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Chapter 3B

3.2.1 Introduction

The first report of the synthesis of a seven-membered helicene was given by Martin
and group in 1967.! They reported the synthesis of heptahelicene by photoinduced cyclization
of 1,2-bis(3-phenanthryl)ethylene as shown in Scheme 3.2.1. The precursor for cyclization
was obtained by condensation of 3-phenanthrylacetyl chloride with phenanthrene to render
the corresponding ketone derivative which was then reduced in the presence of Lithium
Aluminium Hydride to give the ethylene after dehydration. The cyclisation was carried out in

benzene solution under irradiation with a 450 W medium pressure mercury lamp.

phenanthrene, O‘ LiAIH, O‘

_— 0 O o@ HCOOH 0 _ Oo@

2 3

OOQQ

4

Scheme 3.2.1: The first heptahelicene synthesis

Since the first report, oxidative photocyclization has become the most common method for
the synthesis of larger helicenes. It generally involves a two-step procedure: (1) the synthesis
of stilbene precursors (2) irradiation of the stilbene solution in the presence of oxidants. Some
representative examples of heptahelicenes synthesized by oxidative photocyclization are
shown below in Scheme 3.2.2. Harroween and group® in 2006 reported a concise and
efficient route to synthesize helicenes with the use of halo and alkoxy substituents to control
the stereochemical outcome of Wittig reaction and the regioselectivity of homolytic aromatic
substitution reaction. This strategy was first applied for the synthesis of aza[5]helicene and
then extended to heptahelicenes. Thus, phosphonium salt 15 and bis-aldehyde 14 were first
condensed under standard Wittig conditions to give stilbene 16 as a 3:1 mixture of Z,Z and
E,Z isomers. Z,Z isomer was then exposed to five equivalents of tributyltin hydride and 0.4
equivalents of VAZO(1,1’-azobis-(cyclohexanecarbonitrile)) to induce selective homolysis

of the carbon—iodine bond to give 9,10-dimethoxy[7]helicene in 75% yield.
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12
Conditions: (A) hv, benzene, I, (B) hv, benzene, I, (0.2 eq)

Scheme 3.2.2: Some representative examples of synthesis of heptahelicenes by photocyclization

In continuation of this work, H. Guédouar and group® designed similar helically chiral

heptacyclic system with alkoxy substituents. One of the key features of the synthesis was the

utilization of a tricyclic system to serve as a building block for helicene. The alkoxy group

was selected to improve the solubility of the helical molecules in common organic solvents.

The synthesis was performed as shown in Scheme 3.2.3. Here the starting material 3,6-

dibromophenanthrene was synthesised by photocyclization of the corresponding styrene

which was obtained after Wittig reaction. The phenanthrene derivative was then oxidized in

the presence of chromium trioxide to yield 3,6-dibromo-9,10-phenanthroquinone and later
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reduced with sodium dithionite to render 3,6-dibromo-9,10-diethoxyphenanthrene after in
situ O-ethylation in bromoethane. This phenanthrene derivative with dibromo substitution

was used as the key building block for the synthesis of styryl derivatives by Mizoroki-Heck

coupling reaction as shown in Scheme 3.2.3.
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Scheme 3.2.3: Synthesis of dimethoxy heptahelicene using different strategies.
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In an independent study, Gingras and Collet emphasized the importance of
synthesizing functionalized seven-membered helicoids.* They reported the synthesis of
bidentate ligands for the first time in the heptahelicene series as shown in Scheme 3.2.4. In
this work they also gave their rationale for choosing heptahelicene as the perfect scaffolds for
the synthesis of helicoidal ligands. The reasons listed by Gingras and group for choosing
heptahelicenes are: (a) High optical rotation values ([a]*®> +6200 for heptahelicene) which
would allow a better precision in evaluating enantio- and diastereopurities. (b) Due to good
n-donor abilities they can form charge transfer complexes with many m-acceptors which will
aid in the optical resolution of helicenes. Besides, m—n interactions play significant role in
determining both the properties as well as self-assembling behaviour of helicenes. (c) The
solubility of such compounds is usually better than their polyaromatic linear analogues. (d)
Unlike smaller helicenes, the stereochemical stability of heptahelicene is relatively good even
at higher temperatures without the fear of racemization. (e) Their helicoidal nature could
serve as a large chiral template for molecular recognition, chiral induction, and molecular

assemblies in supramolecular chemistry.
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Scheme 3.2.4: Scheme for the synthesis of bidentate heptahelicenic ligands

In 2009, Garcia and group® gave their contribution in synthesizing few heptahelicenic ligands
based on thiophene moiety through functionalization of one terminal thiophene with a nitrile
group (L1), two terminal thiophene rings with two nitrile groups (L2) and one terminal
thiophene group with one nitrile group followed by nitration in the benzene rings (L3). The
derivatives were used as ligands for the synthesis of a new family of n’-
monocyclopentadienyl ruthenium(Il) and iron(Il) organometallic complexes represented by
the general formulation [MCp(PP)(NC{TH-[7]-Y} Z)] [PFs] (M = Ru(Il), Fe(Il), P-P =
DPPE, Y = H, NO, Z =H, CN; M = Ru(Il), L-L = 2PPh3, Y =H, Z = H).

Figure 3.2.1: Tetrathia[7]helicene Ru/Fe derived complexes

R.El Abed et al.% developed a synthetic approach and enantiomeric resolution of [7]helicene
based phosphine ligands. They showed that the cyclopalladated a-naphthylethylamine
complex is a suitable resolving agent for helical phosphine. The synthetic approach is based
on the easy preparation of stilbene derivatives using Mizoroki-Heck reactions followed by
oxidative photocycization. There are numerous reports of asymmetric synthesis of
heptahelicenes using chiral ligands. Tanaka group developed Rh-catalyzed [2+2+2]
cycloisomerization to build helical skeletons via intermolecular cycloaddition.” By changing
the diyne precursor, carbo-,phospha-, and silahelicenes could be synthesized up to 93 % ee
with the help of (S)-Segphos ligands in reasonable yields (Scheme 3.2.6).2 A direct and easy
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access to enantioenriched helicenebisquinones was reported by Urbano group utilizing chiral

p-benzoquinone.’(Scheme 3.2.7)
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Scheme 3.2.5 : Synthesis of helical phosphine ligands
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Scheme 3.2.6: Asymmetric synthesis of heptahelicene by Rh-catalysed [2+2+2] cycloisomerization
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Scheme 3.2.7: Asymmetric synthesis of [7]helicene bisquinone

Amongst the nitrogen containing helicenes, aza[n]lhelicenes, two major types
possessing the pyrrole or pyridine are known in the literature. Pyrrolohelicenes possessing the
carbazole group is a well-known moiety in conjugated systems owing to its good planarity
and N-H bond, which can be easily substituted for other functional groups. The first
carbazole derived azahelicene was synthesized using double Diels-Alder reaction by Katz
and group.'® The aza[7]helicenebisquinone was synthesized by utilizing the bis-diene with p-
benzoquinone as dienophile (Scheme 3.2.8). The rate of reaction was much faster than the

synthesis of carbohelicenes.
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Scheme 3.2.8: Synthesis of carbazole based helicene bisquinones by Katz and group

In 2012, Liu and group synthesized di-aza[7]helicene 47 by photo-induced
cyclization. The helicene was found to be a potential candidate for deep blue emitting OLED
devices with good thermal and chemical stability.!! In 2013, Moorthy and group'? reported
the synthesis of some azahelicene based chromenes 48 showing photo-responsive behaviour,

sensitive towards external stimuli like acid, heat, and visible radiation. The same group in
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2016, reported few derivatives of aza[S]helicene diamines'® 49 which rendered good hole
transporting properties useful for application as OLEDs. In the same year, M.Tounsi and
group'* reported dibromo aza[7]helicene 50 and screened it for K™ ion detection. It was for
the first time that a capacitive field-effect sensor was fabricated using helicene as a carrier for

K" detection.

g

RN Q oh 2 O O R BrBr C
0 Ph" \— 0 R

e

a7 48 49 50

Figure 3.2.2: Some examples of pyrrrolo[7]helicenes explored for various applications

Thus, pyrrolohelicenes show promising applications in various fields like optical devices, for
enantioselective transformations, as chiral inducers and in the fields of asymmetric catalysis.
However, it is important to have easy access to functionalized helicenes to explore
application of these compounds in various areas. So, in this chapter, we discuss the synthesis
of unsymmetrically functionalized seven-membered pyrrrolohelicenes by photocyclization
strategy. The facile synthesis of variably functionalized helical molecule by easy access of

the stilbene precursors using one-pot reaction is the main crux of this chapter.
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3.2.2 Results and Discussion

In the present study, our target was to synthesize funcionalized heptahelicenes. As
studied from the literature review, it is clear that in order to explore the utility of these
molecules as asymmetric inducers, helical ligands or catalyst, apical functionalization was
important and owing to the easier functionalization of heterohelicenes for introduction of
various substituents like formyl, ester, trifluoromethyl, amide, acid halides etc., we decided to
synthesize a series of apically functionalized mono and di-substituted aza[7]helicenes. A
previous study from our group involves the synthesis of aza[7]helicenes'> of type I and III
and aza[9]helicenes'® of type II as shown in figure 3.2.3, where the helical framework is
symmetrically substituted. In this work, our aim is to synthesize a series of unsymmetrically
substituted aza[7]helicenes with mono and di-substitution in the terminal ring.

-2

Figure 3.2.3: Symmetrical and Unsymmetrically substituted azahelicenes

Retrosynthetic analysis suggests that introduction of different functional group in the olefin
precursor can be achieved by a combination of Wittig and Heck reaction on the formyl and
bromo group respectively of the building block. So, 3-formyl-6-bromo-9-butyl carbazole was
synthesized to solve this purpose. However, the synthesis of the olefin precursor can be
achieved by a one-pot reaction or by step-wise method. So in this work we had synthesized a
series of bis-olefin derivatives by both the methods and compared their overall chemical yield
followed by photocyclization of the olefins to afford the corresponding mono and di-
funtionalized unsymmetrical aza[7]helicene. We have developed one-pot synthetic protocol
for efficient preparation of derivatives of styrene involving both these reactions. Accordingly,
we began the synthesis from readily available 6-bromo-3-carbaldehyde-9-butyl-9H-carbazole
51, which was protected with n-butyl group to give suitable solubility in organic solvents
(Scheme 3.2.10).
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Scheme 3.2.9: Retrosynthesis of bis-stryryl type derivatives

The derivative of carbazole 51 was subjected to one-pot Wittig-Heck reaction with suitable
combination of triphenyl phosphonium salt 54 (ArCH,PPh3;X), styrene 55 (ArCH=CH>)
suitable catalyst and base. It is envisaged that the phosphonium salt 54 will in situ generate
the reactive Ylide intermediate (ArCH=PPhs;) to react with the aldehyde group of 51, while
the styrene will undergo Mizoroki-Heck reaction with its halogen substituent in presence of
palladium catalyst and the same base. We selected two sets of phosphonium salts and styrene
derivatives to generate different bis-styryl derivatives 52a-52e in moderate yield, but in a
single convenient operation. The bis-styryl derivatives were purified by careful column
chromatography over silica gel, although isolated as major E,E isomer. The same

intermediates were also synthesized by stepwise reaction sequence (Scheme 3.2.11).
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Scheme 3.2.10: Synthesis of bis-styryl derivatives by one-pot methodology
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The carbazole derivative 51 was subjected first to Wittig reaction with phosphonium salt 54z
(4-CIC¢H4CH2PPh3Br), and sodium methoxide under more classical condition of Wittig
reaction to afford mono-styryl derivative 56 in much improved yield. This was then subjected
separately for Mizoroki-Heck conditions to afford two derivatives of 52d and 52e in overall
higher conversion. The synthesized bis-styryl derivatives of carbazole 52 were then subjected
to photocyclization reaction in presence of iodine as an oxidizing agent and THF as

scavenger of hydrogen iodide formed as byproduct (Scheme 3.2.12).

