 (CH,), 95.4 (CH,), 34.1 (Che), 24.2 (CH).
IR (ATR, cm™): f = 3125(w), 3065 (w), 2949, 2920 (m), 2863 (m), 1608 (m), 1584 (s),
1562 (w), 1532 (s), 1497, 1483, 1471 (w), 1446 (s), 1410 (m), 1BJ41353 (m),
1291 (m), 949 (m), 87@8n), 858 (m), 822 (s), 78{), 772(m), 761 (M), 559 (m) cih
MS (El, 70eV): m/z(%) = 366 (27), 369M] * (100), 350(29), 349 (14), 348 (10), 323
(7), 322 (8), 175 (5)HRMS (EI): Calculatedfor CysHigNS [M]™ 365.12327 found
365.12286.

6-Fluorobenzo[4',5Tthieno[2',3":4,5]pyrrolo[1,2-f]phenanthridine  (248): Pale
yellow solid, mp.184- 185°C. *H NMR (500MHz, DMSO):
U=8.49-8.44 (m, 2H, CHa), 8.38 (dd, 3J=10.4Hz,
*J=2.9Hz, 1H, CHy), 8.31 (d,2J=8.3Hz, 1H, CHy), 8.23 (d,
3J=8.0Hz, 1H, CH), 8.02 (d, 2J=8.1Hz, 1H, CH)),
7.65-7.62 (m, 1H, CH,), 7.61 (s, 1H, CHR), 7.60- 7.57 (m,
1H, CHy), 7.55- 7.49 (m, 2H, CH), 7.40- 7.36 (m, 1H, CH,).
FNMR (235.4MHz, CDCk): ti=-118.5 (FG,). **CNMR (125.8MHz, DMSO):
U=159.5 (d,"Jcr=242.8Hz, CRy), 141.4 (G,), 135.5 (G/), 131.9 (G,), 129.8 (d,
*Jce=3.3Hz, Ca), 129.5 (G,), 129.3 (CH,), 129.0 ¢1,%Jcr = 8.7 Hz, Ca)), 127.4 (G,
127.3 (CHy), 125.8 (G,), 125.0 (d,*Jce=3.3Hz, Cu), 124.6 (CH,), 124.3 (CH,),
123.5 (CHy), 123.3 (CH), 123.2 (CH,), 120.4 (CH), 119.5 (d Jcr = 8.5Hz, CHy,),
115.3 (d, 2Jce=23.7Hz, CHy), 110.6 (d, 2Jcr=23.4Hz, CHa), 95.6 (CHy).
IR (ATR, cm™): | =3119(w), 3062(w), 2920(w), 2850(w), 1621(m), 1591(m), 1563
(m), 1535(m), 1496(m), 1484(m), 1446(m), 1425 (s), 1375, 1354 (m), 1269 (m), 1252
(s), 1175 (s), 95Qm), 922 (m), 896 (s), 852 (s), 810 (s), 6{A), 595(m), 554 (s)
MS (El, 70eV): m/z(%) =342 (25), 341[M]" (100), 239 (08), 169 (05), 154 (06).
HRMS (EI): Calculatedor Co,H;1oNFS[M] * 341.066900und 341.06633.
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3-Methylbenzo[4',5thieno[2',3":4,5]pyrrolo[1,2 -flphenanthridine  (24f): Pale
yellow solid, mpl52-153°C. 'HNMR (250MHz,
Chloroformd): 1U=8.38 (d, 3J=8.3Hz, 1H, CH,),
8.28-8.23 (m, 2H, CH,), 7.99 (s,1H, CHy), 7.85 (d,
%)= 8.1Hz, 1H, CHy), 7.79 (dd,*J = 7.9Hz, °J = 0.7 Hz,
1H, CH), 7.52 (ddd, *J=8.4Hz, 3J=7.3Hz,
“J=1.5Hz, 1H, CHy), 7.38- 7.26 (m, 3H, CH,), 7.24- 7.20 (m, 1H, CH,), 7.11 (s,
1H, CHy), 2.44 (s, 3H, CH. *CNMR (62.9MHz, CDCk): ti=140.9 (G,), 135.6
(Car), 135.5 (G,), 133.0 (Gy), 128.8 (G/), 128.6 (CH,), 128.5 (G/), 127.4 (G,),
126.4 (CHy), 125.1 (G,), 123.3 (CH,), 123.1 (CH,), 123.0 (CH,), 122.9 (G,), 122.8
(CHa), 122.1 (CH,), 121.6 (CH,), 121.5 (CH,), 121.2 (G/), 119.7 (CH,), 117.3
(CHar), 94.0 (CH,), 20.8 (CH). IR (ATR, cmi’): { = 1606 (w), 1584 (w), 1563 (w),
1532 (m), 1498 (m), 1482 (m), 1447 (s), 1411 (m), 1362 (m), 1353 (s)n®1B13
(m), 766 (m), 751 (m), 739 (m), 722 (s), 665 (m),578 (s) MS (El, 70eV):
m/z(%) = 338 (26), 337M]* (100), 336 (19), 322 (07), 169 (06), 161 (ABRMS (EI):
Calculatedor Co3H1sNS[M] * 337.09197 foun®37.09137.

3,6-Dimethylbenzo[4',5']thieno[2',3":4,5]pyrrolo[1,2-f]phenanthridine (24g): Pale
yellow solid, mpl54-155°C. HNMR (300MHz,
Chloroformd): Ui=8.25 (d,3)=8.7Hz, 1H, CHy), 8.20
(d, 3J=8.4Hz, 1H, CHy), 8.00 (s, 1H, CH), 7.94 (s,
1H, CHy), 7.81-7.76 (m, 2H, CH), 7.34- 7.27 (m, 2H,
CHar), 7.22-7.17 (m, 2H, CH;), 7.06 (s, 1H, CH,), 2.44
(s, 3H, CH), 2.42 (s, 3H, Ch. ®*CNMR (75.5MHz,
CDCl): U=141.9 (Gy), 136.5 (Gy), 136.4 (G), 133.4(Car), 132.0 (G), 129.7 (G)),
129.4 (CH,), 129.2 (G), 128.4 (G,), 128.3 (CH,), 126.1 (G,), 124.3 (CH,), 124.2
(CHay), 123.9 (Gy), 123.7 (CH,), 123.1 (CH,), 122.5 (CH,), 122.4 (CH,), 122.0
(Car), 120.7 (CH,), 118.1 (CH,), 94.7 (CH,), 21.8 (CH3), 21.3 (CH).
IR (ATR, cm™): T = 3049(w), 2914(w), 2851(w), 2729(w), 1896(w), 1810(w), 1765
(w), 1585(m), 1563(m), 1537 (m),1453 (s), 1374 (m), 1351 (s), 1153 (m), 1030 (m),
877 (m), 870(m), 845 (m), 814m), 767(m), 736(m), 720 (s), 664m), 646 (m), 538
(s). MS (El, 70eV): m/z(%) = 352 (27), 351IM] * (100), 350 (14), 334 (06), 176 (11),
168 (10), 167 (11), 161 (12), 145 (06YRMS (El): Calculatedfor CpH1/NS [M]*
351.10762 foun®51.10722.
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6-Fluoro-3-methylbenzo[4',5thieno[2',3":4,5]pyrrolo[1,2-f]phenanthridine  (24h):

Pale yellow solid, mpl42- 143°C. 'H NMR (250MHz,
Chloroformd): ti=8.20 (dd,*J = 9.0Hz, 3J=5.0Hz, 1H,
CHa), 8.08 (d, 3J=8.2Hz, 1H, CH), 7.78 (d,
“1=2.8Hz, 1H, CHy), 7.74-7.69 (m, 3H, CH,), 7.30

(ddd, ®J=8.3Hz, %J=7.5Hz, 2J=1.3Hz, 1H, CH)),
7.22-7.09 (m, 3H, CH,), 6.96 (s, 1H, CH}), 2.37 (s, 3H,
CHs). *F NMR (235.4MHz, CDCh): Ui = -118.3(FCa,). 1*C NMR (62.9MHz, CDCk):
U=159.3 (d,"Jcr = 242.6Hz, CRy), 141.9 (G.), 136.6 (G/), 136.0 (G,), 130.3 (d,
“Jcr=3.5Hz, Gy), 130.1 (CH,), 129.6 (G,), 129.4 (G,), 128.1 (G,), 125.2 (d,
*Jcr=3.3Hz, Gu), 124.4 (CH,), 124.0 (G,), 123.9 (G,), 123.8 (CH,), 123.1 (CH,),

122.7 (CHy), 122.6 (CH,), 120.3 (CH,), 119.3 (d,*Jcr=8.3Hz, CHy), 114.4 (d,
2Jcr=23.9Hz, CHy), 109.8 (d,%Jcr=23.6Hz, CHy), 95.1 (CH,), 21.7 (CH).

IR (ATR, cm™): f =3117(w), 3056(w), 2919(w), 2852(w), 1898(w), 1689(w), 1620

(m), 1587 (m), 1562 (m), 1537 (m), 1494 (m), 1432 (s), 1374 (m), 1353 (m), 1293 (m),
1256 (m), 1196 (m), 1170 (s), 939 (m), 871 (m), 857 (m), 809 (s), 734 (m), 718 (m),
709 (s), 668 (m), 651 (m), 620 (m), 607 (m), 541 ¢s)i*. MS (EIl, 70eV):
m/z(%) = 356 (25), 359M] * (100), 340 (07), 253 (05), 177 (14), 170 (HRMS (EI):
Calculatedor C,3H14NFS[M] " 355.08255 foun®55.08186.

6-Chloro-3-methylbenzo[4',5thieno[2',3":4,5]pyrrolo[1,2-f]phenanthridine  (24i):
Pale yellow solid, mpl82- 183°C. *H NMR (300MHz,
Chloroformd): U=8.19 (d, 3J=8.9Hz, 1H, CH),
8.12-7.09 (m, 2H, CH,), 7.81 (s, 1H, CH), 7.77 (dd,
3)=8.7Hz, 2H,3J=8.0Hz, CHy), 7.40 (dd,J = 8.8Hz,
4J=2.3Hz, 1H, CHy), 7.29- 7.34 (m, 1H, CH,), 7.22 (d,
3)=7.4Hz, 2H,CHy), 7.02 (s, 1H, CH,), 2.41 (s, 3H,
CHs). ®*C NMR (75.5MHz, CDCk): ii= 142.0 (G,), 136.8 (G), 136.2 (G,), 132.4
(Car), 130.2 (CH,), 129.6 (G/), 129.3 (G/), 128.5 (G/), 128.1 (G/), 127.2 (CH,),
125.0 (Gy), 124.4 (CH,), 124.0 (G,), 123.9 (CH,), 123.8 (CH.), 123.7 (G/), 123.1
(CHar), 122.8 (CH,), 122.6 (CH,), 120.4 (CH,), 119.3 (CH,), 95.4 (CH,), 21.8
(CHs). IR (ATR, cm™): T = 3110 (w), 3045 (w), 2917 (w), 2849 (w), 1905 (w), 1673

(w), 1603(w), 1586 (m), 1554 (m), 1529 (m), 1487 (m), 1453 (m), 1416 (s), 1350 (m),
1294 (m), 1254 (m), 1102 (m), 900 (m), 859 (m), 845 (m), 812 (m), 762 (m), 738 (m),
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721 (s), 666 (m)649 (m),537 (m) MS (EIl, 70eV): m/z(%) = 373 (40), 371[M]*
(100), 336 (09) 334 (10), 186 (13), 167 (14), 161 (14), 151 (OBRMS (EI):
Calculated for CosH1,N*CIS [M]* 371.05300 found371.05213, calculated for
Co3H1N*'CIS [M] * 373.05005 foun®73.05078.

6-1sopropyl-3-methylbenzo[4',5"thieno[2',3":4,5]pyrrolo[1,2-f[phenanthridine

iPr (24): Pale yellow solid, mp.94-95°C. HNMR
(250MHz, Chloroformd): ti=8.28 (d,%J = 8.6Hz, 1H,
CHa), 8.24 (d, %) = 8.3Hz, 1H, CH,), 7.07 (d,
“J=1.9Hz, 1H, CHy), 7.98 (s, 1H, Ck}), 7.82- 7.74 (m,

2H, CHy), 7.40-7.28 (m, 2H, CH,), 7.21- 7.15 (m, 2H,
CHar), 7.05 (s, 1H, CH), 3.09- 2.88(m, 1H, CHp), 2.43

(s, 3H, CH), 1.33 (d, 6H2J = 6.9Hz, CHsipy). *C NMR (62.9MHz, CDCL): li= 144.5

(Car), 141.9 (Gy), 136.5 (G\), 136.4 (G)), 132.3 (G)), 129.7 (G)), 129.4 (CH,),

129.2 (G)), 128.4 (Gy), 126.3 (G,), 125.7 (CH,), 124.3 (CH,), 123.9 (G,), 123.7
(CHay), 123.2 (CH,), 122.5 (CH,), 122.4(CHa;), 122.0 (G,), 121.7 (CH,), 120.7
(CHar), 118.3 (CH,), 94.8 (CH,), 34.1 (CHek), 24.3 @CHaip), 21.8 (CHa).

IR (ATR, cm™): T = 3043(w), 3010(w), 2952 (m), 2926 (m), 1617 (m), 1583 (m), 1563
(m), 1540 (m), 1488 (m), 1444 (m), 1427 (s), 1353 (m), 1309 (m), 1287 (m), 1220 (s),
1173 (m), 1093 (m), 1066 (m), 1049 (m), 1038 (s), 873 (m), 854 (m), 810 (m), 772 (m),
739 (m), 720 (s), 578 (m), 568 (8IS (El, 70eV): m/z(%) = 380 (29), 379M] " (100),

364 (18), 349 (10), 348 (06), 182 (0FIRMS (El): Calculatedfor CpogHoiNS [M]*
379.13384 foun®79.13367.

3-Methoxybenzo[4',5Tthieno[2',3":4,5]pyrrolo[1,2-f]phenanthridine  (24k): Pale
yellow solid, mp133-134°C. HNMR (250MHz,
Chloroformd): ti=8.30 (d,3J= 8.3Hz, 1H, CH), 8.17
(d, 3J=8.2Hz, 1H, CHy), 8.10 (dd, 3 = 8.1Hz
4J=1.3Hz, 1H, CHy), 7.78- 7.74 (m, 2H, CH,), 7.52 (d,
“J=25Hz, 1H, CH,), 7.47 (ddd, 3J=8.4Hz
3)=7.3Hz, “J=1.4Hz, 1H, CHy), 7.33-7.27 (m, 2H, CH,), 7.20- 7.14 (m, 1H,
CHa), 6.95 (dd,33=8.8Hz, *J=2.5Hz, 2H, CH), 3.82 (s, 3H, OChH. *CNMR
(62.9MHz, CDCh): U=158.7 (Gy), 141.7 (G), 136.5 (G), 134.1 (G/), 129.7 (G»),
129.3 (Gy), 128.4 (Gy), 127.6 (CH,), 127.5 (G,), 124.7 (CH,), 124.3 (CH,), 124.1
(CHar), 123.8 (CH,), 123.7 (CH,), 122.4 (CH,), 121.9 (G,), 120.5 (CH,), 120.0
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(Car), 118.3 (CH,), 116.4 (CH,), 105.6 (CH,), 94.2 (CH,), 55.4 (OCH).

IR (ATR, cm™): f = 3120(w), 3050(w), 3006(w), 2955(w), 2918(w), 2849(w), 2830

(w), 1616 (m), 1584 (m), 1560 (m), 1540 (m), 1487 (m), 1467 (m), 1446 (m), 1428 (s),
1354 (s), 1214 (s), 1071 (m), 1034 (m), 1017 (m), 860 (m), 812 (m), 752 (m), 735 (M),
713 (s), 695 (m), 662 (m), 610 (m), 573 (m), 542 (omi*. MS (El, 70eV):
m/z(%) = 354 (26), 353M]" (100), 339 (11), 338 (45), 310 (31), 309 (22), 121),

155 (16), 154 (19), 133 (09HRMS (EIl): Calculatedfor CosHisONS[M] " 353.08689
found 353.08653.

3-Methoxy-6-methylbenzo[4',5Tthieno[2',3":4,5]pyrrolo[1,2-f]phenanthridine (24l):
Pale yellow solid, mpl129- 130°C. *H NMR (250MHz,
Chloroformd): t=8.27-8.19 (m, 2H, CH), 7.95 (s, 1H,
CHa), 7.85 (d, 3J=8.8Hz, 1H, CHy), 7.77 (dd,
4J=0.7Hz, 33=8.0Hz, 1H, CHy), 7.59 (d,*J=2.5Hz,
1H, CHa), 7.36- 7.29 (m, 2H, CH,), 7.22- 7.15 (m, 1H,
CHa/), 7.01(dd, *J=8.8Hz, *J=2.5Hz, 2H, CHy), 3.89
(s, 3H, OCH), 2.46 (s, 3H, Ch). **C NMR (75.5MHz, CDCh): ti= 158.7 (G), 141.7
(Car), 136.4 (G,), 133.3 (G/), 132.2 (G\), 129.4 (G)), 129.3 (G/), 128.6 (CH,),
128.4 (Gy), 127.6 (Gy), 124.8 (CH,), 124.3 (CHy), 124.2 (CH), 123.7 (CH,), 122.3
(CHay), 121.8 (G)), 120.4 (CH,), 120.2(Car), 118.2 (CH,), 116.3 (CH,), 105.4
(CHa/), 94.0 (CHy), 55.5 (OCH), 21.3 (CHy). IR (ATR, cm®): T =3055(w), 2917(m),
2848 (m), 1614m), 1586 (m), 1564 (m), 1541 (m), 1488 (m), 1448 m), 1431 (m),
1417 (s), 1374 (w), 1355 (m), 1308, 1300 (4383(m), 1221 (s), 106m), 1053 (m),
1032 (s), 859m), 851(m), 842 (m), 805m), 759(m), 732(m), 717 (m), 710 (s), 567
(m), 549 (s) MS (El, 70eV): m/z(%) = 368 (27), 367[M] " (100), 352 (42), 324 (19),
309 (06), 183 (08), 160 (06HRMS (EI): Calculatedfor C,4H:7ONS[M]* 367.10254
found367.10298.

