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A conventional BF3·OEt2-mediated Bradsher-type cyclode-
hydration of 2-arylmethyl benzaldehydes in CH2Cl2 at room
temperature gave polycyclic aromatic and heteroaromatic
compounds. Alternatively, these compounds could be syn-

Introduction

Over the past two decades, fused polycyclic aromatic
compounds have played a starring role in materials chemis-
try.[1] More specifically, π-extended aromatic compounds[2]

have received significant attention as organic semi-
conductors for various applications, including organic light-
emitting diodes (OLEDs), photovoltaic cells, and organic
field-effect transistors (OFETs). Anthracene and its deriva-
tives[3] are polycyclic aromatic compounds that have been
widely explored as a result of their unique chemical proper-
ties and electron-rich structure. The low electronic band gap
and strongly blue-fluorescent character of anthracene deriv-
atives make them important materials for optoelectronic de-
vices.[4] Thus, anthracene derivatives have been explored for
use in OLEDs,[5] molecular switches,[6] solar cells,[7] and
also in other optical applications.[8] The incorporation of
aryl or alkyl units at the 9- and 10-positions of anthracene[9]

is known to enhance the quantum yield of the compounds,
and thus the performance of devices bsed on these com-
pounds. Similar substitution at the 2- and 6-positions effec-
tively suppresses the crystallization of the compounds,
which leads to the formation of stable amorphous films.[10]

It has been established that the presence of anthracene units
as pendant groups leads to the formation of films with good
optical quality suitable for device fabrication.[11] Recently, a
plethora of heteroannulated anthracene analogues have
been explored for optical applications.[12]

[a] Department of Organic Chemistry, University of Madras,
Guindy Campus,
Chennai 600 025, Tamil Nadu, India
E-mail: mohan_67@hotmail.com;

mohanakrishnan@unom.ac.in
www.unom.ac.in
Supporting information for this article is available on the
WWW under http://dx.doi.org/10.1002/ejoc.201500493.

Eur. J. Org. Chem. 2015, 5099–5114 © 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 5099

thesized in better yields from 2-arylmethylbenzoic acids by
triflic-acid-mediated cyclization followed by reductive de-
hydration.

Traditionally, anthracene and its derivatives have been
prepared by Friedel–Crafts reaction followed by reductive
cyclization and subsequent aromatization.[13] The Bradsher
reaction, which involves Lewis- or Brønsted-acid-catalysed
cyclodehydration of 2-formyl/acyl diarylmethanes,[14] is a
prominent strategy for the synthesis of anthracene ana-
logues. This reaction has also been found to be widely appli-
cable for the synthesis of heteroannulated anthracenes as
well.[14] Recently, different variants of Bradsher reaction
have been explored for the synthesis of π-conjugated sys-
tems with anthracene and naphthalene frameworks.[15] A
very recent report by Sereviĉius and coworkers[15a] con-
firmed that the incorporation of heteroatoms, including O,
S, and N, into the anthracene core skeleton results in an
increased HOMO level; this is essential for hole injection
into the active layer. Thus, there is plenty of scope for the
synthesis of anthracene analogues with annulation at the 1-
and 2-positions; such compounds may find applications in
optoelectronic devices. Hence, as part of our continued
interest in the synthesis of π-conjugated heterocycles,[16] we
report in this paper the results of our detailed study on
the synthesis of annulated anthracene analogues 2 involving
either Bradsher-type cyclodehydration or cyclization fol-
lowed reductive dehydration (Scheme 1).

Scheme 1. Synthesis of anthracenes from aldehydes 1 or acids 3.
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Results and Discussion

As a representative case, 2-[(9-hexyl-carbazol-3-yl)meth-
yl]benzaldehyde (6a) was first prepared from the corre-
sponding keto acid (i.e., 4a).[17] The reduction of the ketone
group of 4a under Clemmensen conditions following the
published procedure[17b] led to benzyl acid 5a. The benzyl
acid was reduced with LiAlH4, and the resulting alcohol
was oxidized with PCC (pyridinium chlorochromate) to
give benzyl aldehyde 6a as a thick liquid (Scheme 2). Carb-
azol-3-ylmethyl-substituted benzaldehyde 6a underwent
cyclization upon treatment with ZnBr2 (20 mol-%) as cata-
lyst in CH2Cl2 at room temperature for 4 h. Work-up and
purification by column chromatography gave 5-hexyl-
naphtho[2,3-c]carbazole (7a). The 1H NMR spectrum of
the crude product clearly confirmed the exclusive formation
of 7a rather than naphtho[b]carbazole 8a. Aldehyde 6a also
underwent a facile cyclodehydration upon treatment with
BF3·OEt2 (20 mol-%) in dry CH2Cl2 at room temperature
to give naphtho[2,3-c]carbazole 7a in a slightly better yield.
The formation of naphtho[2,3-c]carbazole 7a as the sole
product from the cyclodehydration of aldehyde 6a is consis-
tent with our earlier observations.[16c]

Scheme 2. Annulation of carbazol-3-ylmethyl benzaldehyde 6a.

Next, the cyclodehydration of 6a was carried out using
20 mol-% of different Lewis acids/Brønsted acids, and the
results are presented in Table 1. The reaction was successful
with Lewis acids as well as Brønsted acids. Unlike 2-benz-
ylmethyl benzaldehydes, for which cyclodehydration was
carried out using In(OTf)3 (5 mol-%) at elevated tempera-
ture,[15c] the transformation of 6a into 7a reported here
could be achieved at room temperature.
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Table 1. Effect of the catalyst (20 mol-%) on the cyclization of 6a.

Entry Catalyst Time Yield [%][a]

1 ZnBr2 4 h 84
2 In(OTf)3 3 h 71
3 Sc(OTf)3 6 h 67
4 BF3·OEt2 10 min 92
5 CF3SO3H 10 min 83
6 Me3SO3H 45 min 75
7 CF3CO2H 12 h 25

[a] Isolated yield of 7a.

It should be noted that Yu and Xu recently achieved[15d]

the transformation of 2-benzylmethyl benzaldehydes into 2-
substituted anthracenes using a combination of BF3·OEt2

and TsNH2 in a reaction involving in-situ-generated N-tos-
ylbenzaldimines. However, in our case, BF3·OEt2 alone was
sufficient for the effective transformation of 6a into 7a. TFA
(trifluoroacetic acid) was the least efficient of the Brønsted
acids tested, giving naphtho[2,3-c]carbazole 7a in poor
yield. Thus, of the conditions tested for the cyclode-
hydration of 6a, BF3·OEt2 (20 mol-%) in CH2Cl2 at room
temperature was found to be the most suitable, giving the
product (i.e., 7a) in the highest yield.

We planned to test the generality of the BF3·OEt2-
mediated cyclodehydration reaction, and so we prepared
various 2-arylmethyl benzaldehydes. Known keto acids
4b–4q[17a,18a] and 4r–4u[18b] led, upon Clemmensen re-
duction,[17b] to the formation of the respective 2-benzyl
benzoic acids (i.e., 5b–5q) and 2-naphthyl benzoic acids (i.e.,
5r–5u), respectively. LiAlH4 reduction followed by PCC
oxidation of the benzoic acids (5b–5n and 5r–5u) gave the
respective benzaldehydes (i.e., 6b–6n and 6r–6u) in good to
excellent yields (Scheme 3).

Scheme 3. Preparation of 2-benzyl/naphthyl benzaldehydes 6b–6n
and 6r–6u.
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As expected, benzaldehydes 6b–6n, as well as naphth-
aldehydes 6r–6u, upon interaction with BF3·OEt2 (20 mol-
%) in CH2Cl2 at room temperature for 10 min gave the re-
spective annulated products (i.e., 7b–7n and 7r–7u) in excel-
lent yields. The structures of annulated arene and hetero-
arene products are given in Table 2 along with their yields.
Bradsher-type cyclodehydration of 2-arylmethylbenzal-
dehydes 6b–6h using BF3·OEt2 (20 mol-%) in CH2Cl2 at
room temperature gave anthracenes 7b–7h in excellent
yields (Table 2, entries 1–3). Under identical conditions, 2-
thiophenylmethyl benzaldehydes 6i–6k gave annulated thio-
phene derivatives 7i–7k (Table 2, entries 4 and 5).

The annulation of diphenylaminomethyl benzaldehyde 6l
led to the formation of 2-diphenylaminoanthracene (7l) in
83% yield (Table 2, entry 6). As observed in the case of
carbazol-3-ylmethyl benzaldehyde 6a, cyclodehydration of
dibenzoheterocycle-tethered aldehyde 6m or 6n in the pres-
ence of BF3·OEt2 gave naphtho[c]-fused dibenzoheterocycle
7m or 7n as the exclusive product (Table 2, entry 7). Finally,
the expected cyclization of naphthyl aldehydes 6r–6u was
also achieved by using BF3·OEt2 (20 mol-%) in dry CH2Cl2
at room temperature to give the corresponding anthra[b]-
annulated compounds (i.e., 7r–7u) in 78–91 % yields
(Table 2, entries 8–11).

Next, N-hexylcarbazole-tethered bis-keto acid 4v was
prepared through Friedel–Crafts phthaloylation of N-hexyl-
carbazole in 1,2-dichloroethane (DCE) at reflux. Subse-
quent Clemmensen reduction of bis-keto acid 4v using zinc–
mercury amalgam gave bis-benzyl acid 5v in 66% yield. The
benzoic acid 5v was reduced with LiAlH4, and the resulting
alcohol was oxidized using PCC to give benzaldehyde 6v as
a yellow solid. Bradsher-type cyclodehydration of carb-
azole-(3,6-diyl)bis(methylene) dibenzaldehyde 6v using
BF3·OEt2 (40 mol-%) in CH2Cl2 at room temperature for
10 min followed by work-up and column chromatographic
purification gave dinaphtho carbazole 7v in 78% yield
(Scheme 4). The structure of 7v was confirmed by its 1H
and 13C NMR spectroscopic data.