Cl

OHC 55x or 55z
“ w ()
NaOMe \

Pd(OAc), - dppp

MeOH rt. O O Br -
R=n-Bu 24 h (73 %) DMA, 140 °C

N 48 h
nBu 56
/@/\PPh3Br /@/\ Cl R,
. \
Compound | One-Pot | Step-wise Q O
52d 35% 51.83% N
!
S2e 30% 52.56% nBu

52d; R, = Me (71 %)
52¢; R, = OMe (72 %)

Scheme 3.2.11: Synthesis of bis-styryl derivatives by step-wise method

As an extension to this work, we also thought of incorporating an ester and the corresponding
acid functional group to the scaffold with the objective to carry out resolution experiments.
As shown in Scheme 3.2.12, to obtain the bis-styryl precursor, compound 51 was subjected
to one-pot Wittig-Heck reaction conditions using 4-
(methoxycarbonyl)benzyltriphenylphosphoniumbromide 54a. The reaction proceeded
smoothly at 140°C for 48 hours resulting in yellow solid. Purification of compound 52f was
done using column chromatography giving good yield (63 %). The cyclization proceeds
through the desired angular-angular mode furnishing the unsymmetrical aza[7]helicene
derivatives 53 in moderate yields. The compound 53f with the ester functionality was then
subjected to basic hydrolysis to render the corresponding acid 57. The products were

characterized by usual spectroscopic and analytical techniques

Page 159



Chapter 3B

COOMe
OHC Br chos, O
Pd(OAC), - dppp Q
—
.’i DMA, 140 °C
51 R=n-Bu 48 h @ O
63% sof

el

MeOOC

Scheme 3.2.12: Synthesis of methyl carboxylate stilbene precursor
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Scheme 3.2.13: Scheme for photocyclization for the synthesis of substituted pyrrolo[7]helicenes
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Scheme 3.2.14: Synthesis of pyrrolo[7]helicene carboxylic acid

In the '"H-NMR spectra(400MHz), the methyl proton of the bis-styryl derivative 52a
appears as a singlet at 2.40 ppm while the methyl proton of the butyl chain appears as a triplet
at 4.32 ppm. The olefinic proton signals appear at 7.1 and 7.2 ppm with a coupling constant
value of 16 MHz indicating trans proton coupling. Similarly, the methoxy proton of the bis-
styryl derivative 52¢ appears at 3.8 ppm. For the compound 52d with a methyl and chloro
substitution, the 'H-NMR spectra showed similar signals with the methyl proton at 2.39 ppm
while for the compound 52e with a methoxy and chloro substitution the methoxy proton
signal appears at 3.87 ppm. The methyl ester proton of the bis-styryl derivative 52f appears at
3.9 ppm. In all the compounds, post-cyclization, the spectra clearly show the disappearance
of the olefinic proton signals. Moreover, due to helical winding after cyclization the proton in
the aromatic ring which comes in the shielding zone of the other ring is shifted relatively
upfield. This upfield shift is also seen in the case of the methyl and methoxy substitution. The
methyl proton signals appear at 1.4 ppm in the helicene while it appeared at 2.4 ppm in the
corresponding olefin precursor. Similarly, the methoxy proton signal appears at 2.5 ppm in
the helicene compared to 3.7 ppm in the precursor. In the case of the methyl ester of the
helicene 53f, the methyl proton appears at 3.4 ppm. After hydrolysis, the methyl proton signal
of the ester disappears while the remaining signals of the aromatic protons remains as such
indicating the formation of the carboxylic acid. This was further confirmed from FTIR

analysis showing hydroxyl peak at 3434 cm’'.
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(A)

Figure 3.2.4: "THNMR spectra of compounds 52 and 53 showing upfield shift of methyl and
methoxy proton signals post cyclization. (4) 52a and 53a (B) 52¢ and 53¢ (C) 52f and 53f
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3.2.3 Solid state structure analysis

A suitable crystal of 53a was obtained from ethyl acetate-hexane and subjected to single
crystal X-ray diffraction analysis (Figure 3.2.5). As expected for the helical compounds, the
inner carbon-carbon bonds were found to be slightly elongated compared to the normal bonds
(1.398 to 1.449 A), while the outer bonds were slightly compressed (1.329 to 1.354A). The
observed torsion angles were 14.89° (pl1 = C17d-C17e-C17f-C1), 17.89° (p2 = C17¢-C17d-
C17e-C17%), 19.65° (p3 = C17b-C17c-C17d-Cl17¢), 17.92° (p4 = C17a-C17b-C17¢c-C17d)
and 11.81° (5 = C17-C17a-C17b-C17c), while the distortion in the molecule was found to
be 52.42° (o1 + @2 + ¢3) and 49.38° (p3 + @4 + @5) resulting in a dihedral angle of 42.19°
(6). The unit cell consists of an equal mixture of P and M isomers crystallized in space group
of C 2/c. Similarly, crystal of 53d, with a chloro and methyl substitution, was obtained from
ethyl acetate-hexane and subjected to single crystal X-ray diffraction analysis (Figure 3.2.5).
The inner carbon-carbon bonds were found to be slightly elongated compared to the normal
bonds (1.398 to 1.449 A), while the outer bonds were slightly compressed (1.329 to
1.354A).!'2 The observed torsion angles were 14.89° (p1 = C17d-C17e-C17f-C1), 17.89° (¢2
= C17c-C17d-C17e-C17f), 19.65° (93 = C17b-C17c-C17d-C17¢e), 17.92° (94 = C17a-C17b-
C17¢-C17d) and 11.81° (p5 = C17-C17a-C17b-C17¢c), while the distortion in the molecule
was found to be 52.42° (o1 + @2 + @3) and 49.38° (@3 + @4 + ¢5) resulting in a dihedral
angle of 42.19° (6). The unit cell consists of an equal mixture of P and M isomers crystallized

in space group of C 2/c

Figure 3.2.5: ORTEP plot of compound 53a and 53d
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Figure 3.2.6: Crystal packing and intermolecular interactions of compound 53a and 53d
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We tried to grow crystals for the ester and acid derivative of unsymmetrical
pyrrolo[7]helicene, but we could not get good quality crystals for single crystal X-ray
diffraction analysis. So to study the structural parameters for the acid derivative of
pyrrolo[7]helicene, we carried out B3LYP/6-31G calculation for compound 57. As estimated
by the computational analysis, torsional angle along the inner helical rim varied from 14.26 to
20.35° and the sum of the torsional angles which indicates the extent of distortion from
planarity was found to be 82.85° while the dihedral angle or the interplanar angle was 39.82°.
The optimized geometry of 57 obtained from the theoretical calculations is shown in Figure

3.2.7.

Figure 3.2.7. Optimized geometry of 57 calculated at the B3LYP/6-31G level of theory
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3.2.4 Photophysical properties

Optical properties of aza[7]helicenes S3a — 53e were studied by UV-Vis and fluorescence
spectroscopy (Table 3.2.1 and Figure 3.2.8). These compounds show spectral properties
similar to the compounds of similar twisted m-conjugated structures. In chloroform these
compounds exhibit absorption bands in the range of 329 - 346 nm, while show blue emission
between 428 - 460 nm.

1.04 -
T 53a
™ \ — 53
== 05- K = o
- - " 53
CREE \ .
il be S 06
£ &
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=] @ \
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0.2 \
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340 “ e 800 400 450 500 550 600/

Wavel h
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Figure 3.2.8: UV-Vis and Fluorescence (1.0 X 10° mol in CHCI;) at room temperature

Absorption Fluorescence

Compound. Stokes Shift/nm
xabs [nm] xem [nm]

53a 329 449 120

53b 331 428 97

53¢ 329 434 105

53d 331 453 122

53e 346 460 114

Table 3.2.1: Optical properties of unsymmetrical pyrrolo[7]helicenes
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Figure 3.2.9: UV-vis absorption and fluorescence spectra of 57 and 53f in
dichloromethane (1.0 X 10° M)

Absorption  Fluorescence Sto!(es O
shift
Compound (nm)
Amax (nm) Amax (nm) (cm'l)
53f 272 423 14903 0.146
57 269 449 9737 0.133

Table 3.2.2: Optical properties of the ester and acid derivatives of
pyrrolof7]helicene

The optical properties of the synthesized methylpyrrolo[7]helicene-2-carboxylate S3f and its
acid 57 derivative was evaluated using UV-visible absorption and fluorescence spectroscopy
in dilute dichloromethane as shown (Figure 3.2.9). The UV-visible spectra of both the
compounds exhibit strong absorption in the region of 260-420 nm due to n—m and n-w
electronic transitions. The absorption maxima appear at around 265-272 nm. The blue
emission was also observed for compounds 57 and 53f when they were excited at 269 and
272 nm respectively.
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3.2.5 Molecular recognition study

The presence of acid functional group can offer several advantages such as it can be
converted to different functional groups or can be used to form diastereomeric salt with chiral
amines for easy separation of its enantiomers. The two helical isomers of acid 57 exist in
stable form, as their barrier of interconversion is sufficiently high. The HPLC analysis of
compound 57 on chiral stationary phase column is shown in figure 3.2.10. It was our
objective to prepare diastereomeric salts with optically pure amines or bases. The
diastereomeric salts can be physically separated by fractional crystallization. However, our
efforts to prepare salts with different chiral bases and their crystallization did not proceed
smoothly and we were unable to resolve isomers of 57. To investigate if the necessary salts
are formed, we performed few NMR experiments with chiral amines. The 'H-NMR analysis
for the enantiodiscrimination of pyrrolo[7]helicene carboxylic acid 57 with different chiral
amines (R*NH>) should form salt, and the signal of Hye is focussed in its 'H-NMR analysis.
The hydrogen attached to Ci¢ of the helical framework appears shielded (6.19-6.24) as it is
located underneath the acid bearing aromatic ring. The "H-NMR analysis of the acid 57 with
different chiral amines is performed in CDCI3 and the shift in the signal or change in the

splitting behaviour of Hie is observed (Figure 3.2.11).

(a) (b) R*N H3+

M

0.0 5.0 10.0

Figure 3.2.10 (a) HPLC analysis of 57 on chiralpak-IC column with flow rate of 1 mL/min in
70:30 Hexane-Propan-2-ol, tr = 4.9 and 5.9 min. (b) Diastereomeric salt of the helicene acid 57

and chiral amine.

