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ABSTRACT

Nitrogencontaining compounds such asloles and carbazoles are significant classes dfithe
heterocycles that show great promaseanticancer compound#ndoles such a2,3-diarylindole,
3-pyranyl indole and carbazolesich as 9nethoxyellipticine are compounds which possess
anticancer or antitumor propertiddue to the favourable biological activitie$ N-heterocyclic
compounds, medicinal and synthetic chemists have developed numerous methoth diges
synthess. In this researclproject the broad aim was to synthesize pyridsed carbazoles from
5-methoxyindole using methodologies that have been previously used in our laboratories and by
other chemists while changing the position of the nitrogen atothe grido-fused carbazoles.

The first step in the synthesis of these carbazoles was the treatmemiettickyindole with di
tert-butyl dicarbonate in the presence ocflihethylaminopyridine (DMAP) which gave the
desired protected indql¢ert-butyl 5-methoxy1H-indole-1-carboxylatein excellent yields (90
99%). Exposure of thetert-butyl 5methoxylH-indole-1-carboxylate to lithium 2,2,6,6
tetramethypiperidide followed by quenching with triisopropyl borate and hydrochlorigacel
(1-(tert-butoxycarbonyh5-methoxy1H-indol-2-yl)boronic acid Usingthis and varioushalogen
substitutedpyridines, for example3-bromo4-methylpyridine inthe SuzukiMiyaura coupling
reaction gave tert-butyl 5-methoxy2-(4methylpyridin3-yl)-1H-indole-1-carboxyhte (83%
yield). This was further reacted witparaformaldehyde and iron (lll) chloride or phosphorus
oxychloride and DMFAfter theremoval of tert-butoxycarbonyprotecting grouputilizing various
methods this produce 5-methoxy2-(4-methybpyridin-3-yl)-1H-indole-3-carbaldehyde(48%
yield). 5-Methoxy-2-(4-methylpyridin3-yl)-1H-indole-3-carbaldehydgossesses all the carbons
of the finalcompounds ani$ suitably functionalized to partake in tkey photeinducedandbase
mediated cyclizatiomeaction Previous studies pointed to the necessity of an alkyl protecting
group on the indok atom. As a result, thedole nitrogen atom was then protected again with a
methyl or a benzygroup;where theN-benzylcould beremoved at a later stagd=or example,
reaction of Bmethoxy2-(4-methylpyridin3-yl)-1H-indole-3-carbaldehydedissolved in THF,
potassium hexamethyldisdide and benzyl bromiddurnished 1-benzyt5-methoxy2-(4-
methylpyridin3-yl)-1H-indole-3-carbaldehyd€83% yield)



The key step in this synthesimsthe lightassisted, baseediated cyclization reaction which has
been reported by de Koning and-workers where a solution ofl-benzyt5-methoxy2-(4-
methylpyridin3-yl)-1H-indole-3-carbaldehyddissolved in dry DMF angotassiuntert-butoxide
washeated and irradiated with medium mercury langtding the desired pyrido fused carbazole,
11-benzyt8-methoxy11H-pyrido[3,4-a]carbazolen agoodyield of 70%. Following the outlined
synthetic proceduréepicted abovewe were able tosynthesize5 anabgues ofll-benzyt8-

methoxy1H-pyridg3,4-a]carbazole
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Chapter 1

1. Introduction

1.1 Cancer and anticancer treatments

Cancer is a dynamic disease in which the genome undergoeshapgks The change of normal

cells into cancer cells over time is caused by a series of genetic alterations, each offering a different
type of growth advantadeThere are over 100 different types of cancer, with subtypes of tumors
found in specific organs. Th@a@mous number of cancer cell genotypes is thought to be the result
of six key physiologial changes in cells that collectively determine malignancy in growth sfgnals
Self-sufficiency in growth signals, insensitivity to antigrowth signals, evading agigptioitless
replicative potential, sustained angiogenegissue invasion and metastasis are the six
physiologi@l changes or acquired capabilitigach of these physiological alterations indicates

that an anticancer defense mechanism built into cells and tissue have been successfully breached
during tumor developmehtwhile all cancer cells must develop the same six signature capacities
or acquired apabilities, the mechanisms and timelines by which they do so will differ
dramatically leading to application of different anticancer treatment strategies.

Cancer is one of the leading causes of daatlesighout the worldn recent yearghe number of
cancer caseare on a steep risand anticancer drug resistance is becoming more conimays

a result, it is critical to invest in research and development of new, effective cancer tréatments
There are several cancer treatments availabliiehwinclude surgery, radiation, chemotherapy
targeted therapy, immunotherapy, stem cell or bone marrow trangpldhbormone therapyin

this review, our focus is on chemotherapy which is the use of chemicals to treat a%liseaseer

in this case.Several chemotherapieare available some commorchemotherapies include
treatment with the organic nitrogen containing compouteisozolomidel, procarbazine?,
carmustine3, lomustine4 (Fig. 1) and vincristineThese compounds act by alkylating or causing
crosslinks in DNA which leads to inhibition of DNA synthesis, RNA production and protein



synthesis leading to cell death at different stages of the cell dyeley cancertumors acquire
chemoresistanceéhustreatment withsingle anticancedrugs alone is insufficient for long term
treatment The most difficuliobjective for researchers is ttevelopa newtreatmenthat can treat
cancer with minimal side effeét®r improve the properties of the already &xrig anticancer
drugs. Aside from théour mentioned drugs, several others are utilized in chemotherapyhand

majority of these drugs have heterocycles as theirstonetured

o o)
<L A il
N N N Cl Cl O
No N HVQ): NN L cl
°N N - H NI N N/\/
NH, '

N 3
H o Ho |
o] N©)

Temozolomide, 1 Procarbazine, 2 Carmustine, 3 Lomustine, 4

Fig 1. Commondrugs used infeemotherapy.

1.2 Heterocyclic compounds

Heterocyclic compounds are cyclic organic compounds which contain at least one hetero atom
such as oxygensulfur or nitroger®, to name a fewUnlike most of their carbocyclic
counterparts, heterodyc compounds caactas hydrogetbond acceptors or donors, which can
greatly alter their physical and chemical properties and most importantly their pharmacological

propertiest.

Thesecompoundsnimic cyclic organic compounds that contain only carbomatin therings,

but the addition of heteroatoms giwethese heterocyclic compounds physical and chemical
properties thadiffer significantlyfrom their carborcontaining ring analogs Simple heterocyclic
compounds includeompounds such gg/ridine, pyrole, furanandthiophene. Because of their
biological and pharmacological properties, heterocyclic compounds are regarded as one of the
most important classes of organic compodhdBhere are a great number of pharmacologically
active heterocyclic compmds which are used clinically such as vincristine, morphine,

chloroquine, sulphadiazinetc?. The most common heterocycles are-rsigmbered rings and



five-membered rings which are more stable than three, four, seven or larger fiingse ring

systems are found in major biological molecule skeletonsasi€iNAandRNA.

Due to the favourable biological activities of thédéneterocyclic compounds, medicinal and

synthetic chemists have developed numerous methodologies tdhsafamily ofcompounds.

1.3 Indoles and Carbazoles

Indoles and carbazolespresent aignificantclass ofN-heterocycleshat show great promise
various applicationslndole 5a is an aromatic heterocyclic organic compound with a bicyclic
structure, consisting of a simembered benzene ring fused to afivembered pyrrofé (Fig. 2).
The indole scaffold is one of the most comnideterocyclesn the naturally occurring and
synthetic bioactive compoundsThese compoundsave numerous biological and pharmaceutical
activities® such as antimicrobial, antivirand antiinflammatory advities'”8, For example,
indomethacin6 is a nonsteroidal antinflammatory drug which consists of the indole moiety
Arbidol 7 is another examplef an antiviral drugwhich isused for the treatment of influenza
through preventing viral entry into thearget cell and stimulatingn immune response3-
Aryl(heteroaryl)indole8 has antimicrobial activity and thdoge can beused asn antimicrobial

agent and indeB-yl-pyridines9 which exhibits antimicrobial and antioxidant activifies

4 3
5 N\ 6
2 B 1
6 N 7 N 2
8 H

7 H 10 H

Indole, 5a Carbazole, 5b Pyrido fused carbazole, 5¢

Fig 2. The structure of simplmdole,carbazole nucleusnd pyria fused carbazoleith popular

numbering system.
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Fig 3. Indole containing compounds with different properties.

The importanceof the indole nucleus hassulted inthe synthesis o& wide range obioactive
compounds withvarious substituents atarious positionsof the indole ring.Because of its
biodiversity and versatility, it has been highlighted as a highly favoured motif for-tzaiget

design and development of anticancer therapies. Numerous studies have identified various indole
based comounds with vaous techniques for producing potential anticancer activity,

demonstrating the importance of the indole motif in the development of anticancer meditations

Indoles such as phenylindeBecarbaldehydd 0 have been reported as antitumor dgehat act
by suppressing tubulin polymerization, thus inhibiting breast cancer cell gfo®ther indoles
that are substitutedt position 2or 3 with variousaryl groups have also been shown to inhibit
tubulin polymerizatio!’. Some examples of indet®ntaining antcancer agents which have been
synthesized include 2@aryindole1l, 3-pyranyl indolel2 and 2arylamine5-(indolyl)-1,3,4
thiadiazolesl3 (Fig. 4)'.
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Fig 4. Some examples of antancer compounds containing the indole framework.

Structurally similar to indoles are carbazosswhich bear an extra benzene rifugedto the

pyrrole of the indoleThese compounds are of great interest due to their tricyclic structure and
wide distribution in nature.Like indoles, carbazoles show interesting biological activitied
pharmacological propertieBlany biologically active compounds, both natural and synthetic, have
acarbazolenucleusas a significant structural motifSynthetic and natural carbazole derivatives
have been synthesized and were shown to possess various types of biological aadgbbgical
properties such as antioxidant, anflammatory, antbacterial, antiviral, anttliabetic and ani

tumor activities®. More importantly, carbazoleserefound to have effective antiproliferative
activity on tumor cell®. For example, lausine B 14 is a naturally occurring carbazole that was
found to be active against four human cancer cell lines including breast, cervical, ovarian and

hepatic cancé.

Ellipticine 15is anotherexample of a naturally occurrirgrbazolecontainingcompoundsolated

from Ochrosia elliptica(Apocynacaelnd has anticancer propertidhe dlipticine framework

hasa carbazole moietyusedwith a pyridine ring formingan extendeéromatized hydrophobic
compound. This compound and its derivativesction through multiple mechanisms leading to
cell cycle arrest and initiation of apoptosis. Intercalation into DNA and inhibition of topoisomerase
Il were the suggested dominant mechanféndsnong these ellipticines, those having fpgeenol
substituehat the position 9(ellipticine numberingkxhibit both cytotoxic and antitumor activity.

A study of DNA interaction parameters tinis series of drugs has clearly demonstrated that the
presence gbhenoldoes not modify their mode of DNA bindingwassuggestethat the presence

of thephenolshouldhavepropertiesot directly related to DNA bindindt was therhypothesized



that 9-hydroxy ellipticine and related derivatives arddizedunder physiological condition®s

the corresponding electrophiliguinoneimine$..

The simple structure of ellipticine has prompted chemists to design various structural
modifications in order to obtain more active derivatféeGirinimbine 16 is another carbazole
alkaloid extracted from stem bark llurraya koenigiiand it displayed an artiimor promoting
activity®. The plants ofClausenahave been widely investigated and many-aaticer carbazole

alkaloidswereidentified, murrayaniné?is one of the compounds fouirdthese plants (Figp)?.

(0] 2 0
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N 8 N N — N OMe

OMe H H
6

7 H
Clausine B, 14 Ellipticine, 15 Girinimbine, 16 Murrayanine,17

Fig 5. Some naturally occurring carbazoles with a@ncer activities.

Many synthetic compounds are derivatives of the naturally occurring carbakbkesatural
carbazole extracted from plants led to the development and sgnfiesinatural carbazoles such

as celiptiuml9, an ellipticine analogyavhich is alsoknown as N-methyt9-hydroxyellipticium
acetate9-Hydroxy derivatives such as celiptiub® are active on different experimental tumors
such as murine leukemisarcoma and colén The antitumoral properties of ellipticiri and

some of its derivatives are thought to be related to their DNA binding ability since they bind with
high affinity to DNA by intercalation between base pdir®Methoxyellipticine 18, another
ellipticine derivative, was also reported to have antitumor actiViig mechanism of action of
thiscompoundvas investigatedlhe DNA intercalating property dBled to the synthesis of other
ellipticine derivatives such aliptium 19 which was used in the treatment of metastatic breast
cancer and as reported, it acted as a topoisomerase Il inhibitor and intercalating agent, stabilizing
topoisomerase Il and inducing DNA breakade

Other carbazoles such as compowtdwere synthesized and investigated against renal cell
carcinoma and were found possessigh activity against these cells when an acetyl group is



present at position-6 andN-9 substituted with ¢methylpyrrolidin2-yl)ethyl® using numbering
on carbazol®&b (Fig. 2) as reference. The acetyl group as a modetattronwithdrawinggroup
and the bulkiness of thié-substituent enhanced the antitumor activity of these compoBod
compound?21, adding a hydroxyl group as an electron donating group at oS also
enhanced the antitumor activity of these compotind@$ie work of Issa and eworkers revealed
that adding methoxy, acetyl or substituted carboxyl groups and hydroxy group at positioin C
thesecarbazoles enhanced the antitumor activityhese compound

9-Methoxyellipticine, 18 Celiptium, 19 20 ) 21

Fig 6. Carbazole compounds with antitumor properties.