Having achieved the facile synthesis of annulated arenes
and heteroarenes involving BF3·OEt2-mediated cyclo-
dehydration of benzaldehydes/naphthaldehydes, we went on
to investigate the cyclization followed by reductive dehy-
dration of the corresponding benzoic/naphthoic acids. As a
representative case, carbazol-3-ylmethyl benzoic acid 5a was
treated with triflic acid (20 mol-%) in dry CH2Cl2 at room
temperature for 30 min; this was followed by NaBH4-medi-
ated reductive dehydration to give linear naphtho[b]carbaz-
ole 8a as the exclusive product (Scheme 5).

The different types of annulated arenes and heteroarenes
obtained from benzoic acids through cyclization followed
by reductive dehydration are presented in Table 3.

As expected, benzyl benzoic acids 5b–5q underwent
smooth cyclization in the presence of triflic acid (20 mol-
%), and subsequent reductive dehydration using NaBH4

gave annulated products 7b–7q in 75–92 % yield. The yields
of anthracenes 7b–7h obtained from benzoic acids 5b–5h
by the cyclization–reductive-dehydration protocol (Table 3,
entries 1–3) were almost comparable to those obtained by
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Table 2. BF3·OEt2-mediated cyclodehydration of benzaldehydes
6b–6n and naphthaldehydes 6r–6u.

[a] Benzaldehyde (1 equiv.) and BF3·OEt2 (20 mol-%) at room tem-
perature for 10 min. [b] Isolated yield.
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Scheme 4. Cyclodehydration of carbazolylmethyl bis-benzaldehyde
6v.

Scheme 5. Annulation of carbazolylmethyl benzoic acid 5a.

the Bradsher-type cyclization of benzaldehydes 6b–6h
(Table 2, entries 1–3). However, considering the number of
steps involved, the benzoic-acid-mediated two-step protocol
is synthetically more advantageous than the cyclo-
dehydration procedure based on benzaldehydes. Thiophen-
ylmethyl benzoic acids 5i–5k underwent the cyclization–re-
ductive-dehydration sequence to give annulated thienyl het-
erocycles 7i–7k in 85–92% yield (Table 3, entries 4 and 5).
Under identical conditions, diphenylaminomethyl benzoic
acid 5l led to the formation of 2-diphenylaminoanthracene
(7l) in 88% yield (Table 3, entry 6). Dibenzothiophenyl-
methyl benzoic acid 5m underwent triflic-acid-mediated
cyclization followed by reductive dehydration to give
naphtho[c]-fused dibenzothiophene 7m in 93 % yield as the
exclusive product (Table 3, entry 7). However, when the
same type of synthetic transformation was attempted with
dibenzofuranylmethyl benzoic acid 5n, naphtho[c]- and
naphtho[b]-fused dibenzofuranyl heterocycles 7n and 8n
were formed in 47 and 28% yields, respectively (Table 3,
entry 8).

As expected, triflic-acid-mediated cyclization followed by
reductive dehydration of carbazol-3-ylmethyl benzoic acid
5o gave naphtho[c]carbazole 7o (Table 3, entry 9). Dihex-
ylfluorenylmethyl benzoic acid 5p and pyrenylmethyl
benzoic acid 5q underwent cyclization followed reductive
dehydration to give the corresponding annulated arenes
(i.e., 7p and 7q) in 82 and 84% yields, respectively.

Finally, cyclization of naphthoic acids 5r–5t using triflic
acid (20 mol-%) in dry CH2Cl2 at room temperature fol-
lowed by NaBH4-mediated reductive dehydration gave the
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Table 3. Cyclization followed by reductive dehydration of benzoic
acids 5b–5q.

[a] Arylmethyl benzoic acid (1 equiv.) and CF3SO3H (20 mol-%) at
room temperature for 30 min, followed by NaBH4 (5 equiv.) at
room temperature for 10 min. [b] Yield after column chromatog-
raphy.
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Table 4. Cyclization followed by reductive dehydration of naphthyl
acids 5r–5t.

[a] Benzoic acid (1 equiv.) and CF3SO3H (20 mol-%) at room tem-
perature for 30 min followed by NaBH4 (5 equiv.) at room tempera-
ture for 10 min. [b] Yield after column chromatography.

corresponding anthra[2,3-b]annulated products (i.e., 7r–7t)
in 86–91% yield (Table 4, entries 1–3).

N-Hexylcarbazolylmethyl bis-benzoic acid 5v underwent
cyclization with triflic acid (20 mol-%) in CH2Cl2 at room
temperature for 0.5 h; usual work-up and purification by
column chromatography led to the isolation of dinaptho[c]-
fused carbazole 8v in a low yield of 33 % (Scheme 6). Fur-
ther elution of the column gave a major compound (�40%;
possibly 9) with a complex 1H NMR spectrum. When bis-
benzoic acid 5v was subjected to cyclization followed by
reductive dehydration, bis-naphtho-annulated carbazoles 7v
and 8v were isolated in 45 and 31 % yields, respectively.

The optical properties of selected anthracene derivatives
are presented in Table 5. The UV/Vis absorption spectra of
naphtho[c]fused dibenzo heterocycles (7a, 7m, 7n, and 7o)

Scheme 6. Annulation of carbazolylmethyl bis-benzoic acid 5v.

Eur. J. Org. Chem. 2015, 5099–5114 © 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org 5103

showed λmax values in the range of 396–476 nm. Among the
benzo[b]heterocycle-fused anthracenes (7a, 7m, and 7n), the
λmax value of N-hexylindolyl tethered compound 7a was
redshifted by ca. 30 nm. The introduction of bromine atoms
at 2- and 7-positions of N-hexylindolylanthracene 7a
slightly enhanced its absorption value. The annulation of
a benzene ring into 2-diphenylaminoanthracene (7l to 7t)
increased its λmax value by ca. 150 nm. However, similar
incorporation of a benzene ring into benzo[b]anthracene
(7a to 7u) had only a negligible influence on its λmax value.
Conjugation was found to be more favourable in linearly
fused anthracenes (8a and 8n) than in their angular coun-
terparts (7a and 7n). Angular type annulation of an ad-
ditional naphthalene unit onto naphthocarbazole 8a (to
give 7v) resulted in an increase in λmax by ca. 51 nm. The
UV/Vis absorption spectra of representative anthracenes
are given in Figure 1.

Table 5. Photophysical data of selected anthracenes.

Entry Compound Absorption[a] Emission[a,b] Stokes shift[c]

λmax(abs) [nm] λmax(em) [nm] [cm–1]

1 7a 431 471 1970
2 7l 371 439 4175
3 7m 402 441 2200
4 7n 403 434 1772
5 7o 440 551 4578
6 7s 435 495 2786
7 7t 520 557 1277
8 7u 445 580 5231
9 7v 527 578 1674
10 8a 476 522 1477
11 8n 430 468 1888

[a] Recorded in CH2Cl2 at 25 °C. [b] Excited at the longest wave-
length of the absorption maxima. [c] Stokes shift = λmax(abs) –
λmax(em) [cm–1].

The photoluminescence spectra of the anthracene ana-
logues showed emission in the region 434–580 nm. Similar
to the absorption spectra, the annulation of benzene rings
(7l to 7t, and 7a to 7u) also resulted in redshifted lumines-
cence values. Linearly fused anthracenes (8a and 8n) emit
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Figure 1. Absorption spectra of anthracenes 7a, 7m, 7n, 8a, and
8n.

lower energy light than their angular counterparts (7a and
7n). The emission spectra of representative anthracenes are
presented in Figure 2.

Figure 2. Emission spectra of anthracenes 7a, 7m, 7n, 8a, and 8n.

Conclusions

In summary, a conventional BF3·OEt2-mediated
Bradsher-type cyclodehydration of 2-aryl/2-heteroarylmeth-
yl benzaldehydes led to the formation of annulated anthra-
cenes in very good yields. The cyclodehydration reaction
was successfully extended to 2-arylmethyl/2-heteroaryl-
methyl naphthaldehydes. Alternatively, the 2-arylmethyl-
benzoic acids as well as 2-arylmethylnaphthoic acids under-
went triflic-acid-mediated cyclization followed by reductive
dehydration to give annulated anthracenes in better yields.
Compared to existing methods for the cyclodehydration of
2-arylmethyl benzaldehydes,[14,15a,15f] this protocol, which
uses BF3·OEt2 (20 mol-%), is simple, widely applicable, and
also less time consuming. The absorption and emission data
of selected anthracene analogues are also presented. The
various types of benzo[b]heterocycle-fused anthracenes and
triphenylamino derivatives reported in this paper may find
applications in field-effect transistors, and also in organic
solar cells (OSCs).
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Experimental Section
General Methods: Experiments were carried out under a nitrogen
atmosphere unless otherwise stated. The progress of reactions was
monitored by TLC using mixtures of ethyl acetate and hexanes.
Column chromatography was carried out on silica gel (230–
400 mesh, Merck) with solvents of increasing polarity. 1H, 13C, and
DEPT-135 spectra were recorded in CDCl3 and [D6]DMSO with a
Bruker 300 MHz spectrometer, at room temperature using
tetramethylsilane as an internal standard. Chemical shift values are
quoted in parts per million (ppm) and coupling constants are
quoted in Hertz (Hz). Elemental analysis data were recorded with
an Elementar Vario Series Analyzer instrument. HRMS data were
recorded with a JEOL GC Mate II (EI) instrument. Keto acids 4a–
4q and 4v were prepared following published procedures[17,17a,18a]

by Friedel–Crafts phthaloylation of the corresponding arene/het-
eroarene using AlCl3 in CH2Cl2 at room temperature. Keto acids
4r–4u were prepared from the corresponding arene/heteroarene fol-
lowing a published procedure[18b] in two steps by Friedel–Crafts
reaction with ethyl 4-chloro-4-oxobutanoate in the presence of an-
hydrous SnCl4 at room temperature followed by condensation of
resulting keto esters with phthalaldehyde.