6-1sopropyl-3-methoxybenzo[4',5'thieno[2',3":4,5]pyrrolo[1,2-f[phenanthridine
iPr (24m): Pale yellow solid, mp.136-137°C. 'H NMR
ome| (B0OOMHz, Chloroformad): i=8.34 (d,®J=8.5Hz, 1H,
O CHa), 826 (d, ®J=8.2Hz, 1H, CHy), 804 (d,
N
\

%3J=1.9Hz, 1H, CHy), 7.91 (d,%J=7.9Hz, 1H, CHy),
O < 7.79 (dd,*J=0.6 Hz,%J=8.0Hz, 1H, CH), 7.67 (d,
3J=2.5Hz, 1H, CHy), 7.43 (dd,*J=1.9Hz, 3J=8.5Hz, 1H, CHy), 7.34 (ddd,
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43=1.2Hz, 3J=7.2Hz, 21=8.3Hz, 1H CHy), 7.22-7.17 (m, 1H, CH,), 7.05 (dd,
4J=2.5Hz, 31=8.8Hz, 2H, CHy), 3.92 (s, 3H, OCH), 3.04-3.09 (m, 1H, Ckb),

1.34 (d,%J=6.9Hz, 6H, CHz.ip). *C NMR (75.5MHz, CDCk): ti= 157.7 (G,), 144.3

(Car), 143.5 (Gy), 142.4 (G,), 140.7(Ca;), 135.4 (Gy), 131.5 (G,), 128.4 (G,), 127.5
(Car), 126.8 (G/), 125.0 (CH,), 123.8 (CH,), 123.3 (CH,), 122.7 (CH,), 121.3
(CHa), 120.8 (G,), 119.5 (CH,), 119.2 (CH,), 117.4 (CH,), 114.9 (CH,), 104.9
(CHa/), 93.0 (CHy), 55.6 (OCH), 33.1(CHip), 23.2 (2CH). IR (ATR, cm™): { = 3119

(W), 3046(w), 3008(w), 2957 (m), 2922 (m), 1614 (m), 1585 (m), 1561 (m), 1539 (m),
1484 (m), 1446, 1423 (s), 1351 (m), 1307 (m), 1282 (m), 1218 (s), 1170 (m), 1093 (m),
1065 (m), 1049 (m), 1036 (s), 873 (m), 854 (m), 810 (m), 772 (m), 739 (m), 720 (s),
578 (m), 568 (spm*. MS (El, 70eV): m/z(%) =396 @0), 395[M]* (100), 380 (30),

364 (06), 336 (15), 308 (06), 190 (10), 173 (O8)RMS (EI): Calculated for
Co6H210NS[M] * 395.1338 found395.13367.

6-Chloro-3-methoxybenzo[4',5']thieno[2',3":4,5]pyrrolo[1,2-flphenanthridine

(24n): Pale vyellow solid, mp02-203°C. HNMR
(250MHz, Chloroformd): U=8.27 (d,3J= 8.6Hz, 1H,
CHa), 8.14-8.08 (m, 2H, CH,), 7.81 (dd,*J=10.7Hz,
3J=8.4Hz, 2H, CH), 7.48-7.43 (m, 2H, CH),
7.36-7.29 (m, 1H, CH,), 7.24- 7.21 (m, 1H, CH,), 7.04

(dd, 3J=8.8Hz, *J=2.5 Hz, 1H, CH,), 6.99 (s, 1H,
CHa), 3.87 (s, 3H, OCH). *C NMR (62.9MHz, CDCk): Ui= 158.8 (G,), 141.8 (G,),
136.2 (Gy), 132.6 (G), 129.9 (G)), 129.3 (G)), 129.2 (G,), 128.1 (G,), 127.5
(CHa), 126.4 (Gy), 124.9 (CH,), 124.4 (CH,), 123.9 (CH,), 123.8 (CH,), 123.5
(Car), 122.6 (CH,), 120.3 (G/), 120.2 (CH,), 119.4 (CH,), 117.3 (CH,), 105.4
(CHar), 94.6 (CHy), 55.7 (OCH). IR (ATR, cm™): = 3131 (w), 3047 (w), 2924 (w),
2835 (w), 1614 (m), 1586 (m), 1557 (m), 1537 (m), 1485 (m), 1466 (m), 1453 (m),
1441 (m), 1431 (m), 1416 (s), 1291 (m), 1284 (m), 1228 (m), 1216 (s), 11010@7),
(m), 1065 (m), 1053 (m), 1029 (s), 909 (m), 868 (M), 837 (m), 761 (m), 719 (s), 548 (S)
MS (El, 70eV): m/z(%) = 389(39), 387[M] * (100), 374 (15), 372 (46), 344 (20), 309
(14), 194 (09), 154 (10HRMS (EI): Calculatedor Co3H14sNCIS[M] * 387.04791 found
387.04692¢alculatedor Co3H1.N*'CIS[M] * 389.04496 foun®89.04425.

6-Fluoro-3-methoxybenzo[4',5']thieno[2',3":4,5]pyrrolo[1,2-flphenanthridine (240):
Pale yellowsolid, mp.172- 173°C. *H NMR (250MHz, Chloroformd): ti = 8.29 (dd,
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3)=9.0Hz, %)= 5.0Hz, 1H, CHy), 8.12 (d,*J = 8.2Hz,
1H, CHy), 7.84-7.76 (m, 3H, CH), 7.43 (d,
“J=2.8Hz, 1H, CH), 7.36-7.29 (m, 1H, CH),
7.25-7.18 (m, 2H, CHy), 7.03 (dd, 3J=8.8Hz,
*)J=2.5Hz, 1H, CHy), 6.96 (s, 1H, CHk}), 3.86 (s, 3H,
OCHs). **F NMR (235.4MHz, CDCk): Ui = -1182 (FCha/).
13C NMR (62.9MHz, CDCL): U= 159.0 (d,%Jce = 242.8Hz, CRy), 158.7(Ca;), 141.8
(Car), 136.1 (Gy), 130.6 (d,*Jcr=3.3Hz, Ca), 129.6 (G), 129.3 (G/), 128.1 (G),
126.8 (d,*Jcr=3.2Hz, Gy), 124.8 (CH,), 124.4 (CH,), 123.8 (CH,), 1238 (d,
3Jce=85Hz, Cyu), 122.6 (CH,), 120.3 (G,), 120.1 (CH,), 119.6 (d,*Jcr= 8.3 Hz,
CHa), 117.2 (CH,), 114.8 (d,2Jcr = 23.4Hz, CHy,), 110.1 (d,2Jce = 23.9Hz, CHy,),
105.6 (CHy), 94.4 (CH,), 55.5 (OCH). IR (ATR, cm™): | = 3116(w), 3045(w), 3001
(W), 2922(w), 2846(w), 2254(w), 2054(w), 1903(w), 1731(w), 1614 (m), 1564 (m),
1538 (m), 1490 (m), 1464 (m), 1446 (m), 1426 (s), 1336 (m), 1282 (m), 1259 (m), 1228
(m), 1191 (m), 1171 (s)065 (m), 1031 (s), 964 (m), 916 (m), 834 (MH8 (m), 732,
715 (s) MS (El, 70eV): m/z(%) = 372 (25), 371[M] * (100), 356 (40), 328 (27), 281
(08), 253 (06), 207 (06), 185 (26), 163 (20), 141 (HHRMS (El): Calculatedfor
Co3H140:NFS[M] * 371.0774G0und 371.07755.

6-(tert-Butyl)benzo[4',5thieno[2',3":4,5]pyrrolo[1,2 -flphenanthridine (26d): Pale
yellow  solid, mp75-76°C. 'HNMR (250MHz,
Chloroformd): ti=8.35 (d,3J=8.3Hz, 1H, CHy), 8.28 (dd,
3)=8.1Hz, *J=1.4Hz, 1H, CHy), 8.24-8.19 (m, 2H, CH,),
7.86 (d,%3=8.4Hz, 1H, CH\,), 7.76 (d,3J=8.1Hz, 1H, CHy),
7.52-7.46 (m, 2H, CH,), 7.34- 7.29 (m, 2H, CH), 2.18- 7.14
(m, 1H, CHy), 7.08 (s, 1H, Ci), 1.37 (s, 9HCHs). *C NMR
(62.9MHz, CDCly): U=149.8 (Gy), 141.9 (G\), 136.4 (Gy), 134.0 (G/), 129.9 (G,),
129.6 (Gy), 128.4 (Gy), 127.3 (CH,), 126.2 (CH,), 125.7 (G,), 124.4 (CH,), 124.0
(CHa;), 123.9 (CH,), 123.8 (CH,), 123.0 (CH,), 122.6 (CH,), 120.7 (CH,), 120.6
(Car), 118.6 (CHy), 118.5 (G,), 118.3 (CH,), 95.1 (CH,), 35.1 (Gay), 31.4 (CH).
IR (ATR, cm™): ¥ =3119 (w), 3055 (w), 2951, 2862 (m), 1607 (w), 1588), 1554
(m), 1538 (m), 1474m), 1441(m), 1427 (s), 1347 (s), 119in), 1121(m), 1054(m),
1026 (m),877 (m), 821(m), 736(m), 623 (M), 542 (s) MS (El, 70eV): m/z(%) = 380

tBu

S76



Appendix

(29), 379[M]* (100), 365 (17), 364 (60), 3508), 349 (31), 348 (09), 323 (09), 168
(15). HRMS (El): Calculatedior CogHo:NS[M] * 379.1389F0und 379.13866.

6-Methoxybenzo[4',5']thieno[2',3":4,5]pyrrolo[1,2-f]phenanthridine  (26e): Pale
yellow solid, mp.152- 153°C. *H NMR (250MHz, DMSO):
U=8.60 (d,3J=7.2Hz, 1H, CHy), 8.38 (d,%J= 8.3Hz, 1H,
CHa), 8.27 (d3J = 8.2Hz, 1H, CHy), 8.11 (d3J = 8.8Hz, 1H,
CHar), 7.99 (d2J = 7.3Hz, 1H, CHy), 7.92 (d,*J = 2.4Hz, 1H,
CHa), 7.75-7.63 (m, 1H, CH,), 7.50 (d,®J = 7.9Hz, 1H,
CHa)), 7.45-7.42 (m, 2H, CH,), 7.30 (t, 3J=7.2Hz, 1H,
CHa), 7.18 (dd,?1=8.8Hz, *J=2.4Hz, 1H, CHy), 3.94 (s, 3H, OCH. *CNMR
(62.9MHz, CDCh): = 158.7 (Gy), 140.7 (Gy), 136.0 (G,), 133.1 (G,), 129.2 (G,),
128.4 (Gy), 128.3 (CH,), 127.7 (G,), 127.1 (G,), 125.0 (2CH,), 124.6 (CH,), 124.3
(2CHy), 122.7 (CH,), 121.4 (G,), 120.3 (CH,), 119.1 (G,), 117.7 (CH,), 117.2
(CHar), 105.8 (CH,), 94.9 (CHy), 55.5 (OCH). IR (ATR, cm™): { =3119 (w), 3005
(w), 2955 (w), 2830 (w), 1681 (m), 1615 (m), 1590 (m), 1560 (m), 1487 (m), W67
1446 (m), 1428 (s), 1376 (w), 1353 (m), 1285 (m), 1214 (s), 1019 (m), 994 (s), 860 (m),
812 ), 752(m), 712 (s) MS (El, 70eV): m/z(%) = 354 (26), 353M]* (100), 339
(11), 338 (45), 311 (08R10 (32), 309 (22), 308 (14)77(22), 155 (22), 15420), 133
(10). HRMS (EI): Calculatedor C,3H1s0NS[M] * 353.0868F0und 353.08676.

MeO

7-Methoxybenzo[4',5Tthieno[2',3":4,5]pyrrolo[1,2-f]phenanthridine  (26f):  Pale
yellow solid, mpl08-109°C. 'HNMR (250MHz,
Chloroformd): ti=8.59 (d,%J=8.6Hz, 1H, CHy), 8.37 (d,

%)= 8.3Hz, 1H, CHy), 8.26 (d*J= 8.2Hz, 1H, CHy), 8.11 (d,

%)= 8.8Hz, 1H, CHy), 7.99 (d2J = 8.0 Hz, 1H, CH,), 7.92 (d,

%)= 2.4 Hz, 1H, CH,), 7.73-7.68 (M, 1H,CHy,), 7.42-7.52

(m, 3H, CHy), 7.29 (m, 1H, CH,), 7.17 (dd, 1H2J=8.8Hz, “J=2.4Hz, CHy), 3.93

(s, 3H, OCH). *C NMR (62.9MHz, CDCk): ti= 158.7 (Gy), 141.8 (G,), 136.5 (G,),

134.2 (Gv), 129.7 (G/), 129.5 (G/), 128.5 (G,), 127.7 (CH,), 127.6 (G,), 124.8
(CHa), 124.4 (CH,), 124.2 (CH,), 123.9 (CH,), 123.8 (CH,), 122.4 (CH,), 122.0

(Car), 120.5 (CH,), 120.1 (G,), 118.4 (CH,), 116.5 (CH,), 105.7 (CH,), 94.3
(CHar), 55.5 (OCH). IR (ATR, cm™): T =3119 (w), 3005 (w), 2955 (w), 2830 (W),
1681 (m), 1615 (m), 1590 (m), 1560 (m), 1487 (m), 1467 (w), 1446 (m), 1428 (s), 1376
(w), 1353 (m), 1285 (m), 1214 (s), 1019 (m), 994 (s), 860 (m), 812 (m), 752 (m), 735
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(m), 712 (s) MS (EIl, 70eV): m/z(%) = 354 (26), 353M]* (100), 339(12), 338 (47),
310 (34), 309 (23), 308 (15), 178), 155 (14), 154 (19HRMS (EI): Calculatedfor
CasH1sONS[M] * 353.08689 found 353.08628.

8-Fluorobenzo[4',5thieno[2',3":4,5]pyrrolo[1,2-flphenanthridine  (26g):  Pale
yellow solid, mp.194- 195°C. *H NMR (300MHz, DMSO):
U=8.49 (d,J=8.5Hz, 1H, CHa), 8.44-8.38 (m, 2H, CH,),

8.27 (d,33=8.2Hz, 1H,CHa/), 8.22 (d,3J=8.0Hz, 1H,CHa),

8.04 (d,%J=7.8Hz, 1H, CHa), 7.62-7.56 (m, 3H, CH,),
7.53-7.46 (m, 2H, CHAYr), 7.387.34 (m, 1H, CH,). **F NMR
(282.4MHz, CDCk): ti=-117.3. *C NMR (75.5MHz, DMSO): ti=159.2 (d,
YJer=242.8Hz, CRy), 141.2 (G,), 135.5 (G,), 129.6 (d,Jcr=3.3Hz, Gy), 129.3
(CHa), 129.2 (G), 128.9 (G,), 128.1 (G,), 127.2 (CH,), 125.6 (G,), 124.8 (d,
“Jcr=3.3Hz, Ca), 124.6 (CH,), 124.3 (CH,), 123.7 (G,), 123.5 (CH,), 123.3
(CHa), 123.2 (CH,), 120.4 (CH,), 119.5 (d,*Jcr=8.7Hz, CHy), 115.4 (d,
2Jcr=23.5Hz, CHy), 110.7 (d,%Jce=23.6Hz, CHy), 96.6 (CHy). IR (ATR, cm™):

{ =3062(w), 2920(w), 2850(w), 162 (m), 1589(m), 1559 (m), 1537 (m), 1497 (m),
1479 (m), 1443 (m), 1421 (s), 1374 (m), 1351 (m), 1309 (w), 1295 (m), 1270 (m), 953
(m), 926 (m), 893 (m), 849 (m), 811 (s), 786 (m), 767 (m), 755 (m), 617 (m), 595 (M),
560 (s)cmit. MS (El, 70eV): m/z(%) = 342 (30),341[M]* (100), 239 {6), 239 (8),

171 (@16), 155 (15). HRMS (El): Calculated forCaHioNFS [M]* 341.06690 found
341.06653.

6-(Methylthio)benzo[4',5"]thieno[2',3":4,5]pyrrolo[1,2 -flphenanthridine (26h): Dark
brown solid, mp182-183°C. 'HNMR (500MHz,
Chloroformd): U=8.54 (d,*J= 2.1Hz, 1H, CH), 8.52 (d,
%)= 8.5Hz, 1H, CHy), 8.46 (d2J = 8.5Hz, 1H, CH), 8.32 (d,
%)= 8.3Hz, 1H, CHy), 7.87 (d2J = 7.9Hz, 1H, CHy), 7.78 (d,
%)= 7.5Hz, 1H, CHy), 7.49- 7.46 (m, 2H, CH), 7.39- 7.30
(m, 3H, CHy), 6.93 (s, 1H, Ch), 2.59 (s, 3H, SCH.
13C NMR (125.7MHz, CDCk): ti=139.8 (G,), 136.3 (Gy), 133.5 (G,), 132.6 (G.),
132.1 (Gy), 131.8 (G,), 130.6 (G,), 126.7 (CH,), 125.5 (CH,), 125.3 (CH,), 125.2
(Car), 124.1 (Gy), 123.8 (CH,), 123.4 (CH,), 123.3 (CH,), 122.7 (G,), 122.5 (CH,),
122.3 (CHy), 121.4 CHa,), 116.9 (CH,), 114.3 (CH,), 96.4 (CH,), 17.3 (SCH).
IR (ATR, cm™): | = 3119 (w), 3005 (w), 2955 (w), 2830 (w), 1681 (m), 1615 (m), 1590

MeS
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(m), 1560 (m), 1540 (m), 1487 (m), 1467 (w), 1446 (m), 1428 (s), 1376 (w), 1353 (m),
1285 (m), 1214 (s), 101@n), 994 (s), 860 (m), 812 (m), 752 (m), 735 (L2 (s)

MS (El, 70eV): m/z(%) = 370 (26), 369M]* (100), 354 (25), 321 (13), 310 (38), 184
(19), 160 (26), 155 (16HRMS (EI): Calculatedfor CosHisN:S, [M]* 369.06404 found
369.06379.