1.4 Synthesis of Carbazoles

Owing to their bioactivities, carbazolese a classof compounds that hasnjoyed sustained
attention from synthetic and medicinal chemi3ise synthesis of carbazoles has been achieved
using multistep synthetic routes that involve aclihse, and metatatalyzedprotocols which
were performed under heat or bivadiation. The key steps in the synthesis of carbazoles usually
include both inter and intramolecular C(sh T C( s pd) | NC( &pi1 CF(seppling
reactions of suitably substituted building blo¢ks

Some of the classical approaches employed to construetrtheezole framework includecmlative
cyclization of diarylamines, various indoles and biphenyls wittitrogen substituents are some

of the widely used precursors during the synthestaudfazolesNon-classical procedures such as
transition metamediaed and catalyzed processes are also used for the synthesis of cafbazoles
Figure 2 shows a simple structure of carbazole nuclusind the common numbering system
used substituents cate added to both rings A and Some of these strategies will be briefly

discussed below.



1.4.1 Synthesis of carbazoles through the formation of ring B

Perhaps one of the commonlged approach to carbazoles involves the construction of ring B.
This strategy is reflected on the classBorsché Drechsel cyclizatioisometimes calleBischer
Borschereaction), which leads to the synthesis of 1,2{8{rahydrocarbazolez?2. TheBorsché
Drechsel cyclizationinvolves the condensation reaction of phenyl hydraz& and
cyclohexanon4 to form arylhydrazon&5, whichthen cyclizes to 1,2,3;#etrahydrocarbazoles

22 asshown inScheme 1 Tetrahydrocarbazol22 could then be transformed to carbazbke

throughan oxidation reaction or dehydrogenation

CL L
_|_
NHNH2 (j N’N
H
24

23

25
. Qﬂ “
-NH;
22 5b
H
¢ X CH:P
25 B — B —
N N.NH \NNH
i H i H iii H/
@
2 () QQQ ‘\*
-NH
vi ’ CNH : \N(NHZ
iv H

Scheme 1Preparation otarbazolghrough the classic8orsché Drechsel cyclization

Theconstructiorof ring Bis not limited to classical methaddodern routes heavily involve metal
catalyzed transformatiorsich aghe palladium catalyzeHeck reactionwhich wasutilized to

forge the C(5a)C(4a) bondn suitably halogenated diphenylamiffedirect oxidative cyclization

8



of nonthalogenated diphenylamines has been demonstresied) stoichiometric amounts of
palladium For exampleAkemarkand ceworkersheateddiphenylamine®6 with palladium (1)
acetate in acetic acidnder reflux the ensuing cyclization led to the formation of carbazole
derivatives 27°. The cyclization required acid additives such as trifluoroacetic acid or
methanesulfonic acith catalytic amourgt The key cyclization stefs believed to proceedwia
palladacyat 28 that was formed by an electrophilic attack of a palladium(ll) species at the
aromatic rings $cheme2)®. This oxidative cyclizatiorhas a wide substrate scope asli¢rates
numeroussubstituents. However, 1 equivalent of palladium(ll) acetategisined for cyclization

of diphenylamines which contain electrdonating groups. Longer reaction times and 2
equivalens of palladium acetate are required for strong eleetvithdrawing groups such as NO

or COOH. In addition, othdransition metals such as iramdmolybdenumhave beemsed for
the synthesis of carbazole nucleusd some of these metals such as palladitenrecoverable.

The Pd(0) species generated can be reoxidized to Pd(ll).

R2
©\ 1-2 eq Pd(OAc), O Q
N HOAC, reflux
I N

Y

H R2 (60-80%) |l| R2
26 27
B ] A
! LL |
! Pd R? !
L [Pd(IN)] @ :
[ > ITI [
H R?

Scheme2. Synthesis of carbazole by palladitmediated cyclization of diphenylamine.

Another example for the formation of ring B is the cydhbydrogenation of diphenylamines,
Scheme3. Lin et al.reported® the synthesis of-{benzyloxy)}3-methyk9H-carbazoled2 through
cyclodehydrogenatiornof diarylamine 31. The starting material used washydroxy-4-
methylnitrobenzen®9. The hydroxyl group o9 was protectedas a benzyl ether and the
nitroarene produced was reduced to the corresponding &Mikksing Buchward conditions, the

9



key intermediate?2-(benzylxy)-4-methykN-phenylaniline31, was obtained by amination &-
(benzyloxy}4-methylaniline 30. Oxidative cyclization ofdiarylamine 31 with palladium (II)
acetate in acetic acid gave the carbaBilan 32% yield(Scheme 3 The low yield of the
synthess of this carbazole waattributed tothe electrordonating effects of the methyl and
benzyloxy substituents in the benzene #ingnolker and ceworkers also employed a similar
strategyin their total synthesis of naturally occurring compounds possessing a cabazole.nucleus

Kndlker and Reddy summarideome of this work in a recent review (see reference 26).

Me Me
Me
sz(dba)3, PPh3
1) BnBr, Na?H 18-crown-6, NaOt-Bu
DMSO (86%) » N
HO . OBn
2) Fe, H,0, NH4CI Ph-l, THF, 40°C Ill OBn
reflux (83%) NH; (93%)
29 30 31

reflux (32%)

Pd(OAc),, HOAc O
- O

32
Scheme3. Palladiummediated synthesis afsubstituted carbazole.

1.4.2Synthesis of carbazoles through the formation of ring C

An alternative approach to the synthesis of carbazoles involves the formation of ring C on a
preformed indole nucleus. This strategy holds promigmgto the commercial\ailability of
variousindoles.Reactions such as metatalyzed, cycloaddition, electrophilic cyclization and
threecomponent reactions have been used for the formation of rofg&bazoleDash and co
workers reported the synthesis of carbazeiesa metathesis reactiomsing Grubbs cataly€t
(Scheme 4. The reaction was initiated with oxoindd@8 and ally magnesium bromid4 in the
presence of Grignard reagents to generatiy2and 2,3disubstituted diallyl indole derivativé®

which later undexentring-closing metathesis in the presence of Grubbatalystfollowed by
2,3-dichloro-5,6-dicyancl1,4-benzoquinon€DDQ) oxidaion to give carbazoles86 (Scheme4).

This synthesigighlighted Grignard addition to substituteddXoindoles as a tool for synthesis of
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carbazole€. The substrate scope for this reaction is not general. One of the limitations for
Grignard reaction ihiat it cannot take place in presence of water or acidic proton satdohsls

or thiols as this can destroy the alkyl magnesium hal@eindoles whictpossessacidic protons
alsocannot be used in this reaction.

34
. 1. Grubbs | Catalyst
R I N o V\MgBr R CH20|2, rt, 8 h R_l N
o — > R > |

= =
N THF, rt 2.DDQ, EtOAc N
RY t, 8 h R

33 36

76-94% yield

R= Me, Cl, OCF3, CHO R'= Me, Bn

Scheme4. Rutheniumcatalyzed olefin metathesis on dially indoles.

Another reaction used for formation of ring C in carbazoles is the cycloaddition readiicin
employs mild conditions as seen $theme5. Wu and ceworkers reported the synthesis of
benzdgc]carbazole39 via the DielsAlder reaction of aryne87b (generated fronB7g) and 2

alkenyindoles38. By controlling the conditions of the reaction, carba8levas obtained in good

yields”.
0" Q)
I/ N 2
38 R' N O R
| - RT
37b

TMS CSF, C32CO3, 02
©i MeCN/toluene (4:1)
OTf 100°C

71-95%

37a

Schemeb. Synthesis of benzocarbazolesing the DielsAlder reaction

Scheme6 also represents a cycloaddition reaction where visible-tiglien photocatalytic
reaction was used. Under LED irradiation at room temperature, highly functionalized carbazoles
43 were synthesized from ethykd#omo3-(1-methyt1H-indol-3-yl)-3-oxopropanoatetO and
alkynes41 proceeding through intermediadé®’. Despite the reaction time of 20 hjgreaction
employs mild reactiomonditions as the reaction proceedsoom temperature and uses visible

light with fewer substrates
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0 COOEt
Br R' fac-Ir(ppy);
‘ ‘ blue LEDs
N + i Na,COs
Me 20 h
40 41 up to 90% vyield

o  COOEt ] HO,
¢ e
R ®
N R2 N R2
I\\/Ie Me
42 - 43

Schemes. Ir-catalyzed [4+2] annulations fearbazole synthesis.

Moody et al. develope® a general synthetic route forakygenated carbazoles using indate

carboxylic acid44 as the starting materialhe first step involved the conversion of carboxylic

acid 44 to methyl esten5 via the action of methanol in the presence of concentratipdusic

acid. Claisen condensation of the indole egtewith 4-methylbutyrolactone to yield lactordé

is one of the key steps in this synthesis. The lactomgerwentalkaline hydrolysis and

decarboxylation to afford alcohdl7, which wasthenoxidizedwith pyridinium chlorochromate
(PCC) to form aldehydd8. Aldehyde48 was subsequenthgsubjected to a Lewis ac@ksisted

cyclization furnishing Murrayofoline A49, as shown inScheme 7 This compound was

synthesized over five steps in 25% overall yialdich is low and attempts to extend this

methodologyto the synthesis of other carbazole alkaloids such-peeRylsubstituted carbazoles

were unsuccessful due to decomposition of the corresponding aléglyribr to Lewis acid

assisted cyclization.

N COOH MeOH
” conc. HZSO4

(96%)

44
HO Me
H,O, NaOH PCC, NaOAc
_— >
dioxane (73%) N CH,Cly, rt (83%)
H 0]
47
Me
BF;-MeOH O
rt (580/0) O
> N OMe
H

49

4-methylbutyrolacetone

mcoom

A\
NaOMe, dioxane N 0
110 °C (72%) 4 N

Me

OHCjé
o

48

Iz

Scheme?. Synthesis of Murrayofoline A (carbazole) by intramolecular electrophilic substitution
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1.4.3 Synthesis of benze]carbazoles

Methods that are employed for the syadis ofcarbazolecompounds vary from polar or ionic to
radical to pericyclic type of reactiofis One example for the synthesis of beajcdrbazoles
which was reported by Rogers and Corsowlvesreacting arylhydrazine hydrochlori&® with
Utetralone51 forming intermediaté?2, 5,6-dihydro-11H-benzop]carbazolé®. Dehydrogenation
of this intermediate with DDQ in refluxing benzene provideti-bienzof]carbazole53. This

methodforms a carbortatbon bond CAC5 of carbazol&b?®.

oA )
HCI, HOAc O
reflux N

H
50 NHNH,CI 52

N NN
DDQ, benzen Q R=H, OMe
reflux N
H
53

Scheme8. Synthesis of benza]carbazole

Kulagowskiet al° achieved the synthesis bénzop]carbazolewia photochemical means. This

was exemplified by the synthesis@#H-Benzop]carbazoles5 from benzotriazol®4, which can

be prepared using Graetéllman synthesis. Subjected to a flash vacuum pyrolysis (FVP) at 640
a B.94x 10 atm, compoundss yieldedthe 1H-benzop]carbazole$6 and57in 32 and 2%6

respectively’ Indenoquinolinés8 was also produced along with the two carbazoles in 23% yield.

This synthesis routeequires harsh conditions andeads to the formation ofsomeric

benzocarbazofe
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Oy
W Me
N MeCN, hv _ é Ve
Me (24%) O / O 640 °C
N
9@ s

54
O ¢ (~ O y
N N “>Me
H Me N
56, 32% 57, 24% 58, 23%

Schemel. Synthesis of benza]carbazole using FVP.

Here at Wits University, the key step used in our synthesis of carbazoles involved a novel light
assisted base mediated reaction which enabled thatiomof carbazole, by forming the carbon
carbon bond between-& and G4 of compoundsb as the last steprhis unique cyclization
reaction is thought to take plagia photoenol intermediaté. There are several methods for the
synthesis of benza]carbazoles and pyrido[2&carbazoles but none of these methods reported

the formation of the carbecarbon bond (C&4 bond) in carbazolgb which is the final step

In the routethatwas used at Witandole2-boronic acid60 was synthesized in twoegis from
indole59 (Schemel0). The boronic acid underwent Suzuki coupling witbpyridine61to yield
compound62. The Suzuki Coupling reaction, a palladium catalyzed reaction, is one the main
reactionsused in our laboratories féne synthesis of thescarbazole compounds. This reaction is
commonly used for the synthesis of biphenyls, gméfins and styrenes as it forges a new carbon
carbon bontf. Boronic acids are commonly available, lessa@ad environmentally friendly. In
addition,other requisiteeagents for this reaction are easily prepared and relatively cheap and the
reaction conditions are relativelynild. Palladum based catalysis is importam the
pharmaceutical industrfor forming carborcarbon bondsDue to these reassnthe Suzuki

coupling method is preferred over other similar coupling reactions.
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Compound62 was then transformed to compoufid in three stepsncluding a formylation
reaction. 3Formylindoles are versatile starting materials for the syrghet many indole
derivatives since their carbonyl group can readily undergo a variety of transformations such as C
C and GN coupling reactions and reductidhsCompound63 is suitable to undergbBuOK-
mediatedphotocyclizationas developed by de Koning and cofjeaaswhere an aldehyde and
methyl functionalgroups are requiredindeed, exposure @3 to de Koning conditions gave
carbazolé4 (Schemel0). Thesynthesis of carbaza®4 proceedec good overall yield in only

sevensteps from indol&9'8.

Br
B
Pz
R! R! OH 1
A\ two steps N\_g’ 61 R N N—=
—_— | N\ /
N EOC OH  10% Pd(PPha), [él
Na,CO3, DME oc
59a-b 60a-b aq NazLUs,
2 62a-b
0
N\ . .
R KOBuU', DMF R C
three steps N\ N= hv, 70-80 °C O 7\
— v\ N N=
R2 R2
59a, R' = OMe, 63a-b 64a, R'= OMe, R2= Me, 77%
59b, R'=H 64b, R'= H, R?= Me, 78%
R2=H, Me or Bn 64b, R'= H, R?>= Bn, 75%

SchemelO. The reaction scheme that was used to synthesize carbazoles at Wits University

1.5 Aims and Objectives

Results obtained in previous work about the cytotoxic activity and antitumor effi@énayious
ellipticineanalogsndicated thatarbazolesvith anoxygen containing functiongroup at position
9 (position 6 of compoun8b) exhibit more cytotoxic activity against certain cancer ageligtro

andthese compounds can be oxidizeth reactive compounds

Inspired by this work and the work of de Koning andrarkers®, we hypothesized that having a
methoxy group at position 8 of pyrido fused carbazbtewill improve the biological activity of

carbazolesThis stems from the adization thatcompounds bearing an oxygen functional group
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such as hydroxyor methoxy para to the carbazole5 nitrogen atom under physiological
environment sufferO-demethylation followed by oxidation furnishing the highly reactive
iminocyclohexa2,5-dienone fragmené6 (Scheme 11athat attacks biomolecutdeading to cell
death.