2-[(9-Hexyl-9H-carbazol-3-yl)methyl]benzoic Acid (5a): Zinc dust
(2.15 g, 39.30 mmol) and mercuric chloride (0.21 g, 0.78 mmol)
were added to a mixture of distilled water (5.5 mL) and conc. HCl
(0.2 mL). The resulting mixture was stirred for 0.5 h until the solu-
tion became homogenous (i.e., amalgamation was complete). The
stirring was stopped, and the supernatant liquid was decanted as
completely as possible from Zn/Hg amalgam. To this solution, dis-
tilled water (2.7 mL), conc. HCl (0.65 mL), toluene (3.6 mL), 1,4-
dioxane (3.6 mL) and keto acid 4a (2.4 g, 5.95 mmol) were added,
and the resulting mixture was heated at reflux for 48 h. Conc. HCl
(1.8 mL) was added every 6 h to maintain its concentration at a
constant level. Then, the reaction mixture was poured into water
(100 mL). This mixture was extracted with ethyl acetate (2 �

20 mL), and the organic phase was dried (Na2SO4). The solvent
was removed in vacuo to give compound 5a (1.78 g, 77%) as a
colourless solid, m.p. 119–121 °C. 1H NMR (300 MHz, CDCl3): δ
= 7.98–7.92 (m, 2 H, ArH), 7.81 (s, 1 H, ArH), 7.37–7.27 (m, 4 H,
ArH), 7.20–7.04 (m, 4 H, ArH), 4.54 (s, 2 H, CH2), 4.13 (t, J =
7.2 Hz, 2 H, CH2), 1.75–1.68 (m, 2 H, CH2), 1.26–1.13 (m, 6 H,
CH2), 0.78–0.73 (m, 3 H, CH3) ppm. 13C NMR (75.4 MHz,
CDCl3): δ = 173.2, 144.7, 140.7, 139.1, 131.0, 129.1, 128.5, 128.3,
127.2, 126.1, 125.8, 125.6, 124.9, 123.0, 122.7, 120.9, 120.6, 118.7,
108.6, 43.2, 39.6, 31.6, 29.0, 27.0, 22.6, 14.1 ppm. DEPT-135
(75.4 MHz, CDCl3): δ = 132.9, 131.6, 129.1, 127.2, 126.1, 125.5,
120.8, 120.4, 118.5, 108.6, 43.2, 39.6, 31.6, 29.0, 27.0, 22.6,
14.1 ppm.

2-[(9-Hexyl-9H-carbazol-3-yl)methyl]benzaldehyde (6a): A solution
of 2-(4-methylbenzyl)benzoic acid (5a; 1.37 g, 3.53 mmol) in dry
THF (10 mL) was slowly added by syringe to a suspension of
LiAlH4 (0.67 g, 17.63 mmol) in dry THF at 0 °C. The reaction mix-
ture was then stirred at room temperature for 4 h. After this time,
it was quenched with methanol (5 drops), followed by NaOH (5 %
aq.; 6 mL). Then the precipitate was removed by filtration, and the
filtrate was dried (Na2SO4). The solvent was removed in vacuo to
give the alcohol as a thick liquid.

The crude [2-(4-methylbenzyl)phenyl]methanol (0.9 g, 2.42 mmol)
was dissolved in dry CH2Cl2 (15 mL), and PCC (0.73 g, 3.38 mmol)
and Celite (1 g) were added. The reaction mixture was stirred at
room temperature for 6 h. Then, the reaction mixture was filtered.
The filtrate was concentrated in vacuo, and the resulting residue
was purified by column chromatography (silica gel, 10% EtOAc in
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hexane) to give aldehyde 6a (0.71 g, 83%) as a thick liquid. 1H
NMR (300 MHz, CDCl3): δ = 10.26 (s, 1 H, CHO), 7.98–7.91 (m,
1 H, ArH), 7.80–7.75 (m, 2 H, ArH), 7.43 (t, J = 7.4 Hz, 1 H,
ArH), 7.36–7.28 (m, 3 H, ArH), 7.26–7.15 (m, 3 H, ArH), 7.09 (t,
J = 7.2 Hz, 1 H, ArH), 4.53 (s, 2 H, CH2), 4.15 (t, J = 7.2 Hz, 2
H, CH2), 1.74 (t, J = 7.2 Hz, 2 H, CH2), 1.34–1.19 (m, 6 H, CH2,
CH3), 0.78 (t, J = 6.6 Hz, 3 H, CH2) ppm. 13C NMR (75.4 MHz,
CDCl3): δ = 192.5, 144.3, 140.8, 139.2, 134.0, 131.6, 130.6, 126.8,
126.7, 125.6, 124.0, 123.1, 122.6, 120.8, 120.4, 120.4, 118.6, 108.8,
108.7, 43.2, 38.0, 31.6, 29.0, 27.0, 22.6, 14.1 ppm.

5-Hexyl-5H-naphtho[2,3-c]carbazole (7a): BF3·OEt2 (0.03 g,
0.21 mmol) was added to a solution of aldehyde 6a (0.4 g,
1.1 mmol) in dry CH2Cl2 (10 mL). The reaction mixture was stirred
for 10 min at room temperature under a nitrogen atmosphere. The
solvent was removed in vacuo, and the residue was purified by col-
umn chromatography (1% EtOAc in hexane) to give 7a (0.35 g,
92%) as a pale green solid, m.p. 104–106 °C. 1H NMR (300 MHz,
CDCl3): δ = 9.22 (s, 1 H, ArH), 8.74 (d, J = 7.2 Hz, 1 H, ArH),
8.51 (s, 1 H, ArH), 8.15 (d, J = 8.4 Hz, 1 H, ArH), 8.05–7.95 (m,
2 H, ArH), 7.62 (d, J = 9.3 Hz, 1 H, ArH), 7.57–7.50 (m, 2 H,
ArH), 7.49–7.44 (m, 3 H, ArH), 4.38 (t, J = 6.9 Hz, 2 H, CH2),
1.88 (t, J = 6.8 Hz, 2 H, CH2), 1.30–1.25 (m, 6 H, CH2), 0.87–0.82
(m, 3 H, CH3) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 138.8,
137.3, 132.5, 130.0, 128.7, 128.3, 128.0, 127.9, 127.9, 125.7, 124.3,
124.0, 123.5, 121.8, 120.7, 120.1, 113.2, 112.4, 110.0, 43.2, 31.6,
29.8, 27.0, 22.6, 14.1 ppm. DEPT-135 (75.4 MHz, CDCl3): δ =
128.3, 128.0, 128.0, 127.9, 125.7, 124.3, 123.5, 121.8, 120.7, 120.1,
112.4, 109.6, 43.2, 31.6, 29.8, 27.0, 22.6, 14.1 ppm. HRMS (EI):
calcd. for C26H25N [M]+ 351.1987; found 351.1980.

2-(4-Methylbenzyl)benzoic Acid (5b): Zinc dust (4.3 g, 65.75 mmol)
and mercuric chloride (0.43 g, 1.58 mmol) were added to a mixture
of distilled water (5.5 mL) and conc. HCl (0.2 mL). The mixture
was stirred until it became homogeneous ca. 0.5 h). To this solu-
tion, distilled water (2.7 mL), conc. HCl (0.65 mL), toluene
(3.6 mL), 1,4-dioxane (3.6 mL), and keto acid 4b (2.4 g, 9.99 mmol)
were added. The reaction mixture was heated at reflux for 48 h,
and conc. HCl (1.8 mL) was added every 6 h. Usual work-up fol-
lowing a procedure similar to that described for 5a gave benzyl acid
5b (1.72 g, 75%) as a colourless solid, m.p. 112–114 °C (ref.[19] 111–
112 °C). 1H NMR (300 MHz, CDCl3): δ = 7.89 (d, J = 7.8 Hz, 1
H, ArH), 7.28 (t, J = 7.3 Hz, 1 H, ArH), 7.12 (t, J = 7.5 Hz, 1 H,
ArH), 7.04 (d, J = 7.5 Hz, 1 H, ArH), 6.91–6.88 (m, 4 H, ArH),
4.25 (s, 2 H, CH2), 2.15 (s, 3 H, CH3) ppm. 13C NMR (75.4 MHz,
CDCl3): δ = 173.5, 143.9, 137.7, 135.5, 133.0, 131.7, 129.1, 129.0,
128.5, 128.3, 126.3, 39.2, 21.1 ppm. DEPT-135 (75.4 MHz, CDCl3):
δ = 133.0, 131.7, 129.1, 129.0, 128.3, 1263, 39.2, 21.1 ppm.

2-(3,4-Dimethylbenzyl)benzoic Acid (5c): Keto acid 4c (2.0 g,
7.86 mmol), upon reduction using zinc dust (3.39 g, 51.84 mmol)
and mercuric chloride (0.33 g, 1.21 mmol) following a procedure
similar to that described for 5a gave benzyl acid 5c (1.73 g, 92%) as
a colourless solid, m.p. 108–110 °C. 1H NMR (300 MHz, CDCl3): δ
= 8.05 (d, J = 7.8 Hz, 1 H, ArH), 7.97–7.65 (m, 1 H, ArH), 7.63–
7.53 (m, 1 H, ArH), 7.45–7.43 (m, 1 H, ArH), 7.33–7.23 (m, 1 H,
ArH), 7.20–6.95 (m, 2 H, ArH), 4.39 (s, 2 H, CH2), 2.20 (s, 6 H,
CH3) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 172.9, 150.0, 143.9,
138.1, 134.3, 133.0, 131.7, 130.5, 129.6, 128.2, 126.5, 126.2, 123.0,
39.1, 19.8 ppm.