5.2.7. Synthesis of @inolino[3',4":4,5]pyrrolo[1,2 -f| phenanthridines by
regioselective  Sonogashira reaction followed by domino -8

coupling/hydroamination/C-H arylation

5.2.7.1Starting materials

4-Chloro-2-methyl-3-(phenylethynyl)quinoline (27a) Yellow solid, mp.95- 96 °C.

'HNMR  (300MHz, Chloroformd) =8.14 (ddd,

cl > O 3)=8.4Hz, “J=1.5Hz, 2J=0.6Hz, 1H CHy), 7.99 (dd,

O N 3J=8.4Hz, *J=1.3Hz, °J=0.6Hz, 1H, CHy), 7.68 (ddd,
N Me 31=8.4Hz, *J=6.9Hz, *J=1.5Hz, 1H CHy), 7.64-7.59

(m, 2H, CHa,), 7.54 (ddd2J=8.3Hz, %J=6.9Hz, “3=1.2Hz, 1H CHa), 7.41-7.35
(m, 3H, CHa), 2.92 (s, 3K CHa.quinoind- --C NMR (75MHz, CDCh) ti= 159.7 (Ca,),
146.6 (Ca), 143.9(Ca), 131.8 PCHa), 130.6 (CH,), 129.1 (CH,), 129.0 (CH,),
128.6 PCHa), 127.2 (CH,), 124.6(Ca), 124.3 (CH,), 122.7(Ca;), 117.5(Ca;), 100.8
(Csp), 84.5(Csp), 25.2 (CH.quinoind- IR (ATR, cmi™): T = 3058 (w), 3030 (W), 2997 (W),
2913 (w), 2207 (w), 1553 (w), 147in), 1442 (m), 1405 (m), 1354 (m), 941 (m), 833
(m), 752 (s), 683 (m), 638 (m), 599 (m), 524 (m), 468 (M)S (El, 70eV):
m/z(%) = 279 (37), 278 (23), 277 (100276 (12), 243 (11), 242 (66), 241 (55), 240
(18), 201 (11), 200 (25), 174 (12), 150 (12)1126), 100 (13), 51 (12HRMS (ESI):
Calculated for CigH1,CIN [M+H]™ 278.07310 found 278.07296, calculated for
CigH12>'CIN [M+H] * 280.07068 found 280.07087.

4-Chloro-2-methyl-3-(p-tolylethynyl)quinoline (27b). Yellow solid, mp.94- 95°C.

Me| 'HNMR (300MHz, Chloroformd) U=8.18 (ddd,

o O 3)=8.3Hz,"J=1.4Hz,°J=0.6Hz, 1H CHy), 8.02 (d,
N~ 3J=8.1Hz, 1H CHy), 7.71 (ddd, J=8.4Hz
O N” “Me 3J=6.9Hz, “J=15Hz, 1H CHs), 7.58 (ddd,

3)=8.3Hz, 33=7.0Hz, “9=1.3Hz, 1H CHy), 7.52 (d,23J=8.1Hz, 2H CHa,), 7.20
(d, J=7.8Hz, 2H, CHy), 2.93 (S, 3K CHaquinoind, 2.40 (s, 3K CHy). *C NMR
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(75MHz, CDCl3) U=1599 (Ca), 146.5 (G;), 1438 (Car), 1396 (Ca), 1318 (2CHa),

130.6 (CHy), 129.4 (2CH), 129.0 (CH,), 1273 (CHa), 124.7 (G,), 124.4 (CH,),

1197 (Ca), 117.8 (G), 101.2 (Gp, 83.9 (Gp, 253 (CHs), 218 (CHp).

IR (ATR, cm™): { = 3079 (w), 3059 (m), 2983 (m), 2945 (w), 2912 (m), 2847 (w), 2728
(w), 2206 (m), 1960 (w), 1933 (w), 1880 (w), 1819 (w), 1584 (m), 1510 (m), 1478 (m),
1406 (m), 1372 (m), 1354 (m), 1342 (m), 1267 (m), 1088 (m), 941 (m), 834 (m), 811
(), 753 (s), 639 (MB98 (M). MS(EI, 70eV): m/z(%) = 293 (34), 292 (26), 29MM]*

(100), 290 (20), 256 (35), 255 (14), 254 (16), 241 (26), 240 (11), 213 (19), 128 (11).
HRMS (EI): Calculated for GH:4NCI [M] * 291.08093 found 291.09085.

4-Chloro-2-methyl-3-((4-propylphenyl)ethynyl)quinoline  (27c}y Yellow solid,

nPr] mp.95-96°C. 'HNMR (250MHz, Chloroformd)

o O i=8.21 (dd,®J=8.3Hz, “J=1.3Hz, 1H CHa,), 8.12

O N~ (d, 33=8.1Hz, 1H CHa), 7.75 (ddd,3J=8.4Hz,
N" Me 3)=7.0Hz, “J=15Hz, 1H CHa), 7.63 (d,

3)=8.3Hz, 1H, CHa,), 7.55 (d2J=8.1Hz, 2H, CHy), 7.22 (d2J = 8.5Hz, 2H, CHy),

2.98 (s, 3H CHs quinoling, 2.76- 2.50 (M, 2H CHo-aliphatid, 1.67 (M, 2H, CHy.aliphatid), 0.96

(t, 3J=7.3Hz, 3H CHs). ®*CNMR (63MHz, CDCk) ti=159.8 (G,), 146.3 (G,),
1444 (Ca), 144.0 (Ca), 1318 (2CHy), 130.7 (CH,), 1289 (CHa), 128.8 (2CH,),
1274 (CHy), 1248 (Ca), 124.4 (CH,), 1199 (Car), 1179 (Ca/), 1014 (Csp), 83.8
(Csp), 382 (CHy), 252 (CHs), 245 (CHp), 139 (CHy). IR (ATR, cm™): T =3065 (w),
3048 (w), 3030 (W), 2957 (m), 2918 (w), 2859 (w), 2208 (w), 1898 (w), 1552 (w), 1510
(m), 1479 (m), 1406 (m), 1355 (m), 1089 (w), 942 (w), 831 (m), 810 (m), 758 (s), 640
(m), 540 (m).MS (El, 70eV): m/z(%) = 321 (23), 320 (17), 31fM]* (68), 22 (35),

291 (21), 290 (100), 255 (10), 254 (33), 253 (11), 213 (15), 127 HRMS (El):
Calculated folC1H1gNCI [M] * 319.11223 found 319.11219, calculated f@ﬂ'GgN37C|
[M]*321.10928 found 321.10997.

3-((4-(tert-Butyl)phenyl)ethynyl)-4-chloro-2-methylquinoline  (27d). Yellow oil.

'HNMR (250MHz, Chloroformd) U=8.19 (ddd,

tBu
cl O %J=8.3Hz, “J=1.5Hz, °J=0.6Hz, 1H CHy), 8.04
Z 3 3
O N (d, J=8.4Hz, 1H CHy), 7.72 (ddd,"J=8.4Hz
N Mo %J=6.9Hz, “J=1.5Hz, 1H CHy), 7.63- 7.53 (m, 3H

CHa), 7.47-7.39 (M, 2H CHa), 2.94 (s, 3H CHsquinoind, 1.35 (S, 9H CHagy).
¥C NMR (63MHz, CDCh) ti= 1599 (Cu,), 152.7 (G/), 1464 (Ca/), 144.0 (G,), 131.6
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(2CHa/), 130.7 (CH), 1289 (CHa), 1274 (CHy), 1257 (2CHy), 1248 (Cu), 124.4
(CHar), 1197 (Car), 1179 (Car), 1013 (Csp), 83.8 (Gp), 351 (Cgy), 31.3 (3CH)), 25.2
(CHa.quinoling- IR (ATR, cmi™): T = 3063 (w), 2958 (m), 2904 (w), 2867 (w), 2208 (w),
1554 (m), 1504 (m), 1477 (m), 1403 (m), 1353 (m), 1267 (m), 1087 (m), 1015 (m), 942
(m), 831 (s), 755 (s), 638 (m), 560 (m). NE, 70eV): m/z(%) = 335 (18), 334 (13),

333 [M]* (52), 320 (34), 319 (23318 (100), 128 (12). HRMEI): Calculated for
CooHooN*°Cl [M]* 333.12788 found 333.12789, calculated fogHGN®'CI [M]*
335.12493 found 335.12556.

4-Chloro-3-((4-methoxyphenyl)ethynyl}2-methylquinoline (27e} Yellow solid,
mp.111-113°C. *H NMR (300MHz, Chloroformd)

OMe
Cl O U=8.15 (ddd31=8.3Hz, “J=1.5Hz, %)= 0.6 Hz, 1H
& 3 4 5
O N CHa), 8.00 (dd,*J=8.4Hz, “J=1.3Hz, *J=0.6Hz,
N Me 1H, CHy), 7.68 (ddd, ®J=8.4Hz, *J=6.9Hz,

%J=1.5Hz, 1H CHy,), 7.60- 7.50 (m, 3H CHy), 6.90 (d2J=8.8Hz, 2H CHy,), 3.83

(s, 3H OCHs), 2.92 (s, 3K CHaquinolind. "C NMR (75MHz, CDCk) U= 160.4 (G,),
159.7 (Gy), 1464 (Ca), 1435 (Ca), 1334 (2CHy), 1305 (CHy;), 129.0 (CHay), 127.2
(CHar), 124.7 (Gy), 124.3 (CHy), 117.9(Car), 114.8 (G,), 114.3 (2CH,), 101.2 (Gy),

83.4 (Gp), 555 (OCHs), 25.2 (CHaquinoind- IR (ATR, cmi): T = 3362 (w), 3228 (w),
3100 (w), 3033 (W), 2964 (w), 2930 (w), 2913 (w), 2835 (W), 2539 (w), 2205 (W), 2164
(w), 2050 (w), 1602 (w), 1509 (w), 1480 (w), 1291 (w), 1247 (s), 1170 (m), 1104 (m),
1024 (m), 942 (m), 827 (s), 753 (s), 640 (m), 531 (. (El, 70eV): m/z(%) = 309

(34), 308 (21), 30TM] * (100), 294 (14), 293 (10), 292 (43), 272 (14), 264 (16), 229
(23), 228 (23), 227 (11), 187 (19), 136 (11). HREESI): Calculated for GoH1,°CINO
[M+H]* 308.08367 found 308.08381, calculated fasHG,*'CINO [M+H]" 310.08135
found 310.08124.

4-chloro-3-((4-fluorophenyl)ethynyl)-2-methylquinoline  (27f):  Yellow solid,

F| mp.147-148°C. *HNMR (300MHz, Chloroformd)

o O i=8.10 (ddd,*J=8.4Hz, “J=1.5Hz, ®J=0.6Hz, 1H

~~ CHa), 7.96 (did, 3J=8.4Hz, 3J=1.2Hz, °J=0.6Hz,

O N” “Me 1H, CHn), 7.66 (ddd, %J=8.4Hz, 3J=6.9Hz

“J=1.5Hz, 1H CHy), 7.59- 7.46 (m, 3H, CH,), 7.05 ft, 3J=8.7Hz, 2H, CH\),

2.88 (s, 3H, Chlguinoind. “"FNMR (282MHz, CDChk) ti=-109.3 (FG,). °CNMR

(75MHz, CDCk) ti=163.0 (d,"Jcr = 251.0Hz, CRy), 159.5 (Gy), 146.5 (G/), 143.9
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(Car), 133.63 (d,%Jcr=8.5Hz, 2CHy), 130.7 (CHy), 129.0 (CH,), 127.2 (CH.),
124.5 (Gy), 124.3 (CH,), 118.8 (d,*Jer=3.5Hz, Cu), 117.3 (G, 115.8 (d,
2Jer=22.2Hz, 2CHy), 99.6 (Csq), 842 (G, 252 (CHqunoind:

IR (ATR, cmi®): { = 3060 (w), 3000 (w), 2958 (W), 2922 (w), 2845 (W), 2208 (W), 2165
(w), 1931 (w), 1889 (w), 1599 (m), 1506 (m), 1478 (m), 1406 (m), 1355 (m); 1215 (m),
1159 (m), 1091 (m), 940 (m), 828 (s), 749 (s), 639 (M), 524 KY(EI, 70eV):
m/z(%) = 297 (34), 296(24), 295 (100), 261 (13), 260 (69), 259 (45), 258 (13), 218
(29), 130 (11). HRMS (8)): Calculated for GeH1.>°CIFN [M+H]" 296.06368 found
296.06375, calculated forgH1°'CIFN [M+H]" 298.06126 found 298.06147.

4-Chloro-2-methyl-3-((4-(trifluoromethyl)phenyl)ethynyl)quinoline  (27g)y White

cr,| solid, mp. 1387 139°C."H NMR (250MHz,

ol O Chloroformd) U=8.22 (dd,3J=8.5Hz, *J=1.2Hz,

N Z 1H, CHy), 8.07 (d,%J=7.9Hz, 1H CHy), 7.81-7.58

O N Mo (m, 6H CHy), 2.96 (s, 3H CHsquinoind- ~F NMR

(235MHz, CDCh) ti=-62.9 (FsC). *C NMR (63MHz, CDCk) ti= 159.6 (G,), 146.8
(Car), 144.7(Ca’), 132.0 RCHa), 132.0 (®p), 130.8 (d,%Jcr= 32.8Hz, Cy), 129.1
(Ca), 128.9 (CH,), 127.5 (Ha), 1256 (q, *Jcr=3.8Hz, 2CHa), 125.2 (q,
ek =262.3Hz, CR), 1246 (Ca), 124.5 (Ha), 116.9 (G), 99.0 (G,), 86.6 (Gy),

25.2 (CH). IR (ATR, cm™): f =3062 (w), 3052 (w), 2921 (w), 1614 (m), 1581 (m),
1555 (m), 1478 (m), 1403 (m), 1356 (m), 1315 (s), 1167 (m), 1114 (m).
MS (El, 70eV): m/z(%) =347 (34), 346 (22), 345 (100), 310 (47), 241 (16).
HRMS (ESI): Calculated for GgH1:*°CIFsN [M+H]* 346.06049found 346.06062,
calculated for @H1,*>'CIFsN [M+H]* 348.05812 found 348.05842.

5.2.7.2Quinolino[3',4":4,5]pyrrolo[1,2 -f]phenanthridines
6,13 Dimethylquinolino[3',4":4,5]pyrrolo[1,2 -flphenanthridine (28a) Pale yellow
Me solid, m.p.177-178°C. *HNMR (300MHz, Chloroformd)
O O 0=8.36 (dd,J=8.4Hz, “J=1.0Hz, 1H, CHy), 8.22 (n, 2H,
I

CHa/), 8.09 (d,3J=8.5Hz, 1H CHy), 8.10-8.02 (m, 1H
O AN CHa), 8.04-8.02 (m, 1H CHa), 7.59 (ddd, *J=8.3Hz,
N” “Me | 2J=6.9Hz, “J=1.4Hz, 1H, CHy), 7.52- 7.47 (m,2H, CHa,),

7.41 ddd, ®J=8.4Hz, 3J=6.9Hz, *J=1.4Hz, 1H CHy), 7.30 (s, 1H CHa,), 7.21
(dd,3J=8.5Hz, “J=1.4Hz, 1H, CHy/), 3.00 (S, 3H CHsquinoiind, 2.51 (S, 3H CHy).
¥C NMR (75MHz, CDCk) Ui = 1545 (Ca), 1445 (Ca,), 136.3 (G,), 134.7 (G,), 132.3
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(Car), 132.0 (Gv), 129.7 (CH,), 128.4 (CH,), 128.1 (CH\), 127.9 (CH,), 1276 (Ca),

1266 (Car), 126.4 (CHy), 1248 (CHay), 124.1 (CH,), 124.0 (G,), 1238 (CHx), 1236

(Car), 1227 (CHpy), 1224 (CHy), 119.5 (CH,), 1185 (Car), 965 (CHay), 228 (CHb),

21.4 (CH). IR (ATR, cmY): T =3042 (m), 2987 (m), 2915 (m), 2850 (m), 1567 (m),
1511 (m), 1496 (m), 1453 (m), 1371 (m), 1294 (m), 827 (m), 758 (s), 744 (s), 713 (M),
585 (m). MS(EI, 70eV): m/z(%) = 347 (26), 346 [M] (100), 345 (28), 330 (12), 165
(11). HRMS(EI): Calculated folCosH1sN, [M] * 346.14645 found 346.14601.