Page 168



Chapter 3B

Although there was no separation of signal in either of the experiments, a
considerable splitting was observed. With (S)-phenylethylamine used as base or as chiral
solvating agent (1:1 ratio), the spectra with 57 shows negligible discrimination for the Hie
(figure 3.2.11b). The splitting is enhanced when the ratio of acid and amine was increased
(figure 3.2.11c). In the case of (L)-2-aminobutanol, there was not much splitting of signals
observed (figure 3.2.11d). With 1:1 equivalent of acid and (S)-quinine a much better signal
splitting was observed (figure 3.2.11e). However, the nature of the interactions and the
position of signals in NMR scale did not result in clear separation of the signals for

quantitative determination of ratio of isomers.
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Figure 3.2.11. Select region of 'H-NMR spectrum of compound 57. Condition: 20 mmol solution
in CDCl; (a) blank 57 (b) 1:1 eq. with (S)-1-phenylethylamine (c) 1:2 eq. with (S)-1-
phenylethylamine (d) 1:1 eq. with (L)-2-aminobutanol (e) 1:1 eq. with (S)-Quinine
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3.2.6 Conclusion

Thus, in this chapter we present the synthesis of unsymmetrically functionalized seven-
membered pyrrrolohelicenes by photocyclization strategy. The synthesis of variably
functionalized helical molecule was carried out by easy access of the stilbene precursors
using one-pot reaction Wittig-Heck reaction and step-wise method. All the derivatives were
screened for their photophysical properties. Besides, we carried out the synthesis of ester
functionalized helicene using the same one-pot Wittig-Heck and photodehydrogenation
sequence. This was then hydrolysed to its acid derivative and molecular recognition studies

were carried out.
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3.2.7 Experimental Section

All reactions were carried out in oven-dried glassware with magnetic stirring.
Purification of reaction products was carried out by column chromatography using silica gel
(60-120 mesh). Thin layer chromatography was performed on TLC Silica Gel 60 F254
(Merck). The spots were visualized under UV light or with iodine vapour. 1H-NMR spectra
were recorded on Bruker Avance II 400 NMR spectrometer (400 MHz) and were run in
CDCI3 unless otherwise stated. Mass spectra were recorded on Thermo-Fischer DSQ 1I
GCMS instrument; IR spectra were recorded on Perkin-Elmer FTIR RXI spectrometer as
KBr pallets. UV-Visible absorption of all the compounds was measured as a solution in THF
at room temperature on Perkin-Elmer Lambda 35 spectrometer and fluorescence was
measured on Jasco FP-6300 spectro fluorometer. Melting points were recorded in Thiele’s
tube using paraffin oil and are uncorrected. Solvents were dried and purified by distillation
under reduced pressure and stored on molecular sieves. All chemicals were purchased from
Sigma-Aldrich Chemicals Limited, SD Fine, Sisco, Qualigens, Avara Chemicals Limited etc.,
and used without further purification.

Synthetic procedures and analytical data

9-butyl-3-(4-methylstyryl)-6-(styryl)-9H-carbazole (52a)

Molecular formula: Cs3H3 N

( H.C )
3
) O Molecular weight: 441.24

Physical state: white crystalline solid

\ ]
@ O R;=0.5 (5:95 EtOAc/petroleum ether).
N M.p = 178-180 °C.
]

\_ nBu )

A catalyst solution was prepared under nitrogen atmosphere using palladium acetate (0.010 g,
0.045 mmol, 1 mol %) and 1,3-bis(diphenylphosphinopropane) (0.037 g, 0.091 mmol, 2 mol
%) in N,N-dimethylacetamide (5 mL) at room temperature with constant stirring until a
homogenous solution was obtained. A two-necked round bottom flask was charged with 6-
bromo-9-butyl-9H-carbazole-3-carbaldehyde (51) (1.500 g, 4.54 mmol), 4-methyl styrene
(55x) (0.640 g, 5.450 mmol), benzyltriphenylphosphonium chloride (54x) (2.120 g, 5.450
mmol), dry potassium carbonate (2.510 g, 18.200 mmol), TBAB (0.290 g, 0.908 mmol, 20
mol %), and N,N-dimethylacetamide (10 mL) and the mixture was heated up to 100°C. At
100°C, the catalyst solution was added drop wise and the mixture was heated to 140°C for 48
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h. After the completion of the reaction, the mixture was poured into water and extracted with
Ethyl Acetate (3 x 100 mL). The combined organic phase was washed with water, brine, and
dried over anhydrous sodium sulfate. The solvent was removed under reduced pressure and
the crude product was purified by column chromatography on silica gel using petroleum

ether—ethyl acetate (95:5) as eluent to afford cis-trans isomers of the compound 52a.

IR (KBr): v 3423, 3016, 2947, 1863, 1596, 1489, 1388, 1349, 1306, 1250, 1179, 1116, 1038,
970, 861, 823, 750 cm’!

'H NMR (400 MHz, CDCls): § =8.28 (d, J = 3.2, 2H), 7.70-7.67 (m, 2H), 7.60-7.58 (d, J =
7.6 Hz, 2H), 7.50-7.48 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 16.4 Hz), 7.12-7.08 (d, J = 16.4 Hz,
2H), 6.93-6.91 (broad d, 4H),4.32 (t, J = 7.2, 2H), 2.4 (s, 3H), 1.93-1.86 (m, 2H), 1.47-1.38
(m, 2H),0.97 (t, J = 7.2 Hz,3H) ppm.

13C NMR (100 MHz, CDCl3): 8= 140.73, 140.53, 136.95, 136.48, 135.12, 132.47, 130.19,
129.43, 129.02, 128.82, 128.50, 128.32, 127.37, 126.19, 126.16, 124.74, 124.66, 124.63,
123.28, 123.19, 118.79, 118.51, 109.12, 43.08, 31.20, 21.30, 20.57, 13.93.

9-butyl-3-(4-chlorostyryl)-6-(styryl)-9H-carbazole (52b)

( cl N
Molecular formula: C3,H23sNCl
O O Molecular weight: 461.19
| J Physical state: white crystalline solid
O O Rr=0.5 (5:95 EtOAc/petroleum ether).
N M.p = 156 °C.
\_ nBu )

A catalyst solution of palladium acetate (0.013 g, 0.006 mmol, 1 mol %) and 1,3-
bis(diphenylphosphinopropane) (0.049 g, 0.012 mmol, 2 mol %) in N,N-dimethylacetamide
(2 mL) at room temperature was prepared under nitrogen atmosphere with constant stirring
until a homogenous solution was obtained. A two-necked round bottom flask was charged
with 6-bromo-9-butyl-9H-carbazole-3-carbaldehyde (51) (0.200 g, 0.60 mmol), 4-chloro
styrene (55y) (0.1 g, 0.72 mmol), benzyltriphenylphosphonium chloride (54x) (0.283 g, 0.72
mmol), dry potassium carbonate (0.33 g, 2.40 mmol), TBAB (0.039 g, 0.12 mmol, 20 mol
%), and N,N-dimethylacetamide (10 mL) and the mixture was heated up to 100°C. At 100°C,
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the catalyst solution was added drop wise and the mixture was heated to 140°C for 48 h.
After the completion of the reaction, the mixture was poured into water and extracted with
Ethyl Acetate (3 x 100 mL). The combined organic phase was washed with water, brine, and
dried over anhydrous sodium sulfate. The solvent was removed under reduced pressure and
the crude product was purified by column chromatography on silica gel using petroleum
ether—ethyl acetate (95:5) as eluent to afford cis-trans isomers of the compound 52b.

H NMR (400 MHz, CDCls): & =8.26 (d, J = 1.6, 2H), 7.70-7.65 (m, 2H), 7.60-7.58 (d, J =
7.6 Hz, 2H), 7.51-7.49 (d, J = 8.4 Hz, 2H), 7.16 (d, J = 16.4 Hz), 7.12-7.08 (d, J = 16.4 Hz,
2H), 6.93-6.91 (broad d, 4H),4.32 (t, J = 7.2, 2H), 2.4 (s, 3H), 1.93-1.86 (m, 2H), 1.47-1.38
(m, 2H),0.97 (t, J = 7.2 Hz,3H) ppm.

13C NMR (100 MHz, CDCl3): 8= 140.79, 140.48, 139.85, 139.45, 136.91, 136.88, 129.35,
129.00, 128.82, 128.46, 127.38, 127.35, 127.31, 127.25, 126.92, 126.68, 125.94, 125.15,
124.59, 123.21, 118.79, 111.83, 110.35, 109.22, 43.12, 31.10, 20.54, 13.89.

9-butyl-3-(4-methoxystyryl)-6-(styryl)-9H-carbazole (52¢)

([ _HiCO h
: Molecular formula: C33H31NO
Molecular weight: 457.21
\ ! Physical state: white crystalline solid
O O R;=0.5 (5:95 EtOAc/petroleum ether).
N ERTTL
L ' Bu ) M.p = 164-166 “C.

A two-necked round bottom flask was charged with 6-bromo-9-butyl-9H-carbazole-3-
carbaldehyde (51) (0.578 g, 1.75 mmol), 4-methoxy styrene (55z) (0.281 g, 2.1 mmol),
benzyltriphenylphosphonium chloride (54x) (0.816 g, 2.1 mmol), dry potassium carbonate
(0.967 g, 7.00 mmol), TBAB (0.113 g, 0.35 mmol, 20 mol %), and N,N-dimethylacetamide
(10 mL) and the mixture was heated up to 100°C. A catalyst solution was prepared under
nitrogen atmosphere using palladium acetate (0.003 g, 0.017 mmol, 1 mol %) and 1,3-
bis(diphenylphosphinopropane) (0.014 g, 0.035 mmol, 2 mol %) in N,N-dimethylacetamide
(2 mL) at room temperature with constant stirring until a homogenous solution was obtained..
At 100°C, the catalyst solution was added drop wise and the mixture was heated to 140°C for
48 h. After the completion of the reaction, the mixture was poured into water and extracted
with Ethyl Acetate (3 x 100 mL). The combined organic phase was washed with water, brine,

and dried over anhydrous sodium sulfate. The solvent was removed under reduced pressure
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and the crude product was purified by column chromatography on silica gel using petroleum
ether—ethyl acetate (95:5) as eluent to afford cis-trans isomers of the compound 52¢

H NMR (400 MHz, CDCL): § =8.20 (d, J = 1.6, 2H), 7.63-7.58 (m, 2H), 7.52 (d, J = 7.6
Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H), 7.31-7.35(m, 4H), 7.25 (d, ] = 16.4 Hz, 2H), 7.12-7.08 (d,
J = 16.4 Hz, 2H), 6.93-6.91 (broad d, 2H),4.32 (t, J = 7.2, 2H), 3.8 (s, 3H), 1.93-1.86 (m,
2H), 1.47-1.38 (m, 2H),0.97 (t, J = 7.2 Hz,3H) ppm.

13C NMR (100 MHz, CDCl3): 8= 158.96, 141.57, 141.44, 140.63, 140.42, 138.02, 135.09,
130.77, 129.57, 129.10, 128.73, 128.69, 128.67,127.49, 127.42, 127.39, 127.06, 126.27,
126.23, 126.11, 125.76, 124.61, 124.47, 123.26, 118.69, 118.33, 114.14, 109.06, 55.36,
43.13,31.21, 20.57, 13.92.

HRMS (ESI-TOF): m/z calcd. for C33H32NO is 458.2488; found, 458.2478

9-butyl-3-(4-chlorostyryl)-6-(4-methylstyryl)-9 H-carbazole (52d)

CH,
Q Q Molecular formula: C33H3oNCl

Molecular weight: 475.20

\ i i / Physical state: white crystalline solid
N
]

Rr=0.5 (5:95 EtOAc/petroleum ether).
M.p = 180 °C.