The project was aimedt the synthesis of pyrido fused carbazoles bearing a methoxy gtoup
position 8starting from Bmethoxyindolés9ausing methodologies that halveen previously used

in our latloratoriesand by other chemisté&nother objective was to synthesize these compounds
while changing the position of the nitrogen atom on d¢hebazolewhich is a function of the
structure opyridineused in the Suzuki couply reaction

In this work, we planned to synthesize variousn@thoxy pyridefused carbazole&4a from 5
methoxyindole3-carbaldehyde substate3a using the lightassisted, basmediated
intramolecular cyclization reaction as the key steforming ringC using the reaction conditions
provided inSchemellb. The 5-methoxyindole3-carbaldehyde substratean be synthesized

from 5methoxy indolés9ain of six steps.

N
H
65 66
o)
H
MeO . MeO KOBu!, DMF  MeO O
Oy =20 e T
b. N _— N hv, 70-80 °C N
H R 10 min R
59a 63a 64a

R= Me or Bn

Schemell a) Proposed oxidation of-Bydroxy ellipticine under physiological conditiors); the

key reaction in th@lannedsynthesis of pyriddused carbazolderivatives
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The plannedsynthesis of these compounds &ewith the synthesis of ¢ltert-butoxycarbonyh
5-methoxy1H-indol-2-yl)boronic acid60a which involves protection of indol&9a into Boc-
protected indol&8, followed by the synthesis of tl{s-methoxy1H-indol-2-yl)boronic acid60a
(Scheme 1%

B tecti MeO Boronic acid
@ oc pro ection \ formation mB
Boc
Br
\ B + >N Suzuki coupling
| ¥ reaction

> —_— >

R N_Y
69 Boc

CEQTR
(@)
H
—_— >
” N\ /
72
Photochemical
Methylatlon reaction MeO O A\
—_—
N, N=/R
75 \

OR
Photgchemical MeO
reaction AN
—_— =
N Nﬁ\R
76

Boc removal
_—

Benzylatlon

Bn

o
Debenzylatlon A\
N=' R

Scheme 12The reactions used in the synthesis of pyrido fused carbazoles, where R represents

different substituents on the pyridine ring.
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The boronic ad would then be coupled with varioustomo3-methylpyridines69, which
should leado biarylindoles70. The protectig group would then be removegielding compound
71 where a formyl group wuld be installed forming carbaldehyde substraf@s Another
protecting group wuld be installed before doing the ligassisted, baseediated cyclization
reaction whichwe anticipatedwould yield carbazole74 or 76 from the protected carbaldehyde
compound/3 or 76. Removing the protecting group from the pyrido fused carbazaaklwield
compound/7 asshown inthe reactiorbchemel2 below.
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Chapter 2

2. Results and Discussion

2.1 Boronic acid synthesis

The synthesis of pyrido fuse8-methoxycarbazoles64 began with the synthesis dhe
correspondingboronic acid after protecting5-methoxyindole 59a with tert-butoxycarbonyl

group Following the procedure reportbg de Koning and cavorkers(Schemel3)*8, 5-methoxy

indole 59awasreacedwith di-tert-butyl dicarbonate in the presence of dimethyilaorpyridine
(DMAP) giving theboc-protected Emethoxy indole58 as a white solid in quantitative yiel@ihe

'H and®*C NMR spectra obtained confirmed the successful synthesis of this compound. A peak at
1.49 ppm which integrates for 9 protons anddisappearance of the broad NH peaal8.03 ppm

in the'H NMR spectrumwas observed Three new peaks were also observedhie °C NMR
spectruma 3 x CH peak at 28.2 ppnthe carbonyl carbon at 155.4 ppm and quaternary carbon
at 83.5 ppm.The Boc-protectel indole 68 was then transformed t(b-methoxy1H-indol-2-
yl)boronic acid60aupon treatment with LITMP and B(OR followed by acid work upo give

the desired boronic acidvhich was used in theubsequenSuzuki coupling reaction without
further purification or characterizatiomhe Boc group is one of thB-protecting groups thas

used to effect metal stabilization at position 2 of the indole nucleus by lone pair donating properties
of the protecting grup to allow directedrtho metalation (DOM effect) In other wordsthe
protecting group assists in-Z lithiation. When indole68 is treated with lithium2,2,6,6
tetramethylpipedide (LITMP) at low temperatuyrgsaffordeda regioselective-Bthation product

which wasthen quenched wittriisopropyl boratehenacid work up to afford boronic ac@fa, a

2-substituted indole.

MeO gg/cl:AaF;h dride i) LITMP, -78 °C, THF
\Ej\/\> —y» MeO N\ D (B(OPr); MeO \ B/OH
N THF, overnight N > .
" Boc i) H" EOC OH
59a 68 60a

Schemel3. Synthesis obocprotected indole and boronic acid.
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2.2 Suzuki couplingreactions

The (1-(tert-butoxycarbonyhB5-methoxy1H-indol-2-yl)boronic acid 60a was coupled witha
variety ofsubstituted aryl halid®69 utilizing the Suzuki coupling reactiomhis couplingreaction
hasbeen used successfully in our group for the formationspf-Csp? bonds®. The reaction is
green, easy to perform and gives good yields and selectivitiedirst step in the mechanism of
the Suzuki coupling reaction involves the oxidative additionaigi halide to palladium(0)
complex forming a palladium(ll) intermediate. Transmetallation of theronic acid with
palladium(ll) then occurs in the preserof a base. The last step is the reductive elimination to
give the desired product and regenesttie original palladium(0) compléX(Schemel4a).

(0)
Pd(PPhj),

Br
¢\/ 2 PPh, S
N

N——\
) /\ Pd(PPhs), e
R
Boc 69
Reductive elimination Oxidative addition

L N 1
Br-pd_, W\ R
L7 (11

4
/(||)‘§_) L =PPh,
Boc

BOHRCOs), # N N&,CO,

2 Na*

MeO

Transmetalation 2
MeO
MeO N OH Na,COj N B(OH),
B CO3 —=——— N
N OH + Boc

Boc Na 60a

Scheme 14aThe mechanism for Suzuki coupling reaction
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Using the procdure and conditions Scheme 14b) reporteqf® tert-butyl 5-methoxy2-
(methylpyridin2-yl)-1H-indole-1-carboxylats 70a-e weresynthesizedh low to good yields (30

87%). The low yield fomndole 70a (30-33%) could be attributed to use pfeviously synthesized
Pd(PPh)s catalyst and1-(tert-butoxycarbonyb5-methoxy1H-indol-2-yl)boronic acid 60a. Not

using a freshly prepared catalyst and unpurified boronicraaegl havded to low yield of 70a.
However, we did have sufficient amounts of this substrate to carry on with our planned synthesis.
In fact afterseveralunsuccessfuattemptso try andpurify the boronic acidve synthesizedve
decided to purchase the requigitetert-butoxycarbonyb5-methoxy1H-indol-2-yl)boronic acid

60aas it iscommercially availableln addition,we prepared freshbatch ofPd(PPh)s catalyst

The freshly prepareBd(PPh)4 catalyst and boronic aciéDa from SigmaAldrich were used in

our synthesis of substraté8b-e, which were obtaineth goodisolatedyields.

For 70e, the low yield could be due to a competition between the two halmemifie and
chlorine) m the pyridindragment *H, 1*C NMR spectral analysias well asHRMS analysiswas
used to confirm the compounds synthesiZEte *H NMR spectra of the biarylindolega-e
showed the diagnostic methyl chemical s(fti -2.421p@m) from the pyridinmoiety, while

the methoxy chemicalshifts wer e o b s er v-288 ppant Thai peaks f8rOtheert-
butoxycarbonyl groum ppear ed b elt2Ww ppeniThe xpektted2n2mber of aromatic
protons in each compound accompanied these chemical Bbifesxampletert-butyl-5-methoxy
2-(3-methybyridin-2-yl)-1H-indole-1-carboxylate 70a, seven aromatic protons were seen in
addition to the diagnostic methghd methoxy groups at 2.24 and 3.86 ppm respectilrete
13C NMR spectrumthe methyl chemical shift from the pyridine was observed at chemical shifts
of 17.222.9 ppm thetert-butoxycarbonykarbonat 27.528.2 ppm and methoxy group at 55.7
55.9 ppm. The mass @Da-c measured wa3391708,70d 369.1986 and0e 373.1341a.u.and
they were all corresponding tbe calculatedM + H]* m/z values (i.e70ac at 339.1703 70d at
369.1809and 70e at 373.1313 respectively) These resultproved the success of the Suzuki
coupling reactios for these substrates
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10% Pd(PPh3)s  MeO

MeO OH Br —
m‘a’/ + [ ] NaxCOyKsPO,, > v
N OH NG - = N ONTR

Boc R DME, 70 Boc
60a 69 reflux, 18 h
MeO \ __ MeO \ — MeO A\ —N
\ /
N \ / N \ N N N\ /
Boc Boc Boc
70a, 30-33% 70b, 83% 70c, 78%
Cl
MeO N =N MeO _
OMe N
N \_7 N A
Boc Boc
70d, 87% 70e, 47%

Schemel4b. The conditions for Suzuki coupling reaction.

When usings-aminag2-bromao-3-methylpyridine69f (Schemel5a) as one of the couplinigalide
coupling partnes; the Suzuki reaction did not workhree spots werebservedn the TLC plate,

these were subsequently separated using column chromatogfaphyH NMR spectrum
analysisof the spots revealed that they belongyadine 69f, indole59a and68. Indoles59a and

68are presumably formed from deprotection (in cadgaf and the loss of the boronic acid group

(in case of69). It was thoughthatthe catalyst was rendered inactive through the reaction with
amino group, instead of the intended mise between the carberomide bond Compounds

which have labile protons such as amines might not be suitable coupling partners in the Suzuki
coupling reactior{?

The amino group of amino pyridire®f was th@ acylated in neat acetic anhydrid® forming N-
(6-bromo5-methylpyridin2-yl)acetamides9g in a very good yieldSchemel5b). In thelH NMR
spectrumaNH broad peak at 8.17 ppm and an extra methyl gro@piétppmwasobserved. In
addition, the characteristic carbonyl carb@hemical shift was observeat 168.7 ppmthus
verifying the installation of the acetyl grouphe synthesized acetami@8g was then used to
repeat the reactiorusing the sameSuzuki coupling reaction conditia (Scheme 15c).
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Unfortunately, thaeactionstill did notwork and thestarting materials were recovere. this
point, it was decided to move forward with the substrates that woilkextefore the biaryl
compound¥0a-e thatwereobtainedfrom the succesaf Suzukicoupling reactions were reacted
further in the subsequent planneactiors.

. MeO
a A B,OH 4 Br 10% Pd(PPhy),  MeO N
\ | Na,COs, DME \ ) —NH;
N OH N NH, N
60a 70§

Boc reflux, 18 h Boc

Br
Br X le)
N O O |
o, T M NN

69f 78 699, 85%

c. MeO OH BN, ¢ 10%Pd(PPhs), MeO N
D + | Na,CO3, DME \ NH
N on PPN \ 7/
NN N o)
60 Boc H reflux, 18 h Boc
a 69g 70g

Schemel5. a) Suzukcoupling reaction between indoligbronic acidé0aand 5aminc2-bromo
2-methylpyridine69f b) acetylation of amino pyridine c$uzuki coupling reaction usingdolyl-
boronic acid0aandN-acylatedamino pyridine69g.

2.3 Boc-deprotection

In order to perform the formylation reactions of compour@ise, it was necessary to remove the
Boc-protecting groupDuring the multistep synthesis of many compounds, a formylation reaction
is often necessary as the carbonyl can readily undergo a variety of transformations s«€h as C
and GN coupling reactions aneéductiond*. The NH group of indoleg9is relatively acidic and
increases the reactivity at-& position towards electrophiles. Therefore, the indolyl anion has
ambident properties towards alkylation and acylation reaéfioBsiring the formylation of
indoles, a stable mesomeric cation is forrasdeen in thBchemel6 below. The proton from the

free NH forms part of this mesomeric effect which is one of the reasons fBot@otecting

group to be removed befocenductingthe formylation reaction.
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3 _
N N- N,

H
79
Schemel6. The indolyl anionthe mesomeric effect.

Different reaction conditions from literat?é® were used to remove tBec-protecting group but
most of these conditions failed to givethe desired compouné&or example, e N-Boc group
was not cleaved inasic conditions such #&COs in methanaolwateras reported in literatufeor

acidic conditionsveretrifluoroacetic acid vasused® (Schemel?).

K,CO3
MeOH/water
x
stiratrt,4 h \
MeO —
A\ N MeO —
N N—7 R N— o
70 Boc CHCly, N N
TFA 4

X
stiratrt, 1 h

Schemel?. Boc deprotection using basic and acigiaction conditions.