13-Isopropyl-6-methylquinolino[3',4":4,5]pyrrolo[1,2 -flphenanthridine (28b). Pale
iPr yelow solid, m.pl118-120°C. 'HNMR (300MHz,

O O Chloroformd) U=8.43 (dd,®J=8.6Hz, *J=1.3Hz, 1H CHa),
8.36- 8.27 (m, 1H CHp,), 8.25-8.20 (m, 1H CHy,), 8.19 (d,

N 3)=8.7Hz, 1H, CHy), 8.15-8.10 (m, 2H CHa), 7.61 (ddd,

O N" Me | 23=8.4Hz %3=6.9Hz, “9=1.4Hz, 1H CHa), 7.56- 7.51 (m,
2H, CHa/), 7.45 (ddd,*J=8.4Hz, 3J=6.9Hz, *J=1.4Hz, 1H CHy), 7.36 (s, 1H
CHa), 7.33 (dd3J=8.7Hz,*J=2.0Hz, 1H CHa), 3.11 6ept °J=6.9Hz, 1H, CHp),
3.02 (s 3H, CHs.quinoling, 1.40 (d,2J = 6.9Hz, 6H, CHzipy). *C NMR (75MHz, CDCk)
U=1545 (Cu), 145.8 (G,), 144.5 Car), 1365 (Car), 1327 (Ca), 1322 (Ca/), 1297
(CHar), 1285 (CH), 128.0 (CH,), 127.8 (Gi), 126.6 (G.), 126.5 (CH,), 125.6
(CHar), 1242 (CH), 1241 (Ca), 1239 (CHa), 123.62Cx), 122.7 (CH,), 1225
(CHar), 122.3 (CH,), 119.7 (CH,), 118.5 (G,), 966 (CHa,), 34.2 CH3), 243 (2CHy),
22.8 (CHp). IR (ATR, cm™): T =3058 (m), 2956 (m), 2921 (m), 2866 (m), 1567 (m),
1512 (m), 1453 (m), 1416 (m), 1370 (m), 1256 (m), 866 (M), 758 (s), 744 (s), 705 (m),
629 (m). MS(El, 70eV): m/z(%) = 375 (30), 374 [M] (100), 360 (10), 359 (36), 331
(13). HRMS(EI): Calculated for gH2:N, [M]* 374.17775 found 374.17728.

13-Fluoro-6-methylquinolino[3',4":4,5]pyrrolo[1,2 -flphenanthridine  (28c)y Pale
F yelow solid, m.p.168-169°C. 'HNMR  (300MHz,
O O Chloroformd) t=8.25 (d, 3J=8.4Hz, 1H CHa), 8.20 (d,
3J=84Hz, 1H, CHy), 8.14 (dd,3J=9.1Hz, 3J=5.0Hz, 1H,

X CHa), 8.10-8.02 (m, 2H, CHa), 7.84 (dd, %J=9.8Hz
O N “Me | “J=2.8Hz, 1H CHy), 7.59 (ddd, J=8.3Hz, °J=7.0Hz,
43=1.3Hz, 1H CHa), 7.54- 7.47 (m,2H, CHa,), 7.39 (ddd ) =8.3Hz, 31=7.0Hz,
“J=1.2Hz, 1H, CHa), 7.27 (s, 1H CHa), 7.10 (ddd,3J=9.2Hz, 3J=7.5Hz
*J=2.8Hz, 1H CHa,), 2.97 (S, 3H CHs quinoind. ~-C NMR (75MHz, CDCl) ti= 159.9
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(d, Ycr = 244.6Hz, CFy), 1545 (Cy,), 144.5 (G,), 136.0 (G,), 1321 (Ca), 1308 (d,
“Jcr=2.4Hz, Cu), 129.8(CHa), 129.2(CHa/), 128.1(CHa/), 1268 (Ca), 126.7 (G),

1267 (CHay), 125.6(d, 3Jcr = 7.9Hz, Ca/), 124.1(CHa,), 124.0 (CHa/), 122.9(CHa),

1219 (CHa), 121.0 (d, %Jce=8.3Hz, CHa), 118.1 (G,), 116.8 (G), 114.4(d,
2Jor = 23.4Hz, CHy), 1107 (d, 2Jcr=24.0Hz, CHa), 969 (CHa/), 228 (CHy).

IR (ATR, cm™): { = 3059 (w), 2954w), 2918 (m), 2849 (m), 1616 (m), 1576 (m), 1511
(m), 1494 (m), 1451 (m), 1416 (m), 1372 (m), 1278 (m), 1177 (m), 863 (m), 820 (m),
758 (s), 744 (s), 708 (m), 626 (m). MBI, 70eV): m/z(%) = 351 (25), 35qM] " (100).

349 (42), 348 (20), 347 (10), 179)( HRMS(EI): Calculated for @HisNoF [M]*
350.12138 found 350.12067.

6,10-Dimethylquinolino[3',4": 4,5]pyrrolo[1,2-f]phenanthridine (28d). Pale yellow

ve] solid, m.p.221-222°C. '"HNMR (300MHz, Chloroformd)

O O U=8.39 (dd,3)=8.4Hz, “J=1.4Hz, 1H CHy), 8.31-8.21 (m,
A

3H, CHy), 8.07 (s,1H, CHpyod, 8.01 (d,%J=8.1Hz, 1H
CHa), 7.60 (ddd,®J=8.4Hz, 31=6.9Hz, “J=1.5Hz, 1H
O D CHa), 7.47-7.40 (m, 3H CHa), 7.36 (ddd,3J=8.2Hz,

N _Me 43=1.7Hz, 53=0.8Hz, 1H CHx), 7.32 (S, 1H CHa,), 3.02 (s,
3H, CHaquinoiind, 2.55 (S, 3HCH). *C NMR (75MHz, CDCl) i = 1544 (Ca,), 138.1
(Car), 1369 (Ca), 1346 (Ca), 132.1 (Gy), 130.0 (CHay), 129.6 (CHy), 129.6 (Gi),
1276 (Car), 1272 (CHay), 126.5 (CHy), 125.1 (CH,), 126.0 (Gy), 1247 (CHa,), 124.3
(Car), 1242 (CHa), 123.9 (CH,), 1238 (Ca), 122.9 (CH,), 1224 (CHy), 1198
(CHa), 1185 (Ca), 961 (CHy), 22.7 (CH), 22.0 (CH). IR (ATR, cm): | = 3058
(m), 2919 (m), 2851 (w), 1567 (w), 1512 (m), 1489 (m), 1446 (m), 1435 (m), 1370 (m),
1297 (w), 1175(w), 1032 (w), 814 (m), 756 (s), 747 (s), 695 (m). &S 70eV):
miz(%) =347 (26), 346[M]* (100), 345 (31), 330 (10), 165 (10). HRNIS):
Calculated for gsH1gN, [M] ™ 346.14645 found 346.14570.

6,10,13Trimethylquinolino[3',4":4,5]pyrrolo[1,2 -flphenanthridine  (28e) Pale
yellow solid, m.p.217-218°C. 'HNMR (300MHz,

Me
Me
O O Chloroformd) U=8.37 (dd, 3J=8.4Hz, “J=1.4Hz, 1H
A

CHa/), 8.20 (d,°J=8.0Hz, 1H CHa), 8.11 (d,3J=8.4Hz,
1H, CHy), 8.06- 8.01 (m, 2H CHa,), 7.97 (d3J=8.1Hz, 1H

X
O P CHa), 7.57 (ddd,J=8.4Hz, %1=6.9Hz, *J=1.4Hz, 1H
N Me
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CHa), 7.40 (ddd,®J=8.3Hz, %J=6.9Hz, *J=1.4Hz, 1H CHa), 7.31 (ddd,
3)=8.2Hz,*J=1.6Hz, °J=0.8Hz, 1H, CHa/), 7.24 (s, 1HCHy), 7.26- 7.17 (m, 1H
CHa), 2.98 (S, 3H CHsquinoiind, 2.52 (S, 3K CH), 2.51 (s, 3H CHs). *CNMR
(75MHz, CDCh) U=1544 (Ca), 13.0 (Ca), 1367 (Ca)), 1347 (Ca), 1325 (Cay),
131.9 (G,), 1298 (CHa), 1296 (CHa,), 129.5 (G,), 128.0 (CH,), 1276 (Ca), 1264
(CHa), 124.7 (CH,), 1242 (Ca), 124.1 (G,), 124.1 (CH,), 1238 (CHa), 123.6 (G,),
1229 (CHa,), 1224 (CHy), 119.6 (CH,), 1185 (Ca,), 95.8 (CHy), 22.7 (CHs), 22.0
(CHs), 21.4 (CH). IR (ATR, cm™): T =3026 (w), 2914 (m), 2855 (m), 1566 (w), 1512
(m), 1454 (m), 1369 (m), 1274 (m), 1254 (m), 1032 (m), 949 (m), 863 (m), 811 (m),
760 (s), 694 (m), 538 (m). MEI, 70eV): m/z(%) =361 (27), 360M]* (100), 359
(21), 344 (11), 172 (9). HRMEEI): Calculdaed for GgHooN» [M]* 360.16210 found
360.16150.

13-Isopropyl-6,10-dimethylquinolino[3',4":4,5]pyrrolo[1,2 -flphenanthridine  (28f):

ve| Yellow solid, m.p.1267 127°C. '"HNMR  (250MHz,

’Pr O Chloroformd) =8.44 (dd, 3J=8.5Hz “J=1.4Hz, 1H
I

CHa), 8.22 (d,33=7.9Hz, 1H, CHy), 8.21 (d,*J=8.5Hz,
1H, CHa,), 8.13 (d,"3=2.0Hz, 1H CHa), 8.11 (s, 1H CHa),
O A 8.03 (d, 2J=8.1Hz, 1H CHy), 7.60 (ddd, J=8.4Hz

N" e 3J=7.0Hz, “3=1.4Hz, 1H CHy), 7.45 (ddd,3J=8.4Hz,
3)=6.9Hz, *J=1.4Hz, 1H CHy), 7.39- 7.30 (m, 3H CHa,), 3.12 &ept %J=6.9Hz,
1H, CHpy), 3.02 (s, 3H CHaquinolind, 2.57 (S, 3H CHy), 1.41 (d,%)J=6.9Hz, 6H,
CHs.ip). ®CNMR (63MHz, CDCk) li= 1544 (Cu), 1458 (Ca), 138.0 (G,), 1368
(Car), 1328 (Car), 1.0 (Car), 129.8 (CH,), 1296 (CHa/), 1278 (Ca), 126.4 (CH,),
1255 (CHy), 124.2 (G,), 1242 (Ca)), 1242 (CHa,), 123.8 (CH,), 123.6 (G/), 1229
(CHar), 1225 (CHa), 122.3 (CH,), 120.7 (G,), 1198 (CHa), 118.5 (G,), 959
(CHa), 342 (CH), 243 (2CH), 226 (CHuphaid, 221 (CHp).
IR (ATR, cm™): f = 3053 (w), 2956 (m), 2920 (m), 2865 (m), 1615 (w), 1566 (m), 1513
(m), 1482 (w), 1456 (m), 1424 (m), 1370 (m), 1304 (m),6L@8), 814 (m), 777 (m),
757 (s), 700 (m), 554 (m). ME&I, 70eV): m/z(%) = 389 (30), 38gM]* (100), 373
(26), 345 (9). HRMSEI): Calculated for GsH24N, [M] * 388.19340 found 388.19309.

13-Fluoro-6,10-dimethylquinolino[3',4".4,5]pyrrolo[1,2 -f]phenanthridine (289):
Yellow solid, m.p.185-186°C. 'H NMR (250MHz, Chloroformd) ti=8.25 (d,
3)=8.4Hz, 1H CHa), 8.19 (d,%J=8.3Hz, 1H CHa), 8.14 (dd,3J=9.1Hz,
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- Me| “J=5.0Hz, 1H, CHy), 7.91 (d, 3J=8.1Hz, 1H CHa),
O 7.88-7.79 (M, 2H CHa,), 7.58 (ddd,*J=8.3Hz, 3J=6.9Hz,
O “J=1.4Hz, 1H CHa), 7.39 (ddd,33=8.4Hz, 3J=7.0Hz
N\ \ 4J=1.4Hz, 1H CHa), 7.33 (d,31=7.6Hz, 1H, CHa), 7.20 (s,
O P 1H, CHa), 7.09 (ddd2J=9.0Hz, 3J=7.4Hz, *J=2.7Hz, 1H,
— CHay), 2.96 (S, 3H CHaquinoind, 2.51 (5, 3H CHy). *FNMR
(235MHz, CDCk) ti=-116.8 (FCa). *CNMR (63MHz, CDCk) ti=1599 (d,
YJer = 244.5Hz, CFy), 1544 (Ca), 144.4 (Gy), 1382 (Ca), 1363 (Car), 1319 (Cay),
130.8 (d, *Jer = 2.5Hz, Ca), 1305 (CHp), 129.8(CHp), 1295 (Ca), 129.1 (G,),
126.5(CHp,), 125.6 (d, 2Jor = 7.9Hz, Ca,), 1243 (Ca), 1241 (CHp,), 123.9(CHa),
123.0 (CHa;), 1219 (CHp,), 121.0 (d, *Jcr = 8.3Hz, CHy), 1182 (Ca), 114.2 (d,
2Jor = 23.5Hz, CHy,), 1106 (d, 2Jcr = 23.9Hz, CHa), 96.1(CHa/), 22.7(CHs), 21.9

(CHs). IR (ATR, cm™):{ = 3050 (w), 2918 (w), 2851 (w), 1567 (w), 1549 (w), 1512

(w), 1494 (m), 1484m), 1429 (m), 1371 (m), 1282 (m), 1259 (m), 1201 (m), 1173 (m),
871 (m), 864 (m), 812 (m), 774 (m), 759 (s), 695 (m). (A570eV): m/z(%) = 355
(27), 364[M]* (100), 363 (29), 348 (9), 174 (9). HRMEI): Calculated for GsH1/NoF

[M]* 364.13703 foun®64.13645.

6,13-Dimethyl-10-propylquinolino[3',4':4,5]pyrrolo[1,2 -f]phenanthridine (28h):

] Brown solid, mp.153-154°C. 'HNMR (250MHz,

M

e O Chloroformd) i=8.37 (dd, 2J=8.4Hz, “J=1.4Hz, 1H
I

CHa/), 8.29-8.20 (m, 1H CHa), 8.09 (d,3J=8.5Hz, 1H
CHa/), 8.06-8.03 (m, 2H CHy), 7.98 (d,°J=8.1Hz, 1H
O \/ CHa/), 7.58 (ddd,*J=8.4Hz, 3=7.0Hz, *J=1.4Hz, 1H
N__Me CHa), 7.41 (ddd,)1=8.4Hz, %J=7.0Hz, “J=1.4Hz, 1H
CHa), 7.34 (dd,>J=8.1Hz, *J=1.6Hz, 1H CHa), 7.26 (s, 1H CHy/), 7.21 (ddd,
3)=8.5Hz, *J=2.1Hz, ®J = 0.8Hz, 1H, CHa/), 3.00 (s, 3HCHs), 2.81- 2.73 (m,2H,
CHa.npy), 2.52 (S, 3KH CHs), 1.77 (0, 2H, CHonpy), 1.03 (1,23 =7.3Hz, 3H, CHsp).
3C NMR (63MHz, CDCk) U= 1543 (Cu,), 144.0 (Ca), 1429 (Ca), 136.7 (G), 134.7
(Car), 132.4 (Gy), 131.9 (Gy), 1294 (CHa/), 1292 (CHa,), 128.0 (CH,), 127.5 (G,),
126.4 (CHy), 124.7 (CH,), 124.3 (G,), 124.1 (G,), 124.0 (CH,), 123.8 (CH,), 123.7
(CHa)), 123.7 (G,), 122.3 (CH,), 119.6 (CH,), 118.4 (G,), 959 (CHx), 38.5
(CHaz.npy), 24.8 (CHunpy), 22.6 (CH), 21.4 (CH), 14.0 (CH). IR (ATR, cm™): | = 3366
(W), 3053 (W), 2955 (m), 2921 (m), 2867 (m), 2184 (w), 1916 (w), 1565 (m), 1511 (m),

S86



Appendix

1434 (m), 1369 (m), 1925 (m), 12%¢), 1157 (m), 1033 (m), 906 (m), 863 (m), 820
(m), 777 (m), 758 (s), 726 (s), 642 (m), 550 (m), 439 (m). (AS70eV):
m/z(%) = 389 (30),388[M] * (100), 360 (17), 359 (58), 343 (11), 171 (12RMS (EI):
Calculated for GgH,4N> [M] " 388.19340 found 3819296.

10-(tert-Butyl) -6-methylquinolino[3',4":4,5]pyrrolo[1,2 -flphenanthridine (28i): Pale

Bu] Yellow solid, mp.180- 181°C. 'H NMR (300MHz, DMSO-dg)

O O U=28.66-8.56 (m, 1H CHy), 8.43 (s, 1K CHy), 8.31 (d,
I

3J=8.0Hz, 1H, CHa,), 8.27 (dd,®J=8.4Hz, 2J=1.4Hz, 1H
CHa/), 8.18 (d,%3=8.2Hz, 1H, CHa), 8.09 (dd,*J=8.3Hz,
O t “J=1.3Hz, 1H CHn), 7.76 (d, “J=1.7Hz, 1H CHa),

N Me 7.72-7.66 (m, 1H CHy), 7.62 (ddd,21=8.3Hz, %1=6.9Hz
*J=1.4Hz, 1H, CHy), 7.59- 7.47 (m, 3H, CH,), 2.93 (S, 3H, Chlquinoiind, 1.44 (s, 9H,
CHs.gu). *CNMR (75MHz, DMSO) li= 154.0 (G,), 151.2 (G/), 144.0 (Ca), 135.9
(Car), 133.6 (Gy), 129.4 (CH,), 128.1 (G,), 127.5 (CH,), 1266 (CHa/), 126.5 (CH,),
125.9 (G,), 1254 (CHa), 1242 (CHy,), 124.0 (CH,), 1239 (Ca/), 1235 (Ca), 123.3
(Car), 121.8 (CHy), 119.2 (CH,), 119.0 (CH,), 117.8 (G,), 970 (CHa/), 35.0 (CH),
31.1(3CHs), 224 (Cgu). IR (ATR, cm™): { = 3061 (w), 2954 (m), 2922 (m), 2866 (W),
1563 (w), 1491 (m), 1435 (m), 1368 (m), 1297 (m), 1255 (m), 824 (m), 756 (s), 703
(m), 638 (M).MS (El, 70eV): m/z(%) = 389 (33), 38gM] * (100), 374 (19), 373 (60),
358 (21), 357 (14), 172 (16). HRMEI): Calcubted for GgHauN, [M]* 388.19340
found 388.19318.