\_ nBu )

A two-necked round bottom flask was charged with 6-bromo-9-butyl-9H-carbazole-3-
carbaldehyde (51) (1.000 g, 3.00 mmol), 4-chloro styrene (55y) (0.419 g, 3.00 mmol), 4-
methylbenzyltriphenylphosphonium bromide (54z) (1.34 g, 3.00 mmol), dry potassium
carbonate (1.675 g, 12.10 mmol), TBAB (0.195 g, 0.600 mmol, 20 mol %), and N,N-
dimethylacetamide (10 mL) and the mixture was heated up to 100°C. A catalyst solution of
palladium acetate (0.013 g, 0.06 mmol, 1 mol %) and 1,3-bis(diphenylphosphinopropane)
(0.049 g, 0.121 mmol, 2 mol %) in N,N-dimethylacetamide (2 mL) at room temperature was
prepared under nitrogen atmosphere with constant stirring until a homogenous solution was
obtained. .At 100°C, the catalyst solution was added drop wise and the mixture was heated to
140°C for 48 h. After the completion of the reaction, the mixture was poured into water and
extracted with Ethyl Acetate (3 x 100 mL). The combined organic phase was washed with
water, brine, and dried over anhydrous sodium sulfate. The solvent was removed under

reduced pressure and the crude product was purified by column chromatography on silica gel
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using petroleum ether—ethyl acetate (95:5) as eluent to afford cis-trans isomers of the
compound 52d

'H NMR (400 MHz, CDCls): 5 =8.27 (d, J = 2.8, 2H), 7.70-7.66 (m, 2H), 7.54-7.48 (m,
4H), 7.41-7.29 (m, 6H), 7.22-7.18(m, 2H), 7.15-7.10 (d, J = 16.4 Hz, 2H), 4.32 (t, ] = 7.2,
2H), 2.39 (s, 3H), 1.85-1.92 (m, 2H), 1.47-1.38 (m, 2H),0.97 (t, J = 7.2 Hz,3H) ppm.

13C NMR (100 MHz, CDCl3): 8= 140.85, 140.18, 138.09, 137.89, 137.65, 130.65, 129.27,
128.85, 128.67, 128.53, 128.31, 127.03, 126.60, 126.17, 126.76, 125.55, 124.36, 124.15,
123.16, 122.87, 120.81, 120.43, 120.28, 118.95, 118.84, 118.61, 108.88, 108.75, 108.17,
42.96, 31.18, 21.40, 20.59, 13.93.

HRMS(ESI-TOF): m/z caled. for C33H31NCl is 476.2140; found, 476.2138.

9-butyl-3-(4-chlorostyryl)-6-(4-methoxystyryl)-9H-carbazole (52¢)

( H;CO h
f-_;, O Molecular formula: C33H30CINO

Molecular weight: 491.20
Physical state: white crystalline solid

\ |
@ O Rr=0.5 (5:95 EtOAc/petroleum ether).
N M.p =192 °C.

\_ nBu )

A catalyst solution was prepared under nitrogen atmosphere using palladium acetate (0.002 g,
0.014 mmol, 1 mol %) and 1,3-bis(diphenylphosphinopropane) (0.037 g, 0.091 mmol, 2 mol
%) in N,N-dimethylacetamide (5 mL) at room temperature with constant stirring until a
homogenous solution was obtained. A two-necked round bottom flask was charged with 6-
bromo-9-butyl-9H-carbazole-3-carbaldehyde (51) (1.500 g, 4.54 mmol), 4-methoxy styrene
(55z) (0.640 g, 5.450 mmol), 4-chlorobenzyltriphenylphosphonium bromide (54z) (2.120 g,
5.450 mmol), dry potassium carbonate (2.510 g, 18.200 mmol), TBAB (0.290 g, 0.908 mmol,
20 mol %), and N,N-dimethylacetamide (10 mL) and the mixture was heated up to 100°C. At
100°C, the catalyst solution was added drop wise and the mixture was heated to 140°C for 48
h. After the completion of the reaction, the mixture was poured into water and extracted with
Ethyl Acetate (3 x 100 mL). The combined organic phase was washed with water, brine, and
dried over anhydrous sodium sulfate. The solvent was removed under reduced pressure and

the crude product was purified by column chromatography on silica gel using petroleum
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-ether-ethyl acetate (95:5) as eluent to afford cis-trans isomers of the compound 52e.

IR (KBr): v 3423, 3016, 2947, 1863, 1596, 1489, 1388, 1349, 1306, 1250, 1179, 1116, 1038,
970, 861, 823, 750 cm’!

IH NMR (400 MHz, CDCls): § =8.26-8.24(dd, J = 7.2,1.2, 2H), 7.68-7.66 (d, J = 8.4 Hz,
2H), 7.53-7.49 (m, 4H), 7.40-7.35(m, 4H), 7.33-7.29 (d, J = 16.4 Hz, 1H), 7.23-7.19 (d, J =
16.0 Hz, 1H), 7.16-7.10(m, 2H), 6.97-6.94 (broad d, 2H),4.32 (t, ] = 7.2, 2H), 3.87 (s, 3H),
1.93-1.86 (m, 2H), 1.47-1.38 (m, 2H),0.97 (t, J = 7.2 Hz,3H) ppm.

13C NMR (100 MHz, CDCl3): 8= 158.92, 140.74, 140.43, 136.49, 132.47, 130.74, 130.20,
129.18, 128.82, 128.30, 127.44, 127.40, 127.36, 125.83, 124.74, 124.61, 124.55, 123.28,
123.20, 118.78, 118.31, 114.15, 109.11, 55.36, 43.09, 31.20, 20.56, 13.91.

HRMS(ESI-TOF): m/z caled. for C33H30NCINaO is 514.1902; found, 514.1908

Methyl 4-(2-(9-butyl-6-styryl-9H-carbazol-3-yl) vinyl) benzoate (52f)

H,C0O0C, Molecular formula: C33H31NO>
Q O Molecular weight: 485.61
\ / Physical state: white crystalline solid
@ O Ry =0.5 (5:95 EtOAc/petroleum ether).
N M.p = 180 °C.
L nBu y

A catalyst solution solution was prepared under nitrogen atmosphere using palladium acetate
(0.026 g 0.12 mmol, 2 mol%) and 1,3-bis(diphenylphosphonopropane) (0.098 g, 2.4 mmol,
4%) in N,N-dimethylacetamide (5 mL) at room temperature with constant stirring until a
homogenous solution was obtained. A two necked round bottom flask was charged with 6-
bromo-9-butyl-9H-carbazol-3-carbaldehyde (2.0 g, 6.00 mmol), styrene (0.75 g ,7.2 mmol),
4-(methoxycarbonyl)-benzyltriphenylphosphonium bromide (3.57 g, 7.2 mmol), dry
potassium carbonate (3.31 g, 24.00 mmol), TBAB (0.38 g, 0.12 mmol), and NN
dimethylacetamide (10 mL) and the mixture was heated up to 100° C . At 100°C, the catalyst
solution was added drop wise, and the mixture was heated up to 140°C for 48 h. After the
completion of the reaction, the mixture was poured into water and extracted with Ethyl
Acetate (3 X 100 mL). The combined organic phase was washed with water, brine, and dried

over anhydrous sodium sulfate. The solvent was removed under reduced pressure and the

Page 176



Chapter 3B

crude product was purified by column chromatography on silica gel using petroleum ether-
ethyl acetate (95:5) as eluent to afford methyl 4-(2-(9-butyl-6-styryl-9H-carbazol-3-
yl)vinyl)benzoate.

IH NMR (400 MHz, CDCls ): & 8.29 (dd, J= 9.6 & 1.2, 2H), 8.06 (d, J = 8.4, 2H), 7.70 (d, J
— 8.4, 2H), 7.64-7.58 (m, 4H), 7.48-7.33 (m, 4H), 7.30-7.26 (m, 3H), 7.23-7.17 (m, 2H), 4.33
(t,J="7.2, 2H), 3.96 (s, 3H), 1.93-1.86 (m, 2H), 1.47-1.38 (m, 2H), 0.98 (t, J = 7.2, 3H).

13C NMR (100 MHz, CDCI3): & 167.0, 142.9, 140.6, 137.9, 132.20, 130.1, 129.5, 128.7.
128.4,127.1, 126.3, 126.0, 124.8, 123.3, 119.2, 118.7, 109.1, 52.0, 43.1, 31.1, 20.5, 13.8

IR (KBr): v 3024, 2928, 2869, 1713, 1594, 1484, 1208, 1104, 958, 801, 692 cm™
HRMS: m/z calcd. for [C34H31NO2 + H] is 486.2355; found, 486.2335

2-methyl-9-butyl-9H-aza|7]helicene (53a)

Molecular formula: CszHz7N

o O Molecular weight: 437.21
O @ Physical state: yellow solid

@ O Ry=0.4 (5:95 EtOAc/petroleum ether)
N M.p =>200°C
\_ nBu )

A solution of 3,6-distyryl-N-butylcarbazole 52a (0.200 g, 0.45 mmol), Iodine (0.253 g, 0.99
mmol), dry THF (3.26 g, 3.67 mL, 45.3 mmol), and toluene (610 mL) was irradiated using a
250W HPMV lamp (10 h monitored by TLC). After the completion of the reaction, the
excess of lodine was removed by washing the solution with aqueous Na>S>O3 and water. The
organic layer was concentrated under reduced pressure to obtain the crude product. The crude
product was purified by column chromatography over silica gel using petroleum ether-ethyl

acetate (98:2) as eluent to obtain a pale yellow solid.

IR (KBr): v 3427, 3042, 2952, 2927, 2867, 1725, 1660, 1588, 1522, 1495, 1450, 1339, 1283,
1218, 795, 746, 645 cm.”!

'H NMR (400 MHz, CDCLs): § = 8.14 (d, J = 8.8, 2H), 8.06 (d, J = 8.4, 2H), 7.99-7.96 (m,
3H), 7.90-7.88 (d, J = 8.4 Hz, 1H), 7.83-7.79 (m, 2H), 7.75 (d, ] = 8 Hz, 1H), 7.40 (d, J = 8.4
Hz,1H), 7.22-7.18 (m,2H), 7.05-7.03 (dd, J = 8,1.2Hz,1H), 6.28-6.24 (m, 1H), 4.79 (t, J =
7.2, 2H), 1.44 (s, 3H), 1.04 (t, J = 7.2Hz, 3H) ppm.
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13C NMR (100 MHz, CDCl3): 6=139.23, 132.47, 131.49, 130.11, 129.91, 129.43, 128.34,
127.74, 127.43, 127.20, 126.82, 126.73, 126.61, 126.57, 126.53, 126.40, 126.14, 126.10,
12591, 125.78, 124.03, 123.96, 122.34, 120.18, 116.75, 116.70, 109.57, 109.45, 43.44,
31.96, 20.77,20.71, 13.98.

HRMS(ESI-TOF): m/z caled. for C33H27N is 437.2143; found, 437.2140.

2-chloro-9-butyl-9H-aza|7]helicene (53b)

4 cl )
Molecular formula: C33H24NCl
o O Molecular weight: 457.16
O @ Physical state: yellow solid
@ O R;=0.3 (5:95 EtOAc/petroleum ether).
N M.p = 168 °C.
\_ nBu )

A solution of 3,6-distyryl-N-butylcarbazole 52b (0.200 g, 0.45 mmol), Iodine (0.253 g, 0.99
mmol), dry THF (3.26 g, 3.67 mL, 45.3 mmol), and toluene (610 mL) was irradiated using a
250W HPMV lamp (10 h monitored by TLC). After the completion of the reaction, the
excess of lodine was removed by washing the solution with aqueous Na>S>O3 and water. The
organic layer was concentrated under reduced pressure to obtain the crude product. The crude
product was purified by column chromatography over silica gel using petroleum ether-ethyl
acetate (98:2) as eluent to obtain a pale yellow solid. (0.06 g; 30%).

IR (KBr): v 3010, 2956, 1682, 1599, 1500, 1220, 838, 762, 674 cm.”!