After thesefailed attemptsthermolysis reaction conditions were used. This procedure waéet
as solventvhichis one of the greenesblvens. As a result, compound&a-e were dissolved in
dioxane: watel(1:9) mixture and refluxed to give compoundsa-e, as shown irSchemel8.
Some substrates reacted sloerernight)than otherg3-4 hours) TLC plate was used to follow
the reaction progreseforequenchingvith waterand workup. NMR spectroscopyas then used
to confirm the identity of the produgtFor examplethe 'H NMR spectrumwe obtained for the
sample showed @isappearance of thpeak at 1.26 ppran the5-methoxy-2-(2-methylpyridin3-
yl)-1H-indole 71c. In addition,a newbroad peak &3.61 ppm confirmed the existence af new
NH bond. Thedisappearance of the pesakt 27.6 834 and 148.7ppmas seerin the 1°C NMR
spectrum carbe attributedo the absence of theert-butoxycarbonyresiduein the productThe

HRMS dataof the biarylindole 71c was measured and found to have a mass of 239 a#h65
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which correspond® 239.117%mu [M+H*] as calculatedThis confirmed that thBocgroup was

no longerappendedo this compoundSimilar data was obtained for substrat&a-b,d-e.

Dioxane
water
Boc

reflux overnight

MeO \ __ MeO _ MeO N —N
A\
\ /
N N % N \ N N \_/
H H H
71a, 96% 71b, 55% 71c, 83%
Cl
OMe N
v A\ L/ e\
H H
71d, 68% 719, 86%

Schemel8. Bocprotecting group removal reaction conditions.

2.4 Formylation reactions

With the deprotected biarylindoles in hand, we proceeded to install the formyl group at position 3
of thearylindoles7l1a-e by reaction with paraformaldehyde and ammonia solution in the presence
of iron(lll) chloride to give aldehyd@&2a-c as slown in Schemel9a. An aldehydeprotonpeak
usuallyappeas in the9-10 ppmrangein theH NMR spectraFor example, sing5-methoxy2-
(4-methylpyridin2-yl)-1H-indole-3-carbaldehyd&2b, the existence of the peak®@67 ppmwith

the expected number of aromatic protomtheH NMR spectruntonfirmed that the formyl group

was successfully installe@he two doublets witld coupling constants of 2.0 and 8.8 Hz and a
doublet of doublet witll coupling of 8.8 and 2.2 correspond to the anisole ring protons and the
disappearance of the aromatic singlet at 6.45 ppm which corresponds to position 3 of the starting
biarylindole 71b ruled out the possibility of the formyl group beingstalled on the anisole
fragmentThe3C NMR spectrum shoada peak al85.8 ppm, characteristit a formyl carbonyl

25



group in addition to the biarylindole peaks at 151®3.2 ppm (aromatic), 55.9 ppfmethoxy)

and 23.2 ppm (methyl group®ome of theyields were disappointingly loranging from 23

67%) The low yields can possibly be the result ofocdination between iron metal and the
nitrogen atom of the indole fragment. Considering that welstd| three or four steps ¢@nduct
before reaching our final target compound; we decided to try a different formylation procedure

thatcould give improved yields

© H
MeO — HCHO, FeCl
\ Do i, S MeO N= R
a. 4 o M3 o N\
N N—/"R > N\ /
H DMF, reflux H
71 (1-3 h) 72
MeO i) POCl; DMF ° H
- 0
b. N— 2 35°C, 1h . MeO { MN=R
N NTR ii) ice, 2M NaOH \ 7
71 reflux, 30 min H
72
o)
H
MeO MeO N —N MeO
N N\ /
H
72b, (48%) 72c, 88% (23%)
o)
H
MeO MeO —
N N
N N\ /
H cl
72d, 76% 72e, 90%

Schemel9. Formylation of biaryl indolesia a) FeCi-mediated reaction, BjilsmeierHaack

reaction. The yields for the FeGhediatedormylation reactiorare shown irparentheses.
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To improve the yields of our aldehydes ampliedthe Vilsmeief Haack reaction, with has been
used successfully in the Organic Laboratories here at Wits Univ&r§ibflowing the procedure
reported in our grouf, the biarylindoleswere formylated using DMF in the presence of
phosphorous oxychlorideThe reaction conditions irScheme19b were used to synthesize
compound72d and 72e which wereobtained in very good yields of 76 and 90% respectively.
Using the same conditionS¢hemel9b), yields for compoundg2a and72c werealsoimproved

to 89 and 88%respectively.The conversion of1b to 72b via the VilsmeierHaack formylation
was not successfulVe isolated acompoundwvhose identity we could not ascertain (i.e. sahe
the expectegeaksfor 72b aremissing) Some of the notable peaks that were missing inchugle t
methyl group from the pyridine residu€he CH peakwhich is expectedairound2.5 ppm in‘H
and 57.0 ppm inhe 3C NMR was not detectethh summarywe had tosettle forthe 48% yield
we obtained when using the Fe@lethod for this substrai#b.

2.5N-Alkylation reactions

The step before thatramolecular cyclizatiom the synthesis gfyrido fused carbazoles was the
protectiononce agairof the NH of the indole moietyAbstractionof the hydrogeratomfrom the

N-H bond of indolegan occuin presence of concentrated aqueous alkali or in systems containing
stronger basés Potassiuntert-butoxide is a strong base whiabutd remove the proton from the

NH of the indole nuclesileading to side reactions occurring on the NH position instead of the
desired positions. Indole structure has 4 reactive sites or positions namabgi@@t h eC2--

C3 bond,the C2-N s bond and thendole nitrogen atom ¥. Three of these sites are already
occupied leaving us with thiadole nitrogen positionTherefore as the nitrogen attached to the
hydrogen of the indole can undergo reacpastection of the NH is required preventa reaction

from occurring at that positiohis was achieved by reacting compoufith with potassium
hexamethyldisdzide solution and ethyl iodideunder the conditions stated $theme20. The
desired methylated produé8 was obtainedn ayield of 57%.The disappearance of the broad
peak at 9.6 ppm in the'H NMR spectrumand an extra methyl peak at 3.57 palong with the
expected aromatic protons and aldehgoefirmed that the protecting group was installed. A new
peakwhich appearedit 33.2 ppm was seen in th€ NMR spectrum The HRMS measuckfor
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73 was 2811307amu which corresponedto [M + H]" calcdatedvalue 0f281.1285 a.uor indole

derivative73.

(0]
H

KHMDS, MeO N—

MeO Mel N\
. ¢\ s
THF, -78 °C \
1-3h
73, 57%

Scheme20. N-Methylation of biaryl indoler2a

As we wised to removehe N-protecting group after performirtge key photochemicainduced
ring closurereaction,a N-benzyl group wasilso considerethstead of methyl group as the NH
protecting grouginceN-methyl group is not easily removedompound 72a-e werereacted with
potassium hexamethyldisilizidelsition and benzyl bromidsimilar conditions as thexample
above with methyl iodide replaced with benzyl bromigcheme21) to afford indole74a-e. The
aromatic peaksppearing between.07 - 7.20 ppm anddoubles integrating for theCH> of the
benzyl substituenat 510 and 4.96pm (J = 16.2 Hz)were seen in théH NMR spectrumfor
compound74c. In the 3C NMR spectrum a peak a#7.8 (CH) and the extra aromatic peaks

confirmed the succefs installation of theN-benzylsubstituent onto indoer4a-e.
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Scheme2l. Benzylation ofcarbaldehydeompounds.

2.6 Light-mediated intramolecular cyclization

Having obtained compound8 and74a-g, the stage was set for the ligdgsisted, basmediated
intramolecular cyclization reactionnp form the desired pyrido fused -Biethoxycarbazoles.
Indeed,treatmentof methylatedindole 73 or benzylated indoleg4b-e in DMF with potassium
tert-butoxideand irradiation fronramediumpressurenercury lamg450 W)asshown inScheme
22resulted in the formation afarbazole§5 and76b-ein good yieldsEvidence for the formation

of the desired products was obtained from the NMR spdatreexample,ite 'H NMR spectrum

for compound76c showsthat the aldehyde and methyl group from the carbaldehydedeen
replaced by two doublets at 8.37 and 7.94 ppm 8.7 Hz) which can be assigned to the 2 new

aromaticprotonsresultingfrom the cyclization reactiormhe HRMS expectetbr compoundr6c
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was 339.1492 and 339.15a6u was found which corresponds to [M +H$imilar changes were
also observéfor other substrates, thus confirming the successful formation pftido fused 8

methoxycarbazole§5 and76b-e.

0}
e § 1
MeO
MeO

N\ N= KOBu!, DMF J
N\ X oo N='R

N /R hv, 70-80°C N

R, 10 min Rq

73, T4b-e 75, 76b-e

75, 63% 76b, 70% 76c, 79%

<
]
O
| =
o
<
®
<
]
O
bS
7
z

n Bn

76d, 88% 76e, 63%

Scheme22. Reaction conditions for cyclization reaction.

2.7 Debenzylationreaction

After syrthesizing our desirepdyrido fused 8methoxycarbazole§6b-e, thebenzylgroup from
some of thecarbazolesvas removedThe removal of the benzyl protecting groafp76b-e using
the reaction conditions provided@theme23belowgave debenzylated pyrido fusedr&thoxy
carbazoles7b-d. Treatment of76b-d in DMSO with potassiuntert-butoxideand bubbling the
solution with oxygen gas led to the desired debenzylated carbakioéeisappearance diie two
protons(CHy) of the benzyl substituert 51 ppm,the aromatic protons/(0-7.75ppm)and the
appearance of NH peak atound 9.00ppm (12.01 ppm for77d) in the 'H NMR spectrum

confirmed the successful removal of the benzyl group from our pgodtainingcarbazols.
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This conclusion was supported by tisappearance dhe peaks a##9.5ppm(CH.) and 125.8
132.9 ppm(phenyl carbons)in the 13C NMR spectra The mechanism for the removal of this
protecting group is shown Bcheme24. Thefirst step of the mechanism involvestassiuntert-
butoxide deprotondbn of the protecting group forming a benzylic anid@. While bubbling
oxygen in the reaction mixture, the newly formed benzylic anion will react with the oXjygen.
intermediateperoxy anion80 is then reduced by DMSO to form ani@t which results in a
reacton to afford benzaldehyd83 andthe desireddeprotected carbazok?. Quenching the
reaction with saturated ammonium chloride then gave the pjusal carbazol&7 which was

supported by the NMR data as stated above.

o)
NJ 02 rt N N/J
n H

10 min

77b, 71% 77c, 55% 77d, 96%

Scheme23. Debenzylation reaction condition of carbazoles.

31



Aqg. workup MeO O N
— N
PRaW

Scheme24: Reaction mechanism for debenzylation of carbazoles.
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Chapter 3

3. Conclusion and Future Work

3.1Synthesis of carbazoles via boronic acid route

In summary, we were able to synthesize the pyrido fused carb&faleswhile changing the
position of the nitrogen atonolfowing the procedure reported by de Koning andvookers®.
The synthesis of pyrido fused carbazaebkievedn sevenstepgexcluding debenzaylatiorfjom

the 5methoxyindole59a using the lightassisted, basmediated reaction as the key step in the
synthesis of these compound3o the best of our knowledg¢he synthesis of pyridfused
carbazoles with theitrogen atom at diffieent positions of the pyrido moietya the formation of

a new bond G-C4 has not been reported befor€imilar compounds have been repo?téy
however, the synthesis of these compounds utilized different routes, formation of@éwrls.
Lescot et af® reported the synthesiga formation of C1Cla bond while Pelapraet al®
reported the gythesis with formation of bond G&4a. Carbazolewith the nitrogen atom at
position 1(figure 2) of the pyrido fusedcarbazoless the only carbazolef this naturethat is
reported in literature by de Koning andworkers®. We have managed to synthesize carbazoles
with thenitrogen atom at position, 3 and 4of the pyrido moiety as shown compoundbc, figure

2 (Section 1.3, page)3

With different substituents in the pyrido moiety and the oxygen containing functional group at
position8, these compounds migtisplayanti-cancer properties. As it has been reported before
that compounds bearing an oxygen functional graumethoxypara to the carbazole nitrogen
atom under physiological environmeniffer O-demethylatiorfollowed by oxidation furnishing

the highly reactive imonocyclohexa5-dienone fragmenthose attacks biomoleculésading to

cell death?* For future work, these coropnds will be synthesizesh a larger scale and will be
sent to Wits Medical School for testing against different cancer cell lines.
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3.2 Future work

The project will benefit immensely from a fewer number of steps required to get to the final
product. The current route to the final, debenzylated pyrido carbazbteguire eight steps, four

of which are potection/deprotection steps. We think this could be achieved if we make use of C
H activation, to install the requisite pyridyl substituent at position 2 of an unsubstitatethbxy
indole59a An obvious choice is the Catellani reaction, which has bleewrsto couple indoles

with iodobenzene, among other substitu&rts Thus 5methoxyindole 59a could be directly
coupled with suitably substituted pyridine analogb@to generate biaryl indolél (Scheme 25
Formylation and protection could lead tongpound75, which could be cyclized t@6 using the

de Koning method. Debenzylation will give the unprotectedeBhoxypyridecarbazoles§’7.

\ \GN " N R
N Pd(II N \_/
H 71 H

X= BrorI

Formylation and  MeO MeO
protect|on / Rlng closure
Y
N N_’\/R

76 R

Scheme25: Proposedchemausing the Catellani reaction route

We have undertaken some preliminary studies to work out the feasibility of the proposed route.
Using the reaction conditions that were reported in literéthyeBach and cavorkers, we setut

to testthis reaction. Using iodobenzei®® as the aryl halid, 5methoxy indole59a, DMA/H0

as the solvenPdClx(MeCNY), as the catalyst antbrbornene34 as cocatalysts, the reaction gave

us a produc86 with a yield of 51%.
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[ PdClz(MeCN)z,
MeO K,CO43 MeO
N DMA, H,0 (0.5 M) N
59a H 85 70-90 °C, 24 h ge H
Scheme26. Test reaction conditions.
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I // [
NH
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f1 (ppm)

Fig 9. IH NMR spectrum of Enethoxy2-phenyt1H-indole synthesized using Catellasaction.