10-(tert-Butyl) -6,13-dimethylquinolino[3',4":4,5]pyrrolo[1,2 -f]phenanthridine (28)):
u| Pale yellow solid, mp.198-200°C. 'H NMR (300MHz,
M
e O Chloroformd) i=8.40 (dd, 3J=8.4Hz, “J=1.0Hz, 1H,
I

CHa), 8.29 (d,%3J=1.9Hz, 1H, CHa), 8.25 (d,%J=7.8Hz,
1H, CHa,), 8.13 (d,2J=8.4Hz, 1H, CHa,), 8.10 (s, 1HCHa,),
O \/ 8.05 (d, 3J=8.4Hz, 1H, CH), 7.59 (ddd,3J=8.2Hz,

N__Me 3)=6.4Hz, “J=1.7Hz, 2H, CHy), 7.43 (ddd,%J=8.4Hz,
3)=6.9Hz, “J=1.4Hz, 1H, CHa,), 7.31 (s1H, CHy), 7.29- 7.19 (m,1H, CHa), 3.8
(s, 3H CHsquinoind, 2.56 (S, 3H CHg), 1.49 (s, 9H CHsgy). CNMR (75MHz,
CDCly) ti=154.3 (Gy), 1513 (Ca,), 144.0 (G,), 1367 (Ca), 1348 (Ca), 132.4 (G),
132.0 (Ca), 129.4 (CH\,), 128.0 (CH,), 127.2 (Gy), 1265 (CHa/), 1264 (CHy,), 1247
(CHar), 1242 (Ca;), 1241 (Car), 124.0 (Gy), 124.0 (CH), 1239 (CHa), 122.3 (CH,),
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1197 (CHar), 118.9(CHapy), 118.4 (G), 96.0 (CHa), 35.3 (CH), 31.5 (3CH), 22.6
(CHs), 215 (Cgu). IR (ATR, cm): T =3398 (w), 3055 (w), 2953 (m), 2921 (m), 2861
(w), 1562 (m), 1509 (m), 1479 (m), 1422 (m), 1373 (m), 1295 (m); 1254 (m), 1032 (m),
820 (m), 788 (m), 758 (s), 711 (m), 555 (M)S (El, 70eV): m/z(%) = 403 (34), 402
[M]* (100), 388 (16), 387 (50), 382 (1971 (11), 172 (L1HRMS (EIl): Calculated for
CaoH26N2 [M] * 402.20905 found 402.20888.

10-(tert-Butyl) -13-fluoro -6-methylquinolino[3',4":4,5]pyrrolo[1,2 -flphenanthridine
5ol (28K): Pale yellow solidmp.242-244°C. *H NMR (300MHz,
F
O O Chloroformd) 10=8.32-8.25 (m, 2H CHy), 8.15 (d,
I

3)=8.3Hz, 1H, CHa,), 8.09 (d,2J=8.4Hz, 1H CHa,), 8.02 (t,
3J=9.2Hz, 1H, CHy), 7.69-7.57 (m, 2H CHa), 7.50 (dd,
O \/ 3)=8.1Hz, 31=5.0Hz, 1H, CHy), 749-7.37 (m,2H, CHa),

N _Me 7.28 (ddd3J = 11.2Hz, 31=8.1Hz, “J= 1.2Hz, 1H, CHy), 3.09
(s, 3H, CH.qunoind, 1.47 (S, 9H, Chhgy). *FNMR (282MHz, CDCh) i=-108.2
(FCar). *C NMR (63MHz, CDCl) ti = 153.8(d, *Jcr = 254.2Hz, CFy), 153.8 (CH,),
1518 (Ca), 1360 (Ca), 135.3 (G,), 135.3 (G,), 128.0 (CH,), 1272 (d,
2Jor = 25.1Hz, CHy,), 126.1(d, “Jor = 2.5Hz, Car), 125.7(d, 3Jcr = 8.2Hz, Ca), 125.8
(Car), 125.67(CHa,), 124.3 (G,), 124.2 (CH,), 123.8 (CH,), 123.1 (G,), 121.5(d,
3Jcr = 10.3Hz, CHa,), 120.0 (CHy), 119.7 (G/), 119.6 (G,), 119.5 (CH,), 115.2(d,
2Jor = 20.3Hz, CHa,), 97.0 (CHa), 35.4 (CH), 31.5 (3CH), 22.2 (Gsy). IR (ATR, cnmi
H:f =3361 (w), 3055 (w), 2954 (m), 2865 (w), 2212 (w), 1911 (w), 1563 (m), 1511
(m), 1456 (m), 1365 (m), 1247 (m), 1187 (m), 1077 (m), 826 (m), 760 (s), 712 (s), 642
(m), 557 (m). MYEI, 70eV): m/z(%) = 407 (30), 40§M] * (100), 392 (18), 391 (61),
376 (18), 356 (10), 196 (10), 181 (24), 172 (16), 171 (12). HREMS Calculated for
CogH23NoF [M] * 406.18398 found 406.18345.

10-Methoxy-6,13-dimethylquinolino[3',4":4,5]pyrrolo[1,2 -f]phenanthridine  (28l):
Pale yellow solidmp.197i 199°C. *H NMR (300MHz, Chloroformd) ti = 8.35 (dd,
3)=8.7Hz, 2J=1.2Hz, 1H CHy), 8.31 (d, *J=8.1Hz, 1H CHa), 8.07 (d,
3J=8.4Hz, 1H, CHy), 7.8 (d, *J=8.6Hz, 1H, CHa,), 7.97 (s, 1H, CH), 7.65 (d,
%)= 2.5Hz, 1H, CHa,), 7.59 (ddd3J =8.3Hz, 3J=7.0Hz, *J = 1.4Hz, 1H CHa,), 7.42
(ddd, %3=8.4Hz, 3J=7.0Hz, 3J=1.4Hz, 1H CHa), 7.22 (ddd, %J=8.5Hz
“J=2.0Hz, ®J=0.8Hz, 1H CHy), 7.17 (s, 1H CHy), 7.10 (dd,3J=8.8Hz,
*J=2.5Hz, 1H CHy), 3.99 (s, 3HHOCHb), 3.03 (S, 3K CHa quinoling, 2.52 (s, 3HCHy).
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e oMe| CNMR (63MHz, CDCk) ti=1598 (Ca), 1540 (Ca),
O O 137.0 (Cu), 134.9 (G/), 132.4 (Ca), 1318 (Ca), 1291
(Car), 1289 (CHa), 128.3 (CH,), 1266 (CHa/), 126.2 (G),
N\ \ 125.8 (CHy), 1248 (CHa), 1241 (Ca), 124.0 (CH,), 1235
O P (Car), 1222 (CHa), 120.0 (Ca)), 119.6 (CH,), 1183 (Ca,),

N e 1164 (CHa), 1062 (CHa), 951 (CHa;), 55.7(OCHg), 22.2
(CHs), 21.4 (CH). IR (ATR, cmY): f =2920 (w), 2831 (w), 1611 (m), 1558 (m), 1482
(m), 1408 (m), 1368 (m), 1282 (m), 1222 (m), 1170 (m), 1030 (m), 862 (m), 817 (m),
759 (m), 729 (m), 697 (m), 583 (M)S (El, 70eV): m/z(%) =377 (25), 376[M]*
(100), 361 (25), 333 (11), 332 (16), 331 (13), 317 (13), 359 (HBMS (El):
Calculated for GsH200N, [M]* 376.15071 found 376.15721.

13-Isopropyl-10-methoxy-6-methylquinolino[3',4":4,5]pyrrolo[1,2 -flphenanthridine

oMe] (28m). White solid, mp.1787 180°C. 'H NMR (250MHz,

P

’ r Q Chloroformd) =8.35 (dd,%J=8.4Hz, “J=1.4Hz, 1H
A

CHa), 8.21 (dd3J=8.3Hz, “J=1.3Hz, 1H CHa), 8.10 (d,
3)=8.6Hz, 1H CHa,), 8.00 (d,*J=2.0Hz, 1H CHy), 7.92
O b (d,3J=8.7Hz, 1H CHy), 727 (dd, 33 =8.7Hz, ) = 2.4Hz,

1H, CHa), 7.57 (ddd,2J=8.3Hz, 3J=6.9Hz, 4J=1.4Hz,

1H, CHy), 7.41 (ddd,3)J=8.4Hz, 3J=6.9Hz, “J=1.4Hz, 1H CH), 7.29 (d,
“J=1.9Hz, 1H CHa), 7.11 (s, 1H CHa), 7.05 (dd,31=88Hz, “I=2.4Hz, 1H
CHar), 3.96 (s, 3HOCH;), 3.08 (p,%J=6.9Hz, 1H, CHpy), 2.97 (S, 3H CHa quinoiind,
1.38 (d,%J=6.9Hz, 6H, CHaip). *C NMR (63MHz, CDCk) ti=159.6 (Cp;), 154.1
(Car), 145.6(Ca;), 144.0(Cp;), 136.6(Ca), 132.8(Car), 131.6(Ca/), 129.5(CHa,),
1293 (Ca), 126.2(CHp), 125.7(CHa,), 125.6(CHa), 124.1(Ca), 123.7(CHa,), 123.3
(Car), 122.3(CHa,), 122.2(CHa), 120.1(Ca/), 119.7(CHa,), 118.4(Ca), 115.8(CHa,),
106.5 (CHa), 94.9 (CHya)), 55.7 (OCH), 34.1 (Chb), 24.2 (2CH), 22.7 (CHs).

IR (ATR, cm™): = 3528 (w). 3160 (w), 3077 (w), 2958 (m), 2868 (w), 2838 (w), 2398
(w), 2084 (w), 2008 (w), 1613 (m), 1568 (m), 1485 (m), 1417 (m), 1369 (m), 1278 (m),
1225 (s), 1030 (m), 864 (m), 814 (m), 760 (s), 699 MB.(El, 70eV): m/z(%) = 405
(30), 404[M]* (100), 389 (24), 345 (11)HRMS (El): Calculated forCagH240N, [M] *
404.18831 found 404.18819.
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10-Fluoro-6,13dimethylquinolino[3',4":4,5]pyrrolo[1,2 -flphenanthridine (28n):

-] Brown solid, mp.198-200°C. ‘HNMR (300MHz,

Me O O Chloroformd) ti=8.30 (dd,2J=8.4Hz, “J=1.5Hz, 2H, CHa/),
I

8.04 (d,J=8.5Hz, 2H, CHy), 8.02- 7.98 (m, 1H CHy,), 7.89
(s, 1H CHa), 7.84 (dd,®J=10.3Hz, *J=2.5Hz, 1H CHa),
O \/ 7.60 (ddd2J=8.4Hz, 3=7.0Hz, “J=1.4Hz, 1H, CHy), 7.41
N_Me | (ddd,%)=8.3Hz, %J=7.0Hz, “J=1.3Hz, 1H CHa,), 7.28- 7.15
(m, 2H, CHy), 3.01 (s, 3H CHa.quinoind, 2.50 (s, 3H CHs). ®FNMR (282MHz,
CDCls) Ui=-111.7 (FCa). ®C NMR (75MHz, CDCh) ti=162.6 (d, *Jcr = 247.6Hz,
CFa), 154.1 (G,), 150.5 (Gv), 143.3 (G/), 136.0 (G/), 1352 (CHy), 1324 (Ca),
132.0 (Gy), 129.6(d, %Jcr = 8.2Hz, Ca), 129.0 (G,), 1289 (CHy,), 126.9 (CH,),
126.3 (d, ®Jcr = 8.8Hz, CHa), 124.9 (CH,), 124.2 (CH,), 123.8 (G/), 122.8(d,
*Jcr = 2.8Hz, Ca), 122.2 (CHy), 119.6 (CH,), 118.1 (G,), 116.5(d, “Jcr = 23.2Hz,
CHya), 108.9 (d, 2Jor=23.2Hz, CHy), 96.2 (CH,), 22.2 (CH), 21.4 (CH).
IR (ATR, cm™): f =3063(w), 3034 (w), 2983 (w), 2904 (w), 1614 (w), 1568 (m), 1481
(m), 1440 (m), 1371 (m), 1273 (m), 1180 (m), 941 (m), 856 (m), 809 (m), 764 (m), 748
(s), 735 (m), 541 (MMS (El, 70eV): m/z(%) = 365 (27), 364 (100), 363 (29), 348
(12), 174 (14). HRMS(EI): Calculated for GHi;No.F [M]* 364.13703 found
364.13640.

6-Methyl-10-(trifluoromethyl)quinolino[3',4":4,5]pyrrolo[1,2 -flphenanthridine
CF,| (280) White solid, mp.169-171°C. ‘HNMR (250MHz,
O O Chloroformd) Ui=8.44 (s, 1H CHa,), 8.27 (d,%J=8.6Hz, 2H,
I

CHa), 8.21 (d,°J=9.5Hz, 1H, CHa,), 8.15 (d,2J=9.5Hz, 1H,
CHa), 8.08 (d,°J=8.3Hz, 1H, CHa,), 7.70 (d,3J=8.3Hz, 1H,
O j CHa), 7.63 (ddd,3J=8.3Hz, %J=7.0Hz, “J=1.4Hz, 1H
N Me CHa), 7.48-7.39 (M, 3H CHa,), 7.34 (s, 1HCHa,), 3.00 (s, 3H
CHa quinoiind- “F NMR (235MHz, CDCk) Uli=-624 (FCaiphaid- "C NMR (63 MHz,
CDCl) ti=154.4 (G,), 144.0 (G,), 135.2 (G/), 134.4 (G,), 132.7 (G,), 130.0 (Gv),
129.8 (q,%Jce = 32.7Hz, Gu), 129.3 (CH,), 129.0 (G,), 128.2 (CH,), 127.6 (G.),
127.3 (CHy), 125.6 (CH,), 124.9 (qJcr = 3.6 Hz, CHy,), 124.8 (CH,), 124.6 (CH.,),
124.3 (CHy), 124.2 (q,%ce = 272Hz, CR), 123.8 (G/), 122.7 (G/), 122.4(CHa,),
120.0 (q,%Jcr = 4.0Hz, CHy), 119.7 (CH,), 118.0 (G/), 98.5 (CH,), 22.2 (CH).
IR (ATR, cm?): f =3362 (w), 3062 (w), 2917 (w), 1621 (m), 1514 (m),k 1441 (m),
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1370 (m), 1341 (m), 1315 (m), 1264 (m), 1169 (m), 1113 (s), 1080 (m); 1022 (m), 827
(m), 758 (s), 644 (m)MS (El, 70eV): m/z(%) =401 (25), 400 (100), 399 (47), 398
(13), 166 (9). HRMSEI): Calculated for GsH1sN2F3 [M] ™ 400.11818 found 400.11760.

6,13 Dimethyl-10-(trifluoromethyl)quinolino[3',4":4,5]pyrrolo[1,2 -f]-

) CF, phenanthridine (28p): White solid, mp.190- 192°C.

e O 'H NMR (300MHz, Chloroformd) i=8.34 (s, 1H CHa),
I

8.26-8.18 (M, 2H CHy), 7.93 (t,3J=8.8Hz, 2H, CHy), 7.88

(s, 1H CHa), 7.60 @dd, J=7.6Hz, 3J=7.0Hz, J=1.3Hz,

O \/ 2H, CHy,), 7.37 (ddd3J=8.3Hz, %3=7.0Hz, *J=1.2Hz, 1H
N__Me CHp), 7.18-7.11 (m, 2H CHyy), 2.92 (s, 3H CHaquinolind,

2.45 (s, 3H)."FNMR (282MHz, CDCk) ti=-623 (FCiphaid- "C NMR (75MHz,

CDCl) U=154.4 (G,), 144.2 (G,), 135.2 (G,), 134.7 (G,), 132.3 (G,), 132.2 (G),

129.5 (CHy), 129.4 (d,%Jcr=32.6Hz, Gy), 128.9 (q,*Jcr = 1.1Hz, CHy), 127.4

(Car), 127.0 (CH,), 126.1 (G,), 124.8 (G,), 124.6 (CH,), 124.5 (q,%Jcr = 4.0Hz,

CHa), 124.5 (CH,), 124.2 (q,"Jce = 274Hz, CR), 124.0 (CH,), 123.6 (G,), 122.3

(CHao), 119.7 (9,%Jce = 4.4Hz, CHy), 119.4 (CH,), 118.0 (G,), 98.1 (CH,), 22.4

(CHs), 21.3 (CH). IR (ATR, cm™®): T =3376 (w), 3067 (w), 2919 (w), 2856 (w), 2641

(W), 1618 (w), 1515 (w), 1501 (w), 1435 (m), 1372 (m), 1339 (m), 1316 (s), 1262 (m),

1168 (m), 1106 (s), 1079 (m), 824 (np8 (s), 566 (MMS (EI, 70eV): m/z(%) = 415

(28), 414 (100), 413 (30), 398 (10), 199 (BIRMS (El): Calculated for GH17FsN,

[M]* 415.14166 found 415.14181.