2-(2,4-Dimethylbenzyl)benzoic Acid (5d): Keto acid 4d (2 g,
7.87 mmol), upon reduction using zinc dust (3.39 g, 51.84 mmol)
and mercuric chloride (0.34 g, 1.24 mmol) following a procedure
similar to that described for 5a, gave benzyl acid 5d (1.66 g, 88%)
as a colourless solid, m.p. 74 °C. 1H NMR (300 MHz, CDCl3): δ
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= 8.01 (d, J = 7.8 Hz, 1 H, ArH), 7.32 (t, J = 7.5 Hz, 1 H, ArH),
7.21 (t, J = 7.5 Hz, 1 H, ArH), 6.92–6.83 (m, 3 H, ArH), 6.74 (d,
J = 7.5 Hz, 1 H, ArH), 4.31 (s, 2 H, CH2), 2.22 (s, 3 H, CH3), 2.11
(s, 3 H, CH3) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 173.2, 143.4,
136.8, 135.8, 135.5, 133.0, 131.6, 131.0, 130.6, 129.6, 128.4, 126.6,
126.0, 36.9, 20.9, 19.5 ppm.

2-(3,4-Dimethoxybenzyl)benzoic Acid (5e): Keto acid 4e (2 g,
6.99 mmol), upon reduction using zinc dust (3.01 g, 46.03 mmol)
and mercuric chloride (0.30 g, 1.10 mmol) following a procedure
similar to that described for 5a, gave benzyl acid 5e (1.57 g, 83%)
as a thick liquid. 1H NMR (300 MHz, CDCl3): δ = 7.99–7.96 (m,
1 H, ArH), 7.59–7.49 (m, 1 H, ArH), 7.42–7.36 (m, 1 H, ArH),
7.26–7.23 (m, 1 H, ArH), 7.15–7.12 (m, 1 H, ArH), 6.71 (s, 1 H,
ArH), 6.62–6.58 (m, 1 H, ArH), 4.31 (s, 2 H, CH2), 3.74 (s, 3 H,
OCH3), 3.73 (s, 3 H, OCH3) ppm. 13C NMR (75.4 MHz, CDCl3):
δ = 172.9, 148.7, 147.2, 143.7, 133.2, 132.9, 131.5, 131.4, 126.2,
121.0, 120.1, 112.5, 111.1, 55.8, 55.7, 39.1 ppm. DEPT-135
(75.4 MHz, CDCl3): δ = 131.9, 130.5, 125.3, 120.0, 111.5, 110.1,
108.9, 55.8, 55.7, 39.1 ppm.

2-(Biphenyl-4-ylmethyl)benzoic Acid (5f): Keto acid 4f (3 g,
9.93 mmol), upon reduction using zinc dust (4.37 g, 65.56 mmol)
and mercuric chloride (0.43 g, 1.58 mmol) following a procedure
similar to that described for 5a, gave benzyl acid 5f (2.63 g, 88%) as
a colourless solid, m.p. 166–168 °C. 1H NMR (300 MHz, CDCl3): δ
= 7.99 (d, J = 7.5 Hz, 1 H, ArH), 7.61–7.54 (m, 3 H, ArH), 7.53–
7.48 (m, 3 H, ArH), 7.42–7.38 (m, 2 H, ArH), 7.37 (d, J = 7.4 Hz,
1 H, ArH), 7.35–7.33 (m, 1 H, ArH), 7.30 (d, J = 4.2 Hz, 1 H,
ArH), 7.25 (t, J = 6.3 Hz, 1 H, CH2), 4.50 (s, 2 H, CH2) ppm. 13C
NMR (75.4 MHz, CDCl3): δ = 172.4, 143.4, 141.0, 139.9, 139.0,
133.1, 131.9, 131.8, 129.5, 128.9, 128.7, 128.4, 127.7, 127.5, 127.2,
127.1, 127.0, 126.5, 39.3 ppm. DEPT-135 (75.4 MHz, CDCl3): δ =
133.0, 131.8, 131.8, 129.4, 128.9, 128.7, 127.7, 127.5, 127.2, 127.1,
127.0, 126.5, 122.9, 39.3 ppm.

2-[(4-Methylnaphthalen-1-yl)methyl]benzoic Acid (5g): Keto acid 4g
(2 g, 6.36 mmol), upon reduction using zinc dust (2.97 g,
45.41 mmol) and mercuric chloride (0.29 g, 1.06 mmol) following a
procedure similar to that described for 5a, gave benzyl acid 5g
(1.77 g, 93%) as a colourless solid, m.p. 152–154 °C. 1H NMR
(300 MHz, CDCl3): δ = 8.12 (d, J = 7.5 Hz, 1 H, ArH), 8.03 (d, J
= 8.1 Hz, 1 H, ArH), 7.91 (d, J = 7.8 Hz, 1 H, ArH), 7.50–7.43
(m, 2 H, ArH), 7.33–7.23 (m, 3 H, ArH), 7.06 (d, J = 7.2 Hz, 1 H,
ArH), 6.92 (d, J = 6.9 Hz, 1 H, ArH), 4.88 (s, 2 H, CH2), 2.69 (s,
3 H, CH3) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 173.0, 143.5,
134.5, 134.1, 133.1, 132.3, 131.7, 130.9, 129.1, 128.3, 127.2, 126.4,
126.2, 125.9, 125.7, 125.5, 124.8, 36.9, 19.5 ppm.

2-[(2,3-Dihydro-1H-inden-5-yl)methyl]benzoic Acid (5h): Keto acid
4h (2 g, 7.51 mmol), upon reduction using zinc dust (3.24 g,
49.54 mmol) and mercuric chloride (0.32 g, 1.17 mmol) following a
procedure similar to that described for 5a, gave benzyl acid 5h
(1.33 g, 71%) as a colourless solid, m.p. 76–78 °C. 1H NMR
(300 MHz, CDCl3): δ = 8.05–8.02 (m, 1 H, ArH), 7.91 (d, J =
7.8 Hz, 1 H, ArH), 7.67–7.65 (m, 1 H, ArH), 7.55–7.44 (m, 1 H,
ArH), 7.30–7.20 (m, 1 H, ArH), 7.19–7.04 (m, 1 H, ArH), 7.01–
6.92 (m, 1 H, ArH), 4.41 (s, 2 H, CH2), 2.87–2.80 (m, 4 H, CH2),
2.07–1.99 (m, 2 H, CH2) ppm. 13C NMR (75.4 MHz, CDCl3): δ =
172.8, 146.6, 144.4, 143.9, 141.8, 138.5, 134.1, 131.7, 129.1, 127.0,
125.8, 124.2, 122.2, 39.3, 32.8, 32.5, 25.5 ppm.

2-(Thiophen-2-ylmethyl)benzoic Acid (5i): Keto acid 4i (2 g,
8.62 mmol), upon reduction using zinc dust (3.72 g, 56.88 mmol)
and mercuric chloride (0.369 g, 1.35 mmol) following a procedure
similar to that described for 5a, gave benzyl acid 5i (1.65 g, 88%) as
colourless crystals, m.p. 105–106 °C (ref.[22] 105–106 °C). 1H NMR
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(300 MHz, CDCl3): δ = 7.98 (d, J = 7.8 Hz, 1 H, ArH), 7.44–7.36
(m, 1 H, ArH), 7.29–7.20 (m, 2 H, ArH), 7.02–7.0 (m, 1 H, ArH),
6.84–6.71 (m, 1 H, ArH), 6.70 (s, 1 H, ArH), 4.53 (s, 2 H, CH2)
ppm. 13C NMR (75.4 MHz, CDCl3): δ = 172.7, 143.6, 143.1, 133.2,
131.8, 131.3, 128.0, 126.8, 126.7, 125.4, 124.0, 34.1 ppm. DEPT-
135 (75.4 MHz, CDCl3): 133.1, 131.8, 131.3, 126.9, 126.5, 125.8,
123.8, 34.1 ppm.

2-(2,2�-Bithiophen-5-ylmethyl)benzoic Acid (5j): Keto acid 4j (2 g,
6.36 mmol), upon reduction using zinc dust (2.74 g, 42.03 mmol)
and mercuric chloride (0.27 g, 1.0 mmol) following a procedure
similar to that described for 5a, gave benzyl acid 5j (1.60 g, 84 %)
as a yellow solid, m.p. 125 °C. 1H NMR (300 MHz, CDCl3): δ =
7.92–7.89 (m, 1 H, ArH), 7.59–7.47 (m, 1 H, ArH), 7.45–7.42 (m,
1 H, ArH), 7.34–7.30 (m, 1 H, ArH), 7.17–7.15 (m, 1 H, ArH),
7.13–7.11 (m, 1 H, ArH), 6.97–6.93 (m, 2 H, ArH), 6.68–6.66 (m,
1 H, ArH), 4.45 (s, 2 H, CH2) ppm. 13C NMR (75.4 MHz, CDCl3):
δ = 172.0, 140.5, 139.0, 136.5, 134.7, 133.4, 131.2, 130.2, 129.2,
127.0, 126.1, 125.1, 123.4, 122.4, 122.2, 33.3 ppm.

2-(Benzo[b]thiophen-3-ylmethyl)benzoic Acid (5k): Keto acid 4k
(2 g, 7.09 mmol), upon reduction using zinc dust (3.06 g,
46.79 mmol) and mercuric chloride (0.3 g, 1.10 mmol) following a
procedure similar to that described for 5a, gave benzyl acid 5k
(1.29 g, 68%) as a thick liquid. 1H NMR (300 MHz, CDCl3): δ =
8.09 (d, J = 7.8 Hz, 1 H, ArH), 8.49–8.32 (m, 1 H, ArH), 7.71–
7.68 (m, 1 H, ArH), 7.47–7.38 (m, 2 H, ArH), 7.31–7.29 (m, 2 H,
ArH), 7.19–6.95 (m, 2 H, ArH), 4.63 (s, 2 H, CH2) ppm. 13C NMR
(75.4 MHz, CDCl3): δ = 172.8, 142.0, 140.4, 135.4, 133.1, 131.8,
131.2, 130.0, 126.6, 124.3, 124.1, 124.0, 123.2, 122.8, 122.0,
36.2 ppm.

