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The synthesis of 10 discotic mesogens is described in which the well-known
hexaalkyloxytriphenylene liquid crystalline core has been covalently linked to
incorporate one and three carbazole moieties. These modifications have been
achieved by the esterification of mono and tris hydroxy triphenylene derivatives
with carboxylic acids incorporating 3,6-bisalkylated or 3,6-bisacylated carba-
zole moieties. The pure compounds are not liquid crystalline and neither are
they when doped with TNE, unlike similar materials that were reported pre-
viously, where the carbazole moiety was not 3,6-bisalklylated or 3,6-bisacy-
lated, which when doped with TNF did display mesophases. The solution state
cyclic voltammetry of selected materials is reported.
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INTRODUCTION

Due to their extensive biological activity carbazole derivatives and their
chemistry have been studied at length [1]. However, it is only recently
that they have been studied in terms of their material properties [1,2]
and in particular their photorefractive properties [3]. The interest in
photorefractive materials [4] lies in their numerous potential technolo-
gical applications [5], such as high density optical data storage, optical
image processing, phase conjugated mirrors, dynamic holography, optical
computing, parallel optical logic, and pattern recognition. Thus, recent
studies on carbazole materials have been concerned with electro-
luminescence [6], nonlinear optics [7], and photoconductivity [8]. Amor-
phous organic photorefractive materials [9] have many advantages over
crystalline inorganic [3] and latterly crystalline organic [10] photo-
refactive materials on which the early research was carried out. These
advantages include large optical nonlinearities, low dielectric constants,
low cost, structural flexibilty, and ease of fabrication. However, the major
drawback of the amorphous organic photorefractive materials is that a
low Ty is required in order that the material can be aligned by a dc
electric field to induce a degree of anisotropic ordering [11]. The che-
mical modification of the carbazole moiety to induce liquid crystallinity
is attractive in order to combine the advantages of the amorphous
materials with anisotropic ordering, and subsequent ease of non-
centrosymmetric alignment via an applied electric field. However, to date
there are only a few examples in which the carbazole moiety has been
incorporated into thermotropic low molecular weight and polymeric
liquid [12] crystalline materials and into lyotropic liquid crystals [13].
Furthermore, as far as we are aware, there are no examples of low
molecular thermotropic hexagonal columnar discotic liquid crystals
which incorporate the carbazole. Thus, one of the approaches that we
are adopting [14] to induce hexagonal columnar discotic mesophases in
carbazole derivatives is the covalent modification of the carbazole moiety
with the well-known discotic triphenylene derivatives [15]. Previously, we
reported [16] (i) the synthesis of several carbazole triphenylene hybrid
structures in which one, two, three and six carbazole units were cova-
lently linked to the periphery of the triphenylene core and (ii) the
induced mesophase behaviour of some of these carbazole derivatives
when “complexed” with trinitrofluorenone (TNF) [17]. In this present
paper we report the synthesis of some similar triphenylene/carbazole
mesogens (1-10) that have been chemically modified on the 3,6-posi-
tions on the carbazole moiety, and their solution electrochemistry. The
chemical structures of the carbazole derivatives are shown in Figure 1.
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Downloaded by [University of Haifa Library] at 10:52 11 August 2012

102/[402] M. Manickam et al.

RESULTS AND DISCUSSION

Molecular Design

These new triphenylene/carbazole mesogens were designed to enhance the
discotic mesophase supporting ability, via the introduction of the two 3,6-
alkyl chains or two 3,6-acyl chains to the carbazole moiety, relative to the
original molecular structures (of which some are shown in Fig. 2) [16], in
which mesophases were only supported when they were doped with TNEF.
Our reasoning for the introduction of the extra chains on the 3,6 positions
of the carbazole was that in the original materials (Fig. 2) [16] it was felt the
lack of mesophase of the pure materials was a result of the increased -
surface relative to the alkyl component. Thus, the addition of further chains
would restore the n-surface area to alkyl chain balance that may support a
mesophase.

Synthesis

Compounds 1-6 in which one carbazole moiety is attached to the triphe-
nylene core relies on coupling of carbazole derivatives to the mono-
hydroxytriphenylene derivatives 11-14, whilst compound 7-10 which
incorporate three carbazole moieties are based on the symmetric and
asymmetric trishydroxytriphenylenes 15 and 16, respectively. The synth-
esis of these hydroxytriphenylene derivatives are reported in the literature

N

|
22a X=CH,, n=5 (?HZ)n
22b X=CH,, n=7 %(
22¢ X=CO, n=3 O

FIGURE 2 Triphenylene/Carbazole molecular structures studied by electro-
chemistry 22a-c.
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[18]. The Scheme illustrates the synthesis of several acids (20a-c and 21)
that are coupled to 11-16 to afford 1-10. Briefly, carbazole is bisacylated,
via a Freidel-Crafts conditions [12] with a short chain and long chain acid
chloride to afford 17a and 17b, respectively. Incidentally, with the short

CHj
<1,
C AICI/RCOCI y
I\ —_—
CSa/rt/12hrs
p : Ca
R R =CsHyy N
= CysHay 8
17a: n=4 17¢: n=
17b: n =14
Br
(. NaH/DMF/THF
rt/12hrs
1. NaOH/MeOH/H,0
e Zn/Hg/ HCI
PhMe/rt/12hrs
2. HCI l
[ Ha ] CeHia CeH13
L O
I\
CO,Me y
18a:n=4,m=5 19 l
[ 74
18b:n=14,m=4 5
18c:n=4,m=10 CO,Me
1. NaOH/MeOH/H,0
/12hrs
2. HCI
Ceiyg CeHia
@
N
20a:n=4,m=5 21 I
20b:n=14,m=4 ’THZ ]5
20c:n=4,m=10 Co,H