Examination othe'H NMR spectrunindicated that there weten aromatigrotonsbetween 6.75
and 8.50 ppmvhich corresponds to the number of expected protoaddition to the characteristic
methoxy peak at around 3.85 pphis meant that the reactitldworked. A methyl group next
the newly constructed-C bond is required for ouial step which is the ligh&ssisted, base
mediated cyclization reaction, therefore we coatempt the next reaction withrmethoxy2-

phenytlH-indole 87 synthesized as it lacked the methyl group which is a requirement. Using
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different substrates whichave methyl groumrtho to the halide, more test reactions

performed. Several substrates were used as shown in table 1.

Table 1: Reaction conditions and substrates used in the Catellani reaction.

were

RUN X-R (X= Bror ) CONDITIONS YIELD
1 I 24-48 h, 126130 °C, | -
\©/ DMA, H20 (0.5 M)
2 ~ 24 h, 90 °C, DMA, | -
I
H.0 (0.5 M)
3 - 24 h, 126130 °C__ | 8%
I
DMA, H,0 (0.5 M)
4 | 48 h, 120130 °C, |-
(0]
@( ~ DMA and HO
5 ~ 24 h,120130°C, | 15%
I
DMA, H-0
Cl
6 I 24 h, 90130°C, -
w DMA
N
H
7 I 24 h, 126130 °C, | -
w DMA, H20 (0.5 M)
N
H
8 I 24 h, 126130 °C, | -
N7 DMA, H20 (0.5 M)
|
=
9 24 h, 126130 °C, | -

DMA, H20 (0.5 M)
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Several reaction conditions (varying time, temperature and solvent mixturespstedn order

to establishif the reaction works anil it does,to improve the reaction yield$hus,2-iodo-1,3
dimethylbenzene was used as the starting matera#r tle same conditiorss shown oscheme

26. The reaction did not workiVe speculated thatesic hindrancecould be theeason for the
failure of thereaction. Asubstratecontaining one methyl groumthoto a chlorine atomvas then

used. Using ‘bromo2,4-dimethylbenzene, the reaction still did not work. Increasing the
temperature from 90 °C to 12AB0 °C while keeping everything else the same led to a low yielding
product (8%) which was a great improvement. Encouraged by these results, more substrates were
used. Unfortunately, most of the reactions did not work, only starting materials were recovered.
For the reactions that worked, the yields were too low for us to move to the next step. From
literature, iodobenzene was the only aryl halide reported. Alidés were mostly report&cnd

the reactions were successful.

Bach and ceworker$? speculated that the reaction starts froNipalladation where
aminopalladation intermedia&y is formed from the indol®9a norbornend34 and palladium
catalsyt. A subsequent-& activation step then follows where the palladacyg8es delivered.
Oxidative addition into the alkyl bromide then occurs and it also the rate determining step which
upon reductive elimination and norbornene egjul leads td\-palladaindole91. Protonation
reaction then furnishes the final product and regenerates the Pd(Il) $pétiess seen iScheme

27.

In summary, we were not able to synthesize the desired carbazole compounds using the Catellani
reaction conditions reported. Catellani route is a better choice or route since as it is two steps lesser
than the Suzuki coupling route. The first step being the dirddt &tivation and € bond

forming while on the other rout&oc protection followed by borac acid synthesis is required
before you can form the newCbond using Suzuki coupling reaction conditions. In future, more
research or investigation on the Catellani reaction should be performed and different palladium

containing catalysts should bevestigated.
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Scheme27. Catalytic cycle of the Catellani reaction on indoles.
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Chapter 4

4. Experimental

4.1 General experimental procedures

The reagents were purchased from ACE Chemicals or Sigjiaiéch Merck and were used
without further purification. All solvents except idimethoxyethane(DME) and N,N-
dimethylformamide (DMF) were distilled under nitrogen atmosphere prior to use. Purifioétion
reaction products was achieved by flash column chromatography on EM Reagent silica gel. Thin
layer chromatography was carried out on EM Reagent 0.25 mm silica ¢e€l pétes.
Visualizaton was achieved with UV light,imitrophenylhydrazine (DNP) an@urcumin stains

NMR spectra were recorded on a Bruker AvaB06 and Bruker Avane400 and were measute

at 300 or 400 MHz fotH NMR and 101 MHz or 75 MHz fol®*C NMR. Spectra were recorded
using CDC3 or d-DMSO as solventandreported in ppm using tetreethylsilane (TMS) as an

internal standard.

4.2 Synthesis

4.2.1Boc protected of 5-methoxy-indole
tert-Butyl 5-methoxy-1H-indole-1-carboxylate 59a

4

_0 3\
5 1 V2
6 N

7 B

°“ A round bottom flask equipped with a stirrer bar was charged %ith
methoxyindole 2.00 g, 13.6anmol) dissolved in THF and treated with-wirt-butyl dicarbonate
(3.26 g, 14.9nmol, 1.1 equiv.) and-dimethylaminopyridineX6.62mg, 0.07 mmol, 0.01 equiv.

The contents of the flask were stirred at room temperature an@egonatmosphere overnight.
Upon completiorof the reactionthe solvent was removed under reduced pressure and purification
of the crude residue was done using silica column chronagibgr(520% ethyl acetate/hexane
mixtures).The desired product was obtained adear oil that crystallized on standing tevhite

solid (1.76:3.03g, 96-99%), identical to what is reported theliterature?
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IH NMR (300 MHz, CDClz) 0 8 . 049.0(z 1H, H-7), 7.59 (d,J = 3.7Hz, 1H, H-2), 7.05

(d,J = 2.5Hz, 1H, H-4), 6.95 (dd,J = 9.0, 2.6 Hz,1H, H-6), 6.52 (d,J = 3.7Hz, 1H, H-3), 3.87

(s, 3H OCHy), 1.69 (s, 9H CO,C(CHs)s. 3C NMR (75 MHz, CDCl3) i 155. 8, 149 .
129.9, 126.5, 19.8, 113.0, 107.1, 103.4, 8355.7, 28.2Mp 77-78 °C lit. £ 76 °C].

4.2.2Preparation of N-bocindole-2-boronic acid
(1-(tert-Butoxycarbonyl)-5-methoxy-1H-indol-2-yl)boronic acid 60a

4 3

0 OH
/
2
6 N OH

7 Boc

METHOD A

In a 100 ml twenecked round bottomed flask2,6,6tetramethylpiperidin€0.87 ni, 5.15 mmol,
1.1 equiv.) indry THF (10 m_) was cooled ta78 °C undemitrogenatmosphere and treated with
n-BuLi (5.32 ml, 5.85 mol, 1.25 equiv.). The mixture was s8d at-78 °C for 10 min,then
warmed to 0°C within 30 min The mixture wascooled to-78 °C again and the lithium
tetramethylpiperidine(LITMP) generated was treated witiert-butylindole1-carboxylateb-
methoxy (.16 g, 4.69 mmoll.0 equiv.) dissolved idry THF. The contents of the flask were
stirred at-78 °C for 80 min. Freshly distilleditsopropyl borate1.62 i, 7.02 mmol,1.5 equiv.)
in dry THF was then added and treactionmixture was stirred for 30 mibefore being warmed
to room temperature. Upon completion, the reaction was quenched withawdgaridified with
aqueous 10% hydrochloric acgblution. The producb9awas extractedvith ethyl acetate and
dried with MgSQy and the solvent was evaporated under reduced pressure to afford the title

compound.
METHOD B

In a round bottomed flask, diisopropymamife2@ ni., 1.57 mmol1.21 equiv.) was dissolved in
THF and the resulting solution was cooled8 °C. n-BuLi solution(1.4 M in THF)(1.03 ni,
1.44 mmol 1.1 equiv) was then added, and the mixture was stirrd@a€ for 1530 min. To the
resulting LDA, tert-butyl 5-methoxy1H-indole-1-carboxylate @.20 g, 0.81 mmol1l.0 equiv.)
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dissolved indry THF was aded using a dropping funnel at8 °C. Triisopropyl borate1(.21
mmol, 0.35 n, 1.5 equiv.) dissolved idry THF was also added and the reaction mixture was left
to stir for60 minbefore being warmed to room temperature. Upon completion, the reaction was
guenched with watercidifiedandthe product69 wasextracted with ethyl acetate.

4.2.35eneral procedure for Suzuki coupling reactions

To a deoxygenated solution of-(tert-butoxycarbonybh5-methoxy1H-indol-2-yl)boronic acid

(1.0 equiv.) and aryl tigle/pyridine (0.7 equiv.) in DME was addged(PPh)4[ (10 mol%) under

a nitrogen atmosphere with stirring. Deoxygenated aqueous sodium carbonate solti@hg2
equiv.)or agueougpotassium phosphatg M, 2.0 equiv.)was added and a condenser asd

onto the flask. The mixture was heatedderreflux overnight. TLC was used to monitor the
progress of the reaction. Upon completion, the mixture was cooled to room temperature and
guenched with water. The product wasracted with ethyl acetate ¢820 L) and the organic
layers were combined and dried over MgStThe solvent was evaporated under reduced pressure
and the crude product was then purified using column chromatography (usb@cl@thyl

acetate/hexane mixtes).

tert-Butyl 5-methoxy-2-(3-methylpyridin -2-yl)-1H-indole-1-carboxylate 70a

Prepared from (1-(tert-butoxycarbonyb5-methoxy1H-indol-2-
yl)boronic acid(1.5 g, 5.15 mmol), 2bromao-3-methylpyridine 0.59 g, 3.41 mmol, 0.38 mL),
[Pd(PPh)4] (0.259,0.32mmol) andK3PQs (2 M, 6.87mL), a light yellow oil was obtained as the
titte compoundyield (1.06g, 91%). 'H NMR (300 MHz, CDCl3) ' 8 . 4J% 4.8Ht,d.6, 1H
H-6"), 8.15 (dJ=9.0Hz, 1H, H-7), 7.55 (ddJ = 7.6Hz, 0.8, 1H H-4"), 7.22 (dd,J = 7.7Hz, 4.8,
1H, H-5), 7.04 (d,J = 2.5Hz, 1H, H-4), 6.97 (ddJ = 9.0, 2.6Hz, 1H, H-6), 6.54 (s, 1HH-3),
3.86 (s, 3HOCH), 2.24 (s, 3KHArCHs), 1.25 (s, 9HHCOC(CH)3). 13C NMR (75 MHz, CDCls)
0156.0, 153%, 149.7,146.2,1383, 1373, 1.4, 131.4, B0.Q 1228, 116.3, 1131, 109.9 103.2,
83.0,55.7, 27.6, 19.0HRMS (ESI+): calcd. for @H22N203 [M + H]* 339.1630; found [M + H]
339.1624
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tert-Butyl 5-methoxy-2-(4-methylpyridin -3-yl)-1H-indole-1-carboxylate 70b

Prepared from ([tert-butoxycarbonyh5-methoxy1H-indol-2-
yl)boronic acid (1.00 g, 3.43mmol), 3-bromo4-methypyridine (0.25 nh, 2.29 mmol),
[Pd(PPB)4] (10% mol) anKsPQ: (2 M, 3 mL). The title compound was obtained dight-yellow
oil, yield (1.13 g, 83%)'H NMR (400 MHz, CDCl3s) i 8 . 398 4.9Hd, 1H, H-6'), 8.47 (s,
1H, H-2), 8.17 (d,J = 9.0Hz, 1H, H-7), 7.19 (d,J = 5.0Hz, 1H, H-5), 7.05 (d,J = 2.5Hz, 1H,
H-4), 6.98 (dd,J = 9.1, 2.6Hz, 1H, H-6), 6.45 §, 1H, H-3), 3.88 (s, 3H OCH), 2.21 (s, 3H
ArCHs), 1.27 (s, 9HCOC(CH)3). 13C NMR (101 MHz, CDCls) Ui 156.1, 149.7, 149.4, 149.0,
146.6, 135.9, 131.9, 131.7, 129124.5, 116.6, 113.5, 110.7, 103.0, 83.4, 55.7, 27.6, HRHS
(ESI+): calcd. for @oH22N203 [M + H]* 339.1630; found [M + H]339.1707

tert-Butyl 5-methoxy-2-(2-methylpyridin -3-yl)-1H-indole-1-carboxylate 70c

2!