5.2.8. Synthesis of  pyrimido[5',4":4,5]pyrrolo[1,2 -flphenanthridines by
regioselective Sonogashira reaction followed by ong@ot C-N

coupling/hydroamination/C-H arylation

5.2.8.1Starting materials
4-Chloro-2,6-dimethyl-5-(phenylethynyl)pyrimidine (30a) Yellow solid,

mp.125-126°C. HNMR (300MHz, Chloroformd)

Me _ U=7.59-7.53 (m, 2H, CH), 7.40-7.36 (m, 3H, CHh),
i\/ 2.70 (s, 3H, Ch), 2.68 (s, 3H, Ch. *CNMR (63MHz,
Me” "N~ “Cl CDCl) U=170.1 (G,), 165.7 (G,), 161.2 (G,), 131.7

(2CHpy), 129.4 (CH,), 128.6 (2CH), 122.3 (G,), 115.3 (Gy), 102.0 (G, 81.5 (Gy),
25.9 (CH%-pyrimidine), 23.8 (CH»pyrimidine)- IR (ATR, cm’l): T =3048 (W), 2993 (W), 2960
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(w), 2923 (w), 2852 (w), 1560 (m), 1503 (m), 1488 (m), 1418 (s), 1351 (m), 1308 (m),
1245 (m), 1073 (m), 863 (m), 766 (s), 695 (m), 565 WB.(EIl, 70eV): m/z(%) = 244

(33), 243 (17), 242 [M](100), 207 (10), 167 (11), 166 (85)60 (26), 140 (18), 139
(26), 125 (11). HRMS(EIl): Calculated for Ci4H1iNoCl [M]* 242.06053 found
242.06022, calculated for;gH1:N,>'Cl [M]* 244.05758 found 244.05770.

4-Chloro-2,6-dimethyl-5-(p-tolylethynyl)pyrimidine (30b): Yellow solid,

Me| mp.67-68°C. HNMR (250MHz, Chloroformd)

Me U=7.45 (d,®) = 8.1Hz, 2H), 7.18 (d2J=8.1Hz, 2H),
NN 2.69 (s, 3H CHg), 2.68 (s, 3H CHy), 2.38 (s, 3H CHy).
MeAN/ Cl 3C NMR (63MHz, CDCh) ti=170.0(Ca), 165.5(Ca),

161.1(Car), 139.8(Car), 131.6 (2CH,), 129.4 (2CH;), 119.2(Car), 115.5(Car), 102.4
(Csp), 80.9(Csp), 25.9 (CHpyrimiding, 23.8 (CHpyrimiding, 21.7 (CH). IR (ATR, cm™):

{ =2957 (w), 2919 (w), 2859 (w), 2214 (w), 1897 (w), 1506 (m), 1419 (m), 1249 (m),
1031 (m), 812 (s), 526 (mMMS (El, 70eV): m/z (%) = 258 (40), 257 (23), 256 (100),
255 (12), 200 (16), 181 (12), 180 (80), 178 (12), 175 (10), 174 1¥3)(25), 164 (18),
153 (19), 152 (24), 151 (13), 139 (31), 138 (16), 127 (10), 42 (BRMS (El):
Calculated for CisH1aN,Cl 256.07618 [M] found 256.07597, calculated for

C1sH13N,¥Cl 258.07323 [M] found 258.07349.

4-Chloro-2,6-dimethyl-5-((4-propylphenyl)ethynyl)pyrimidine (300): Yellow solid,

npr]l mp.51-52°C. HNMR (250MHz, Chloroformd)

Me U=7.44 (d,3)=8.1Hz, 2H, CHy), 7.21- 7.12 (m,2H,
N7 Z CHar), 2.66 (s, 3H, CHapyimiging, 2.65 (s, 3H,
Me)l\N/ cl CHa pyrimiding), 2.65-2.51 (M, 2H, CHa-ajiphaid, 1.62 (h,

31=7.3 Hz, 2H, CHyaiphaid, 0.91 (t,%J=7.3 Hz, 3H, CHsp). *CNMR (63MHz,
CDCl) ti=169.9 (G,), 165.4 (G,), 161.0 (G,), 144.4 (G,), 131.6 (2CH,), 128.7
(2CHy), 119.4 (G,), 115.4(Ca;), 1024 (Cakyny), 809 (Cakyny), 38.1 (CH), 25.8
(CHs), 244 (CHp), 238 (CHs), 138 (CHy). IR (ATR, cmiY): T =3032 (w), 2961 (m),
2932 (m), 2868 (w), 2216 (w), 1903 (w), 1503 (m), 1418 (s), 1366 (m), 1309 (m), 1245
(m), 1112 (m), 842 (m), 824 (s), 740 (m), 563 (m), 544 (M} (El, 70eV):
m/z(%) = 286 (16), 285 (11), 28MM]* (49), 257 (32), 256 (17), 255 (100), 179 (11),
173 (16), 164 (14), 152 (10), 151 (11), 138 (14), 42 (11), 29 HBMS (EI):
Calculated for @H/N.Cl [M]" 284.10748 found &.10761, calculated for
C1/H17/N,*'Cl [M] * 286.10453 found 86.10539.
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4-Chloro-5-((4-methoxyphenyl)ethynyl}2,6-dimethylpyrimidine  (30d):  Yellow

OMe| solid, mp. 104-105°C. 'HNMR (250MHz,

Me Chloroformd) U =7.42 (d,J = 8.9Hz, 2H, CHa,), 6.83
NN (d,3=8.9Hz, 2H, CHa), 3.76 (s3H, OCHs), 2.62 (s,
MeAN/ cl 3H, CHa pyrimiding, 2-61 (5,3H, CHapyrimiding). --C NMR

(63MHz, CDCk) U =169.8(Car), 165.3(Car), 161.0(Car), 160.6(Car), 133.3(2CHa),
115.7(Car), 114.3(2CHa;), 102.4(Csp), 80.4(Csp), 55.5 (OCH), 25.8 (CH pyrimidine)s

23.8 (CHpyrimiding)- (One Gy is overlapped by other peak$R (ATR, cm™): T = 3003

(w), 2914 (w), 2838 (w), 2535 (w), 2215 (w), 1904 (w), 1604 (m), 1504 (s), 1443 (M),
1287 (m), 1248 (s), 1172 (m), 1107 (m), 1024 (m), 866 (m), 836 (s), 635 (m), 592 (m),
537 (m). MS(El, 70eV): m/z(%) = 274 (38), 273M]* (20), 272 (100), 259 (14), 257
(39), 196 (26), 175 (10), 153 (19), 149 (1BRMS (EI): Calculated forC;sH13CIN,O

[M]* 273.07892 found 273.07924, calculated fagHG:>'CIN,O [M] © 275.07639 found
275.07620.

4-Chloro-5-((4-fluorophenyl)ethynyl)-2,6-dimethylpyrimidine (308: Yellow soild,

F| mp.90-91°C. 'HNMR (300MHz, Chloroformd)

Me U=7.53 (dd3J=8.9Hz, %) =5.4Hz, 2H, CHa), 7.07 (dd,

N Z 3)=89Hz, %J=85Hz, 2H, CHa), 2.68 (s, 3H
Me)l\N/ cl CHapyrimiaind, 2.68 (S, 3H CHapyrimiand- ~FNMR

(282MHz, CDCk) ti=-109.0 (FG,). *CNMR (63MHz, CDCk) ti=1701 (Ca),

165.8 (Car), 165.2 (G), 163.22 (d,"Jer=251.4Hz, CFy), 161.2 (G,), 133.7 (d,
3Jce=8.6Hz, 2CHy,), 1184 (d, *Jcr= 3.6 Hz, Ca), 1161 (d, 2Jcr = 22.2Hz, 2CHy),

1152 (Ca), 100.9 (G, 81.2 (d, ®Jecr=1.5Hz, C), 25.9 (CHpyriging, 23.8
(CHa.pyriging- IR (ATR, cm™): | =3106 (w), 3080 (w), 3055 (w), 2919 (w), 2220 (w),
1888 (w), 1602 (m), 1505 (m), 1419 (m), 1227 (m), 1155 (m), 861 (m), 833 (s), 759
(m), 639 (m), 557 (m), 528 (MMS (El, 70eV): m/z(%) = 262 (28),[M] " 261 (12),

260 (78), 225 (12), 184 (100), 180 (11), 178 (27), 169 (13), 158 (11), 157 (29), 143
(14), 133 (17), 89 (17), 42 (16MRMS (El): Calculated forCi4sH1oCIFN, 261.05893
found 261.05941, calculated for&15°'CIFN, 263.05631 found 263.05655.

5-((4-(tert-Butyl)phenyl)ethynyl)-4-chloro-2,6-dimethylpyrimidine ~ (30f): Brown
solid, mp.67 - 68°C. 'H NMR (250MHz, Chloroformd) Ui=7.42 (d,3J=8.4Hz, 2H,
CHa), 7.31 (d,%J=8.4Hz, 2H, CHa), 2.61 (s,3H, CHspyrimidind, 2.60 (s, 3H,
CHa pyrimiding, 1.24 (89H, CHz.gy). *C NMR (63MHz, CDCh) li= 170.0 (Gy), 165.5
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Bu| (Car), 161.0 (Ca), 1529 (Ca), 1315 (2CH) 1256

v (2CH), 119.2 (&), 115.5 (G,), 102.3 (G,), 809 (Csp),
NN 35.0 (Gau), 31.2 (3CHusl), 25.9 (CHupyrimiding, 23.8
Me)l\N/ Cl (CHs.pyrimiging)- IR (ATR, cm'l):? = 3040 (w), 2959 (m),

2907 (w), 2869 (w), 2832 (w), 2214 (m), 1556 (m), 1502 (m), 1418 (m), 1364 (m), 1251
(m), 1101 (m), 1022 (m), 864 (m), 837 (s), 761 (m), 714 (m), 562NI8)EI, 70eV):
m/z(%) = 300 (12). 298 (36), 285 (30), 284 (19), 283 (100), 255 (13), 165 (12), 42 (15),
31 (15). HRMS(EIl): Calculated for CigH1CIN, 299.13095 found 299.13092,
calculated for GsH1¢°'CIN, 301.12854 found 301.12879

5.2.8.2Pyrimido[5',4":4,5]pyrrolo[1,2 -flphenanthridine s
11,13Dimethylpyrimido[5',4":4,5]pyrrolo[1,2 -flphenanthridine (32a) Pale yellow
solid, mp.210- 211°C. *H NMR (300MHz, Chloroformd)
U=10.03 (dd2J=8.5Hz, “J=1.2 Hz, 1H CHy/), 8.22 (dd,
3J=8.1Hz, *J=1.5 Hz, 1H CHa,), 8.18 (dd,*J=8.0 Hz,
“J=1.5 Hz, 1H CHa), 8.05-7.99 (m, 1H CHa), 7.60
(ddd, J=8.6 Hz, 2J=7.2 Hz, 2J=1.5 Hz, 1H CHa),
7.52-7.45 (m, 2H CHy), 7.38 (ddd2J=8.3Hz, 31=7.2Hz, “J=1.3 Hz, 1H CHa,),
7.00 (S, 1HCHyyrrol), 2.90 (S, 3HCHg), 2.79 (s, 3HCHs). **C NMR (75MHz, CDCk)
0=159.4 (Gy), 199.0 (Car), 1503 (Car), 136.0 (Car), 1341 (Car), 1293 (CHa,), 1288
(CHp,), 1284 (CHa), 1275 (Ca), 125.2 (G,), 1245 (CHy), 124.1 (CH,), 123.2
(CHar), 1228 (CHar), 121.7 (Gy), 1197 (CHar), 1165 (Ca), 914 (CHa), 264 (CH),
218 (CHy). IR (ATR, cm™): ¥ =3033 (w), 2959 (w), 2917 (m), 2850 (m), 1955 (w),
1927 (w), 1895 (w), 1722 (w), 1586 (m), 1550 (m), 1465 (m), 1440 (m), 1360 (m), 1290
(m), 1257 (m), 1021 (m), 743 (s), 715 (m). N8, 70eV): m/z (%) =298 (22), 297
[M]* (100), 255 (26), 253 (11HRMS (El): Calculated for GoH1sNs [M]* 297.12605
found 297.12588.

6,11,13Trimethylpyrimido[5',4":4,5]pyrrolo[1,2 -flphenanthridine  (32b).  Pale
yellow solid,mp.226- 227°C. *H NMR (300MHz, Chloroformd) ti=9.79 (d,3J=8.5
Hz, 1H, CHar22), 8.10 (dd2J=7.5Hz, *3= 1.9 Hz, 1H), 7.99 7.86 (m, 2H), 7.42 (pd,
3J=7.1Hz, *3=15 Hz, 2H), 7.32 (dd?J=8.6 Hz,“J=1.4 Hz, 1H), 6.88 (s, 1H,
CHpyrrol), 2.86 (S, 3H, Ch), 2.74 (s, 3H, Ck), 2.47 (s, 3H, ChH). *C NMR (63MHz,
CDCl3) Gii=158.0 (Gy), 157.6(Car), 1487 (Car), 132.6 (G), 132.5 (G), 1315 (Ca),
128.8(CHar), 127.3(CHar), 1269 (CHay), 126.2 (G), 124.0 (Cy), 122.8 (CH,), 1221
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(CHa), 121.4 (CHp), 120.2 (Gy), 1182 (CHa), 1151
NN (Car), 898 (CHa), 25.2 (CHs), 206 (CHs), 20.3 (CHa).
GAN/ N O IR (ATR, cmi®): { =3090 (w), 2958 (m), 2917 (m), 2851

Me

M
O (m), 1923 (w), 1721 (m), 1659 (m), 1583 (m), 1546 (m),
1499 (m), 1460 (m), 1414 (m), 1387 (m), 1358 (m), 1286
Me (m), 1252 (m), 1178 (m), 1155 (m), 1024 (m), 944 (m), 819

(m), 773 (m), 761 (M), 725 (s), 577 (m). N, 70eV): m/z(%) = 312 (24), 31IM]*
(100), 269 (18) 253 (10), 156 (4) HRMS(EI): Calculated for @HNs [M]*
311.14170 found 311.14147.

6-1sopropyl-11,13dimethylpyrimido[5',4":4,5]pyrrolo[1,2 -flphenanthridine (32c)
o Pale yellow solid, mpl80-181°C. *H NMR (300MHz,

NN Chloroformd) ti=9.93 (d,3J=8.7Hz, 1H CHy), 8.20 (dd,
MGXN/ N O 3)=7.9Hz, *3=1.7 Hz, 1H CHa/), 8.06 (d,*J=2.0Hz, 1H
CHa), 7.99 (dd,%J=7.7 Hz, “J=1.5Hz, 1H CHa),

Q 7.54-7.40 (m, 3H CHy), 6.95 (s, 1H), 3.09 sépt

Pr %J=6.9Hz, 1H CHp,), 2.88 (s, 3H, Ch), 2.77 (s, 3H, CH),

1.39 (d,3)= 6.9Hz, 6H, CH.ip). **C NMR (75MHz, CDCL) Ui = 159.33(Cya,), 158.91
(Car), 149.97(Cay), 144.72(Ca;), 133.86(Car), 133.02(Ca), 128.56(CHy), 128.12
(CHa), 127.60(Ca), 127.52(CHa), 125.23(Ca), 124.09 (CHa), 122.66 (CHa),
121.47(Car), 120.82(CHa;), 119.58(CHa), 116.31(Car), 91.01(CHay), 342 (CHip),

26.4 (CH), 243 (2CHsipy), 21.8(CHa). IR (ATR, cmi®): T =3090 (w), 2957 (s), 2923
(m), 2865 (M), 1725 (w), 1661 (w), 1583 (m), 1548 (m), 1461 (m), 1419 (m), 1388 (m),
1360 (m), 1259 (m), 1080 (m), 1016 (m), %), 824 (m), 797 (m), 755 (s), 726 (S),
719 (m), 621 (m). MSEI, 70 eV): m/z(%) = 340 (17), 33gM] * (100), 337 (12), 325
(19), 324 (50), 281 (13), 268 (14), 267 (IHRMS (EI): Calculated for §Ha:Ns [M]*
339.17300 found 339.17298.

6-Chloro-11,13dimethylpyrimido[5',4":4,5]pyrrolo[1,2 -flphenanthridine (32d):
Pale yellow solid, m@84-285°C. *H NMR (500MHz, DMSO-ds) i=9.95 (d,
3J=9.0Hz, 1H, CHy), 8.42 (d,*J=2.4Hz, 1H CHa), 8.40- 8.37 (m, 1H CHa), 8.28
(dd,33=7.5Hz, *3=1.9Hz, 1H CHy), 7.65 (dd3J=9.0Hz, “J=2.4Hz, 1H CHa),
7.63-7.59 (M, 2H CHa,), 7.46 (S, 1K CHyyrrole), 2.79 (S, 3K CHs pyrimiding, 2.78 (S, 3H
CHa pyrimiging- -°C NMR (126 MHz, DMSOYi = 1589 (Ca), 1587 (Car), 149.2 (G),
1324 (Ca), 128.7 (CH,), 1287 (CHa/), 128.3 (CH,), 128.0 (G), 1251 (Ca/), 124.5
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o (CHa), 1236 (Ca), 1229 (Ca), 122.7 (CH,), 122.6 (CHy),
NN 119.8 (CHy), 1156 (Ca), 98.8 (Gi), 91.9 (CH,), 251
MeiN/ N O (CHg), 206 (CHa). IR (ATR, cmi®): ¥ = 3379 (m), 3288 (m),
Q 3111 (m), 2962 (w), 2922 (m), 285&), 1651 (m), 1585
(m), 1548 (m), 1462 (m), 1414 (m), 1387 (m), 1279 (m),
cl 1022 fn), 993 (), 822 (m), 761 (s), 732 (s), 579 (s), 540 (S).

MS (El, 70 eV): m/z(%) = 333 (34), 332 (23), 33M] " (100), 289 (22), 254 (11), 253
(24), 166 (14).HRMS (El): Calalated for GoHuNsCl [M]* 331.08708 found
331.08702, calculated forgH1N5>'Cl [M] * 333.08413 found 333.08511.