SCHEME Synthetic routes to the carbazole derivatives 20a-c and 21.
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chain acid chloride a monoacylated product was isolated (17¢). These two
bisacylated carbazole derivatives were subsequently N-alkylated with two
o,0-bromoesters to afford three 18a-18c¢. A zinc/mercury amalgam was
then used to reduce the carbonyl functionalities in 18a to afford the bis-
3,6-alkyl derivative 19. Finally, the four esters 18a-c and 19 were then
hydrolysed to the acids 20a-c and 21, respectively. The acids 20a-c and 21
were then used to form mono- and tris-esters 1-6 and 7-10, respectively,
via a DCC coupling with the respective hydroxy triphenylene derivatives
11-16.

Thermal Properties

The new triphenylene/carbazole derivatives (1-10), as single component
mixtures, did not show any birefringent liquid phases when observed under
the optical polarised microscope. This was not a totally surprising result as
none of the compounds that were reported previously [16] exhibited a
mesophase as a single component. However, it was expected that doping
with trinitrofluorenone (TNF') would induce a mesophase, as it did with the
previously reported [16] compounds. Unfortunately, doping experiments of
1-10 with TNF did not produce any mesophases. Thus, our design criteria
of the introduction of two alkyl chains or two acyl chains to the carbazole
moiety to enhance the discotic mesophase was not correct. It should be
pointed out that we have derivatised carbazole [19] at the 3,6 positions to
afford banana-shaped liquid crystals. To date, all attempts to induce
mesophases in these materials have not suceeded. Thus, a 3,6 substituted
carbazole may be inherently non-mesogenic.

Electrochemistry

The chemical modification of discotic triphenylene core with electroactive
moieties, such as TTF [20], ferrocene [20], and anthraquinone [21] and
studying the resulting electrochemistry has recently been reported [20-21].
These studies have been performed to study the charge transfer complexes
that may form with potential applications in rectification and electron
transfer. Thus, although not our primary aim in the line of research
reported here, we have initiated a similar line of investigation. Indeed such
studies, on the materials presented here, will be of interest in view of the
fact that the photorefractive effect does rely on the photo-oxidation of the
carbazole [3]. Our preliminary study is detailed below.

We have investigated the solution electrochemistry of derivatives [16]
22a-22c¢ using cyclic voltammetry (CV) (Table 1). All compounds gave
similar voltammograms, displaying redox waves consistent with a reversible
oxidation sandwiched between two irreversible oxidation waves (Fig. 3).
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TABLE 1 CV Data for Compounds 22a-c

Compound E} /2 (Volts) Ef /2 (Volts) Ef /2 (Volts)

22a 0.86 (irreversible) 1.14 1.36 (irreversible)
22b 0.85 (irreversible) 1.03 1.29 (irreversible)
22¢ 0.94 (irreversible) 1.11 1.28 (irreversible)

The reversible oxidation wave is presumably due to the formation of the
radical cation state of the triphenylene moiety [22], whereas the irrever-
sible waves are most likely due to the oxidation of the carbazole unit.

CONCLUSIONS

The synthesis of several mesogenic carbazole (1-10) derivatives has been
described. The pure compounds were found not to be liquid crystalline in
nature. Furthermore, it was not possible to induce mesophase formation by
doping with TNF. This lack of mesophase formation was in direct contrast
to our previous studies in which triphenylene/carbazole hybrid structures
when doped with TNF formed mesophases. Once again the delicate balance
between molecular structure and bulk structure had defied rational

0-4||||||||l|||||x]|||||||||||||||

Current/10-5 A
S

'1 2 T T T T T T T
16 1.4 1.2 1.0 08 06 0.4 0.2 0

Potential/v

FIGURE 3 Voltammogram for derivative 22c.
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design! The electrochemical evaluation reported in this paper shows that
both the triphenylene and carbazole potentials are present. Further,
investigations are under way to evaluate the nature of any interactions
between the triphenylene and carbazole moieties.

Having now synthesised 23 triphenylene derivatises in which carbazole
is linked to the periphery of the triphenylene core via a flexible alkyl chain
in which only limited success has been gained in creating mesophases, we
have concluded that this design approach is no longer worth pursueing.
Presently, we are working on the synthesis of two carbazole derivatives
illustrated in Figure 4. In these two structures the carbazole moiety is
incorporated directly into the discotic core, and as such we feel has a much
better chance of supporting a mesophases. However, recently reports [24]
of complementary polytopic interactions (CPI) inducing liquid crystallinity
in the non-liquid crystalline TTF [20] and ferrocene [21] appended tri-
phenylenes, leads us to believe that the compounds reported here (1-10,
22a-c¢), may be able to support a mesophase as binary mixtures with large
core polynuclear aromatics.