/O 4 3 ' _N1'
5 \2 3 .
v A\ 7
6 7 1Boc 4

Prepared from (ltert-butoxycarbonyh5-methoxy1H-indol-2-
yl)boronic acid (1.00 g, 3.43mmol), 3-bromc2-methypyridine (0.25 nh, 2.29 mmol),
[Pd(PPh)4] (0.23 nmol, 0.26 mg andK3:PQs (2 M, 3 mL). The epectedproduct was ofained as
a yellow oil,yield (1.06 g 78%). 'H NMR (400 MHz, CDCls) i 8 . 5JZ5.0H%,d..8, 1H H-
6, 8.19 (d,J = 9.0Hz, 1H, H-7), 7.56 (ddJ = 7.6Hz, 1.8 1H, H-4"), 7.19 (ddJ = 7.6 Hz, 4.9,
1H, H-5), 7.04 (d,J = 2.6 Hz, 1H, H-4), 6.98 (ddJ = 9.1, 2.6Hz, 1H, H-6), 6.43 6, 1H, H-3),
3.87 (s, 3HOCH), 2.42 (s, 3HArCHg), 1.26 (s, 9HCOC(CH)s). **C NMR (101 MHz, CDCls)

a 157.5, 156. 75, 13M491.57131.01129392015, 116153113.4, 110.2, 103.0
83.3 55.7, 27.6, 22.HRMS (ESI+): calcd. for GoH22N203 [M + H]* 339.1630; found [M + H]
339.1708
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tert-Butyl 2-(2-chloro-3-methylpyridin -4-yl)-5-methoxy-1H-indole-1-carboxylate 70e

Prepared from (tert-butoxycarbonyh5-methoxy1H-indol-2-
yl)boronic acid(0.66 g, 2.25 mmol), 4romo2-chloro-3-methylpyride (0.38 g, 1.50 mmol),
[Pd(PPh)4] (0.17 g, 0.15 mmdland NaCGQOs (2 M, 3.0 mL), a brown solid0.28g, 47%) was
obtained!H NMR (300 MHz, CDCls) . 8 . 29©4.8H» 1H, H-6"), 8.10 (dJ = 9.0Hz, 1H,
H-7), 7.09 (d,J = 4.6Hz, 1H, H-5), 6.97 (dJ = 2.6Hz, 1H, H-4), 6.93 (ddJ = 9.0 2.6 Hz,1H,
H-6), 6.38 (s, 1K H-3), 3.80 (s, 3HHOCHs), 2.17 (s, 3HArCHz), 1.22 (s, 9HCOC(CHp)s). 13C
NMR (101 MHz,CDCIl3)i 156. 3, 151.8, 149. 3, ,1236611&€6, 136.
114.0, 110.4, 103.1, 84.0, 77.2, 55.7, 27.5, AM@ 130132 °C.HRMS (ESI+): calcd. for
Ca0H21CIN203 [M + H]* 373.1241; found [M + H]373.1341

tert-Butyl 5-methoxy-2-(6-methoxy-2-methylpyridin -3-yl)-1H-indole-1-carboxylate 70d

0 4 3 3 2_N1'
N 6 A

7 Boc 45 Prepared from ({tert-butoxycarbonyb5-methoxy1H-indol-2-

yl)boronicacid (1.00 g3.44mmol), 3bromo6-methoxy3-methylpyriding(0.20 ni., 2.06mmol),
[Pd(PPB)4] (0.24 g, 0.2L mmol) and NaCQs (2M, 6.0 mL). The product was obtained agedlow

oil, yield (0.80 g87%). 'H NMR (400 MHz, CDCls) i 8 . 089.1Hz 1H, H-7), 7.35 (d,J

= 8.3Hz, 1H, H-4), 6.95 (d,J = 2.6Hz, 1H, H-4), 6.88 (ddJ = 9.1, 2.6Hz, 1H, H-6), 6.54 (d,J

= 8.3Hz, 1H, H-5)), 6.31 §, 1H H-3), 3.88 (s, 3HNC-OCH), 3.80 (s, B, OCH), 2.24 (s, 3H
ArCHs), 1.23 (s, 9H COC(CHy)3). 1°C NMR (101 MHz,CDCls) U 16 3 155.0, 149.9,6 . 0
140.0, 138.0, 131.5, 129.9, 123.3, 116.5, 11810,1, 106.5, 102.9, 83.1, 55.7, 53.6, 27.7, 22.7
HRMS (ESI+): calcd. for @H24N204 [M + H]" 369.1736; found [M + H]369.1986.
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4.2.4Deprotection ofbiaryl indole derivatives - Boc group removal

tert-Butyl 5-methoxy2-(3-methylpyridin2-yl)-1H-indole-1-carboxylate (1.0 equiv.) was
dissolvel in dioxane (1 ml) andiater (19 ml)a condaser waditted tothe flask andhiie mixture
was heatedinderreflux overnight.Upon completiorof the reactionthe product was extracted
with ethyl acetate and puied using column chromatograpl{$%-50% ethyl acetate/hexane

mixtures).

5-M ethoxy-2-(3-methylpyridin -2-yl)-1H-indole 71a

Prepared frontert-butyl 5methoxy2-(3-methylpyridin2-yl)-1H-
indole-1-carboxylate (6 g, 0.78 mmol).The title compound was obtained asadf white solid

yield (0.18 g,96%), *H NMR (400 MHz, CDCI3) i 1 Obrs]l1H NH), 8.33 (dJ = 4.6Hz, 1H,
H-6'), 7.39 (dJ = 7.7Hz, 1H, H-7), 712(d, J = 2.4Hz, 1H, H-4), 7.01 (s, 1HH-3), 6.94 @d, J =
6.4Hz, 1H, H-5), 6.79-6.77(m, 2H, H-6 and H4'), 3.73 (s, 3HHOCH), 2.50 (s, 3HArCHs). 13C
NMR (101 MHz, CDCl3) i 1 51487,2146.4, 139.4, 136.7, 130.9, 130.6, 129.7, 121.5, 114.0,
112.0, 103.9, 102.4, 55.8, 21Mp 121-122 °C.HRMS (ESI+): calcd. for @H1aN20 [M + H]*
239.1106; found [M + H]239.1190

5-M ethoxy-2-(4-methylpyridin -3-yl)-1H-indole 71b

0= 4 5
pd 2 3
5 :
6
N
6 N
1'

7 2

- TZ oW

Prepared frontert-butyl 5methoxy2-(4-methylpyridin3-yl)-1H-
indole-1-carboxylate(1.13 g, 3.34 mmol)The product was obtained as an off white solid, yield
(0.44 g, 55%. 'H NMR (300 MHz, CDCIs) it 8 . 6 3 NH), 8.54 (s1 H{H-2), 8.36 (d,J =
5.1Hz, 1H, H-6), 7.27 (d,J = 8.8Hz, 1H, H-7), 7.16 (d,J = 5.1Hz, 1H, H-5), 7.05 (d,J = 2.4

Hz, 1H, H-4), 6.83 (dd,J = 8.8, 2.5Hz, 1H, H-6), 6.54 (d,J = 2.1Hz, 1H, H-3), 3.80 (s, 3H
OCHb), 2.45 (s, 3HArCHsz). 13C NMR (75 MHz, CDCls) U 154.5, 149.0, 148,1145.2, 134.3,
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131.§ 129.3, 129.1, 125.9, 113.1, 111.8, 104.0, 102.1, 55.9, RR&S (ESI+): calcd. for
C1sH1aN20 [M + H]* 239.1106; found [M + H]239.1149

5-M ethoxy-2-(2-methylpyridin -3-yl)-1H-indole 71c

Prepared frontert-butyl 5-methoxy2-(2-methylpyridin3-yl)-1H-
indole-1-carboxylatg1.06 g, 3.14 mmol)The title compound was obtained as brown solid, yield
(0.62 g, 83%)!H NMR (300 MHz, CDCls) i 8 br@&,1LH NH), 8.47 (ddJ = 5.0, 1.7Hz, 1H,
H-4'), 7.74 (ddJ = 77, 1.7Hz, 1H, H-6), 729(d, J = 8.9Hz, 1H, H-7), 7.19 (dd, = 7.8, 4.z,
1H, H-5), 7.12 (d,J = 2.4Hz, 1H, H-4), 6.89 (ddJ = 8.8, 2.5Hz, 1H, H-6), 6.59 6, 1H, H-3),

3.86 €, 3H, OCHs), 2.70 (s, 3HArCHs). 13C NMR (75 MHz, CDCla) & 156 . 1, 154.

136.6, 136.0, 131.8, 129.1, 128.5, 121.2, 113.0, 111.8, 103.6, 102.2, 55.8/[2360-161 °C.
HRMS (ESI+): calcd. for GsH1aN20 [M + HJ* 239.1106; found [M + H]239.1155

2-(2-Chloro-3-methylpyridin -4-yl)-5-methoxy-1H-indole 71e

Prepared from tert-butyl 2-(2-chloro-3-methylpyridin4-yl)-5-
methoxy1H-indole-1-carboxylat€0.24 g, 0.64 mmol). Thetitle compoundvasobtained as an off
white solid (0.5 g, 86%) 'H NMR (400 MHz, CDCIs) U 8 . 3 QNH), 8.17 (dU#H5.0 1H,
H-6'), 7.26(d, J = 8.8 1H, H-7), 7.23 (d,J = 5.1, 1H H-5'), 7.05 (d,J = 2.4Hz , 1H, H-4), 6.87
(dd,J= 8.8, 2.5 1H, H-6), 6.61 6, 1H, H-3), 3.80 (s, 3HOCH), 2.51 (s, 3HArCHs). 13C NMR

(101 MHz,CDCIls)u 154 . 7, 153. 3,13104189.84128.8112232, 114.3, 111 B314 .
105.6, 102.2, 55.8, 17.84p 172173 °C.HRMS (ESI+): calcd. for GH1sCIN2O [M + H]*
273.0789 found [M + HJ 273.0910
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5-M ethoxy-2-(6-methoxy-2-methylpyridin -3-yl)-1H-indole 71d

Prepared from tert-butyl 5-methoxy2-(6-methoxy2-
methylpyridin3-yl)-1H-indole-1-carboxylate (0.49g, 1.34 mmol).The desired product was

obtained as an off/hite solid(0.24 g, 68%) 'H NMR (400 MHz, CDCl3) i 7 . 9 7 NH),s , 1H
7.53 (d,J = 8.4Hz, 1H, H-4), 7.19 (d,J = 8.7Hz, 1H, H-7), 7.02 (d,J = 2.4Hz, 1H, H-4), 6.79

(dd,J = 8.8, 2.4Hz, 1H, H-6), 6.56 (d,J = 8.4Hz, 1H, H-5), 6.41 6, 1H, H-3), 3.89 (s, 3H NC-

OCHg), 3.79 (s3H, OCH), 2.53 (s, 3HArCHz). 13C NMR (101 MHz, CDCls) it 162 . 8, 154
154.1, 139.5, 136.7, 131.4, 129.3, 121.1, 112.3, 111.5, 107.7, 102.7, 102.2, 55.9, 53\ 23.6
224225 °C.HRMS (ESI+): calcd. for @GH1eN202 [M + H]* 269.1285 found [M + H] 269.1408

4.2 .5Formylation reaction

METHOD A

A round bottomed flask equipped with a stirrer bar was chargetd substituted indole1(0
equiv.), paraformaldehyde (1.0 equiv.), 2%#ueousammonia solution (2.@quiv.), iron (Ill)
chloride 0 mol%) ad DMF (510 mL). The contents dthe flask weréheated uder reflux at
130 °C under open air. Upon completion of the reaction, the mixture acsated to room
temperaturediluted witha saturatedqueousodium chloride solution (10lm and 0.5 M ageous
hydrochloric acid solutioff2 mL) andthen extracted withethyl acetate (¥ 7 mL). The organic
layers were collected and washed veitfueousodium bicarbonate solution and saturat@deous
sodium chloride solution, dried over Mg®@nd concentratednder reduced pressure. The crude
compoung werepurified usirg column chromatograph®-20% ethyl acetate/hexane mixtures)

for smallscale reactiongreparative TLC was used as a purification technique.
METHOD B

Phosphorus oxychloride (1.1 equiv.) was added drepwo dry DMF (4.4 equiv.) at @C? The
resulting mixture was warmed to room temperature and treated withtt8/Ipyridin4-yl-5-

methoxy1H-indole (1.0 equiv.) in DMF. The mixture was heated t¢G%and left stirring under
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nitrogen atmosphere f&0 min.After this time, ice wa added and the irture wasmade basic
with 2 M aqueous sodium hydroxide. The mixture was then heatgerreflux for 30 min. The
mixture was cooled and tloeganic layer was extracted witthyl acetate (3 20 mL), dried over
MgSQs and purified using mixtures of 280% ethyl acetatdnexane followed by 10% methanol

ethyl acetate.

5-M ethoxy-2-(3-methylpyridin -2-yl)-1H-indole-3-carbaldehyde72a

Prepared from METHOD A5-methoxy2-(3-methylpyridin2-yl)-
1H-indole (0.17 g, 0.73 mmol), paraformaldehyde 2mg, 073 mmol), 25% ammonia solution
(56 pL, 1.45mmol), iron (Ill) chloride (3.6 mg, 015 mmol, 20 mol%) Title compound was
obtainedaslight-yellow solid, yield (0.13 g, 67%)Using METHOD B,phosphorus oxychloride
(0.20 ni, 2.18 mmol), DMF (0.67 fn, 8.71 mmo) and5-methoxy2-(3-methylpyridin2-yl)-1H-
indole (0.53 g, 1.98 mmol)Thetitle compoundwas obtaineds a lightyellow solid,yield (0.45
g, 89%). 'H NMR (400 MHz, CDCls) i 9 . 8 9CHOs9.53 firbl, 1H NH), 8.601 8.47 (m,
1H, H-4'), 7.85 (d,J = 2.5Hz, 1H, H-4), 7.71 (d,J = 7.9Hz, 1H, H-7), 7.33 (M, 1H, H-5), 7.27
(d, J=5.5Hz, 1H, H-6"), 6.94 (ddJ = 8.9, 2.4Hz, 1H, H-6), 3.91 (s, 3HOCH), 2.44 (s, 3H
ArCHz). 13C NMR (101 MHz, CDCls) U 118166.7, 148.51473, 145.4,1392, 1337, 130.5,
1263, 124.2, 118, 115.2,1123, 1032, 55.8, 196. Mp 177-179 °C.HRMS (ESI+): calcd. for
C16H14N202 [M + H]* 267.1055; found [M + H]267.1142

5-M ethoxy-2-(4-methylpyridin -3-yl)-1H-indole-3-carbaldehyde72b

Prepared usinylETHOD A, from 5-methoxy2-(4-methylpyridin
3-yD)-1H-indole (0.42 g, 1.77 mmol), paraformaldehyde56.0 mg, 1.77 mmol), 25% ammonia
solution Q.14 niL, 3.55mmol), iron (Ill) chloride $9.0 mg, 20 moPxs). The product wasbtaired
as a yellow solid, yield (0.23 ¢8%). *H NMR (400 MHz, CDCls) i 69 (s, 1H CHO), 9.1 (s,
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1H, NH), 8.58 (d,J = 4.6 Hz, 1H,H-6'), 7.81(s, 1H, H-2), 768(d, J= 2.0 Hz, 1H, H-4), 728(d,

J=8.8Hz, 1H, H-7), 723(d, J = 6.4Hz, 1H, H-5), 6.93(dd, J = 8.8, 22 Hz, 1H, H-6), 385 (s,