2-[4-(Diphenylamino)benzyl]benzoic Acid (5l): The reduction of keto
acid 4l (2 g, 5.08 mmol), using zinc dust (2.19 g, 33.49 mmol) and
mercuric chloride (0.21 g, 0.07 mmol) following a procedure similar
to that described for 5a, gave benzyl acid 5l (1.71 g, 89%) as a
colourless solid, m.p. 176–178 °C. 1H NMR (300 MHz, CDCl3): δ
= 7.97 (d, J = 7.8 Hz, 1 H, ArH), 7.39 (t, J = 7.4 Hz, 1 H, ArH),
7.24–7.16 (m, 2 H, ArH), 7.09 (t, J = 7.8 Hz, 4 H, ArH), 6.95 (d,
J = 8.4 Hz, 6 H, ArH), 6.90–6.82 (m, 4 H, ArH), 4.31 (s, 2 H, CH2)
ppm. 13C NMR (75.4 MHz, CDCl3): δ = 173.2, 147.9, 145.8, 143.7,
135.3, 133.0, 131.8, 131.7, 130.0, 129.2, 128.6, 128.3, 126.4, 124.4,
124.0, 122.5, 39.1 ppm.

2-(Dibenzo[b,d]thiophen-2-ylmethyl)benzoic Acid (5m): The re-
duction of keto acid 4m (3 g, 9.03 mmol), using zinc dust (3.88 g,
59.63 mmol) and mercuric chloride (0.38 g, 1.39 mmol) following a
procedure similar to that described for 5a, gave benzyl acid 5m
(2.04 g, 71%) as a colourless solid, m.p. 118–120 °C (ref.[23] 118–
120 °C). 1H NMR (300 MHz, CDCl3): δ = 7.86–7.95 (m, 3 H,
ArH), 7.74 (s, 1 H, ArH), 7.66 (d, J = 7.8 Hz, 1 H, ArH), 7.50 (d,
J = 7.8 Hz, 1 H, ArH), 7.34–7.31 (m, 1 H, ArH), 7.25–7.11 (m, 2
H, ArH), 7.07–7.0 (m, 2 H, ArH), 4.40 (s, 2 H, CH2) ppm. 13C
NMR (75.4 MHz, CDCl3): δ = 173.5, 143.2, 139.8, 137.1, 135.7,
135.5, 132.7, 131.5, 131.4, 128.3, 126.6, 126.3, 124.2, 122.9, 122.8,
122.6, 122.1, 121.6, 39.5 ppm.

2-(Dibenzo[b,d]furan-2-ylmethyl)benzoic Acid (5n): The reduction of
keto acid 4n (3 g, 9.48 mmol), using zinc dust (4.09 g, 62.6 mmol)
and mercuric chloride (0.4 g, 1.47 mmol) following a procedure
similar to that described for 5a, gave benzyl acid 5n (2.15 g, 75%)
as a colourless solid, m.p. 146–148 °C. 1H NMR (300 MHz,
CDCl3): δ = 7.95 (d, J = 7.2 Hz, 1 H, Ar), 7.77–7.70 (m, 1 H,
ArH), 7.58 (s, 1 H, ArH), 7.45–7.22 (m, 4 H, ArH), 7.19–7.08 (m,
4 H, ArH), 4.45 (s, 2 H, CH2) ppm. 13C NMR (75.4 MHz, CDCl3):
δ = 173.5, 156.5, 154.9, 144.0, 135.3, 133.2, 131.9, 131.7, 128.5,
127.1, 126.5, 124.3, 124.3, 122.7, 122.6, 121.0, 120.7, 111.7, 111.4,
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39.6 ppm. DEPT-135 (75.4 MHz, CDCl3): δ = 133.2, 131.9, 131.7,
128.5, 127.1, 126.5, 122.6, 121.0, 120.7, 111.7, 111.4, 39.6 ppm.

2-[(2,7-Dibromo-9-hexyl-9H-carbazol-3-yl)methyl]benzoic Acid (5o):
Keto acid 4o (2 g, 3.57 mmol), upon reduction using zinc dust
(1.54 g, 23.55 mmol) and mercuric chloride (0.153 g, 0.56 mmol)
following a procedure similar to that described for 4a, gave benzyl
acid 5o (1.44 g, 74%) as a colourless solid, m.p. 110–112 °C. The
crude product was used as such in the next step without any further
characterization.

2-[(9,9-Dihexyl-9H-fluoren-2-yl)methyl]benzoic Acid (5p): Keto acid
4p (2 g, 4.14 mmol), upon reduction using zinc dust (1.79 g,
27.37 mmol) and mercuric chloride (0.178 g, 0.65 mmol) following
a procedure similar to that described for 5a, gave benzyl acid 5p
(1.32 g, 67%) as a colourless solid, m.p. 132–134 °C. 1H NMR
(300 MHz, CDCl3): δ = 8.09 (d, J = 7.5 Hz, 1 H, ArH), 7.61 (t, J
= 8.7 Hz, 2 H, ArH), 7.42 (t, J = 7.2 Hz, 1 H, ArH), 7.27–7.29 (m,
4 H, ArH), 7.12–7.17 (m, 3 H, ArH), 4.55 (s, 2 H, CH2), 1.92 (s, 4
H, CH2), 1.01 (s, 12 H, CH2), 0.71–0.73 (m, 6 H, CH3), 0.61 (s, 4
H, CH2) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 173.5, 151.1,
150.8, 144.4, 141.1, 139.4, 139.3, 133.0, 131.7, 131.2, 128.4, 128.0,
126.7, 126.2, 124.0, 122.8, 119.6, 119.5, 54.9, 40.4, 31.5, 29.7, 23.8,
22.6, 14.1 ppm. C33H40O2 (468.68): calcd. C 84.57, H 8.60; found
C 84.31, H 8.43.

2-(Pyren-2-ylmethyl)benzoic Acid (5q): Keto acid 4q (2 g,
5.88 mmol), upon reduction using zinc dust (2.51 g, 38.8 mmol)
and mercuric chloride (0.251 g, 0.92 mmol) following a procedure
similar to that described for 5a, gave benzyl acid 5q (1.57 g, 79%)
as a colourless solid, m.p. 156–158 °C. 1H NMR (300 MHz,
[D6]DMSO): δ = 8.19 (d, J = 9.3 Hz, 1 H, ArH), 8.16–8.04 (m, 3
H, ArH), 8.01–7.92 (m, 5 H, ArH), 7.71 (d, J = 7.8 Hz, 1 H, ArH),
7.23 (t, J = 3.9 Hz, 2 H, ArH), 6.87 (t, J = 4.1 Hz, 1 H, ArH), 5.13
(s, 2 H, CH2) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 169.4, 142.0,
134.8, 131.6, 131.1, 130.7, 130.6, 130.6, 129.7, 129.0, 127.9, 127.3,
127.2, 126.6, 126.0, 125.8, 124.8, 124.7, 124.7, 124.5, 123.7, 40.4,
40.2, 39.9, 39.6, 39.3, 36.7 ppm. DEPT-135 (75.4 MHz, CDCl3):
136.5, 135.7, 135.5, 132.8, 132.3, 132.2, 131.5, 130.9, 130.8, 129.8,
129.7, 129.6, 128.6, 41.7 ppm. C24H16O2 (336.39): calcd. C 85.69,
H 4.79; found C 85.37, H 4.95.

3-(3,4-Dimethoxybenzyl)-2-naphthoic Acid (5r): Keto acid 4r (2 g,
5.95 mmol), upon reduction using zinc dust (2.56 g, 39.28 mmol)
and mercuric chloride (0.25 g, 0.92 mmol) following a procedure
similar to that described for 5a, gave naphthyl acid 5r (1.49 g, 78%)
as a brown solid, m.p. 154–156 °C. 1H NMR (300 MHz, CDCl3):
δ = 8.6 (s, 1 H, ArH), 7.84 (s, 1 H, ArH), 7.69 (s, 1 H, ArH), 7.51–
7.44 (m, 3 H, ArH), 6.71–6.63 (m, 3 H, ArH), 4.43 (s, 2 H, CH2),
3.76 (s, 6 H, OCH3) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 172.8,
148.8, 147.3, 138.8, 135.4, 133.6, 133.4, 131.1, 130.0, 128.9, 128.7,
127.3, 126.3, 126.4, 121.2, 112.7, 111.2, 55.9, 55.8, 39.6 ppm.
DEPT-135 (75.4 MHz, CDCl3): 133.6, 130.0, 128.9, 128.7, 127.3,
126.3, 121.2, 112.7, 111.2, 55.9, 55.8, 39.6 ppm.

2-(Thiophen-2-ylmethyl)-1-naphthoic Acid (5s): Keto acid (2.0 g,
7.09 mmol), upon reduction using zinc dust (3.07 g, 46.80 mmol),
mercuric chloride (0.30 g, 1.12 mmol) following a procedure similar
to that described for 5a, gave 5s (1.54 g, 76%) as a yellow solid,
m.p. 168–170 °C. 1H NMR (300 MHz, CDCl3): δ = 8.62 (s, 1 H,
ArH), 7.84 (d, J = 8.1 Hz, 1 H, ArH), 7.25 (d, J = 8.1 Hz, 1 H,
ArH), 7.60 (s, 1 H, ArH), 7.53–7.41 (m, 2 H, ArH), 7.02 (d, J =
5.1 Hz, 1 H, ArH), 6.85–6.82 (m, 1 H, ArH), 6.75–6.74 (m, 1 H,
ArH), 4.74 (s, 2 H, CH2) ppm. 13C NMR (75.4 MHz, CDCl3): δ =
172.6, 144.0, 138.1, 135.5, 133.9, 131.3, 130.0, 129.0, 128.8, 127.4,
126.7, 126.5, 126.1, 125.5, 123.9, 34.5 ppm. DEPT-135 (75.4 MHz,
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CDCl3): 133.9, 129.9, 129.0, 128.8, 127.4, 126.8, 126.5, 125.5,
123.9, 34.5 ppm.