EXPERIMENTAL SECTION

General Methods

Chemicals were purchased from Aldrich and used as received. Yields
refer to chromatographically pure products. Thin-layer Chromatography
(TLC) was carried out on aluminium sheets coated with silica gel 60
(Merck 5554 mesh). Column chromatography was performed on silica
gel 60 (Merck 230-400). Elemental analysis was carried out on a Carlo
Erba EA 1110 (CNNS) instrument. Electron impact (EI) mass spectra
were recorded at 70eV on a VG ProSpec mass spectrometer. Liquid
secondary ion mass spectra (LSIMS) were recorded on a VG ZapSpec
mass spectrometer equipped with a celsium ion source with m-nitro-

FIGURE 4 Proposed discotic carbazole derivatives.
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benzylalcohol containing a trace of sodium acetate. 'H NMR spectra
were recorded on a Bruker AC 300 (300MHz) or a Bruker AMX400
(400MHz) or a Bruker DRX500 (500MHz) spectrometer. *C NMR
spectra were recorded on a Bruker AC300 (75.5MHz) or a Bruker
DRX500 (125.8 MHz) spectrometer. The chemical shift values are
expressed as ¢ values and the coupling constant values (JJ) are in Hertz.
The following abbreviations are used for the signal multiplicities or
characteristics: s, singlet; d, doublet; dd, doublet of doublets; t, triplet;
m, muliplet; q, quartet; quint; quintet; br, broad. Transition temperatures
were measured using a Mettler FP82 HT hot stage and Central processor
in conjunction with Leitz DMFRT Polarizing mircroscope as well as
differential scanning calorimetry (DSC7 Perkin-Elmer). All CV experi-
ments were performed using a CH120A electrochemical workstation. The
electrolyte solution was prepared from recrystallised BuyNPFg using
spectroscopic grade CHyCly (0.1 M) and purged with nitrogen prior to
use. A three electrode configuration was used with a Pt working elec-
trode, a Ag/AgCl reference electrode and a platinum wire as the counter
electrode. Scan rate =100mVs~'. T =25°C.

2-hydroxy- 3, 6, 7, 10,11 -pentabutyoxy-triphenylene (11), 2-hy-
droxy 3, 6, 7, 10, 1l-pentapentyloxy-triphenylene (12), 2-hydroxy 3,
6, 7, 10, 11 -pentahexyloxy-triphenylene (13), 2-hydroxy 3, 6, 7, 10,
11- pentaheptyloxy-triphenylene (14), symmetrical 2, 6, 10-trihydroxy-3,
7, 11-tris-penty-loxytriphenylene (15) and nonsymmetrical 2, 7, 10-trihy-
droxytripentyloxy-triphenylene (16) were synthesized according to lit-
erature procedures [17]. The charge transfer complexes of the carbazole
triphenylene derivatives with TNF were prepared by dissolving appropriate
amount of both compounds separately in dichloromethane, mixing their
solutions and evaporating the solvent [ref].

Synthesis of compound 1

To a solution of the carbazole derivative 20a (0.188 g, 0.38 mmol) in dry
CH5Cl; (10mL) cooled to 0°C under an Ny atmosphere was added 1,3-
dicyclohexylcarbodiimide (0.12g, 0.569mmol) and a catalytic amount of
4-dimethylaminopyridine. The mixture was stirred for 30 minutes and 2-
hydroxy-3, 6,7,10-pentapentyloxytriphenylene 12 (0.20g, 0.9 mmol) was
added over 10 minutes, followed by further stirring for 24 h under an Ny
atmosphere at room temperature. A white precipitate was filtered and the
filtrate was diluted with CH5Cl; (30 mL) and washed with H,O (3 x 30 mL),
followed by 10% NaHCO3 (10 mL) and saturated NaCl (5 mL). The organic
phase was dried over (MgSQ,), filtered, and the filtrate evaporated to
dryness under reduced pressure. The residue was purified by silica gel
column chromatography (eluent: Hexane/CH,Cl, 1:3) to yield 1 (0.130mg,
40%) as a white solid.
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Mp 58°C, 'H NMR (400 MHz, CDCls, 25°C) 6 8.71 (s, 1H), 8.71 (s, 1H),
8.10 (d, 1H, J=1.5Hz), 8.08 (d, 1H, J=1.5Hz), 7.95 (s, 1H), 7.74 (t, 4H,
J="7.0Hz), 7.66 (s, 1H), 7.35(d, 2 H, J=8.7THz), 4. 21 (m, 12H), 3.02 (t,
4H, J=T7.3Hz), 2.62 (t, 2 H, J="7.3Hz), 1.96 (m, 9H), 1.79 (m, 9 H), 1.57
(m, 8H), 1.47 (m, 8H), 1.39 (m, 14H), 0.94 (m, 21H). *C NMR (100 MHz,
CDClg, 25°C) 6 199.6, 171.4, 149.6, 149.1, 149.0, 148.9, 148.7, 143.5, 139.4,
129.4, 127.7, 126.6, 124.4, 123.1, 123.0, 122.8, 122.8, 121.3, 116.3, 108.6,
107.7,107.6, 106.4,106.3, 105.7, 69.7, 69.6, 69.3, 69.1, 68.5, 43.0, 38.4, 33.6,
31.6,29.1, 29.0, 28.9, 28 .4, 28.3, 28.0, 26.5, 24.5, 24.3, 22.4, 22.3, 14.0, 13.9.
MS (FABMS) m/z 1135 [M+H]". Found C, 77.07; H, 8.98; N, 1.15%. Calcd
for C73HgoNOg C, 77.13, H, 8.88, N, 1.23%.

The same procedure for 1 was followed for the synthesis of 2, 3, 4, 5, 6,
7, 8,9 and 10, using the appropriate combination of 11-16 with 20a-c and
21.