H NMR (400 MHz, CDCL3): § = 8.17-8.12 (m, 2H), 8.08 (d, J = 8.8 Hz, 2H), 8.03 (m, 2H),
7.89 (d, J = 7.6, 1H), 7.82 (d, J = 8.4, 1H), 7.77( d, J = 8.8, 1H), 7.40 - 7.38 (m, 2H), 7.25-
7.24 (m, 1H), 7.15 (dd, J = 8.4 & 2.0, 1H) 6.32-6.27(m, 1H), 4.33(t, J = 7.2 Hz, 2H), 1.93-
1.85 (m, 2H), 1.47-1.39 (m, 2H), 1.04 (t, J = 7.2 Hz, 3H) ppm.

13C NMR (100 MHz, CDCl3): 8= 139.38, 139.28, 132.06, 130.96, 129.57, 129.53, 129.51,
128.90, 127.74, 127.55, 127.43, 127.13, 126.90, 126.88, 126.83, 126.81, 126.65, 126.40,
126.06, 125.95, 125.83, 124.56, 123.54, 122.35, 116.62, 116.25, 110.26, 109.61, 43.48,
31.95,20.70, 13.96.

HRMS (ESI-TOF): m/z calcd. for C33H2sNCl is 458.1672; found, 458.1670.
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2-methoxy-9-butyl-9H-aza|7]helicene (53¢)

( MeO ) Molecular formula: Cs3H27NO
O O Molecular weight: 453.21
O @ Physical state: yellow solid
@ O R;=0.2 (5:95 EtOAc/petroleum ether).
N M.p = 182 °C.
\_ nBu )

A solution of 3,6-distyryl-N-butylcarbazole 52¢ (0.200 g, 0.45 mmol), lodine (0.253 g, 0.99
mmol), dry THF (3.26 g, 3.67 mL, 45.3 mmol), and toluene (610 mL) was irradiated using a
250W HPMV Ilamp (10 h monitored by TLC). After the completion of the reaction, the
excess of lodine was removed by washing the solution with aqueous Na>S>O3 and water. The
organic layer was concentrated under reduced pressure to obtain the crude product. The crude
product was purified by column chromatography over silica gel using petroleum ether-ethyl
acetate (98:2) as eluent to obtain a pale-yellow solid. (0.06 g; 30%).

IR (KBr): v 3430, 3040, 2956, 2929, 2870, 1728, 1665, 1592, 1525, 1498, 1454, 1343, 1286,
1223, 798, 749, 647 cm.”!

'H NMR (400 MHz, CDCls): &= 8.07(d, J = 8.8 Hz, 2H), 8.03(m, 2H), 7.54-7.47(m,
3H),7.41-7.29(m,5H), 7.22-7.11(m,4H), 4.33(t, J = 7.2 Hz, 2H), 2.39(s,3H), 1.93-1.85 (m,
2H), 1.47-1.39 (m, 2H), 0.97(t, J = 7.2 Hz, 3H).

13C NMR 158.92, 140.74, 140.43, 136.49, 132.47, 130.74, 130.20, 129.18, 128.82, 128.30,
127.44, 127.40, 127.36, 125.83, 124.74, 124.61, 124.55, 123.28, 123.20, 118.78, 118.31,
114.15, 109.11, 55.36, 43.09, 31.20, 20.56, 13.91.

HRMS (ESI-TOF): m/z calcd. for C33H27NO is 476.1986; found, 476.1985 [M+Na]"

2-chloro-16-methyl-9-butyl-9H-aza[7]helicene (53d)

4 )
Cl Me Molecular formula: C3;3HysNCl

O O Molecular weight: 471.17
O @ Physical state: yellow solid

@ O R;=0.4 (5:95 EtOAc/petroleum ether)
N M.p =>200°C
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A solution of 3,6-distyryl-N-butylcarbazole 52d (0.200 g, 0.45 mmol), Iodine (0.253 g, 0.99
mmol), dry THF (3.26 g, 3.67 mL, 45.3 mmol), and toluene (610 mL) was irradiated using a
250W HPMV lamp (10 h monitored by TLC). After the completion of the reaction, the
excess of lodine was removed by washing the solution with aqueous Na>S>O3 and water. The
organic layer was concentrated under reduced pressure to obtain the crude product. The crude
product was purified by column chromatography over silica gel using petroleum ether-ethyl
acetate (98:2) as eluent to obtain a pale yellow solid. (0.06 g; 30%).

IR (KBr): v 3430, 3036, 2948, 2924, 2854, 1730, 1650, 1595, 1532, 1495, 1450, 1342, 1285,
1222, 792, 741, 640 cm.™!

'H NMR (400 MHz, CDCLs): 58.16 (d, J = 8.4 Hz, 1H), 8.14 (d, J = 8.4 Hz, 1H), 8.07 (d, J
= 8.8 Hz, 1H), 8.02 (dd, J= 8.4 & 1.2, 2H), 7.97 (d, J = 8.4 Hz, 1H), 7.91 (d, J = 8.8, 1H),
7.85(d, J = 8.8 Hz, 1H), 7.79 (d, J = 7.6 Hz, 1H), 7.74(d, J = 8.8 Hz, 1H), 7.31 (d, J = 2.4),
7.16 (dd, J = 8.4 & 1.2 Hz, 1H), 7.12-7.08 (m, 2H), 4.80(t, J = 7.2 Hz, 2H), 2.11-
2.09(m,2H), 1.59-1.55(m, 2H), 1.53(s,3H), 1.04(t, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCl3): 8 = 139.30, 139.19, 132.17, 130.68, 130.22, 129.75, 129.44,
128.66, 127.60, 127.43, 127.38, 127.23, 127.14, 126.97, 126.89, 126.74, 126.67, 126.41,
126.19, 125.96, 125.75, 124.32, 123.23, 116.59, 116.26, 110.23, 109.46, 43.49, 31.99, 20.80,
20.70, 13.96

HRMS (ESI-TOF): m/z calcd. for C33H2sNCINa is 494.1641; found, 494.1646

2-chloro-16-methoxy-9-butyl-9H-aza|7]helicene (53e).

( MeO h Molecular formula: C33HycCINO

Cl

O 0 Molecular weight: 487.17
O @ Physical state: yellow solid

@ Q R;=0.2 (5:95 EtOAc/petroleum ether)
N M.p = >200°C

A solution of 3,6-distyryl-N-butylcarbazole 52e (0.200 g, 0.45 mmol), Iodine (0.253 g, 0.99
mmol), dry THF (3.26 g, 3.67 mL, 45.3 mmol), and toluene (610 mL) was irradiated using a
250W HPMV lamp (10 h monitored by TLC). After the completion of the reaction, the
excess of lodine was removed by washing the solution with aqueous Na>S>O3 and water. The

organic layer was concentrated under reduced pressure to obtain the crude product. The crude
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product was purified by column chromatography over silica gel using petroleum ether-ethyl
acetate (98:2) as eluent to obtain a pale yellow solid. (0.06 g; 30%).

IR (KBr): v 3445, 3030, 2900, 2870, 1725, 1670, 1591, 1523, 1500, 1447, 1334, 1284, 1218,
787, 749, 638 cm.”!

'H NMR (400 MHz, CDCls): = 8.16(d, J = 8.8 Hz, 1H), 8.11(d, J = 8.4 Hz, 1H), 8.05(d, J
= 8.4 Hz, 1H), 8.02(d, J = 8.8 Hz, 1H), 7.97(d, J = 8.8 Hz, 2H), 7.91(d, J = 8.8 Hz, 1H),
7.83(d, J = 7.6 Hz, 1H), 7.81(d, J = 8.4 Hz, 1H), 7.77(d, J = 8.4 Hz, 1H), 7.39(s, 1H), 7.20-
7.17(m, 1H), 6.90-6.87(m, 1H), 6.77(d, J = 2 Hz, 1H), 4.80(t, J = 7.2 Hz, 2H), 2.47(s,3H),
2.47-2.11 (m, 2H), 1.60-1.55 (m, 2H), 1.05(t, J = 7.2 Hz, 3H).

3C NMR:3=155.04, 139.16, 130.91, 130.72, 129.44, 129.03, 128.42, 127.67, 127.26,
127.11, 126.96, 126.82, 126.77, 126.28, 126.23, 125.66, 124.25, 124.22, 123.51, 117.61,
116.29, 116.05, 110.43, 109.71, 106.71, 53.48, 43.54, 32.05, 20.72, 13.98.

HRMS (ESI-TOF): m/z caled for C33Ha6NCIO is 510.1593; found, 510.1595[M+Na]*

Methyl-9-butyl-9H-aza|7]helicene2-carboxylate (53f)

MeOOC ) Molecular formula: C34sH27NO>
0 0 Molecular weight: 481.58
O @ Physical state: yellow solid
@ O R;=0.2 (5:95 EtOAc/petroleum ether)
nBu M.p =>215°C

A solution of methyl 4-(2-(9-butyl-6-styryl-9H-carbazol-3-yl)vinyl)  benzoate
(0.2g,0.41mmol), iodine (0.23g,0.91mmol), dry THF (2.97g, 3.34ml , 0.4Immol), and
toluene (600 ml) was irradiated using a 125W HPMV lamp (8 h monitored by TLC ). After
the completion of reaction, excess of iodine was removed from the mixture by treating it with
a solution of sodium thiosulfate, followed by distilled water. The organic layer was
concentrated under reduced pressure which gave crude product. Purification of crude product
was done by performing column chromatography over silica gel using petroleum ether: ethyl
acetate (95:5) as eluent to obtain methyl-9-butyl-9H-aza[7]helicene2-carboxylate.
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'H NMR ( 400 MHz, CDCL) : & 8.19-8.15 (m, 3H), 8.12-8.01 (m, 4H), 7.98-7.89 (d, J =
8.4, 1H), 7.88-7.83 (m, 3H), 7.75 (d, J = 8.4, 1H), 7.34 (d, J = 8.4, 1H), 7.20-7.16 (m, 1H),
6.24-6.20 (m, 1H), 4.80 (t, J = 7.6, 2H), 3.43 (s, 3H), 2.13-2.09 (m, 2H), 1.63-1.54 (m, 2H),

1.05 (t, J = 5.2, 3H).

BC NMR: 8= 167.04, 142.56, 140.98, 140.67, 137.91, 132.20, 130.07, 129.47, 128.96,
128.71. 128.28, 128.17, 127.13, 126.34, 126.26, 125.99, 124.95, 124.89, 124.82, 123.33,
119.16, 118.68, 109.19, 52.05, 43.11, 31.19, 20.55, 13.89

HRMS (ESI-TOF): m/z calcd. for [C34H27NO; + H] is 482.2042; found, 482.2068

9-butyl-9H-aza|7]helicene2-carboxylic acid (57)

HOOC

=

Molecular formula: Cs3H25sNO>
Molecular weight: 467.55

Physical state: yellow solid

R;=0.2 (5:95 EtOAc/petroleum ether)
M.p =>215°C

To a solution of 2 (0.1 g, 0.21 mmol) in THF (10 mL) was added aq. KOH (10 M, 1.0 mL).
The mixture was heated at 80 °C for 8h. The cooled solution was poured into ice water. The
solution was acidified with 1IN HCI and extracted with dichloromethane (3 X 25 mL). The
organic layer was washed with water, dried over anhydrous sodium sulfate and concentrated
at reduced pressure to afford 1 (0.097g, 98%) as a yellow solid. Mp = 142-144 °C

'H NMR (400 MHz, CDCL) : § 8.24-8.16 (m, 3H), 8.07-8.00 (m, 3H), 7.95-7.89 (m, 3H),
7.86 (dd, J= 8.4 & 1.6, 1H), 7.78 (m, 2H), 7.30 (d, J = 8.4, 1H), 7.18 (m, 1H), 6.22 (m, 1H),
4.83 (t, J= 7.2, 2H), 2.13 (m, 2H), 1.63 (m, 2H), 1.06 (t, J = 7.2, 3H).