3,11,13Trimethylpyrimido[5',4":4,5]pyrrolo[1,2 -flphenanthridine  (32e}  Pale
Mo yellow solid, mp190-191°C. 'H NMR (300MHz,
N S O e Chloroformd) U=9.95 (dd,3J=8.5Hz, “J=1.2Hz,
eAN/ N 1H, CHa), 8.14 (dd,3J=8.1Hz, “J=15Hz, 1H
Q CHa/), 7.87 (s,1H, CHa), 7.78 (d,%3=8.1Hz, 1H
CHa), 7.54 (ddd21=8.6Hz, 3J=7.2Hz, “J=1.5Hz,
1H, CHa), 7.32 (ddd,?3=8.3Hz, 3J=7.2Hz, “9=1.3Hz, 1H CHy), 7.19 (d,
3J=8.1Hz, 1H, CHy), 6.80 (s,1H, CHuyroid), 2.87 (s, 3H CHlpyrimicing, 2.73 (S, 3H,
CHa pyrimicing, 2-47 (s, 3H, Ch). **CNMR (75MHz, CDCk) ti=159.1 (G,), 1586
(Car), 150.1(Ca;), 138.6(Ca;), 136.0 (Ca), 134.1 (G,), 1295 (CHa), 129.0 (CHa,),
127.2(Car), 124.2 (CH,), 124.0 (CHy,), 123.0 (CH,), 1228 (CHa/), 122.6 (G/), 121.6
(Car), 119.6 (CH,), 1165 (Car), 905 (CHa), 264 (CHg), 22.0 (CHg), 218 (CHp).
IR (ATR, cm™): f = 3116 (w), 3087 (w), 2919 (m), 2851 (m), 1715 (W), 1699 (w), 1661
(W), 1583 (m), 1563 (m), 1549 (m), 1498), 1445 (s), 1416 (m), 1386 (m), 1359 (m),
1292 (m), 1023 (m), 943 (m), 813 (M), 749 (s), 633 (m).(MIS70eV): m/z(%) = 312
(25), 311[M]* (100), 269 (22), 253 (11), 155 (12HRMS(EI): Calculated for
C,1H17N3 [M] *311.14170 found 311.14129.

M

3,6,1113 Tetramethylpyrimido[5',4":4,5]pyrrolo[1,2 -flphenanthridine (32f):
Yellow solid, mp.203- 204°C. H NMR (300MHz, Chloroformd) ti=9.76 (d,
3)=8.6Hz, 1H, CHa/), 7.88 (S1H, CHa), 7.84 (s1H, CHa,), 7.76 (d2J=8.1Hz, 1H,
CHa), 7.30 (ddd, ®J=8.5Hz, “J=1.9Hz, °J=0.8Hz, 1H CHy), 7.17 (dd,
3)=8.2Hz, “J=1.6Hz, 1H, CHy), 6.78 (S, 1HCHy), 2.86 (S, 3H CHs pyrimiding), 2.73
(s, 3H CHa pyrimiding), 2.49- 2.42 (m, 6H 2CH;). "*C NMR (63MHz, CDC) &= 158.9
(Car), 158.4 (G,), 149.8 (Gy), 1384 (Car), 134.0 (Gy), 133.5 (G), 132.7 (Gy), 1298
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(CHar), 1293 (CHay), 127.2 (G), 123.9(CHa), 123.1
(CHar), 1227 (CHpy), 122.6 (Car), 1214 (Car), 119.3
(CHar), 116.3 (G/), 90.1 (CHa), 264 (CHg), 22.0
(CH3), 21.7 (CHs), 215 (CHs). IR (ATR,cm™):

{ =3090 (w), 2918 (m), 2853 (m), 2166 (M), 1723 (W),
1616 (w), 1583 (m), 1552 (m), 1501 (m), 1423 (m),
1388 (m), 1359 (m), 1306 (m), 1289 (m), 1249 (m), 1190 &#, (m), 816 (m), 768
(m), 732 (s), 724 (s), 714 (m), 641 (m), 536 (m). &E 70eV): m/z(%) = 326 (24),
325 [M]" (100); 283 (15), 163 (12)141 (5), 121 (5)HRMS (EI): Calculated for
C2oH19N3 [M] * 325.15735 found 325.15688.

6-1sopropyl-3,11,13trimethylpyrimido[5',4":4,5]pyrrolo[1,2 -f]phenanthridine
(32gY Yellowsolid, mp.191-192°C. 'HNMR
(300MHz, Chloroformd) ti=9.90 (d,®J=8.7Hz, 1H
CHa), 8.02 (d, “J=2.0Hz, 1H CHy), 7.93 (d,
4J=1.7Hz, 1H, CHy), 7.82 (d,2J=8.1 Hz, 1H CHha,),
7.47 (dd,3)=8.7Hz, “J=2.0Hz, 1H CHa), 7.21 (d,
iPr 3J=8.4Hz, 1H CHy), 6.84 (s, 1H, Chlnor), 3.09
(sept 33=6.9Hz, 1H, CHpy), 2.87 (s, 3HCHs), 2.74 (s, 3H, Ch), 2.50 (s, 3H, Ch),
1.40 (d,*J=6.9Hz, 6H, 3CH.p). *C NMR (75MHz, CDCk) ti=159.0 (G,), 158.5
(Car), 149.9 (G,), 144.6 (G,), 138.5 (G,), 134.1 (G,), 133.1 (G,), 1295 (CHa,),
1275 (Ca’), 1273 (CHa,), 124.0 (CHy), 122.7 (Gy), 122.7 (CH,), 121.5 (G,), 120.7
(CHar), 1196 (CHa), 1164 (Ca), 90.2 (CHy), 34.2 (CHip), 26.4 (CHs), 24.3
(2CHa.ipy), 221 (CHs), 218 (CHy). IR (ATR, cmiY): T =3087 (w), 3062 (w), 3021 (w),
2958 (m), 2920 (m), 2870 (m), 1699 (w), 1584), 1551 (m), 1496 (m), 1432 (m),
1388 (m), 1359 (m), 1193 (m), 1177 (m), 1045 (m), 944 (m), 830 (m), 808 (m), 768
(m), 737 (m), 720 (s), 551 (MMS (El, 70eV): m/z (%) = 354 (28). 353M] * (100),
339 (16), 338 (58), 282 (13), 169 (LBRMS (EI): Calculated forCosHzaNz [M]*
353.18865 found 353.18798.

6-Fluoro-3,11,13trimethylpyrimido[5',4":4,5]pyrrolo[1,2 -flphenanthridine (32h).
Yellow solid, mp.235-236°C. 'H NMR (500MHz, Chloroformd) U 9.83 (dd,
3J=92Hz, %J=5.4Hz, 1Hy), 7.69 (d,°J=8.1Hz, 1H CHy,), 7.67-7.59 (m, 2H
CHa), 7.19- 7.15 (m, 1H CHa), 7.13 (ddd?3=9.2Hz, 3J=7.5Hz, “*J=2.8Hz, 1H
CHar), 6.70 (s, 1HCHyyrroi), 2.83 (S, 3K CHs pyrimiding, 2.71 (S, 3K CHa pyrimiding), 2.44
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Me (s, 3H CH). FNMR (282MHz, CDCk) ti=-1177
NN O uo| (FCa). “CNMR (126MHz, CDCE) Gi=1595 (d,
Me)\N/ N LJer=243.2Hz, CRy), 159.4 (G/), 158.8 (G,), 149.8

Q (Car), 138.7 (Gy), 133.6 (Gy), 131.3 (d,*Jcr = 2.3Hz,

Car), 1301 (CHa), 126.4(d, *Jce= 2.5Hz, Ca/), 123.9
(CHa), 123.64 (d,%Jce=7.6Hz, Ca), 122.9 (G),
122.9 (CHy), 1214 (d, 3Jce=7.8Hz, CHy), 1163 (Ca), 115.7 (d, 2Jce = 22.5Hz,
CHa/), 1.0 (d, 2Jcr = 24.1Hz, CHy,), 905 (CHa), 26.3 (CH), 219 (CHs), 217
(CHs). IR (ATR, cm™®):  =3089 (w), 3039 (w), 2961 (m), 2919 (m), 2851 (m), 1582
(m), 1566 (m), 1551 (m), 1497 (m), 1438 (m), 1258 (m), 1201 (m), 1191 (m), 1169 (m),
1156 (m), 1014 (m), 937 (m), 795 (s), 766 (m), 726 (m), 584 WY (EIl, 70eV):
m/z(%) = 330 (24), 329M]* (100), 287 (25), 165 (10143 (5), 130 (4)HRMS (El):
Calculated foiC,1H16N3F [M] * 329.13228 found 329.13204.

F

6-Chloro-3,11,13trimethylpyrimido[5',4":4,5]pyrrolo[1,2 -flphenanthridine (32i):
Yellow solid, mp.265-266°C. *HNMR (300MHz,
NS O y Chloroformd) ti=9.87 (d,%J=9.0Hz, 1H CHa,), 8.03
e)l\N/ N © (d, ¥3=2.4Hz, 1H CHa), 7.81 (d,31=8.1Hz, 1H

Me

M

Q CHa), 7.77 (s, 1H CHa), 7.43 (dd, 33=9.0Hz,
%3=2.4Hz, 1H CHy,), 7.29- 7.22 (m, 1H CHy,), 6.85
Cl (s, 1H CHa), 2.87 (s, 3HCH), 2.77 (s, 3HCH), 2.49

(s, 3H CHs). ®*CNMR (75MHz, CDCk) ti=159.3 (G,), 158.9 (G,), 150.0 (G,),
138.9(Cha), 133.8 (Gy), 133.3(Car), 130.2(CHar), 129.9(Car), 128.7(CHa), 128.1

(Car), 126.1(Car), 124.0(CHar), 123.3(Car), 122.9(CHar), 122.8(CHar), 121.0(CHay),
116.5(Ca;), 90.9(CHa,), 26.3 (CH), 22.0 (CH), 21.8 (CH). IR (ATR, cm™): T = 3375

(m), 3112 (m), 3046 (m), 3030 (m), 2917 (m), 2850 (m), 1584 (m), 1549 (m), 1488 (m),
1419 (m), 1384 (m), 1305 (m), 1279 (m), 1176 (m), 1161 (m), 1108 (m), 1023 (m), 994
(m), 943 (m), 827 (m), 810 (m), 766 (s), 728 (s), 534 (MyS (El, 70eV):
m/z(%) = 347 (35), 346 (26), 34BV]* (100), 303 (18), 267 (13), 172 (12), 120 (10).
HRMS (EI): Calculated folC,1H16N3CI [M] ¥ 345.10273 found 345.10249.

11,13Dimethyl-3-propylpyrimido[5',4":4,5]pyrrolo[1,2 -flphenanthridine (32)):
Yellow solid, mp.106-108°C. *H NMR (300MHz, Chloroformd) ti=9.89 (dd,
3J=8.5Hz, “J=1.2Hz, 1H CHa), 8.12 (ddJ=8.2Hz, )= 1.5Hz, 1H CHa,), 7.86
(s, 1H, CHa,), 7.76 (d,33=8.1Hz, 1H CHy), 7.50 (ddd,>J=8.6Hz, %1=7.2Hz
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Me “J=15Hz, 1H CHa), 7.30 (ddd, 3J=8.3Hz
NS O . 3J=7.2Hz, Y3 =1.3Hz, 1H CHa), 7.20 (dd,
| nPr

MGAN/ N %)=8.2Hz, “J=1.6Hz, 1H CHy), 6.75 (s, 1HCHa,),

Q 2.84 (s, 3H CHspyimigng, 2.76-2.64 (m, 5H
CHZ-aIiphatic and Cﬂ-pyrimidine), 1.74 h, 3\] =7.3 HZ, 2H.

CHy-aliphatid, 1.02 (t,°J=7.3Hz, 3H, CHa.p). *CNMR (75MHz, CDCh) U= 1590

(Car), 158.5 (G,), 150.0 (G,), 1433 (Ca;), 134.8(Car), 1341 (Ca/), 1289 (CHa,),
128.8(CHar), 1272 (Ca), 124.2 (CH,), 123.9 (CH,), 122.9(CHa,), 122.8(Ca), 1222
(CHar), 121.6(Ca;), 1195 (CHy), 1164 (Ca;), 90.4 (CHa), 38.5 (CHz.aiphatid, 26.3
(CHs), 24.6 (CH.aliphaiid, 217 (CHs), 14.0(CHa). IR (ATR, cm™): f =2956 (w), 2926

(m), 2869 (w), 1586 (m), 1444 (m), 1385 (m), 1289 (m), 944 (m), 816 (m), 752 (s), 504
(m). MS (El, 70eV): m/z(%) = 340 (25), 339M] * (100), 311 (16), 310 (69p67 (10),

253 (6) HRMS (ESI): Calculated folC,3H21N3 [M+H] * 340.18082 foun®4018071

6,11,13Trimethyl -3-propylpyrimido[5',4':4,5]pyrrolo[1,2 -flphenanthridine (32K):
YR White solid, mp.163- 164°C. *H NMR (300MHz,

NS Chloroformd) Ui=9.70 (d,3J=8.6Hz, 1H, CHa,), 7.87
e PN O "M (s, 1H CHa), 7.83 (5, 1HCHa), 7.75 (d°J = 8.1Hz,
O 1H, CHa), 7.26 (ddd, 3J=8.6Hz, “J=2.0Hz
5J=0.8Hz, 1H CH), 7.18 (dd, 3J=8.1Hz

Me *J=1.6Hz, 1H, CHy), 6.73 (S, 1H CHyroid), 2.84 (s,

3H, CHs.pyrimiding), 2.72 - 2.67 (M, 5H, CHa-aiphatic ad CH pyrimiding, 2.45 (S, 3H CH),
1.74 (h,33=7.3Hz, 2H, CHyaiphaid, 1.03 (t,%J=7.3 Hz, 3H CHs). *CNMR
(75MHz, CDCh) U=158.7 (Gy), 1584 (Ca), 149.7 (G,), 143.2 (G/), 134.0 (G.),
1335 (Cu,), 132.6 (G,), 129.7 (CH,), 128.6 (CH,), 127.2 (G,), 123.9 (CH,), 1231
(CHar), 1229 (Ca), 122.1 (CH,), 121.4 (G,), 1193 (CHa,), 1163 (Ca’), 90.1 (CHh),
38.5 (CHaiphaid: 26.3 (CH), 24.7 (CH.aliphaid, 21.6 (CH), 21.5 (CH), 14.0 (CH).

IR (ATR, cm™): f = 3086 (w), 3028 (w), 2954 (m), 2920 (m), 2864 (m), 1582 (m), 1552
(m), 1440 (m), 1360 (m), 1287 (m), 1251 (m), 943 (m), 818 (s), 770 (M), 734 (s), 722
(m), 548 (m).MS (El, 70eV): m/z(%) = 354 (26),353 [M]* (100), 325 (14), 324 (56)
267 (8), 133(5). HRMS(EI): Calculated forCysH23N3 [M+H]* 354.19647 found
354.19654
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3-Methoxy-11,13dimethylpyrimido[5',4":4,5]pyrrolo[1,2 -flphenanthridine  (32l):
Yellow solid, mp.192-193°C. *H NMR (250MHz,
Chloroformd) i=9.80 (dd,3J=8.5Hz, “J=1.2Hz,
1H, CHa), 7.93 (dd,%J=8.2Hz, “J=1.5Hz, 1H
CHa), 7.60 (d,3J=8.8Hz, 1H CHy), 7.46 (ddd,
3)=8.6Hz, J=7.2Hz, “J=1.5Hz, 1H CHa), 7.33
(d,*J=2.4Hz, 1H, CHy), 7.24 (ddd3J=8.3Hz, 2J=7.2Hz, “J=1.3Hz, 1H CHa),
6.85 (dd,%1=8.8Hz, “J=2.4Hz, 1H CHy), 6.49 (S, 1H CHyrol), 3.88 (s, 3H
OCHg), 2.82 (s, 3H CHspyrimidind, 2.65 (S, 3H CHapyrimiding- —-C NMR (63MHz,
CDCls) U=159.9(Ca), 158.5(Ca), 157.9(Car), 149.8(Ca;), 134.9(Ca/), 133.9(Ca),
1291 (CHa), 128.6(Car), 125.5(CHa/), 124.0(CHa,), 122.9(CHa,), 121.2(Ca), 119.5
(CHar), 118.3 (Car), 116.4 (Ca), 115.9 (CHa), 105.7 (CHa), 89.3 (CHa/), 55.4
(OCHy), 26.2 (CH.pyrimiding, 21.6 (CH.pyrimiding- IR (ATR, cmi’): T =3398 (w), 3121
(w), 3073 (w), 3031 (w), 3005 (w), 2917 (w), 2837 (w), 2173 @@)14 (m), 1489 (m),
1451 (m), 1386 (m), 1280 (m), 1219 (m), 1148 (m), 1033 (m), 940 (m), 837 (m), 749
(m), 719 (s), 637 (m), 501 (mMS (El, 70eV): m/z(%) = 328 (24), 327[M]" (100),
312 (14), 284 (22), 242 (LHRMS (ESI): Calculated forC,;H;:7N30 328.14444 found
328.14425

6-1sopropyl-3-methoxy-11,13dimethylpyrimido[5',4":4,5]pyrrolo[1,2 -f]-
phenanthridine  (32m). Pale yellow solid,
mp.207- 208°C. *H NMR (250MHz, Chloroformd)
U=9.69 (d, °J=8.8Hz, 1H, CHy), 7.75 (s, 1H,
CHa), 7.57 (dd,*J=9.5Hz, 3J=3.9Hz, 1H, CH,),
7.33 (dd, 3J=7.0Hz, *J=2.0Hz, 2H, CHy),
6.86- 6.73 (m,1H, CHy), 6.45 (d,*J=2.0Hz, 1H,
CHar), 3.82 (s, 3H, OC}HJ, 2.96 (p,3J =6.9Hz, 1H, CHp), 2.75 (s, 3H, Chlyyrimidine),
2.57 (s, 3H, ChHhlpyrimiging, 1.29 (d, 3J=6.9Hz, 6H, CH.ipy). BC NMR (63MHz,
CDCly) ti=159.8 (G,), 158.5 (G,), 157.9 Ca), 149.7 (G/), 144.3 (G,), 133.9 (Gv),
133.1 (Gy), 128.9 (Gy), 127.4 (CH), 125.5 (CH,), 121.1 (G,), 120.6 (CH,), 119.5
(CHa), 1185 (G,), 116.3 (G,), 115.4 (CH,), 105.9 (CH,), 89.1 (CH,), 55.5
(OCHg), 34.1 (CHpy), 26.3(CHpyrimiding, 24.2 (2CH.py), 21.6 (CH-pyrimidine)-

IR (ATR, cm'l):? = 3084 (w), 3004 (w), 2960 (m), 2924 (w), 2834 (w), 2182 (w), 1614
(m), 1586 (m), 1556 (m), 1492 (m), 1429 (m), 1390 (m), 1278 (m), 1224 (s), 1035 (m),

iPr
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936 (M), 835 (M), 736 (M), 718 (s), 638 (Y8 (M).MS (EI, 70eV): m/z(%) = 370
(27), 369 [M]" (100), 354 (37), 311 (11), 177 (7HRMS(ES)): Calculated for
Co4H23N30 [M+H] *370.19139 found 3709112.