Compound 2

Mp 63°C, 'H NMR (400 MHz, CDCls, 25°C) & 8.76 (s, 1H), 8.66 (s, 1 H),
8.15 (dd, 2 H, J=8.6, 1.6 Hz), 8.02 (s, 1H), 7.78 (m, 5 H), 7.40 (s, 1H),
738 (s, 1 H), 422 (m, 12 H), 3.09 (t, 4 H, J=7.4Hz), 2.65 (t, 2H,
J="T7.4Hz), 1.93 (m, 9 H), 1.85 (m, 9H), 1.44 (m, 40H), 0.96 (m, 21H). **C
NMR (100 MHz, CDCls, 25°C) § 199.8, 171.9, 149.7, 149.4, 149.1, 148.9,
148.7, 143.7, 129.5, 127.8, 126.7, 124.5, 123.3, 123.1, 123.0, 122.9, 122.8,
121.5, 116.6, 108.8, 107.9, 107.1, 106.8, 106.5, 105.9, 69.8, 69.7, 69.4, 69.2,
68.7, 29.3, 29.2, 29.1, 28.9, 28.3, 28.2, 27.2, 24.9, 24.5, 22.5, 14.0, 13.9. MS
(FABMS) vz 1204 [M+]". Found: C, 77.76; H, 9.13; N, 0.95%. Calcd for
CrgH109NOg C, 77.82, H, 9.05, N, 1.16%.

Compound 3

Mp 65°C, '"H NMR (400 MHz, CDCls, 25°C) & 8.78 (s, 1H), 8.79 (s, 1 H),
8.91 (dd, 2 H, J=8.6, 1.6 Hz), 8.00 (s, 1H), 7.81 (m, 4H,), 7.72 (s, 1H),
7.48 (s, 1 H), 7.46 (s, 1H), 4.43 (t, 2H, J="7.3Hz), 4.21 (m, 10 H), 3.87 (t,
4H, J=T7.3Hz), 2.71 (t, 2H, J="7.3Hz), 2.11(m, 2H), 1.93 (m, 8H), 1.75
(m, 8 H) 1.55 (m, 10H), 1.48 (m, 10H), 1.32 (m, 48H), 0. 96 (m, 12H), 0.85
(m, 9H). *C NMR (100 MHz, CDCl;, 25°C) & 199.8, 171.1, 149.8, 149.2,
149.0, 148.8, 143.6, 139.4, 129.7, 128.0, 126.9, 124.6, 123.3, 123.2, 123.1,
123.0, 122.9, 121.6, 116.5, 108.8, 107.9, 107.2, 106.8,106.6, 105.9, 69.8,
69.7, 69.4, 69.2, 68.6, 43.2, 38.6, 33.4, 31.9, 29.6, 29.5, 29.3, 29.1, 28.8, 28.3,
28.0, 24.8, 22.6, 22.5, 22.3, 14.0. MS (FABMS) m/z 1401 [M+H]* Found: C,
79.08; H, 9. 69; N, 0.87%. Calcd for CosH13:NOg C, 78.92, H, 9.78, N, 1.00%.

Compound 4
Mp 65°C, "H NMR (400 MHz, CDCls, 25°C) & 8.77 (s, 1H), 8.76 (s, 1 H),
8.15 (d, 1H, J=1.5Hz), 8.13 (d, 1H, J = 1.5 Hz), 7.99 (s, 1H), 7.84 (m, 4H),
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7.72 (s, 1H), 7.44 (s, 1 H), 7.46 (s, 1H) 4.38 (t, 2H, J=T7.3Hz), 4.20 (m,
10H), 3.05 (t, 4H, J="7.3Hz) 2.64 (t, 2H, J="7.3Hz), 1.94 (m, SH), 1.79
(m, 6H), 1.59 (m, 10H), 1.38 (m, 34H), 0. 94 (m, 21H). '*C NMR (100 MHz,
CDCly, 25°C) 6 199.8, 171.5, 149.8, 149.2, 149.3, 149.0, 148.8, 143.6, 139.5,
129.6, 127.9, 126.8, 124.6, 123.3, 123.2, 123.0, 122.9,121.5, 116.5, 108.8,
108.0, 107.3, 106.9, 106.6, 105.9, 69.9, 69.7, 69.5, 69.3, 68.7, 43.3, 38.5,
33.7, 31.6, 29.4, 29.3, 29.2, 28.6, 26.7, 25.8, 25.6, 24.6, 24.4, 22.6,14.0 MS
(FABMS) m/z 1205 [M+H]". Found C, 77.69; H, 9.38; N, 1.12%. Calcd for
CrsH109NOg C, 77.76, H, 9.21, N, 1.16%.

Compound 5

Mp 63°C, '"H NMR (400 MHz, CDCls, 25°C) & 8.77 (s, 1H), 8.76 (s, 1H), 8.15
(d, 1 H, J=15Hz), 8.13 (d, 1H, J=1.5Hz), 7.99 (s, 1H), 7.80 (m, 4H),
7.72 (s, 1 H), 7.44 (s, 1H), 7.42 (s, 1H), 4.38 (t, 2H, J ="7.0Hz), 4.21 (m,
10H), 3.04 (t, 4H, J="7.3Hz), 2.64 (t, 2 H, J = 7.3 Hz), 1.95 (m, 10H), 1.78
(m, 8 H) 1.59 (m, 10H), 1.40 (m, 20H), 1.33 (m, 20H), 0.91 (m, 21H). '*C
NMR (100 MHz, CDCls, 25°C). 6 199.7, 171.4, 149.7, 149.2, 149.2, 149.0,
148.8, 143.6, 139.5, 129.6, 127.9, 126.8, 124.6, 123.3, 123.2, 123.0, 122.9,
121.5, 116.5, 108.8, 108.0, 107.2,106.9, 106.6, 105.9, 69.9, 69.7, 69.4, 69.2,
68.7,43.2, 38.5, 33.7, 31.8, 31.6, 29.4, 29.3, 29.1, 28.6, 26.6, 26.1, 25.9, 24.6,
24.4,22.5,14.0,13.9. MS (FABMS). m/z 1275[M+H]*: Found C, 78.13; H, 9.
44; N, 1.04%. Calcd for CggH,1o0NOg C, 78.23, H, 9.40, N, 1.09%.