3C NMR: 8 =166.98, 139.69, 139.57, 133.60, 131.99, 130.38, 129.76, 129.42, 129.38,
127.55, 127.43, 127.14, 127.05, 126.96, 126.90, 126.84, 126.70, 126.63, 126.26, 125.89,
124.95, 124.85, 123.88, 122.25, 115.93, 115.77, 111.62, 110.97, 43.12, 34.59, 34.36, 32.03,

26.75, 25.19, 20.30, 14.19

HRMS (ESI-TOF): m/z calcd. for [C33H2sNO2 + H] is 468.1885; found, 468.1804
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3.2.8 Spectral Data

856"
Lt6”
S66°
18e”
00%"
382
LER”
96%°
YA A
Ls8"
§L8~
¥68°
Z16°
0g6”
oop”

Tie”
62€"
9pE”

Lyl
0LT"
LBT"
0Te*
9zz”
652"
182"
SZE”
(433
ELe”
68"
80%"
Sey”
287"
206"
G8G”
F09°
LED
¥B9”
LBY"
§69°
869"
soL”
8LZ"
982"

1

0
0
0
1
1
1
1
1
1
1

1
1
1
<

TSSO\

nBu

< o

L

[E-2= 00 sl ol S el ol el ol ol ol ol el ol o il Y

LT L ——
OLT L~
81 L——
otz L—
9z L—"
65¢ L—
182" L—
§ZE" L~
zee T L—"
ELE L
68E " L——
80p "L —
sZh L—"

78 L ——
TS L—

685°L——
P03 L—

L't
wmw.p/
LE3'L
G69°L
mmm.wN

SoLL

BLE 8~
9828 —"

@

Ppm

T
1

7

.2

7

3

7.

4

7.

5

7.

6

7.

T
7

YV H WEY

7

T
7.8

T
7.9

T
.0

8

1

8.

.2

8

T
8.3

8.4

L

'"H NMR spectra of compound 52a

.

il

ppm

’L‘___i .
w|es
FE
i=lealr

= o
GE
<l

//%‘
o
<<
oiodl

J

]
Gk
<<

€6 ET—
LG 08 ~_

B L

geTe—

80°€r—

Z1°60T
15°81T
6L°8T1
61°€2T
87 £t
£9°521
99° 721
bLPET
917921
617921
Len1zt
zet szt
05821
28821
20" 62T
£hr6zl
61°0€T
LP ZET
Zresel

879€1
567951
£5708T
£L00FT

I

=\

L

TI8°8TT——
8L 8T ——

T6L'ECT ~

BETLET—

L

Ppm

T
118

T T T
128 124 122

3

99F ZET—

TSET—

FEFTOET —
SEEFQET—=

T
130 1

T
izz

T
136

T
138

T
140

T
142

ppm

140

T
160

T
200

T
180

13C NMR spectra of compound 52a

Page 183



Chapter 3B

O~~~ A A A A A A A A OO

7.0 ppm

o

l/

~

o

Se1°T

)

L9171

.

S9€°E

]

I

ppm

"H NMR spectra of compound 52b

68 EL—
P50 —

ot ie—

L Er—

2T 60T
GETOTT
£8°TIT
6L°8TT
T2°€2T
66921
S1°621
¥6°621
89921
267921
TANKAS
T€°LTT
SE*LzT
8E°LZT
97°821
z8 821
007621
GE'6ZT
88°9€T
T6°9€T
S7°6ET
§8°6€T
87 071
6L70%1T

W

13C NMR spectra of compound 52b

Page 184



Chapter 3B

N
nBu
It
l ‘ ! l [ 1]
I hjuu ! \ ibL e
T T T T \ T T T T T T T T T T T T
9.5 9.0 8.5 8.0 75 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0  ppm
4 R " e W
3 fﬁ‘, a4 & 3 8 A
"H NMR spectra of compound 52¢
T EYNEC RSO0 REN N EETE8gTs © m e e
MeO. 3 O 50D S OOV 0 e M M e O O D 1 () &5 O = O B - 2] r A
- SEESRRANSS8RSRNANSSSdI8 S8 s 9 &4 g9
S [ | ]

T T
200 50

180

13C NMR spectra of compound 52¢

Page 185



Chapter 3B

[ E
a
o
Fo
£86°0
Ao s €6 eT—
¥66°0 :
65°0C
A P _ 05Tz
86€°T L 00t i ]
i 65 (R 8T 1E—
5017 G
PLECT P 96°2F —
cog°T =TT B :
FLE"T
£68°T — | \Hm..w m
:m.H.\ 0L \ =46 o
626°1 BT L— .
€6 7 8T L= & FE6°E = LT780T
e e Fo m 5 "60T
Lol bl )
887801
€621 ) :
ﬁ;.” Lot =9 19°8TT
VEETL~— & g ¥8 81T
e JFEE] - S 56811
ey e o S 827021
62EY e " ! <907 (. £F0ZT
i ~ ~7 S 187021
LPE"] : :
Feo BB « ezt
A o = 9T gzl
Lo1* e 2 ST%ZT
THIS P 2 9€° 71
TR B 7 557621
50¢° g R TF A o mm.mﬁ
o 1 - S |5
oet” £ _mc.ﬁﬂ.\
vee” " Z 1€ 821
05¢* = £6°977
eLe” Fo b "4 L9°82T
e6e- v = [Tt 58821
e > = “twg L2°621
gsr- E et SreEL)
66" ~8ze 3y
o8 5 e T . 60°86E
0Fs*" = 2 81 0FT
299" =581 ; 58:0F1
999" " .
919" b
"L i YR
me J o AL - o
Lo A
16971 &
0L L~
0Lz* 8+
vee: ]

Page 186

ppm

40 20

60

160 140 120 100 80
13C NMR spectra of compound 52d

180

200




Chapter 3B

ppm

40 20

60

Page 187

FE
o
169~
. £96'9 ——
MMMW 069" Fo
66°0
8L’} :
16 €T—
96¢°) I I
il o= ke i 8
ol e o
gri—F ST «3UE 0e 1E—
' \ ! D
. 9L —907
989’} awﬁ//{ b ~E 60" €7 —
158'1 0624~
6981 Y T o
" 0SE°L cCC—
] BN A
L —7 686 L
26’ b L © =
Nwﬂ.\ & of =
Lige ror'L w
mmm.v./ 96 L~ La ) y ~T0t =) T1°60T
E.v%. usL— < e M Lo m ST'PTT
SEE°Y e / S TE'81T
WE9 4 -~z e 2 BL"BTT
£96'9 e 1 0z gt
i 8z gl
0269 e L Fw g 56 H21
01’z 1891 —— ~ 2907 - 19°p2T
5 b (5]
LIy - bt PLFTT
L =9 £8°52T
wm—.h/ «» wm.hﬁ/
8:/ L3 Fo & v 121
iy o | = bheLEL
0872 56 0" 821
82/ . \mw\.o 4 2881
: N AEREEE
s L 5 240} ¥L*0ET
¥SeL Fo e LP'ZET
9872 ® @ 3 Mww 6F"9ET
L , 3 5081
Nmﬁx - O 3 ® oz pL 05T
POFL Fe ; ~861 267851
z-&
96"L
LEL O
9E5°L o S o
. obz'g \ @
wwww Sea— 660
peze—
avze tze £ f e
6v2'8 s = Lo
voz'e

180 160 140 120 100 80
13C NMR spectra of compound 52e

200




Chapter 3B

8eTL

vl L
9L°L
6bL L
ST8°L
SE8°L
€887 L
voe°L
666" L
8L6°L
666°L
v50°8
SL0'8
12178
9ET"8
EVIB
8GT'8

]

3245
ﬁm.m/
192°9
am.mW.
192°9
182°9
¥82'9

ZE0"L
mmc.._./
£S0°L

aggrL—
T8TL
vmﬁ.p/
JEEATEN

TPL L

GTFUV
amh.r/
ST8 L~
5E8 L—
€88 L~
906" L——
6967 L~ _
BLE L ——
666°L—"
¥50°8 ——
SLO"g—
HNH.m“
9£1°8

mi»m\

BS1°8

0 6.9 6.B 6.7 6.6 5[_5 6.4 6.

ppm

¥

L00°T

B06°T

7.3 7.2

¥80° T

7.6 7.5 7.4

7.7

ﬁ

ppm

'"H NMR spectra of compound 53a

:

86"ET—
TLhoz

e
96" TE—

Foogr—

TLt9L
V0" LL
SETLL
S7°60T
L5601
0L°97T1T
SLT9TT
mﬂ.omﬁg
re"zel
mm.mwﬁ/
mevmﬂgﬁ
8L°5ZT
;,mﬁ/,_
01°92T
717921
07921
£5°92T
L5921 -7F

197921
mh.mmﬁk\
Nm.mmﬂk\
0T LT i
mw.ﬁmﬂ&
]

|

bLriel
qm.mmag
£r62T
16°6CT
TI°0€T
67 IET
L7 2ET
£€76¢T

0FE ZET——

P96 LT~
6207 PZT—"

122 ppm

T
123

T
124

T8L752T

:m .mﬁ/
nmo.wﬁ /.
€51°921 /
868 °571
0£5°921 ~
936571 —>=
078971

RES\
128°921

SN.RT\
£65° L1

ZaL L~

9L 8T —

Zep eIl —

906621 ——
PIT0ET—

6% 18T ——

eLy el —

T T T T T T T
132 131 130 .129 128 127 126

T
133

ppm

490

80

<
is]

140 120 iCco

160

2

-~

200

13C NMR spectra of compound 53a

Page 188



Chapter 3B

51902

430.9138

R:

100
95
90
85
80
75
70

680°8
9z1's
3 #r1's
95184
118

o v 9o v o
©®© ©w © <+ <

20uUEBpUNQY dANEIRY

Ny 3
3 3
b} F— ; r
I —F3 2oL Sz & £
s o' 269\ L a gy
- 850°F s629\ o ma
I 3 ve5') 6629 —_ i
& -3 P Smuw\ J F o
Sa 3 us't gree
58 9012 %
£ —t,, £z 8 ;
2 €12 12291 i ;
3 LY Wil ./. L ow s
28 3 961y IS \ws ~ <862
. + 3 malll mas =
8 g& & viZ'9 S22 I\ S V5§
S 3 829 N N T
oal E « ) vz L~ e
ey s 3 & 2629 22\ W Lo e
NETL s N 4] 4629 9zL -z
ens 2 662°9 . 09TL ; £0 !
T 3 _.M cle'9 £97'L ~
8] 3 = 91¢€'9 6L€°L
F o = WL 68¢°L / N -
24 =% WL S6EL~—= £ medk “
eg 3 = £91'L bot2 "
i3 3 s 894's Qe
v =B T q
A S 92TL : L9
FE o ovz'L BE L 3 CY
3 3 ] 8 o 3
] 3 g &L 20
S E S - el ]
< @ 092'L X @
E 5 ] Y
9 AN sl -
3 @ 6LE'L : A
Fo N 68¢°L :
F< S 9682 : Fe “
3 ~ 6682 ; w
- 00%°L : :
2 s 2012 L — o Jr © i
= 8L L) PRLL —— @ 50°)
3 608'L e Fe o rr
3 0c82 M“MM — — \wwwc
—F £89°2 : I\ 20')
= 2062 UL Lo Tl -~ e
3 062 e I ==
3 8862\ o ~ 66'0
- pody 0964~ 0201 001
ES A SL6'L —_ = T
£ S16°2 166'L -~ fo Vogm kvc.r
3 166'L ® S i /%
3 666'L A 'z
020’8 ] 6£0Z o'z
'8 : = 66'0
1908 ; © or')