3-[4-(Diphenylamino)benzyl]-2-naphthoic Acid (5t): Keto acid 4t
(3 g, 6.77 mmol), upon reduction using zinc dust (2.9 g,
44.69 mmol) and mercuric chloride (0.29 g, 0.106 mmol) following
a procedure similar to that described for 5a, gave benzyl acid 5t
(2.23 g, 83%) as a colourless solid, m.p. 196–188 °C. 1H NMR
(300 MHz, CDCl3): δ = 8.64 (s, 1 H, ArH), 7.90 (d, J = 7.8 Hz, 1
H, ArH), 7.79 (d, J = 7.8 Hz, 1 H, ArH), 7.68 (s, 1 H, ArH), 7.58
(t, J = 7.2 Hz, 1 H, ArH), 7.49 (t, J = 7.2 Hz, 1 H, ArH), 7.14–
7.24 (m, 5 H, ArH), 7.02–7.08 (m, 5 H, ArH), 6.89–6.99 (m, 4 H,
ArH), 4.52 (s, 2 H, CH2) ppm. 13C NMR (75.4 MHz, CDCl3): δ =
172.9, 147.9, 145.8, 138.6, 135.4, 135.4, 133.6, 131.2, 130.3, 129.9,
129.3, 129.1, 128.9, 128.7, 127.3, 126.9, 126.4, 124.3, 123.9, 122.4,
39.4 ppm. C30H23NO2 (429.52): calcd. C 83.89, H 5.40, N 3.26;
found C 83.73, H 4.95, N 3.41.

3-[(9-Hexyl-9H-carbazol-4-yl)methyl]-2-naphthoic Acid (5u): Re-
duction of keto acid 4u (2 g, 4.45 mmol), using zinc dust (1.92 g,
29.36 mmol) and mercuric chloride (0.19 g, 0.69 mmol) following a
procedure similar to that described for 4a, gave benzyl acid 5u
(1.53 g, 79%) as a colourless solid, m.p. 119–121 °C. 1H NMR
(300 MHz, CDCl3): δ = 8.63 (s, 1 H, ArH), 8.01 (d, J = 7.5 Hz, 1
H, ArH), 7.94 (s, 1 H, ArH), 7.9 (d, J = 7.8 Hz, 1 H, ArH), 7.71
(d, J = 7.8 Hz, 1 H, ArH), 7.62 (s, 1 H, ArH), 7.55–7.47 (m, 2 H,
ArH), 7.45–7.29 (m, 4 H, ArH), 7.14–7.09 (m, 1 H, ArH), 4.74 (s,
2 H, CH2), 4.23 (t, J = 7.2 Hz, 2 H, CH2), 1.86–1.81 (m, 2 H,
CH2), 1.36–1.25 (m, 6 H, CH2), 0.84 (t, J = 6.6 Hz, 3 H, CH3)
ppm. 13C NMR (75.4 MHz, CDCl3): δ = 173.1, 140.7, 139.7, 139.2,
135.4, 133.5, 131.1, 131.0, 130.1, 129.9, 129.5, 127.4, 127.3, 127.0,
126.2, 125.4, 123.0, 122.8, 121.0, 120.4, 118.5, 108.6, 43.1, 40.0,
31.6, 29.0, 27.0, 22.6, 14.0 ppm. DEPT-135 (75.4 MHz, CDCl3): δ
= 133.5, 130.1, 129.9, 129.5, 127.4, 127.3, 126.2, 125.4, 121.0, 120.4,
118.5, 108.6, 43.1, 40.0, 31.6, 29.0, 27.0, 22.6, 14.0 ppm.
C30H29NO2 (435.56): calcd. C 82.73, H 6.71, N 3.22; found C
83.01, H 6.64, N 3.45.

2-(4-Methylbenzyl)benzaldehyde (6b): Reduction of 2-(4-meth-
ylbenzyl)benzoic acid (5b; 0.8 g, 3.53 mmol) using LiAlH4 (0.67 g,
17.63 mmol), followed by oxidation of the crude 2-(4-methylbenz-
yl)phenylmethanol (0.48 g, 2.26 mmol) using PCC (0.73 g,
3.38 mmol), following a procedure similar to that described for 6a,
gave aldehyde 6b (0.39 g, 87 %) as a thick liquid. 1H NMR
(300 MHz, CDCl3): δ = 10.16 (s, 1 H, CHO), 7.75 (d, J = 7.5 Hz,
1 H, ArH), 7.41 (t, J = 7.2 Hz, 1 H, ArH), 7.30 (t, J = 7.3 Hz, 1
H, ArH), 7.16 (d, J = 7.8 Hz, 1 H, ArH), 6.96 (q, J = 7.8 Hz, 4 H,
ArH), 4.30 (s, 2 H, CH2), 2.20 (s, 3 H, CH3) ppm. 13C NMR
(75.4 MHz, CDCl3): δ = 192.5, 143.4, 137.3, 135.8, 134.0, 133.9,
131.9, 131.6, 130.2, 129.3, 128.7, 127.0, 37.6, 21.0 ppm.

2-(3,4-Dimethylbenzyl)benzaldehyde (6c): Reduction of 2-(3,4-di-
methylbenzyl)benzoic acid (5c; 1.0 g, 4.16 mmol) using LiAlH4

(0.79 g, 20.78 mmol), followed by oxidation of the crude 2-(3,4-
dimethylbenzyl)benzyl alcohol (0.52 g, 2.32 mmol) using PCC
(0.74 g, 3.43 mmol), following a procedure similar to that described
for 6a gave aldehyde 6c (0.33 g, 81%) as a thick liquid. The crude
product was used as such in the next step without any further char-
acterization.

2-(2,4-Dimethylbenzyl)benzaldehyde (6d): Reduction of 2-(2,4-di-
methylbenzyl)benzoic acid (5d; 1 g, 4.16 mmol) using LiAlH4

(0.79 g, 20.78 mmol), followed by oxidation of the crude [2-(2,4-
dimethylbenzyl)phenyl]methanol (0.79 g, 3.52 mmol) using PCC
(1.14 g, 5.28 mmol), following a procedure similar to that described
for 6a, gave aldehyde 6d (0.68 g, 87%) as a colourless solid, m.p.
80 °C. 1H NMR (300 MHz, CDCl3): δ = 10.14 (s, 1 H, CHO), 7.79–
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7.76 (m, 1 H, ArH), 7.38–7.30 (m, 2 H, ArH), 6.97–6.93 (m, 2 H,
ArH), 6.83 (d, J = 7.8 Hz, 1 H, ArH), 6.66 (d, J = 7.5 Hz, 1 H,
ArH), 4.28 (s, 2 H, CH2), 2.21 (s, 3 H, CH3), 2.13 (s, 3 H, CH3)
ppm. 13C NMR (75.4 MHz, CDCl3): δ = 192.7, 143.0, 136.2, 136.1,
135.2, 134.0, 133.9, 132.2, 131.1, 130.8, 129.6, 129.4, 126.8, 126.7,
126.1, 35.3, 21.0, 19.6 ppm.

2-(3,4-Dimethoxylbenzyl)benzaldehyde (6e): Reduction of 3,4-di-
methoxybenzylbenzoic acid (5e; 1 g, 3.67 mmol) using LiAlH4

(0.69 g, 18.10 mmol), followed by oxidation of the crude [2-(3,4-
dimethoxylbenzyl)phenyl]methanol (0.65 g, 2.51 mmol) using PCC
(0.81 g, 3.77 mmol), following a procedure similar to that described
for 6a, gave aldehyde 6e (0.59 g, 90%) as a thick liquid. 1H NMR
(300 MHz, CDCl3): δ = 10.26 (s, 1 H, CHO), 7.85 (d, J = 7.5 Hz,
1 H, ArH), 7.52 (t, J = 7.2 Hz, 1 H, ArH), 7.41 (d, J = 7.5 Hz, 1
H, ArH), 7.25 (d, J = 7.2 Hz, 1 H, ArH), 6.77 (d, J = 8.1 Hz, 1 H,
ArH), 6.70 (s, 1 H, ArH), 6.64 (d, J = 8.1 Hz, 1 H, ArH), 4.39 (s,
2 H, CH2), 3.84 (s, 3 H, OCH3), 3.81 (s, 3 H, OCH3) ppm. 13C
NMR (75.4 MHz, CDCl3): δ = 192.5, 149.0, 147.5, 143.3, 133.9,
133.8, 132.9, 132.1, 131.4, 127.0, 120.8, 112.1, 111.2, 55.9, 55.8,
37.6 ppm.

2-(Biphenyl-4-ylmethyl)benzaldehyde (6f): Reduction of 2-(bi-
phenyl-4-ylmethyl)benzoic acid (5f; 1.1 g, 3.90 mmol) using LiAlH4

(0.74 g, 19.47 mmol), followed by oxidation of the crude [2-(bi-
phenyl-4-ylmethyl)phenyl]methanol (0.65 g, 2.37 mmol) using PCC
(0.76 g, 3.52 mmol), following a procedure similar to that described
for 6a, gave aldehyde 6f (0.84 g, 79%) as a thick liquid. 1H NMR
(300 MHz, CDCl3): δ = 10.26 (s, 1 H, ArH), 7.87 (d, J = 7.5 Hz, 1
H, ArH), 7.56–7.29 (m, 8 H, ArH), 7.22–7.16 (m, 4 H, ArH), 4.48
(s, 2 H, CH2) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 192.5, 142.9,
140.9, 139.5, 139.3, 134.0, 132.4, 131.8, 130.4, 130.0, 129.2, 128.8,
127.4, 127.1, 126.6, 126.1, 37.8 ppm.