Compound 6

Mp 70°C, 'H NMR (400 MHz, CDCl;, 25°C) & 8.01 (s, 1H), 7.86 (s, 5 H),
7.77 (brs, 1 H), 7.26 (m, 5H), 4.30 (t, 2 H, J=14.2 Hz), 4.21 (m, 12H),
2.76 (t, 4 H, J=14.2 Hz), 2.64 (t, 2 H, J = 14.2 Hz), 1.92 (m, 14H), 1.60
(m, 14 H), 1.31 (m, 14 H), 1.04 (m, 15H), 0.88 (m, 6H). '*C NMR (100 MHz,
CDCls, 25°C) & 171.7, 149.7, 149.4, 149.2,148.9, 148.8, 139.7, 139.1, 133.1,
127.9, 126.1, 124.6, 123.4, 123.2, 123.1, 123.0, 122.8, 119.6, 116.6, 108.1,
107.3, 107.0, 106.7, 105.9, 69.6, 69.4, 69.2, 69.0, 68.4, 42.9, 36.0, 33.9, 32.3,
31.8, 31.4, 31.4, 31.3, 29.0, 28.8, 26.9, 24.8, 22.6, 19.3, 19.2, 14.1, 13.9. MS
(FABMS) m/z 1035[M+H] ™.

Compound 7

Mp 92°C, 'H NMR (400 MHz, CDCl,, 25°C) § 8.73 (d, 6H, J = 1.3 Hz), 8.13
(d, 3 H, J=1.3Hz), 8.11 (d, 3H, J = 1.3Hz), 7.83 (br s, 4H), 7.49 (br s, 4
H), 7.42 (br s, 2H), 7.40 (br s, 2 H), 4.34 (t, 6H, = 7.0 Hz), 4.00 (t, 6 H,
J=6.5Hz),3.02 (t, 12H, J=7.3Hz), 2.61(t, 6H, J = 7.3 Hz), 1.96 (m, 6H),
1.88 (m, 6 H), 1.756 (m, 12H), 1.58 (m, 6H), 1.36 (m, 42H), 0.89 (m, 27H).
130 NMR (100 MHz, CDCls, 25°C) § 199.7, 171.3, 149.7, 143.6, 139.4, 129.6,
128.2, 126.8, 122.9, 122.0, 121.5, 117.1, 108.7, 105.6, 43.2, 38.4, 33.8, 31.6,
28.9, 28.6, 28.1, 26.7, 24.7, 24.4, 22.5 22.4, 14.0, 13.9 MS (FABMS) m/z
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1913 [M]*. Found C, 77.00; H, 8.14; N, 2.10%. Calcd for Cya5H;55N50,5 C,
77.20; H, 8.05; N, 2.19%.

Compound 8

'"H NMR (500 MHz, CDCl,, 25°C) § 7.89 (br s, 6H), 7.87 (s, 3 H), 7.52 (br's,
3H), 7.26 (m, 14H), 4.28 (t, 6H, = 7.0 Hz), 4.07 (t, 6 H, J=7.0Hz), 2.77
(t, 12H, J=T7.4Hz), 2.62 (t, 6 H, J =T7.4Hz), 1.96 (t, 8 H, J="7.4Hz), 1.89
(t, 8H, J="T7.4Hz), 1.80 (t, 8H, J="7.0Hz), 1.70 (m, 10H), 1.59 (m, 8H),
1.44 (m, 8 H), 1.37(m, 10H), 1.32 (m, 22H), 0.93 (m, 27H). '*C NMR
(100 MHz, CDCls, 25°C) & 171.6, 149.5, 139.3, 139.1, 133.2, 128.3, 126.1,
122.8, 122.0, 119.6, 117.3, 108.2, 108.1, 105.8, 36.1, 36.0, 33.9, 32. 3, 31.8,
29.0, 28.8, 28.1, 26.9, 25.0, 22.6, 22.5. MS (FABMS) m/z 1828 [M+H]*.

Compound 9

Mp 78°C, 'H NMR (400 MHz, CDCl, 25°C) & 8.72 (m, 6H), 8.11(m, 6 H),
7.88 (s, 1H), 7. 82 (s, 1H), 7.80 (s, 1H), 7.64 (brs, 1H), 7.63 (s, 1H), 7.52 (s,
1H), 7.38 (m, 6H), 4.30 (m, 6H), 4.09 (t, 4 H, J=6.3Hz), 4.02 (t, 2H,
J=6.3Hz), 3.02 (m, 12H), 2.62 (m 6 H), 1.92 (m, 6H), 1. 87 (m, 6 H), 1.77
(m, 18H), 1.55 (m, 6H), 1.39 (m, 36H), 0.91(m, 27H). *C NMR (100 MHz,
CDCly, 25°C) 6 199.7, 171.3, 171.2, 149.9, 149.5, 149.4, 146.1, 143.5, 140.4,
140.2, 139.8, 129.4, 128.0, 127.2, 127.0, 126.7, 123.3, 123.1, 122.8, 122.2,
121.4,116.9,116.6, 116.4, 109.1, 108.7, 106.1, 106.0, 105.5, 69.0, 68.8, 63.6,
68.6, 68.5,43.1, 38.4, 34.0, 33.6, 31.6, 29.6, 29.3, 28.9, 28.5. 28.1, 28.0, 26.6,
24.8, 245, 24.4, 225 224 13.9. MS (FABMS) m/z 1913 [M]*. Found: C,
7706, H, 813, N, 1.95%. Calcd for 0123H153N3015 C, 7720, H, 805, N, 2.19.