3H, OCHb), 245 (s, 3H, ArCHs). 3C NMR (101 MHz, CDCl) i 183 .6, 158.6, 14
136.7, 135.9, 129.4, 129.2, 125.8, 120.1, 118146, 110.5, 102.2, 55.8, 29.8RMS (ESI+):

calcd. for GsH1aN20 [M + H]" 239.1106; found [M + H]239.1155

5-M ethoxy-2-(2-methylpyridin -3-yl)-1H-indole-3-carbaldehyde72c

Prepared usindETHOD A, 5-methoxy2-(2-methylpyridin3-yl)-
1H-indole (0.62g, 2.60mmol), paraformaldehyder.0 mg, 2.60mmol), 25% ammonia solution
(0.20 ni, 5.29mmol), iron (Ill) chloride 84.0 mg, 20 mol%). Title productwas obtaied as a
yellow solid yield (0.16 g 23%). Using METHOD B, phosphorus oxychloride (0.10Lm1.10
mmol), DMF (0.34 mh, 4.41 mmoJ and 5methoxy2-(2-methylpyridin3-yl)-1H-indole (0.24 g,
1.00 mmol). Titlecompoundwvas obtained as a yellow saligeld (0.23 g 88%9.H NMR (400
MHz, CDCl3) i 9 s,&H, CHO), 8.74 prs, 1H NH), 8.60 (d,J = 2.2Hz, 1H, H-6'), 7.82 (s,
1H, H-4), 7.67 (d,J = 7.7Hz, 1H, H-4'), 7.28 (d,J = 8.8Hz, 1H, H-7), 7.23 (M, 1H, H-5'), 6.93
(d, J=8.8Hz, 1H, H-6), 3.85 (s, 3HHOCH), 2.48 (s, 3HArCHs). 13C NMR (101 MHz, CDCls)

a 185.8, 157.6, 156.9, 150.3, 14162, 7212.1,1033. 0, 1
55.9,23.2 Mp 222224 °C.HRMS (ESI+): calcd. for @H14N202 [M + H]* 267.1128; found [M
+ H]" 267.1089

2-(2-Chloro-3-methylpyridin -4-yl)-5-methoxy-1H-indole-3-carbaldehyde72e

A\
N
j Rel | |
Prepared usinglETHOD B, from phosphorus oxychloride (0.09.m
0.55 mmol), DMF (0.16 M, 2.00 mma) and 2-(2-chloro-3-methylpyridin4-yl)-5-methoxy1H-

indole(0.12 g, 0.46 mmol)An off-white solid was obtaineds the title compoundgield (0.12 g
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90%). IH NMR (300 MHz, DMSO-de) i 9 . 6 2 CHOs 8.39 ( Bi= 4.9Hz, 1H, H-6), 7.66

(d,J= 2.5Hz, 1H, H-4), 7.54 (d,J = 4.9Hz, 1H, H-5), 7.44 (dJ = 8.8Hz, 1H, H-7), 6.96 (dd]

= 8.9, 2.5Hz, 1H, H-6), 3.80 (s, 3HOCHs), 2.26 (s, 3HArCHsz). 13C NMR (75 MHz, DMSO-

d) U 18 3. 8150.4118544, 183.0, 139.3, 130.3, 129.4, 124.3, 124.2, 113.5, 112.9, 111.9,
101.1, 54.1, 15.9Mp 176-179 °C.HRMS (ESI+): calcd. for @H13CIN2O2 [M + H]* 301.0738

found [M + H] 301.0733

5-M ethoxy-2-(6-methoxy-2-methylpyridin -3-yl)-1H-indole-3-carbaldehyde 72d

PreparedusingMETHOD B, phosphorus oxychloride (@ ®nL,

0.86 mmol), DMF (027 mL, 3.45mmol) and 2(2-chloro-3-methylpyridin4-yl)-5-methoxy1H-

indole (021 g, 078 mmol). The title compound was obtained asofinwhite solid yield (0.18 g,

76 %). 'H NMR (400 MHz, CDCls) i 9 . 6 4CHQO)s 8.77 (5,HKINH), 7.79 (d,J = 2.5Hz,

1H, H-4), 7.51 (d,J = 8.4Hz, 1H, H-4), 7.26 (d,J = 8.8Hz, 1H, H-7), 6.89 (dd,J = 8.8, 2.5Hz,

1H, H-6), 6.61 (dJ=8.3Hz, 1H, H-5, 3.92 (s, 3HNC-OCHs), 3.83 (s, 3HOCH), 2.38 (s, 3H

ArCHz). 13C NMR (101 MHz,CDCls)t 186 .1, 164.2, 156.8, 155. 8,
117.5, 116.2,114.8, 112.007.7, 103.2, 55,%3.9 23.0 Mp 182184 °C.HRMS (ESI+): calcd.

for C17H16N20s [M + H]* 297.1234; found [M + H]297.1158

2-Acetylamino-5-bromo-6-methylpyridine 72g

Br<.5 4\ 3 o
PN
1 M 6-Amino-3-bromo2-methylpyridine (0.2 g, 3.84 mmol, 1 equiv.) was
dissolved in acetic anhydride (DOmL). The mixture was heatathderreflux for 307 60 min
Water was added to quench the reaction and prechsgxtracted into ethyl aceta{@ x 10 mL).
The title compound was obtained asvhite solid,yield (0.75g, 85%). *H NMR (400 MHz,
CDCls)ti 8. 1 7NH), .86 (diJH 8.7Hz, 1H, H-4), 7.69 (d,J = 8.7Hz, 1H, H-3), 2.46 (s,

3H, ArCHz), 2.11 (s, 3HHCOCH). 3C NMR (101 MHz, CDCls) U 176185.3, 149.5, 141.9,
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1151, 1127, 247, 245. Mp 143145 °C.HRMS (ESI+): calcd.for CgHoBrN2O [M + H]*
228.9971 found [M + HJ 228.9982

4.2.6NH protection

4.2.6.1 N-Methylation of biaryl i ndole derivative s

5-M ethoxy-1-methyl-2-(3-methylpyridin -2-yl)-1H-indole-3-carbaldehyde 73

5-Methoxy-2-(3-methylpyridin2-yl)-1H-indole-3-carbaldehyde

(0.37 g, 1.38 mmol, 1.0 equiv.) dissolved in THF @fL) was cooled te78°C and treated with
potassium hexamethyldisilizide (0.41 g, 2.07 mmol, 1.5 equiv.) added dropwise. The reaction
mixture was stirred for 30 min before adding methyl iodide (0.213¥b mmol,2.5 equiv.) at

78°C. After stirring for 30 min, the mixture was warmed to room temperature. Upon completion
of the reaction, water was added to quench the reaction and the product was extracted with ethyl
acetate(3 x 15 mL). Column chromatograghwas usd to purify the producusing solvent
mixtures of ethyl acetate and hexaAe orangebrown solid was obtaineak the title compound

yield (0.22 g 57%). 'H NMR (400 MHz, CDCIs) i 9 . 5 9CHO)s 8.66 (dd) = 4.8Hz, 1.6

1H, H-6'), 7.89 (dJ = 2.5Hz, 1H, H-4), 7.73 (dd,J = 7.8, 1.7THz, 1H, H-4'), 7.40 (ddJ= 7.8, 4.8

Hz, 1H, H-5), 7.31 (d,J = 8.9Hz, 1H, H-7), 7.02 (dd,J = 8.9, 2.5Hz, 1H, H-6), 3.93 (s, 3H
OCHg), 3.57 (s, 3KINCH), 2.25 (s, 3HArCHs). 13C NMR (101 MHz, CDCl3s) 2@7.0,185.4,

157.0, 147.6138.4, 134.8, 132,425.8 124.4 1146, 110.7,103.4, 77.2, 55.9, 30.9, 1HRMS

(ESI+): calcd. for G/H1eN2O2 [M + H] " 281.1212; found [M + H]281.13Q.

3.2.6.2 N-Benzylation of biaryl i ndole derivatives

5-Methoxy-2-(2-methylpyridin3-yl)-1H-indole-3-carbaldehyde(1.0 equiv.) was dissolved in

THF and cooled te78°C. While stirring, potassium hexamethyldisilizigdHMDS) (1.5 equiv.)

was added dropwise and the contents of thé& fleere leftto stir. After 30 min, benzyl bromide

(1.5 equiv.) was added and the reaction was left to stir for 30 min before being warmed to room

temperature. Upon completion, the reaction was quenched with water and extracted using ethyl
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acetate. Column chromatograp¥vas used to purify the product using mixtures of ethyl acetate

and hexane.

1-Benzyt5-methoxy-2-(2-methylpyridin -3-yl)-1H-indole-3-carbaldehyde 74c

Prepared fromb-methoxy2-(2-methylpyridin3-yl)-1H-indole-3-
carbaldehyd€0.13 g,0.47 mmol), KHMDS (0.14 g, 0.70 mmol) and benzyl bromide (0.0B,m
0.70 mmol). Title compound was obtainasl a yellowoil, yield (0.162 g 96%9. 'H NMR (300
MHz, CDCI3) 0 9. 5CHO),(8%9 (ddJ+4.8, 1.7Hz, 1H, H-6"), 7.85 (d,J = 2.5Hz, 1H,
H-4), 7.48 (ddJ= 7.7, 1.7Hz, 1H, H-4"), 7.201 7.07 (m, 5H H-7, H-5" and ArH, 6.89 (ddJ=
8.9, 2.5Hz, 1H, H-6), 6.821 6.70 (m, 2H ArH), 5.10 (d,J = 16.2Hz, 1H, NCH2Ph), 4.96 (dJ =
16.2Hz, 1H, NCH2Ph), 3.85 (s, 3HHOCH), 2.23 (s, 3KHArCHz). 13C NMR (75 MHz, CDCls) U

185.5, 158.4, 157.1, 150.8, 148.0, 139.0, 135.7, 131.9, 128.9, 128.0, 126.3, 126.0, 124.2, 120.7,

116.5, 114.9, 111.6, 103.4, 55.9, 47.8, 2BIBMS (ESI+): calcd. for GaH2oN202 [M + H]*
357.1598; found [M + H]357.1540

1-Benzyl5-methoxy-2-(4-methylpyridin -3-yl)-1H-indole-3-carbaldehyde 74b

Prepared fromb-methoxy2-(4-methylpyridin3-yl)-1H-indole-3-
carbaldehyd€0.16 g, 0.61 mmol), KHMDS (0.18 g, 0.91 mmol) and benzyl bromide (OLL1 m
0.91 mmol).The title compoundvas obtained agellow oil, yield (0.18 g 83%).'H NMR (300
MHz, CDCls) i 60 (s, 1H CHO), 864 (d,J = 5.0Hz, 1H, H-6), 8.43 (s, 1HH-2), 7.93(d,J =
2.5Hz, 1H, H-4), 731(d,J=51Hz, 1H, H-5), 7.171 7.14 (m,4H, H-7 and 3x ArH), 699 (dd,
J=9.0, 2.6Hz, 1H, H-6), 69071 6.82(m, 2H, ArH), 5.147 4.95 (m, 2H NCH2PHh), 3.86 (s, 3H
OCHg), 1.98 (s, 3HArCHs). *C NMR (75 MHz,CDCls) U4 185. 4, 157. 1,
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145.9, 135.6, 132.1, 128.9, 128.1, 126.3, 126.0, 117.1, 115.0, 111.6, 103.3, 55.9, 47.9, 19.6
HRMS (ESI+): calcd. for GaHaaN202 [M + H]* 357.1598; found [M + H]357.1561

1-Benzy}2-(2-chloro-3-methylpyridin -4-yl)-5-methoxy-1H-indole-3-carbaldehyde74e

Prepared fromb-methoxy2-(2-chloro-3-methylpyridin4-yl)-1H-
indole-3-carbaldehyd€0.13 g, 0.4 mmol), KHMDS (0.B g, 066 mmol) and benzyl lmmide
(0.078 mL, 0.66 mmol). The title compound was obtained aslear oil yield (88.3 mg 51%). *H
NMR (400 MHz, CDCls) U 9 s, 8H), 8.5 @, J= 4.9Hz, 1H, H-6), 7.82 (I, J = 2.1Hz, 1H,
H-4), 7.17 (M, 4H, H-7and 3 x ArH, 7.07 (dJ = 4.9Hz, 1H, H-5"), 6.91 (dd,J= 9.0, 2.3Hz, 1H,
H-6), 6.791 6.72 (m, 2H ArH), 5.131 4.93 (m, 2H NCH2Ph), 3.85 (s, 3HHOCH), 2.00 (s, 3H
ArCHa). 13C NMR (101 MHz, CDCls) 0 18 4159.1, 146.6, 145.2, 139.135.3, 133.3,
132.0, 129.0, 128.2, 126.328.9 124.5, 116.3, 115.4, 111.403.3, 55.9, 48.0, 17.HRMS
(ESI+): calced. for @H19CIN202 [M + H]* 391.1208 found [M + H] 391.1194

1-Benzyl5-methoxy-2-(6-methoxy-2-methylpyridin -3-yl)-1H-indole-3-carbaldehyde74d

Prepared from5-methoxy2-(6-methoxy2-methylpyridin3-yl)-
1H-indole-3-carbaldehyd€0.18 g, 060 mmol), KHMDS (0189, 090 mmol) and benzyl bromide

(0.11mL, 090 mmol). A light brown oil was obtainedield (0.19 g 82%9. *H NMR (400 MHz,

CDCl3) U2 (9 1H5CHO), 7.84 (d,J = 3.0Hz, 1H, H-4), 7.30 (d, J = 83 Hz, 1H, H-4"), 7.14

(m, 3H, ArH), 7.10 (d, J = 8.9Hz, 1H, H-7), 6.8 (d, J = 87 Hz, 1H, H-6), 6.8L1 6.75 (M, 2H,

ArH), 6.55 (dJ = 8.4 1H, H-5), 5.23i 4.91 (m, 2HNCH.PH), 3.90 §,3H, NC-OCHs), 3.84 §,

3H, OCHs), 2.14 (s, 3HArCHs). 13C NMR (101 MHz,CDCls) i 186 . 0, 164. 5, 15
149.2, 141.1, 135.9, 131.8, 128.9, 127.9, 126.3, 126.1, 116.5, 116.0, 114.6, 111,710803,8