2-[(4-Methylnaphthalen-1-yl)methyl]benzaldehyde (6g): Reduction
of 2-[(4-methylnaphthalen-1-yl)methyl]benzoic acid (5g; 1 g,
3.59 mmol) using LiAlH4 (0.68 g, 17.89 mmol), followed by oxid-
ation of the crude {2-[(4-methylnaphthalen-1-yl)methyl]phen-
yl}methanol (0.65 g, 2.58 mmol) using PCC (0.8 g, 3.71 mmol), fol-
lowing a procedure similar to that described for 6a, gave aldehyde
6g (0.52 g, 81%) as a thick liquid. 1H NMR (300 MHz, CDCl3): δ
= 10.28 (s, 1 H, CHO), 8.05 (d, J = 8.1 Hz, 1 H, ArH), 7.96–7.90
(m, 2 H, ArH), 7.54–7.40 (m, 4 H, ArH), 7.25–7.20 (m, 1 H, ArH),
7.04–6.94 (m, 2 H, ArH), 4.87 (s, 2 H, CH2), 2.69 (s, 3 H, CH3)
ppm. 13C NMR (75.4 MHz, CDCl3): δ = 192.7, 143.0, 134.1, 134.0,
133.4, 133.0, 132.2, 132.0, 131.1, 126.9, 126.8, 126.4, 125.9, 125.6,
125.0, 124.4, 35.2, 19.5 ppm.

2-[(2,3-Dihydro-1H-inden-5-yl)methyl]benzaldehyde (6h): Reduction
of 2-[(2,3-dihydro-1H-inden-5-yl)methyl]benzoic acid (5h; 1 g,
3.96 mmol) using LiAlH4 (0.75 g, 19.93 mmol), followed by oxid-
ation of the crude 2-[(4-methylnaphthalen-1-yl)methyl]phenyl
methanol (0.61 g, 2.58 mmol) using PCC (0.83 g, 3.86 mmol), fol-
lowing a procedure similar to that described for 6a, gave aldehyde
6h (0.51 g, 92%) as a thick liquid. 1H NMR (300 MHz, CDCl3): δ
= 10.02 (s, 1 H, CHO), 7.92 (d, J = 7.5 Hz, 2 H, ArH), 7.66–7.68
(m, 2 H, ArH), 7.51–7.57 (m, 2 H, ArH), 7.27–7.49 (m, 4 H, ArH),
5.32 (s, 2 H, CH2), 2.86–2.98 (m, 4 H, CH2), 2.06–2.16 (m, 2 H,
CH2) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 190.6, 151.3, 146.5,
145.0, 134.0, 129.6, 129.0, 128.9, 128.8, 125.8, 124.5, 122.1, 32.5,
25.3 ppm.

2-(Thiophen-2ylmethyl)benzaldehyde (6i): Reduction of 2-(thio-
phen-2-ylmethyl)benzoic acid (5i; 1 g, 4.58 mmol) using LiAlH4

(0.87 g, 22.93 mmol), followed by oxidation of the crude [2-(thio-
phen-2-ylmethyl)phenyl]methanol (0.5 g, 2.45 mmol) using PCC
(0.79 g, 3.67 mmol), following a procedure similar to that described
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for 6a, gave aldehyde 6i (0.45 g, 91%) as a thick liquid. 1H NMR
(300 MHz, CDCl3): δ = 10.11 (s, 1 H, CHO), 7.72 (d, J = 7.5 Hz,
1 H, ArH), 7.41 (t, J = 6.9 Hz, 1 H, ArH), 7.30 (t, J = 7.2 Hz, 1
H, ArH), 7.21 (d, J = 7.5 Hz, 1 H, ArH), 7.01 (t, J = 5.1 Hz, 1 H,
ArH), 6.78–6.75 (m, 1 H, ArH), 6.63–6.22 (m, 1 H, ArH), 4.09 (s,
2 H, CH2) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 192.4, 143.1,
142.3, 134.1, 133.6, 132.6, 131.2, 127.4, 126.9, 125.8, 125.5, 124.2,
32.5 ppm. DEPT 135 (75.4 MHz, CDCl3): δ = 192.4, 134.1, 132.6,
131.2, 127.4, 126.9, 125.5, 124.2, 32.5 ppm.

2-(2,2�-Bithiophen-5-ylmethyl)benzaldehyde (6j): Reduction of 2-
(2,2�-bithiophen-5-ylmethyl)benzoic acid (5j; 1 g, 3.44 mmol) using
LiAlH4 (0.70 g, 17.20 mmol), followed by oxidation of the crude
[2-(2,2�-bithiophen-5-ylmethyl)phenyl]methanol (0.2 g, 0.72 mmol)
using PCC (0.25 g, 1.15 mmol), following a procedure similar to
that described for 6a, gave aldehyde 6j (0.16 g, 83%) as a thick
liquid. 1H NMR (300 MHz, CDCl3): δ = 10.24 (s, 1 H, CHO),
7.87–7.86 (m, 1 H, ArH), 7.56–7.53 (m, 1 H, ArH), 7.48–7.45 (m,
1 H, ArH), 7.39–7.36 (m, 1 H, ArH), 7.34–7.30 (m, 1 H, ArH),
7.18–7.14 (m, 1 H, ArH), 7.07–7.05 (m, 1 H, ArH), 6.97–6.94 (m,
2 H, ArH), 4.58 (s, 2 H, CH2) ppm. 13C NMR (75.4 MHz, CDCl3):
δ = 192.5, 142.4, 141.9, 137.5, 136.2, 134.1, 133.6, 133.1, 131.2,
127.7, 127.5, 126.2, 124.0, 123.4, 123.2, 32.8 ppm.

2-(Benzo[b]thiophen-2-ylmethyl)benzaldehyde (6k): Reduction of 2-
(benzo[b]thiophen-3-ylmethyl)benzoic acid (5k; 1.50 g) using
LiAlH4 (1.06 g, 27.89 mmol), followed by oxidation of the crude 2-
(benzo[b]thiophen-3-ylmethyl)phenylmethanol (0.98 g, 3.85 mmol)
using PCC (0.76 g, 1.62 mmol), following a procedure similar to
that described for 6a, gave known aldehyde 6k (0.85 g, 87%) as a
thick liquid. The crude product was used as such in the next step
without any further characterization.

2-[4-(N,N-Diphenylamino)benzyl]benzaldehyde (6l): Reduction of 2-
(benzo[b]thiophen-3-ylmethyl)benzoic acid (5l; 1.60 g, 4.21 mmol)
using LiAlH4 (0.80 g, 21.05 mmol), followed by oxidation of the
crude 2-[4-(diphenylamino)benzyl]phenylmethanol (0.77 g,
2.11 mmol) using PCC (0.68 g, 3.15 mmol), following a procedure
similar to that described for 6a, gave aldehyde 6l (0.63 g, 83%) as
a thick liquid. 1H NMR (300 MHz, CDCl3): δ = 10.31 (s, 1 H,
CHO), 7.91 (d, J = 7.5 Hz, 1 H, ArH), 7.67 (d, J = 6.6 Hz, 1 H,
ArH), 7.66–7.55 (m, 1 H, ArH), 7.36–7.35 (m, 1 H, ArH), 7.33–
7.32 (m, 2 H, ArH), 7.27–7.20 (m, 4 H, ArH), 7.13–7.08 (m, 4 H,
ArH), 7.03–7.01 (m, 4 H, ArH), 4.43 (s, 2 H, CH2) ppm. 13C NMR
(75.4 MHz, CDCl3): δ = 192.4, 147.8, 146.1, 143.2, 134.6, 134.0,
131.9, 131.8, 131.7, 130.0, 129.5, 129.4, 129.2, 127.0, 126.4, 124.9,
124.3, 124.1, 122.6, 37.4 ppm.

2-(Dibenzo[b,d]thiophen-2-ylmethyl)benzaldehyde (6m): Reduction
of 2-(dibenzo[b,d]thiophen-2-ylmethyl)benzoic acid (5m; 0.70 g,
2.19 mmol) using LiAlH4 (0.41 g, 10.78 mmol), followed by oxid-
ation of the crude 2-(dibenzo[b,d]thiophen-2-ylmethyl)methanol
(0.5 g, 1.63 mmol) using PCC (0.53 g, 2.24 mmol), following a pro-
cedure similar to that described for 6a, gave aldehyde 6m (0.41 g,
83%) as a thick liquid. 1H NMR (300 MHz, CDCl3): δ = 10.30 (s,
1 H, CHO), 8.15–8.12 (m, 1 H, ArH), 8.06–7.91 (m, 1 H, ArH),
7.88–7.82 (m, 3 H, ArH), 7.79–7.72 (m, 2 H, ArH), 7.58–7.41 (m,
3 H, ArH), 7.40–7.24 (m, 1 H, ArH), 4.62 (s, 2 H, CH2) ppm. 13C
NMR (75.4 MHz, CDCl3): δ = 192.6, 143.0, 139.8, 137.4, 136.7,
135.9, 134.0, 132.7, 131.6, 130.7, 128.9, 127.9, 127.1, 126.7, 125.0,
124.3, 123.0, 121.8, 121.6, 38.1 ppm.