Compound 10

'H NMR (400 MHz, CDCls, 25°C) § 8.00 (s, 1H), 7.97 (s, 1H), 7.90 (s, 1H),
7.88 (s, 8H), 7. 81 (s, 1H), 7.76 (s, 1H), 7.66 (s, 1H), 7.27 (s, 12H), 4.28 (t,
4H, J=T.0Hz), 423 (t, 2 H, J=6.4Hz), 4.14 (t, 6H, J=6.4Hz), 2.77 (t,
12H, J="T7.4Hz), 2.64 (t, 6 H, J=7.4Hz), 1.88 (m, 10H), 1.70 (m, 20 H),
1.63 (m, 10H), 1.33 (m, 42 H), 0.93 (m, 27H). '*C NMR (100 MHz, CDCls,
25°C) § 171.7, 150.0, 149.4, 146.5, 145.3, 139.7, 139.6, 139.1, 133.1, 128.7,
127.6, 126.1, 1235, 123.2, 122.9, 122.8, 122.4, 119.6, 116.9, 116.4, 108.1,
107.5, 105.9, 140.3, 42.9, 36.0, 33.9, 32.3, 31.8, 29.6, 29.0, 28.9, 28.8, 28.3,
28.2,28.1,27.0,24.8,22.6, 22.4, 14.1, 14.0. MS (FABMS) mv/z 1828 [M-+H] ™.

Synthesis of Compound 17a

A mixture of carbazole (5g, 29.9mmol) and AlCl; (8.7g, 656.8 mmol) in
anhydrous CS, (100ml) was heated under reflux. Heaxonaic acid chloride
(8.8 g, 656.8 mmol) was added drop wise over an hour. The reaction mixture
was heated until cessation of HCI (tested with litmus paper) evolution (30 h)
and the solvent was removed by distillation. The residue was added to
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crushed ice and treated with conc. HCI (5ml) followed by further dilution
with water (100 ml). The solid residue was filtered and washed with H,O and
then with a small volume of EtOH. After drying in air, the crude product was
recrystallized from EtOH to give 2 (2.5 gm, 23%) as a pure colourless solid.

Mp 195-198°C, '"H NMR (500 MHz, CDCls, 25°C) & 11.87 (s, 1H), 8.97
(br d, 2H, J=1.6Hz), 8.06 (d, 2H, J=1.6 Hz), 8.04 (br d, 2H, J=1.6 Hz),
3.10 (t, 4H, J = 7.2Hz), 2.49 (m, 4H), 1.36 (m, 8H), 0.88 (m, 6 H).'*C NMR
(100 MHz, CDCls, 25°C) ¢ 199.1, 143.1, 128.9, 126.1, 122.5, 122.1, 111.2,
40.1, 39.9, 39.7, 39.5, 39.2, 39.0, 38.8, 37.6, 31.0, 24.0, 22.0, 13.8. MS
(FABMS) mv/z 364 [M + H]". Found: C, 79.39; H, 8.30; N, 3.83%. Calcd for
Co4Ho9NOo C, 79.35, H, 8.06, N, 3.86%.

The same procedure for 17a was followed for the synthesis of 17b.

Compound 17b

Mp 180-183°C, '"H NMR (500 MHz, CDCl;, 25°C) 6 8.79 (s, 2H), 8.15 (dd,
2H, J=8.5, 2.0Hz), 7.50 (br d, 2H, J=8.5Hz), 3.12 (t, 4H, J=7.3 Hz),
1.86 (m, 4H), 1.26 (m, 48H), 0.88 (t, 6 H, J =7.3Hz). ">*C NMR (100 MHz,
CDCl;, 25°C) § 143.1, 130.4, 1267.1, 127.0, 123.5, 121.6, 110.8, 110.7, 38.8,
38.6, 38.5,31.9,29.9, 29.5, 29.3, 25.0 24.9, 24.7, 22.6, 14.0. MS (FABMS) m/
z 644 [M+H] ™.

Compound 17c

Mp 260-262°C, 'H NMR (500 MHz, (CDs) 5S0, 25°C) & 11.60 (s, 1H), 8.20
(m, 2H), 8.07 (s, 1H), 7.79 (d, 1H, J=82Hz), 7.53 (d, 1H, J=8.2Hz),
745 (t, 1H, J="7.2Hz), 7.19 (t, 1H, J=7.2Hz), 3.09 (t, 2H, J="7.2 Hz),
1.66 (m, 2H, J=T72Hz), 133 (t, 4H, J=3.4Hz), 0.88 (t, 3 H,
J=17.0Hz).>C NMR (100 MHz, (CD3) »S0, 25°C) § 199.1, 141.1, 139.1,
133.9, 126.9, 125.9, 121.5, 121.0, 120.0, 119.0, 118.3, 111.3, 110.9, 37.9,
30.9, 23.8, 22.0, 13.8. MS (FABMS) m/z 266 [M+H]". Found: C, 81.13; H,
6.82: N, 4.78%. Calcd for C,5H,oNO C, 81.50, H, 7.16, N, 5.26%.