52



55.9, 53.7, 47.7, 22.iRMS (ESI+): calcd. for @H2N203 [M + H]* 387.1703 found [M + HJ
387.1701
1-Benzyt5-methoxy-2-(3-methylpyridin -2-yl)-1H-indole-3-carbaldehyde 74a

Prepared from-Bnethoxy2-(3-methylpyridin3-yl)-1H-indole-3-
carbaldehydé0.45 g, 1.69 mmol), KHMDS (0.51 g, 2.54 mmol) and benzyl bromide {@L30

254 mmol). Title compound was obtained adight-yellow oil, yield (0.53 g 88%). 'H NMR

(400 MHz, CDCB)u 9 . 6 5CHOks 8.62 @Bl=4.7Hz, 1H, H-6"), 7.94 ¢,J = 2.5Hz, 1H,

H-4), 7.56 (i, J = 78, 1.6Hz, 1H, H-5'), 7341 7.30(m, 1H, H-4"), 7.28(d, J = 9.2Hz, 1H, H-

7), 7.16 m, 3H, ArH), 6.96-6.91 (m, 3H, H-6 andArH), 5.21 (s, #, NCH2Ph), 3.89 (s, 3H
OCHg), 2.00 (s, S3HArCHs). 13C NMR (101 MHz, CDCl) i 1 8 5. ,4148.1,1158®, 187,5
138.4,136.1, 135,128.7, 127.8, 126.8, 125.9, 124.4,115.9, 114.6, 111.6, 103.5, 55.8, 47.9, 18.9
HRMS (ESI+): calcd. for GsH22N202 [M + H] " 357.1598; found [M + H]357.1612

4.2.7Photochemicalcyclization

In adeep well photochemical reactequipped with gyrexjacket andstirrer bar,5-methoxy1-

methyl2-(3-methylpyridin2-yl)-1H-indole-3-carbaldehydg1.0 equiv.)dissolved in dry DMF
and potassiurtert-butoxide (4.0 equiv.) was added. The mixture was heated ® &0der argon
atmosphere and irradiatedtiv a medium pressure mercury largb0 W) for 10 min. Upon
completion, the reaction was quenched with water and extracted with ethyl és@taig. Flash

column chromatography was used to purify the product.

8-M ethoxy-11-methyl-11H-pyrido[2,3-a]carbazole 75

DRNe

N Y 3
1\ 2 Prepared from5-methoxy1-methyt2-(3-methylpyridin2-yl)-1H-

indole-3-carbaldehyd€0.22 g, 0.78 mmol)and potassiumert-butoxide(0.85 g, 3.11 mmol). A
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brown-orangesolid was obtained as the product igi@ld (0.13 g, 63%). *H NMR (400 MHz,
CDCls)u 8 . 9J24.8,d4.8Hz, 1HH-2), 8.27 (ddJ = 8.2, 1.8Hz, 1H, H-4), 8.18 (dJ=8.4
Hz, 1H, H-10), 7.63 (d,J = 2.5Hz, 1H, H-7), 7.51 (ddJ = 8.6, 2.3Hz, 2H, H-4 and H6), 7.43
(dd,J = 8.2, 4.2Hz, 1H, H-3), 7.20 (ddJ = 8.9, 2.5Hz, 1H, H-9), 4.71 (s, 3HOCHs3), 3.98 (s,
3H, NCHg). 3C NMR (101 MHz, CDCl) i 1 5 4 . ,1139.6,136.23, B36.2, 134.9, 127.8,
122.9120.9, 120.0,119,8181, 115.2, 110.3, 102.0, 56.1, 33V 120-121 °C.HRMS (ESI+):
calcd. for G7/H14N20 [M + H]* 263.1106; found [M + H]263.1192

11-Benzyl8-methoxy-11H-pyrido[3,4-a]carbazole76b

6 5
_0 ! 4
ON=g
73
9 N\
10 Bh 1 N

T Prepared from 1-benzyl5-methoxy2-(4-methylpyridin3-yl)-1H-

indole-3-carbaldehydeyield (0.12 g, 0.3 mmol) andpotassiumtert-butoxide (0.15 mg, 1.34
mmol). The ttle compound was obtained a off-white solid yield (0.08 g, 70%)H NMR (300
MHz, CDCl3) i 9 . 5 6 H-1),8.41 (dJH 5.7Hz, 1H, H-3), 8.3 (d, J = 8.5Hz, 1H, H-5),
7.76 (dd,J = 5.6, 0.9Hz, 1H, H-4), 7.6L (d,J = 2.5Hz, 1H, H-7), 7.% (d, J = 8.5Hz, 1H, H-6),
7.39(d, J = 8.9, 1H H-10), 7.27 i 7.20(m, 3H, ArH), 711 (m, 3H, H-9 and 2 x ArH, 5.93 (s,
2H, NCH2PH), 3.91 (s, 3HOCHs). HRMS (ESI+): calcd. for GaHigN2O [M + H]* 339.1492;
found [M + HJ 339.1506

11-Benzyl8-methoxy-11H-pyrido[3,2-a]carbazole 76¢c

6 5

o 1
3
9 N\ 7
10 Bn 1 2

Prepared from 1-benzyt5-methoxy2-(2-methylpyridin3-yl)-1H-
indole-3-carbaldehyd€0.16 g, 0.45 mmol) angotassiuntert-butoxide(0.20g, 1.81mmol). The
titte compoundwasobtainedas a lowmelting yellow solid yield (0.12 g 79%.'H NMR (300
MHz, CDCIs)t 8 . 384.3Hd 1H, H-3), 8.48 (d,J = 8.6Hz, 1H, H-5), 8.37 (d,J =86 Hz,
1H, H-6), 7.94 (dJ = 8.7Hz, 1H, H-1), 7.61 (dJ = 2.5Hz, 1H, H-7), 7.34 (dJ = 8.9Hz, 1H, H-
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10), 7.297 7.21 (m, 4H H-9, H-2, 2 x ArH), 7.09 (dt,J = 8.9, 2.3Hz, 3H ArH), 5.87 (s, 2H
NCH2PH), 3.91 (s, 3HOCH;). 3C NMR (101 MHz, CDCl)i 154. 9, 136.6, 136.
127.8, 125.7, 123.3, 123.1, 119.8, 119.4, 115.6, 110.1, 56.1, MBNS (ESI+): calcd. for
CasHiaN2O [M + H]* 339.1492; found [M + H]339.1506

11-Benzyl8-methoxy-4-methyl-11H-pyrido[4,3-a]carbazole 76e

6 5 Cl
7
(@)
/8 O \N
9 N —

10 Bn 1 2

1 Prepared  from  1-benzyk2-(2-chloro-3-methylpyridin4-yl)-5-

methoxy1H-indole-3-carbaldehyd€78.0 ng, 0.20 mmol) and potassiuiert-butoxide 0.0 ny,

0.80 mmol),a low-melting solid productvas obtained yield (30.0 mg, 63% calculated from
recovered starting materigd®.0mg)). *H NMR (300 MHz, CDCl3) i 8(d,2=8.8 1H, H-2),
8.11-8.09(m, 2H, H-5 and H6), 7.8 (d,J= 6.1 Hz, 1H, H-1), 7.59 (dJ = 2.5Hz, 1H, H-7), 7.34
(d,J=9.0Hz, 1H, H-10), 7.28i 7.19 (m, 3H ArH), 7.13 (dd,J = 9.0, 25 Hz, 1H, H-9), 7.06 (d,
J=7.5Hz, 2H, ArH), 5.84 (s, 2HNCH2PH), 3.91 (s, 3HOCH). 13C NMR (101 MHz, CDCls)

a 155.0, 152.4, 141.1, 137. 0, 2583%.7,625.61122®, 8,
122.6,121.6,117.7,117.1,115.0, 110.6, 102.2, 56.0,MBRM®S (ESI+): calcd. folC23H17CIN20O

[M + H]"373.1102found [M + HJ 373.1090

11-Benzy}3,8-dimethoxy-11H-pyrido[3,2-a]carbazole76d

6 5
7
oS
~ N o)
8 N — A\
° 3% Bn 12
11 Prepared from 1-benzy}t5-methoxy2-(6-methoxy:2-

methylpyridin3-yl)-1H-indole-3-carbaldehyd€0.14 g, 0.3 mmol) andpotassiuntert-butoxide
(0.16 g, 1.43 mmol)Thetitle compound obtainedsa yellow oil yield (0.12 g, 88%). 'H NMR
(300 MHz,CDClz)i 8 . 2-65.1H4 1H, H-5), 8.23 (d,J = 4.6Hz, 1H, H-6), 7.64 (dJ=8.7
Hz, 1H, H-1), 7.56 (d,J=25Hz, 1H, H-7), 7.281 7.17 (m, 4H H-10,3 x ArH), 7.11i 7.05 (m,
2H, ArH), 7.00 (dd,) = 8.9, 2.5Hz, 1H, H-9), 6.70 (dJ = 9.2Hz, 1H, H-2), 5.76 (s, B, NCH2Ph),
4.00 (s, 3HN-OCHg), 3.89 (s, 3HHOCHs). 13C NMR (101 MHz, CDCls) U 116154.6, 147.3,
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137.0, 13®, 132.9, 122, 127.6, 1298, 1235, 122.4, 119.8, 118.0, 114.3,3.0, 110.9, 109,
102.1, 561, 533, 496. HRMS (ESI+): calcd. for GiHz0N20z [M + H]* 369.1587 found [M +
H]* 369.1598

4.2.8Debenzylation ofpyrido fused carbazolederivatives

In 50 ml round bottomed flask containitd-benzyt8-methoxy11H-pyrido[3,2a]carbazolg1.0

equiv.) dissolved idry DMSO (10.0 equiv.), potassiutart-butoxide (7.0 equivlissolved irdry

THF was added while stirring the contents of the flask. Oxygen gas was then bubbled into the
solution for 10 min via a gas dispersion tubee Téaction was quenched with saturated ammonium
chloride and product extracted into ethyl acetate and purified using column chromatggsapdy

10-50% ethyl acetate/hexane mixtures).

8-Methoxy-11H-pyrido[3,2-a]carbazole 77c

0 7 6 5
~
9 NN/
1 H 1 2
11 Prepared from8-methoxyl11H-pyrido[3,2a]carbazole(0.12 g, 0.8

mmol), DMSO (0.25 rh, 3.58 mmol) and potassiutart-butoxide (0.28 g, 2.50 mmolJhe title
compound was obtained agellow solid yield (26.4mg, 55%) *H NMR (400 MHz, CDClz) U
8.89 (dd,J = 4.3, 1.7Hz, 1H, H-3), 8.72 (s, 1HNH), 8.42 (d,J = 8.4Hz, 1H, H-1), 8.27 (d,J =
8.8Hz, 1H, H-6), 7.84 (dJ = 8.8Hz, 1H, H-10), 7.54 (d,J = 2.5Hz, 1H, H-7), 7.44 (ddJ = 8.7,
3.6Hz, 2H, H-5 and H2), 7.06 (ddJ= 8.8, 2.5Hz, 1H, H-9), 3.91 (s, 3HHOCH). HRMS (ESI+):
calcd. for GeH12N20 [M + H]* 249.1022; found [M + H]249.1026

8-M ethoxy-11H-pyrido[3,4-a]carbazole 77b

s
9 \ /3
10 H 1 N
11 Prepared fronmB8-methoxy11H-pyrido[3,4-a]carbazole(76.6 mg, 0.3

mmol), DMSO (.16 ni, 2.26 mma) and potassium teliutoxide Q.18 g, 1.58 mmag). A brown
solid product was obtaineak the title compoundield (39.7 ng, 71%) H NMR (300 MHz,
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DMSO-de) i 9 . 8 3H-),9.37 (sl #H, RO exchange, H1),8.53 (d,J = 5.6Hz, 1H, H-3),
8.47 (d,J = 8.6Hz, 1H, H-6), 7.91 (dd,J = 5.7, 1.0Hz, 1H, H-4), 7.78 (d,J = 2.4Hz, 1H, H-7),
7.60 (dd,J = 8.8, 1.3Hz, 2H, H-5 and H9), 7.10 (dd,J = 8.8, 2.5Hz, 1H, H-10), 3.87 (s,3H,
OCHg). 3C NMR (75 MHz, DMSO-ds) U 8,146.3,.142.4, 138, 1344, 133.5, 124.6, 123.1,
121.2, 118.7, 118, 116.6, 18.9, 1123, 1021, 55.5.Mp 249-251 °C.HRMS (ESI+): calcd. for
CaeH12N20 [M + HJ* 249.1022; found [M + H]249.1138

3,8-dimethoxy-11H-pyrido[3,2-a]carbazole77d
6 5

0 7
R LMy
0]
9 NN\ 7
10 H 1 5

" Prepared  from 11-benzy}3,8-dimethoxy11H-pyrido[3,2

ajcarbazole(40.3 mg,0.11 mmol), DMSO (0.08 in 1.09mmol) and potassium tetiutoxide
(86.0mg, 0.77 mmol)The titlecompound was obtained as a light orasgkd, yield (291 mg,

96%). *H NMR (300 MHz, DMSO-dg) i 1 2 . 0,INH)( 876 (d, 1=B.9Hz, 1H, H-5), 8.35
(d,J=8.7Hz, 1H, H-6), 7.73 (dJ = 2.5Hz, 1H, H-7), 7.51 (ddJ = 8.7, 5.9Hz, 2H, H-1 and H

10), 7.12 (dJ=8.9Hz, 1H, H-2), 7.04 (ddJ =89, 2.5Hz, 1H, H-9), 4.02 (s, 3KHINCOCH), 3.87
(s, 3H OCHg). 13C NMR (101 MHz, DMSO-de) i 176154.0, 1493, 136.4, 134.3, 180, 123.8,
123.5, 118.3, 14.0, 1144, 112.7, 1124, 111.5,1028, 56.0, 5%. HRMS (ESI+): calcd. for
Ci17H1sN202 [M + H]* 279.1128 found [M + H] 279.1131
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