3-Fluoro-11,13dimethylpyrimido[5',4":4,5]pyrrolo[1,2 -flphenanthridine (32n).
Yellow solid, mp.233-234°C. '"HNMR (300MHz,
Chloroformd) ti=9.90 (dd,J=8.6Hz, *J=1.2Hz, 1H,
CHar), 7.97 (dd3J=8.1Hz, 3= 1.5Hz, 1H, CHy), 7.83
(dd, 33=8.8Hz, %J=5.6Hz, 1H, CH,), 7.68 (dd,
%J=10.6Hz, “J=2.5Hz, 1H, CH,), 7.55 (ddd,
3=8.6Hz, J=7.2Hz, 3J=1.5Hz, 1H, CHy), 7.32 (ddd,3J=8.3Hz, %J=7.2Hz,
3)=1.2Hz, 1H, CHy), 7.10 (ddd3J=8.8Hz, %) = 7.9Hz,*J = 2.5Hz, 1H, CHy), 6.75
(s, 1H, CHymold), 2.88 (s, 3H, Chlpyrimiding, 2.75 (S, 3H, Chloyrimiding. ~F NMR
(282MHz, CDCk) ©=-111.0. *CNMR (75MHz, CDCk) #i=163.1 (d,
YJce=248.1Hz, CFy), 159.2 (G,), 158.7 (G,), 150.0 (G,), 134.9 (G,), 133.3 (Gv),
129.9 (CHy), 129.6 (d,%Jcr=8.3Hz, Gu), 126.2 (d,3Jcr=8.8Hz, CHy), 124.5
(CHa), 123.3 (CH,), 121.4 (d,*Jcr= 2.5 Hz, Gy), 120.7 (d*Jcr = 3.0Hz, Cy), 119.6
(CHa), 116.3 (Gy), 116.3 (d,%Jcr = 233 Hz, CHa,), 108.82 (dJcr = 23.4Hz, CHy,),
90.9 (d,”Jcr=1.8Hz, CHy), 26.2 (CH pyrimiding), 21.6 (CH pyrimidging). IR (ATR, cmi™):

{ =3063 (w),2992 (w), 2918 (w), 1555 (m), 1452 (m), 1276 (m), 1197 (m), 898 (m),
822 (m), 751 (s), 603 (m), 507 (NS (EI, 70eV): m/z(%) = 316 (23), 315 (100), 274
(14), 273 (37), 271 (11), 42 (15MRMS (ESI): Calculated forCygH14FN3 [M+H]*
316.12445 found 316.12459

3-(tert-Butyl)-6,11,13trimethylpyrimido[5',4":4,5]pyrrolo[1,2 -flphenanthridine

(320) Pale yellow solid,mp.2551 256°C. 'H NMR
(250MHz, Chloroformd) ti=9.87 (d,*J=8.6Hz, 1H,
CHa), 8.21 (d, *J=1.8Hz, 1H, CHy), 8.03 (d,
4J=1.4Hz, 1H, CH\), 7.97 (d2J=8.4Hz, 1H, CH\),
7.55 (dd,%J=8.4Hz, “J=1.8Hz, 1H, CHy), 7.37
(ddd, 3J=8.6Hz, *J=2.0Hz, °J=0.7Hz, 1H, CHy),
6.96 (s, 1H,CHoyrrold), 2.89 (S, 3H, Chlaiphaid, 2.80 (s, 3H, Chlaiphatd, 2.53 (s, 3H,
CHs_aliphatid, 1.48 (S, 9H, Chlgy). **C NMR (63MHz, CDCh) li= 158.8 (G,), 158.5
(Car), 151.9 (G,), 149.9 (G,), 134.3 (G/), 133.8 (G/), 132.8 (G/), 130.0 (CH,),
127.1 (Gy), 126.1 (CH,), 124.1 (CH,), 123.2 (CH,), 122.8 (G,), 121.9 (G,), 119.5
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(CHa), 119.0 (CH,), 116.5 (G,), 90.5 (CHy), 35.4 (Gsy), 31.5 (3CHi), 26.3
(CHs-aiiphatid), 21.7 (CHaiiphatid, 21.6 (CHaiphatid- IR (ATR, cmi?): ¥ = 2951 (m), 2915

(m), 2862 (m), 2166 (m), 1583 (m), 1489 (m), 1429 (m), 1357 (m), 1182 (m), 945 (m),
820 (M), 722 (s), 638 (M), 551 [nMS (EI, 70eV): m/z(%) = 368 (27), 367 (100), 353
(16), 352 (59), 337 (18), 162 (1LIHRMS (ESI): Calculated forCosHasNs [M+H]*
368.21212 found 368.21201

3-(tert-Butyl) -6-fluoro-11,13dimethylpyrimido[5',4":4,5]pyrrolo[1,2 -f]-

phenanthridine  (32p): Pale yellow solid,
mp. 226- 228°C. *H NMR (250MHz, Chloroformd)
U=9.92 (dd,®J=9.3Hz, 3J=5.5Hz, 1H, CH,), 8.03

(d, “J=1.8Hz, 1H, CHy), 7.91 (d,31=8.4Hz, 1H,
CHa/), 7.82 (dd,*J=10.4Hz, “J=2.9Hz, 1H, CHy),
7.57 (dd,%J=8.4Hz, *J=1.8Hz, 1H, CHy), 7.20
(ddd,%3=9.3Hz, J=7.5Hz, 2J=2.8Hz, 1H, CHy), 6.88 (S, 1H, Chrroi), 2.86 (S,

3H, CHspyrimiding, 2.78 (S, 3H, Chlpyrimiging, 1.47 (S, 9H, 3Chsy). “FNMR
(235MHz, CDCk) U=-117.3 (FG,). “CNMR (63MHz, CDCk) Ui=159.5 (d,
LJcr=243.0 Hz, Ck), 159.1 (Gy), 158.7 (Gv), 152.1 (Gy), 149.7 (G.), 133.9 (G.),
131.20 (d,"Jce=2.2Hz, Cu), 126.9 (CHy), 126.14 (d,*Jcr=2.4Hz, Cy), 124.1 (d,
3Jce=T7.6Hz, Gy), 124.0 (CH,), 122.9 (G/), 121.4 (d,%Jce=7.8Hz, Cy), 119.2
(CHar), 116.3 (G), 115.9 (d,%Jcr = 22.7Hz, CHa,), 109.1 (d,2Jcr = 24.0Hz, CHa,),
90.7 (CHy), 35.4 (Gau), 31.4 (3CHusy), 26.2 (CHpyrimiding: 21.7 (CH pyrimiding)-

IR (ATR, cm™): { = 3096 (w), 2965 (m), 2868 (m), 2184 (m), 1582 (m), 1562 (m), 1496
(m), 1437 (m), 1389 (m), 1278 (m), 1177 (m), 931 (m), 850 (m), 871 (s), 772 (m), 733
(m), 574 (m).MS (El, 70eV): m/z(%) = 372 (30), 371 (100), 357 (21), 356 (72), 341
(21), 328 (10), 16416). HRMS (ESI): Calculated forCysH2FNs [M+H]* 372.18705
found 372.18693

tBu
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5.3. Crystallographic data
5.3.1. 2-(4-Methoxyphenyl)1-phenyl-1H-pyrrolo[3,2-b]pyridine (3c)

Chemical formular Ca0H16N20

M; 320.35

Crystal system, space group  Triclinic, P*

TemperaturégK) 173

a, b, c(A) 8.5374 (2), 10.3276 (2), 18.5918 (3)
Ub,o(°) 74.951 (1), 77.508 (1), 84.490 (1)
V (A3 1544.18 (5)

Z 4

Radiation type Mo KU

i (mm b 0.08

Crystal size (mm) 0.29 x 0.28 x 0.25

Data collection

Diffractometer BrukerNonius Apex X8CCD-diffractometer
Absorption correction Multi-scan(SADABS Sheldrick, 2004)
Trminy Tmax 0.718, 0.746

No. of measured, independent 53379, 11167, 8411

and observed [ I

reflections

Rint 0.031

(si mx@Fe) 0.756

Refinement

R[F% > 2a(F%)], wR(F?), S 0.053, 0.128, 1.05

No. of reflections 11167

No. of parameters 417

H-atom treatment H-atom parameters constrained

B max (€ A7) 0.30,-0.25

* Computer programs: Bruker Apex V7.51A, BrukeAINT SHELXS2013Sheldrick, 2013),SHELXL2013(Sheldrick, 2013),
ORTER3.201 (Farrugia, 1997 5HELXL2013
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5.3.2. 1-(4-Methoxyphenyl)}2-phenyl-1H-pyrrolo[2,3-b]pyridine (49)

Chemical formular CooH16N20

M; 30035

Crystal system, space group  Monoclinic, P2;
Temperature (K) 173

a, b, c(A) 5.9896 (1), 11.3423 (2), 11.43(2)
U b, 2(°) 96.311 (1)

V (A3 751.86 (2)

Z 2

Radiation type Mo KU

i (mm'Y) 0.08

Crystal size (mm) 0.43 x 0.29 x 0.07

Data collection

Diffractometer BrukerNonius Apex X8CCD-diffractometer
Absorption correction Multi-scan(SADABSSheldrick, 2004)
Timin, Tmax 0.723,0.746

No. of measured, independent 14227, 5379, 4806

and observed [ ]

reflections

Rint 0.023

(si mux@MHa) 0.756

Refinement

R[F% > 20(F%)], wR(F?), S 0.046, 0.110, 1.06

No. of reflections 5379

No. of parameters 209

H-atom treatment H-atom parameters constrained

@ mae I nip(E AD) 0.30,-0.28

* Computer programs: Bruker Apex V7.51A, BrukeAINT, SHELXS2013Sheldrick, 2013)SHELXL2013(Sheldrick, 2013),
ORTER3.201 (Farrugia, 19975HELXL2013
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5.3.3. 2-(Naphthalen-2-yl)-1-phenyl-1H-pyrrolo[2,3-b]pyridine (4n)

Chemical formular CasH1eN2

M, 320.38

Crystal system, space group  Monoclinic, P2;/c
Temperature (K) 173

a, b, c (A) 8.9404 (3),19.2009 (5), 9.6620 (3)
Ub,o(°) 92.373 (1)

V (A3 1657.19 (9)

Z 4

Radiation type Mo KU

i (mm' Y 0.08

Crystal size (mm) 0.53x0.22 x0.11

Data collection

Diffractometer BrukerNonius Apex X8CCD-diffractometer
Absorption correction Multi-scan(SADABS Sheldrick, 2004)
Trmins Tmax 0.713, 0.746

No. of measured, independent 26989, 4828, 3789

and observed [ 1

reflections

Rint 0.031

(si mx@PHe) 0.703

Refinement

R[F* > 2a(F?)], wR(F?), S 0.051, 0.133, 1.07

No. of reflections 4828

No. of parameters 226

H-atom treatment H-atom parameters constrained

W max JoiR(e A) 0.29,-0.24

* Computer programs: Bruker Apex V7.51A, BrukeAINT, SHELXS2013Sheldrick, 2013)SHELXL2013(Sheldrick, 2013),
ORTER3.201 (Farrugia, 19975HELXL2013
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Appendix

5.3.4. 1-(4-Methoxyphenyl)2-(4-(trifluoromethyl)phenyl) -1H-pyrrolo[3,2-

c]quinoline (7f)

Chemical formular

M;

Crystal system, space group
Temperature (K)

a b, c(A)

Ub,2(°)

V (A3

Z

Radiation type

W (mni?)

Crystal size (mm)

Data collection

Diffractometer

Absorption correction

Trmins Tmax

No. of measured, independent
and observed [ ]
reflections

Rint

(si mux@MHe)

Refinement

R[F* > 20(F%)], wR(F?), S
No. of reflections

No. of parameters

H-atom treatment

W max (e A

CasH17F3N20

41813

Triclinic, P

150

10.5714 (2), 11.3891 (2)2.0542 (2)
62.4386 (5), 82.6061 (6), 68.6034 (5)
1196.52 (4)

2

Mo KU

0.43

0.43 x 0.30 x 0.26

Bruker APEX Il CCD diffractometer
Multi-scanSADABSBruker, 2014)
0.85, 0.90

35088, 6370, 5619

0.018
0.682

0.035, 0.096, 1.06

6370

317

H-atom parameters constrained
0.49,-0.34

* Computer programsAPEX2 (Bruker, 2014),SAINT (Bruker, 2013),SAINT SHELXS97(Sheldrick, 2008),SHELXL2014

(Sheldrick, 2015).
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5.3.5. 11-(4-Methoxyphenyl}6-methyl-11H-indolo[3,2-c]quinoline (119)

Appendix

Chemical formular

M,

Crystal system, space group
Temperature (K)

a, b, c(A)

Ub,o(°)

V (A3

Z

Radiation type

W (mn )

Crystal size (mm)

Data collection

Diffractometer
Absorptioncorrection

Trminy Tmax

No. of measured, independent
and observed [ I
reflections

Rint

(si mux@Fo)

Refinement

R[F% > 2a(F%)], wR(F?), S
No. of reflections

No. of parameters

H-atom treatment

B max  niR(e AD)

Ca3H1eN20

338.39

Triclinic, P

150

11.9183 (2)14.2302 (3)16.0093 (3)
99.1242 (8)93.7878 (8)101.7422 (8)
2611.10 (9)

6

Mo KU

0.08

0.42%x 0.37x% 0.30

Bruker APEXII CCD diffractometer
Multi-scan SADABS (Bruker, 2014)
0.93, 0.98

70195, 10264, 8228

0.027
0.617

0.047, 0.133, 1.02

10264

709

H-atom parameters constrained
0.74,-0.29

“Computer programsAPEX2 (Bruker, 2014),SAINT (Bruker, 2013),SAINT, SHELXS97(Sheldrick, 2008),SHELXL2014&

(Sheldrick,2015)..
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Appendix

5.3.6. 6-Fluoro-3-methylbenzo[4',5Tthieno[2',3":4,5]pyrrolo[1,2-f[phenanthridine

(24n)
Chemical formular CosH14FNS
M, 355.41
Crystal system, space group  Orthorhombi¢ P2,2,2;
Temperature (K) 123
a b, c(A) 3.8697 (3), 13.8753 (13), 29.542 (3)
V (A3 1586.2 (2)
Z 4
Radiation type Mo KU
i (mm b 0.22
Crystal size (mm) 0.49 x 0.03 x 0.02

Data collection

Diffractometer BrukerNonius Apex X8CCD-diffractometer
Absorption correction Multi-scan(SADABS Sheldrick, 2004)
Trin, Tmax 0.625, 0.745

No. of measured, independent 8022, 2778, 2160

and observed [ |

reflections

Rint 0.086

(si mux@MHa) 0.594

Refinement

R[F? > 20(F%)], wR(F?), S 0.048, 0.098, 1.03

No. of reflections 2278

No. of parameters 237

H-atom treatment H-atom parameters constrained

B max (€ A7) 0.25,-0.28

* Computer programs: Bruker Apex V7.51A, BrukeAINT, SHELXS2013Sheldrick, 2013)SHELXL2013(Sheldrick, 2013),
ORTER3.201 (Farrugia, 1997 5HELXL2013
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Appendix

5.3.7. 10-Methoxy-6,13dimethylquinolino[3',4":4,5]pyrrolo[1,2 -f[phenanthridine

(28)

Chemical formular

M,

Crystal system, space group
Temperature (K)

a, b, c(A)

Ub,2(°)

V (A3

Z

Radiation type

W (mn )

Crystal size (mm)

Data collection

Diffractometer

Absorption correction

Trminy Tmax

No. of measured, independent
and observed [ I
reflections

Rint

(si max@MHe)

Refinement

R[F% > 2a(F%)], wR(F?), S
No. of reflections

No. of parameters

H-atom treatment

B max  niR(e AD)

Ca6H20N20

37615

Triclinic, P*

150

7.2427 (2), 10.3539 (215.8131 (3)
90.3390 (7), 102.6184 (7), 96.4918 (7)
1149.19 (4)

2

Mo KU

0.42

0.43 x0.17 x 0.16

Bruker APEXII CCD diffractometer
Multi-scan SADABS (Bruker, 2014)
0.94, 0.99

24568, 5298, 4567

0.018
0.650

0.044, 0.123, 1.05

5298

301

H-atom parameters constrained
0.87,-0.53

“Computer programsAPEX2 (Bruker, 2014),SAINT (Bruker, 2013),SAINT, SHELXS97(Sheldrick, 2008),SHELXL20147

(Sheldrick, 2015)..
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