Synthesis Of Compound 18a

To a solution of 17a (1.0g, 2.7mmol), in DMF: THF (1: 2, 25mL) was
added sodium hydride (0.098 g, 4.1 mmol, 60% in oil) at room temperature.
The mixture was stirred for 15 minutes before addition of bromohex-
anoicmethylester (1.1g, 5.5mmol) and was stirred for 10h. The reaction
was quenched with MeOH (25 mL) and mixture evaporated to dryness. The
residue was partitioned between CH5Cl; (50 mL) and 3M HCI aq (50 mL).
The organic layer was separated and washed with H,O (60 mL), dried with
anhydrous NaySQy,, filtered and the filtrate was evaporated to dryness and
the residue was subjected to silica gel column chromatography (eluent:
Hexane/CHyCly, 1:1) to afford 18a (700mg, 52%) as a white micro-
crystalline solid.
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Mp 60-63°C, '"H NMR (500 MHz, CDCls, 25°C) & 8.71 (s, 1H), 8.73 (s,
1H), 8.11 (dd, 2H, J=8.6, 1.3Hz), 7. 36 (s, 1H), 7.35 (s, 1H), 4.26 (t, 2H,
J="7.1Hz), 3.68 (s, 3H), 3.04 (t, 4H, J="7.4Hz), 2.23 (t, 2 H, J=7.3 Hz),
1.78 (m, 6H), 1.62 (m, 2H), 1.37 (m, 10H), 0.89 (t, 6H, J="7.0Hz). *C
NMR (100 MHz, CDCls, 25°C) 6 199.1, 173.5, 143.5, 129.4, 126.6, 122.7,
122.6, 121.4, 108.7, 51.3, 43.1, 38.4, 33.5, 31.5, 28.4, 26.5, 24.3, 22.4, 13.8.
MS (FABMS) m/z 492 [M+H]". Found: C, 75.82; H, 8.53; N, 2.73%. Calcd
for C31H41NO4C, 7573, H, 840, N, 2.84%.

The same procedure for 18a was followed for the synthesis of 18b and
18c.

Compound 18b

Mp 65-67°C,'"H NMR (500 MHz, CDCls, 25°C) & 8.80 (s, 2H), 8.18 (d, 2H,
J=8.6Hz), 7.45 (d, 2H, J =8.6, Hz), 4.39 (t, 2H, J = 7.2 Hz), 3. 65 (s, 3H),
3.12 (t,4H, J="T7.2Hz), 2.35 (t, 2H, J="7.2Hz), 1.96 (m, 2H), 1.83 (m, 4H),
1.73 (m, 2 H), 1.37 (m, 48H), 0.89 (t, 6H, J=6.5Hz). *C NMR (100 MHz,
CDCls, 25°C): §; 199.9, 173.3,143.7, 129.7, 126.9, 123.0, 121.6, 108.8, 51.6,
43.2, 38.6, 33.4, 31.9, 29.7, 29.5, 29.3, 29.1, 28.3, 24.8, 22.6, 22.4, 14.0. MS
(FABMS) mv/z 758 [M+H]". Found: C, 79.03; H, 10.39; N, 1.67%. Calcd for
C50H79NO4C, 7927, I‘I7 1043, I\I7 1.89%.

Compound 18c

Mp 65-67°C, 'H NMR (400 MHz, CDCls, 25°C) & 8.76 (s, 1H), 8.75 (s, 1H),
8.15 (dd, 2H, J=8.6, 1.6Hz), 7.42 (d, 2H, J=8.6Hz), 4.29 (t, 2H,
J="7.3Hz), 3.63 (s, 3H), 3.08 (t, 4H, J="7.3Hz), 2.25 (t, 2H J="7.3Hz),
1.83 (m, 6 H), 1.56 (t, 2H, J="7.0Hz), 1.37 (m, 18H), 0.92 (t, 6H,
J =17.0H2)."3C NMR (100 MHz, CDCls, 25°C) & 199.83, 173.3, 143.7, 129.5,
126.7, 123.0, 121.5, 108.8, 51.3, 43.5, 38.5, 34.0, 31.6, 29.3, 29.2. 29.0,
29.1, 28.8, 27.1, 24.8, 24.4, 22.4, 14.0. MS (FABMS) m/z 562 [M+H]".
Found: C, 75.64; H, 9.00; N, 2.16%. Calcd for CsgHsNO4C, 75. 50: H, 8.89;
N, 2.44%.

Compound 20a

A solution of compound 18a (0.500g, 1.87mmol) in MeOH (100 mL) was
stirred heated under reflux and a solution of sodium hydroxide (0.112 g,
2.80mmol) in H,O (10 mL) was added and heating continued for 6 h. After
cooling, the reaction mixture was poured onto crushed ice. The precipitate
which formed on acidification with dilute hydrochloric acid was then
extracted with Et;O (3 x50mL). The combined organic layers were
washed with H5O (5mL) and brine (6mL), and dried (MgSQO,). Filtration
and evaporation of the filtrate gave the crude product which was purified
by silica gel column chromatography (eluent: n-hexane/EtOAc) to yield the
acid 20a as a white solid (800mg, 82%).
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Mp 99-101°C, '"H NMR (400 MHz, CDCls, 25°C) 6 11-10 (OH, br envel-
ope), 8.75 (d, 2H, J=1.4Hz), 8.12 (dd, 2H, J=8.6, 1.4 Hz), 7.40 (s, 1H),
7.38 (s, 1H), 4.30 (t, 2H, J="7.4Hz), 3.06 (t, 4H, J="7.4Hz), 2.31(t, 2H,
J="7.3Hz), 1.79 (m, 8H), 1.39 (m, 10H), 0.71 (m, 6H). *C NMR (100 MHz,
CDCl3) 6 200.0, 178.8, 143.6, 129.5, 126.8, 122.9, 121.5, 108.8, 43.2, 38.4,
33.6, 31.6, 28.5, 26.5, 24.4, 24.2, 22.5, 13.9. MS (FABMS) nvz 478 [M+H]*.
Found: C, 75.31; H, 8.23; N, 2.87%. Calcd for C30H39NO4C, 75.49, H, 8.17,
N, 2.93%.