35
30
25
20
15
10

5

&}

4292397
R=39000
_—
429
» SEBEI8S
IS88388

Page 189

'"H NMR spectra of compound 53b




Chapter 3B

__~139.377
=~ 139.282

139.38

130.96

1

[
/:,
;
\
|

139.28
132.06

/~126.88
126.83
126.81
126.65
126,40
126.06

——43.48

—116.623
——116.251

|

—31. 95
~—20.70
—13.96

——110.263
——109.605

140

T
135

T T
130 125 120

115

110 ppm

100

160 140 120 6¢ 40 20 4] ppm
13C NMR spectra of compound 53b
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Active Set Capillary 3700V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset ~ -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF  1500.0 Vpp Set Divert Valve Source
Inti%ss. 457.1638 +MS, 0.1-0.2min #4-12, 100%=177033]
X
1.57
Cl
0 O
@ Q 459.1618
N
051 nBu
460.1644
461.1680
0.01— . ; ; . A , r :
452 454 456 458 460 462 464 466 m/z
Meas. m/z # lon Formula m/z err[ppm] mSigma #Sigma Score rdb e Conf N-Rule
458.1672 1 C32H25CIN  458.1670 0.5 290.7 1 100.00 20.5 even ok

HRMS spectra of compound 53b

Page 190



Chapter 3B

ze0”
150"
690"
256"
Tig®
615"
065"
609"
180"
760"
00T"
z1T”
0zT"
€T
65T
867"
69L°
L8L"
908"
81"
T7E"
6EE”
95¢”
65E”
6€8"
978"
98"
198"
806"
716"
¥z
972"
e
192"
€97
08z
€05°
£25°
95L°
8iL”
608"
168"
zs8"
€18°
126"
606"
166
516"
846"
966°
620"
050°8
501"

611"
9z1”
0rT”

S B I e o s

81e"
Tee”
6£E"
96g”
6GE"

6£8°
998"
198"

806"
P16°

¥ee”
9ce”
[
19¢"
€92
0se’

|

ppm

10

11

R
"H NMR spectra of compound 53¢

£0°L
2671

66" €T—
ELI0C—

20—

Ly ep—

6p EG—

L9"LOT
€L760T
8L°60T
Gy 9TT
95°9TT
Ly LTT
€8°2C1
v6°€CT
92 vl
L6°G2T
9€°921
6€°921
167921
967921
§9°921
067921
26°921
0T"LTT
Te LT
06°L2T
€2°0€T
[4ANEE
96 TET
0T'6€T
T2 6€T
€2°66T

40 20 ppm
Page 191

60

160 140 120 100 80
13C NMR spectra of compound 53¢

180

200




Chapter 3B

Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Active Set Capillary 3800V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 I/min
Scan End 1000 m/z Set Collision Cell RF ~ 1000.0 Vpp Set Divert Valve Source
In!e1r[l)sé 476.1986 +MS, 0,1-0.2min #5-11, 100%=680191
X
1.254
1.001 MeO,
s
0.50 N
: néu
454.2156
0.25-
441.2068 l 492.1759
0.00 4 gl il l 1 y dpdpi) | N I — A, . 50'7'14'02‘5 515@712
430 440 450 460 470 480 490 500 510 miz
Meas. m/z # lon Formula m/z err[ppm] mSigma #Sigma Score rdb e Conf N-Rule
476.1986 1 C33H27NNaO 476.1985 -0.3 1.8 1 100.00 20.5 even ok
HRMS spectra of compound 53¢
OO ITITANMONITWOMERENEVWOEDITDOULOANMCET T O A CMLANNIMOONOTLOND AN
O OoWUEOMECOVNOYTOOWNNMONMS O ITNOOEXEODEAAEDA ™ML W T N

|

L LA M A
5 8 7 s 5 2 3 2 1 8 g

'"H NMR spectra of compound 53d

Page 192



Chapter 3B

e =5 —aN— o oW
- o wr~ o
] - oS m
T 1 Vi
Cl Me.
N
nBu
T T 2 | T T T T T T T T
200 180 160 140 120 100 80 60 . 40 20 0 ppm
13C NMR spectra of compound 53d
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Active Set Capillary 3700V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 //min
Scan End 1000 m/z Set Collision Cell RF  1500.0 Vpp Set Divert Valve Source
lnte1n56- 494.1641 +MS, 0.0-0.2min #2-9, 100%=141547§
- x10
1.251
Cl
1.00 Me
SWe
0.50 ';l
nBu
0.251
510.1378
0.0t y (- I N . '
475 480 485 490 495 500 505 510 515 miz
Meas.m/z # lonFormula m/z err[ppm] mSigma #Sigma Score rdb e Conf N-Rule
494.1641 1 C33H26CINNa 494.1646 0.9 50.2 1 100.00 20.5 even ok

HRMS spectra of compound 53d

Page 193



Chapter 3B

[433]

g
% &
68L'9. B
:EV ¥66'0
5189 St -
Em.w% ©
188°9
feEe—% g/a
9689 —7F 6/
005'9
£069
1069 B
4
8L1L o
18k2 ~
£8KL
g1~ N
6612 T
SENN it
0z'L
2072 "
087'L N
weL— ¥ VI§0
o _MEe
Ay,
- OO
s 9 s
= le
© O
YA
T
98LL o
zE/ m
! ~
moﬁ# o D660
mmmn/
SP8L " ot
s8> o
Rﬂ/ &
32/ * e =
%E/ o ﬁ
D S
L -
2o —> © T
1208 e
¥E0'8 \ LA
0’8 N
5908 \. © _sloh
01’8 \ e
628 \y o A
0518 ©

ppm

'"H NMR spectra of compound 53e

]

ZE—

e —

e —

‘901
60T
‘01T
‘91T
91T
TLTT
el
‘¥l
‘bl
‘6Tt
921
‘921
‘921
‘921
921
‘921
‘9zt
LET
Lt
LT
*Lel
"8z1
LA
621
"0ET
"0ET
“6E1T
"§ST

L-4=és£§§§§§§$§§§§§§;§§éﬁ#éégggg;ggggzézﬁ~‘

ppm

T T T T T
160. 140 120 100 80

T
180

T
200

13C NMR spectra of compound 53e

Page 194



Chapter 3B

Intens. 510.1593
x1051

2.51

201 €l meo

Ya®

+MS, 0.1-0.2min #3-10, 100%=338853]

N
1 nBu
1.0
] 511.1624512.1575
0.51
513.1599
507.4006 509.3254
00 N P i A e .
504 506 508 510 512 514 516 m/z
Meas. m/z # lon Formula m/z err[ppm] mSigma #Sigma Score rdb e Conf N-Rule
510.1593 1 C33H26CINNaO 510.1595 0.5 37.6 1 100.00 20.5 even ok
HRMS spectra of compound 53e

N OENONITIFVOODNNTAMNAO T O~ oM = W O ODOWAODANTON M

REXE8rRECUBRTISNICSRRRRISRANZS [8H R pppap e k1

u&%#é##ééééé##h‘é q-\pwm' %W

COOMe
s
i
nBu
: L A L L
I T T T T T T T I T 1
9 8 7 6 5 4 3 2 1 0 ppm
egaslEE & SN
<leileiles|slalei il e il leil e

'"H NMR spectra of compound 52f

Page 195



Chapter 3B

—8.078
——8.057

8,312
43.309

8,288
T3.2135

COOMe

Ppm

- o
S
=
o=
Pt

\“%\%\ZW//

—52.05
—43,11
—31.19
—20.55
—13.89
—0.01

COOMe

erroscammed Jum{rl N R -

T T T T T T T T T T T T T T T T T T T
21‘0 260 190 180 1.“!0 1&0 150 140 130 120 110 100 20 80 70 &0 50 40 30 20 10 o Ppm

13C NMR spectra of compound 52f

Page 196



Chapter 3B

o
o
9
@
£
Qo |
2o VN
S
E
1]
g
o
F S
COOMe
Q 4
«
o
)
QOND @ D= s} WFVN!UO)I\NI\O)IDG)
OO @ aN O MOOANO-OINMX—AN ¥ ONOC®© VY O
Jago 5 By §gosgEsraNacgnk & SoseR 888 §
NONO© - N QX OCOVONTONDMOT® © —“NONW g(")ﬂ N
QMDD ~ ow TITOOONNNT~—-0OV © O(DVO’)B Mmoo N
NN - e -rrrrrrrerrEEee0 © ©ONMNO O WOVD o
T T T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1
IR spectra of compound 52f
486.2335_ 994
1004 o5
m/z calcd. for [C34H31NO, + H]
is 486.2355; found, 486.2335 COOMe
\ /
)
nBu
487.221
408
488,265
)
483.1879
4812732 4836591 485.3210 T 489.2024 6507
e 21 483v1022v33|8 16 4ea546 30 4865235 8 asesse2 30 B0 1 5062
ool TR e R RN R -t SO i
481 482 483 484 485 486 487 488 489 490 491

HRMS spectra of compound 52f

Page 197




Chapter 3B

016"
216"
€00°
020"
€€0°
8€0°"
150°
690"
€82°
pSP"
6¥5°
896"
L8G"
909"
§29°
LEY"
v60°
660"
498
611"
TeT”
9ev”
SLL”
€6L"
4%
€ee”

981"
€02°
€82°
€ee”
(A
L
S8L”
928"
0€8”
9€8”
Lp8"
168°
LS8"
b98°
988"
168"
41N
886"
0t10°
€10°
[2X0
290°
€80°
LIT”
¥ST®
oLt”
SLT”
161"

DDODOOOOOOR SN~ OTTTONNNNN A A Al O O

(===

(S

COOMe

ppm

"H-NMR spectra of compound 53f

c0e”
s02°
€22
ove”
£ve”

99T*
691"
98T"
€0¢°
90¢°
€8¢
€EE”
1%
TEL®
LvL”
L9L
§8L”
928"
oeg”
9€8°
Lvg*
168°
LS8"
v9g*
988°
168°
[A0N
886"
010°
€10°
veo”
290"
€80°
Lt
A0
oLt*
GLt’
w6re

9
9
AN
9
9
/K
N./v
L
1k
i\
I
L
AN
L
L
“t
L
L
L;
L
L
L
L
N./
L
7
1%
& l\\\.
8
m e
8
8
8
8
8
g
g
8

COOMe

N
nBu

Enlarged aromatic region of tH-NMR spectra of compound 53f

Page 198



Chapter 3B

00—

68°ET—
6870 —

6T T{—

L

50°gs—

TL'9L
€0°LL
Pl
SELL
61°60T
89°811
91°611
[ A
X4
287921
68 PZT
S6°F2T
66°GZT
92° 91
¥E'921
eVl —g
L1821
:TALTA
1821
967821
Ly 621
LO"0ET
0z el
T6°LET
L9'0v1
86°0F1

95281
vots1—"

COOMe

nBu

l o~ | PUeIor S
e N

AU

‘Il.J‘

PpPMm

10

30

40

70

80

T T T T T T
260 1;0 1&0 ].‘:'U 1!‘50 150 140 130 120 110 100

T
210

13C-NMR spectra of compound 53f

CSSE I

— 1Z'vBSL
66'S29L

88°CLLL

69'6982
—/— Z6'8z6C
= Sl zoee
89°9Z08

3000

0oL

08

09 oy
[9%] @ouenjwsuel |

oc

1500 1000 500

Wavenumber cm-1

2000

2500

3500

IR spectra of compound 53f

Page 199



Chapter 3B

4622063 3603
106 4360 |
m/z calcd. for [C34H27NO; + H]
is 482.2042; found, 482.2068
COOMe
4832235 O Q
2393
N
™ nBu
4811912
=2 4882154
4801980 s ' 4892815
4781401 @ 4816721 4825492 4850777 4G9 4871935 -
5 3 5 -
mz
4 478 480 431 48 483 484 48 43 487 438 489