The same procedure for 20a was followed for the synthesis of 20b, 20c
and 21.

Compound 20b

Mp 104-106°C, 'H NMR (400 MHz, CDCl;, 25°C) & 8.77 (s, 1H), 8.77 (s,
1H), 8.14 (dd, 2H, J=8.6, 1.6 Hz), 7.43 (d, 2H,J=8.6 Hz), 4.36 (t, 2H,
J="7.1Hz), 3.08 (t, 4H, J=T7.2Hz), 2.37 (t, 2H, J = 7.2 Hz), 1.94 (m, 2H),
1.75 (m, 6H),1.36 (m, 50H), 0.86 (t, 6H, J = 6.64 Hz). *C NMR (100 MHz,
CDCly) & 200.0, 178.2, 143.6, 129.0, 126.9, 122.9, 121.6, 108.8, 43.1, 38.6,
33.3, 31.9, 29.6, 29.5, 29.3, 28.2, 24.8, 22.6, 22.1, 14.0. MS (FABMS) m/z
744 [M+H]*. Found: C, 79. 27: H, 10.41; N, 1.54%. Calcd for CaoH7NO,C,
79.21; H, 10.36; N, 1.88%.

Compound 20c

Mp 82-85°C, 'H NMR (400 MHz, CDCls, 25°C) § 8.78 (s, 1H), 8.77 (s, 1H),
8.17(dd, 2H, J=8.6, 1.6 Hz), 7.44 (d, 2H, J=8.6 Hz), 7.42 (s, 1H), 4.32 (t,
2H, J=7.2Hz), 3.10 (t, 4H, J=7.2Hz), 2.31(t, 2H, J="7.2Hz), 1.83 (m,
6H), 1.58 (m, 2H), 1.37 (m, 22H), 0.93 (t, 6H, J="7.0Hz). *C NMR
(100 MHz, CDCls) 6 200.0, 178.2, 143.7, 129.5, 126. 8, 122.9, 121.6, 108.9,
435, 38.5,33.8, 31.6,29.3,29.2 29.3,28.9, 28.8, 27.1, 24.6, 24.5, 22.6, 14.0.
MS (FABMS) mvz 548 [M+H]*. Found: C, 77.33; H, 8.76; N, 2.45%. Calcd
for 035H49NO4C, 7729, H7 875, N, 2.50%.

Compound 19

A mixture of amalgamated Zinc (prepared by a standard procedure) [Ref],
from granular zinc (40g) and 5% aqueous HgCl,(80ml), 18a (6.0g,
12.1mmol) and conc.HCl (25 ml) was vigorously stirred for 56min and left
to stand overnight. After addition of PhMe (560 ml) the mixture was heated
under reflux with stirring for 30h. After cooling, the liquid phase was
decanted and repeatedly extracted with Et;O. The solid residue was
washed with EtsO and the combined organic extracts were washed with 4%
HCI, water, and saturated aqueous NaHCOs and then dried over NasSOy.
The residue obtained from roto-evaporation of the solvent was triturated
with ethanol which was then separated by filtration and the solid residue
dried under vacuum. The crude material was purified by column chro-
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matography on silica gel (CH5Cly/petroleum ether 2:5 as eluent), yielding
19 (1.58,37%) as a pure colourless oil *H NMR (400 MHz, CDCls, 25°C) &
7.87 (s, 2H), 7.27 (brs, 4H), 4.24 (t, 2H, J=14.2Hz), 3.64 (s, 3H), 2.79 (t,
4 H, J="74Hz), 2.28 (t, 2H, J=T7.4Hz), 1.87 (m, 2H), 1.71 (m, 6H), 1.36
(m, 14H), 0.91 (6H, br m). '*C NMR (100 MHz, CDCls, 25°C) 6 174.0, 139.1,
133.1, 126.1, 122.7, 119.6, 108.4, 108.1, 51.4, 42.8, 36.0, 33.8, 32.3, 31.8,
29.0, 28.7, 26.8, 24.6, 22.6, 14.1. MS (FABMS) m/z 463 [M]". Found: C,
80.16; H, 9.89; N, 3.02%. Calcd for C3;H4sNO>C, 80.36; H, 9.71; N, 3.02%.

Compound 21

'H NMR (400 MHz, CDCls, 25°C) & 12.9 (OH, br envelope), 7.89 (s, 2H), 7.27
(s, 4H), 4.25 (t, 2H, J=7.3Hz), 2.79 (t, 4 H, J=7.3Hz), 2.33 (t, 2H,
J="7.3Hz), 1.96 (t,2H, J="7.3Hz), 1.70 (m, 6H), 1.38 (m, 15H), 0.91 (6H,
m). C NMR (100 MHz, CDCly) & 179.6, 139.1, 133.1, 126.4, 126.1, 122.7,
121.3,119.6,119.2, 116.9,108.5, 108.1, 42.8, 36.0, 33.7, 32.3, 31.8, 29.6, 29.0,
28.7,27.5,27.2,26.7,24.4,22.6, 14.1. MS (FABMS) m/z 449 [M]*. Found: C,
80.32; H, 9.44; N, 3.28% Calcd for C50H43NOC, 80.19; H, 9.56; N, 3.12%.
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