HRMS spectra of compound 53f

COOH

N
nBu
'V VO,
r T T T T T T T T T T
4 3 2 1 0 ppm

9 ‘? 7 6 5
EEEEEREERE g

1H-NMR spectra of compound 57

Page 200



Chapter 3B

—— .

ppm

40

COOH
N
nBu

180 160 140 120 100 80 60

—
200

13C-NMR spectra of compound 57

0L 09 0s
[24] @oueniw suell

or

oe

oe

1000 500

1500

2500 2000
Wavenumber cm-1

3000

3500

IR spectra of compound 57

Page 201



Chapter 3B

4&.1804 461e3
100 2612 ‘
m/z caled. for [C33HsNO; +
H] is 468.1885; found,
468.1804
469.1927
2725
COOH
N
nBu
467.1902
928
470.2062
606
4742179
4603904 4612606 4621290 9631979 sga o5y Y6528 eoocs, hes 5ot |470.0583 4712007 ATAGBBT 4726281 134 4751518 4750335
2 11 s 2 7 9 1 17 18 ! 7 B /
N m L miz
460 4é1 4é2 4é3 4é4 4é5 4é6 4é7 468 469 4%0 4%1 4%2 4%3 4}4 4}5 4%6 %7
HRMS spectra of compound 57
Chromatogram
1 = BR 160_003-CH5
120000 |
100000
2
S 80000 |
£
> ‘
g o
= i
00
20000
0 w u I
0.0 5.0 10.0 15.0 20.0
Retention Time [min] |
Peak Information
#|Peak Name |[CH|tR [min] |Area [uV-sec)|Height (V]| Area% | Hesght% | Quantity] NTP |Resolution | Symmetry Factor| Waming
1 unknown | s | 4907]  1430887]  132945[43624] 59582  wya[s019 3172 1320
2[unknown [ 5| 5987 1452585 91186[50.376] 40418]  N/a[3483 N/A 1.448

HPLC chart of compound 57 on chiralpak-IC column with flow rate of 1 mL/min in
70:30 Hexane-Propan-2-ol, tr = 4.9 and 5.9 min.

Page 202



Chapter 3B

3.2.9

Crystallographic data

Figure 3.2.8: ORTEP plot of compound 53a

Table 3.2.3 : Crystallographic data of compound 53a

Identification Code

CCDC 1528044

Empirical Formula | C33H27N
Formula Weight 437.56
Temperature/K 293

Crystal System Monoclinic
Space Group C2/C

a/lA 30.210(2)

b/A 11.5803(5)
c/A 13.6414(7)
a/° 90

B/° 97.898(6)

Y/° 90
Volume/A3 4727.1(5)

Z 8

Pcalcg/cm3 1.230

u/mm-1 0.070

F(000) 1872
Radiation CuKa(A=1.5418)
h,k Imax 41,15,18
R(reflections) 0.0677(4138)
wR2(reflections) | 0.2126(5676)
Goodness of fit 1.042
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Figure 3.2.9: ORTEP plot of compound 53d

Empirical Formula C33Ha6NCl
Formula weight 472.03
Temperature/K 293

Crystal System monoclinic
Space group C2/c

a/A° 30.081(3)
b/ A° 11.4119(10)
c/ A° 14.8937(11)
a/° 90.00

pre 100.819(8)
v/° 90.00
Volume/A® 5021.9(8)

Z 8

Pealc g/cm’ 1.2486

m/ mm™! 0.174
F(000) 1985.8979
Radiation MoK\a

Chapter 3B
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3.2.10

Computational data

Figure 3.2.10: Optimized geometry by B3LYP-6-31G calculation of 57

Center | Atomic Coordinates (Angstroms)

Number | Number Y z
1 6 -0.16275 | -1.85723 | 0.355869
2 6 -0.85811 | 0.753571 | 0.501692
3 6| 1.610726 | -0.76251 | 1.057835
4 1 0.98559 | 0.105875 | 1.20825
5 6| 1.148164 | -1.85082 | 0.283913
6 6 | 0.220612 | 1.702735 | 0.610332
7 7 -3.1013 | 0.247211 | 0.606352
8 6 -2.40721 | -0.95079 | 0.709552
9 6 -1.0095 | -0.70843 | 0.539861
10 6 -2.18281 | 1.276669 | 0.426798
11 6 1.542268 | 1.423427 | 1.156859
12 6| 1.828462 | 0.258294 | 1.915124
13 1| 1.036745 | -0.45133 | 2.109807
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14 6 -0.69492 | -3.13322 | 0.741355
15 6 1.970033 | -3.02704 | 0.235068
16 6 -2.94657 | -2.22162 | 0.981861
17 1 -4.00915 | -2.35877 | 1.146209
18 6 -2.07223 | -3.28311 | 1.066605
19 1 -2.43594 | -4.27053 | 1.333514
20 6 -0.06468 | 3.058526 | 0.240411
21 6 1.458772 | -4.22679 | 0.354087
22 1 2.099811 | -5.10175 | -0.39954
23 6 -2.46902 | 2.629813 | 0.168691
24 1 -3.4893 | 2.979699 | 0.061601
25 6| 2.857017 | -0.78314 | 1.678786
26 6 -5.20723 | 0.225881 | 0.765359
27 1 -4.95258 | -0.76658 | 1.161426
28 1 -4.77303 | 0.959281 | 1.458475
29 6| 3.705218 | -1.90923 | 1.538591
30 1| 4.680938 | -1.90257 | 2.00699
31 6| 2.581912 | 2.403811 | 1.028535
32 6| 0.159671 | -4.28517 | 0.769773
33 1 -0.25948 | -5.21857 | -1.13508
34 6 | 3.089266 | 0.025448 | -2.44149
35 1 3.271749 | -0.87301 | 3.022237
36 6 1.003411 | 4.011248 | 0.131693
37 1| 0.760474 | 5.008341 | 0.224102
38 6 -1.40185 | 3.486871 | 0.009065
39 1 -1.57213 | 4.526518 | 0.253037
40 6 | 3.255487 | -3.0089 | 0.837779
41 1 3.874136 | -3.89836 | 0.762864
42 6 -4.5563 | 0.396701 | 0.620191
43 1 -4.96735 -0.336 | 1.323758
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44 1 -4.79025 | 1.385281 | 1.030369
45 6| 2.286376 | 3.683543 | 0.455289
46 1| 3.091286 | 4.403866 | 0.345182
47 6 -7.39751 | 0.225054 | 2.09507
48 1 -7.19632 | -0.77031 | 2.509771
49 1 -8.48444 | 0.348819 | 2.032491
50 1 -7.01585 | 0.965965 | 2.808192
51 6 -6.73675 | 0.393199 | 0.717582
52 1 -7.16203 | -0.33931 | 0.01531
53 1 -6.98257 | 1.385994 | 0.312042
54 6 | 3.873547 | 2.124607 | 1.543013
55 1| 4.654103 | 2.869149 | 1.413145
56 6| 4.132631 | 0.951046 | 2.229603
57 1| 5.123651 | 0.755031 | 2.626588
58 6 | 3.250038 | 0.385631 | 2.482097
59 8| 2.559804 | 1.393547 | 2.694456
60 8| 4.522899 | 0.273137 | 3.021972
61 1| 4.722291 | 1.080858 | 3.541132

Page 207



Chapter 3B

3.2.11 References

1.

10.

Flammang-Barbieux, M. N. J. M. R. Synthesis of heptahelicene (1) benzo |[c]
phenanthro [4, 3-g Jphenanthrene. Tetrahedron letters 8, 743—744 (1967).

Harrowven, D. C., Guy, I. L. & Nanson, L. Efficient Phenanthrene, Helicene, and
Azahelicene Syntheses. Angewandte Chemie 118, 2300-2303 (20006).

Guédouar, H., Aloui, F., Moussa, S., Marrot, J. & ben Hassine, B. Synthesis and
characterization of new heptacyclic helicenes. Tetrahedron Letters 55, 6167-6170
(2014).

Gingras, M. & Collet, C. Functionalized heptahelicene bidentate ligands and chiral
building blocks. Synlett 2337-2341 (2005).

Garcia, M. H., Florindo, P., Piedade, M. de F. M., Maiorana, S. & Licandro, E. New
organometallic Ru(Il) and Fe(Il) complexes with tetrathia-[7]-helicene derivative
ligands. Polyhedron 28, 621-629 (2009).

El Abed, R., Aloui, F., Genét, J. P., ben Hassine, B. & Marinetti, A. Synthesis and
resolution of 2-(diphenylphosphino)heptahelicene. Journal of Organometallic
Chemistry 692, 1156—-1160 (2007).

Tanaka, K., Kimura, Y. & Murayama, K. Enantioselective Helicene Synthesis by
Rhodium-Catalyzed [2+2+2] Cycloadditions. Bulletin of the Chemical Society of
Japan 88, (2015).

Murayama, K. et al. Enantioselective Synthesis, Crystal Structure, and Photophysical
Properties of a 1,1'-Bitriphenylene-Based Sila[7]helicene. European Journal of
Organic Chemistry 20185, (2015).

Carreno, M. C., Hernandez-Sanchez, R., Mahugo, J. & Urbano, A. Enantioselective

Approach to Both Enantiomers of Helical Bisquinones. The Journal of Organic
Chemistry 64, 1387-1390 (1999).

Dreher, S. D.; Weix, D. J.; Katz, T. J. Easy synthesis of functionalized
hetero[7]helicenes Journal of Organic Chemistry, 64, 3671-3678 (1999).

Page 208



Chapter 3B

11.  Shi, L.; Liu, Z.; Dong, G.; Duan, L.; Qui, Y.; Jia, J.; Guo, W.; Zhao, D.; Cui, D.; Tao,
X. Synthesis, structure, properties, and application of a carbazole based...OLED.
Chemistry European Journal 18, 8092 (2012).

12.  Moorthy, J. N., Mandal, S., Mikhopadhyay, A., Samanta, S. Helicity as a steric force:
Stabilization and Helicity-dependant reversion....chromenes Journal of. American
Chemical Society. 135, 6872-6884 (2013)

13.  Jhulki, S., Mishra, A. K., Chow, T. J., Moorthy, J. N. Helicenes as all in one organic
materials for application... diamines Chemistry European Journal, 22, 9375-9386
(2016).

14. Tounsi, M.; Braiek, M. B.; Barhoumi, H.; Baraket, A.; Lee, M.; Zine, N.; Maaref, A.;
Errachid, A. A novel EIS field effect structures coated with...detection. Materials
Science and Engineering C, 61, 608-615 (2016).

15. Upadhyay, G. M., Talele, H. R., Sahoo, S. & Bedekar, A. V. Synthesis of carbazole
derived aza[7]helicenes. Tetrahedron Letters 55, 5394-5399 (2014).

16. Upadhyay, G. M., Talele, H. R. & Bedekar, A. V. Synthesis and Photophysical
Properties of Aza[ n ]helicenes. The Journal of Organic Chemistry 81, 7751-7759
(2016).

12.  Liu, L., Yang, B., Katz, T. J. & Poindexter, M. K. Improved Methodology for
Photocyclization Reactions The Journal of Organic Chemistry 56, 3769-3775 (1991).

13.  Laarhoven, W. H. & Brus, G. J. M. Polarographic data and deviations from coplanarity
of helicene molecules. Journal of the Chemical Society B: Physical Organic 1433—
1434 (1971).

Page 209