2-(Dibenzo[b,d]furan-2-ylmethyl)benzaldehyde (6n): Reduction of 2-
(dibenzo[b,d]thiophen-2-ylmethyl)benzoic acid (5n; 0.72 g,
2.38 mmol) using LiAlH4 (0.51 g, 11.84 mmol), followed by oxid-
ation of the crude 2-(dibenzo[b,d]thiophen-2-ylmethyl)methanol
(0.49 g, 1.72 mmol) using PCC (0.55 g, 2.55 mmol), following a
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procedure similar to that described for 6a, gave aldehyde 6n (0.60 g,
84%) as a brown oil. The crude product was used as such in the
next step without any further characterization.

3-(3,4-Dimethoxybenzyl)-2-naphthaldehyde (6r): Reduction of 3-
(3,4-dimethoxybenzyl)-2-naphthoic acid (5r; 0.9 g, 2.79 mmol)
using LiAlH4 (0.76 g, 20.0 mmol), followed by oxidation of the
crude 2-(dibenzo[b,d]thiophen-2-ylmethyl)methanol (0.7 g,
1.72 mmol) using PCC (0.73 g, 3.40 mmol), following a procedure
similar to that described for 6a, gave aldehyde 6r (0.60 g, 87 %) as
a brown solid, m.p.132–134 °C. 1H NMR (300 MHz, CDCl3): δ =
10.19 (s, 1 H, CHO), 8.27 (s, 1 H, ArH), 7.88 (d, J = 7.8 Hz, 1 H,
ArH), 7.71 (d, J = 8.1 Hz, 1 H, ArH), 7.52 (t, J = 6.9 Hz, 2 H,
ArH), 7.47 (t, J = 6.9 Hz, 1 H, ArH), 6.71–6.68 (m, 2 H, ArH),
6.62 (s, 1 H, ArH), 4.43 (s, 2 H, CH2), 3.76 (s, 3 H, OCH3), 3.72
(s, 3 H, OCH3) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 192.8,
143.9, 147.4, 138.0, 136.5, 135.7, 133.0, 132.6, 131.4, 130.1, 129.3,
129.2, 127.5, 126.6, 121.0, 112.4, 111.2, 55.9, 55.8, 38.3 ppm.

2-(Thiophen-3-ylmethyl)-1-naphthaldehyde (6s): Reduction of 2-
(thiophen-2-ylmethyl)-1-naphthoic acid (5s; 1.0 g, 3.74 mmol)
using LiAlH4 (0.71 g, 18.64 mmol), followed by oxidation of the
crude [2-(thiophen-3-ylmethyl)naphthalen-1-yl]methanol (0.66 g,
2.61 mmol) using PCC (0.73 g, 3.94 mmol), following a procedure
similar to that described for 6a, gave aldehyde 6s (0.53 g, 82%) as
a colourless solid, m.p.78–80 °C. 1H NMR (300 MHz, CDCl3): δ
= 10.26 (s, 1 H, CHO), 8.33 (s, 1 H, ArH), 7.95 (d, J = 8.1 Hz, 1
H, ArH), 7.80 (d, J = 8.1 Hz, 1 H, ArH), 7.70 (s, 1 H, ArH), 7.61
(t, J = 7.1 Hz, 1 H, ArH), 7.53 (d, J = 7.5 Hz, 1 H, ArH), 7.13 (d,
J = 5.1 Hz, 1 H, ArH), 6.92–6.89 (m, 1 H, ArH), 6.80 (broad s, 1
H, ArH), 4.74 (s, 2 H, CH2) ppm. 13C NMR (75.4 MHz, CDCl3):
δ = 192.6, 143.5, 137.2, 137.1, 135.7, 132.3, 131.6, 130.0, 129.4,
129.2, 127.6, 126.9, 126.8, 125.5, 124.1, 33.1 ppm.

3-[4-(Diphenylamino)benzyl]-2-naphthaldehyde (6t): Reduction of 2-
(benzo[b]thiophen-3-ylmethyl)benzoic acid (5t; 0.8 g, 1.86 mmol)
using LiAlH4 (0.35 g, 9.32 mmol), followed by oxidation of
the crude {3-[4-(diphenylamino)benzyl]naphthalen-2-yl}methanol
(0.6 g, 1.44 mmol) using PCC (0.71 g, 3.29 mmol), following a pro-
cedure similar to that described for 6a, gave aldehyde 6t (0.63 g,
83%) as a thick liquid. 1H NMR (300 MHz, CDCl3): δ = 10.23 (s,
1 H, CHO), 8.30 (s, 1 H, ArH), 7.89 (d, J = 8.1 Hz, 1 H, ArH),
7.75 (d, J = 8.4 Hz, 1 H, ArH), 7.60 (s, 1 H, ArH), 7.54–7.52 (m,
1 H, ArH), 7.43 (t, J = 7.5 Hz, 1 H, ArH), 7.17–7.09 (m, 4 H,
ArH), 7.02–6.96 (m, 6 H, ArH), 6.92–6.87 (m, 4 H, ArH), 4.45 (s,
2 H, CH2) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 192.6, 147.9,
146.0, 137.8, 136.1, 135.8, 134.9, 132.6, 131.5, 130.3, 129.7, 129.3,
129.2, 127.5, 126.6, 124.3, 124.0, 122.5, 118.8, 116.8, 38.0 ppm.
DEPT-135 (75.4 MHz, CDCl3): δ = 192.7, 136.1, 130.3, 129.7,
129.3, 129.2, 127.5, 126.6, 124.3, 124.0, 122.5, 38.0 ppm.

3-[(9-Hexyl-9H-carbazol-4-yl)methyl]-2-naphthaldehyde (6u): Re-
duction of 3-[(9-hexyl-9H-carbazol-4-yl)methyl]-2-naphthoic acid
(5u; 0.72 g, 1.65 mmol) using LiAlH4 (0.32 g, 8.27 mmol), followed
by oxidation of the crude benzyl alcohol using PCC (0.33 g,
1.53 mmol), following a procedure similar to that described for 6a,
gave aldehyde 6u (0.33 g, 83%) as a thick liquid. 1H NMR
(300 MHz, CDCl3): δ = 10.26 (s, 1 H, CHO), 8.28 (s, 1 H, ArH),
7.93–7.86 (m, 2 H, ArH), 7.8 (s, 1 H, ArH), 7.69 (d, J = 8.1 Hz, 1
H, ArH), 7.58 (s, 1 H, ArH), 7.52–7.40 (m, 2 H, ArH), 7.27–7.37
(m, 2 H, ArH), 7.15–7.20 (m, 2 H, ArH), 7.08 (t, J = 7.2 Hz, 1 H,
ArH), 4.67 (s, 2 H, CH2), 4.16 (t, J = 7.2 Hz, 2 H, CH2), 1.73–1.78
(m, 2 H, CH2), 1.18–1.34 (m, 6 H, CH2), 0.77 (t, J = 6.6 Hz, 3 H,
CH3) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 192.7, 140.7, 139.2,
138.9, 135.8, 135.8, 132.7, 131.4, 130.7, 130.1, 129.2, 129.1, 127.5,
126.9, 126.4, 125.5, 123.0, 122.6, 120.6, 120.4, 118.5, 108.7, 108.6,
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43.1, 38.7, 31.5, 28.9, 26.9, 22.6, 14.0 ppm. DEPT-135 (75.4 MHz,
CDCl3): δ = 192.7, 135.8, 130.1, 129.2, 128.5, 127.6, 126.9, 126.5,
125.5, 120.6, 120.4, 118.5, 108.7, 108.6, 43.1, 38.7, 31.5, 28.9, 26.9,
22.6, 14.0 ppm.

2-Methylanthracene (7b): Cyclodehydration of 2-(4-methylbenzyl)-
benzaldehyde (6b; 0.35 g, 1.66 mmol) using BF3·OEt2 (0.05 g,
0.33 mmol) following a procedure similar to that described for 7a
gave known 2-methylanthracene (7b; 0.29 g, 92%) as a colourless
solid, m.p. 204–206 °C (ref.[15c] 205–206 °C). 1H NMR (300 MHz,
CDCl3): δ = 8.52 (s, 1 H, ArH), 8.03–7.94 (m, 2 H, ArH), 7.30 (t,
J = 7.5 Hz, 2 H, ArH), 7.20–7.17 (m, 1 H, ArH), 7.02–6.99 (m, 1
H, ArH), 6.97–6.90 (m, 1 H, ArH), 6.76 (s, 1 H, ArH), 2.06 (s, 3
H, CH3) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 135.5, 132.3,
131.9, 131.8, 131.1, 130.3, 128.5, 128.4, 128.3, 126.9, 126.8, 125.7,
125.0, 124.9, 22.2 ppm.

2,3-Dimethylanthracene (7c): Cyclodehydration of 2-(3,4-dimeth-
ylbenzyl)benzaldehyde (6c; 0.30 g, 1.33 mmol) using BF3·OEt2

(0.04 g, 0.26 mmol) following a procedure similar to that described
for 7a gave 2,3-dimethylanthracene (7c; 0.24 g, 88%) as a colourless
solid, m.p. 246–248 °C (ref.[16f] 248 °C). 1H NMR (300 MHz,
CDCl3): δ = 8.28 (s, 2 H, ArH), 7.97–7.94 (m, 2 H, ArH), 7.75 (s,
2 H, ArH), 7.42–7.40 (m, 2 H, ArH), 2.47 (s, 6 H, CH3) ppm. 13C
NMR (75.4 MHz, CDCl3): δ = 135.6, 131.4, 131.2, 128.1, 126.9,
124.8, 120.4 ppm. DEPT 135 (75.4 MHz, CDCl3): δ = 128.1, 126.9,
124.8, 20.4 ppm.

1,3-Dimethylanthracene (7d): Cyclodehydration of 2-(2,4-dimeth-
ylbenzyl)benzaldehyde (6d; 0.5 g, 2.23 mmol) using BF3·OEt2

(0.06 g, 0.4 mmol) following a procedure similar to that described
for 7a gave 1,3-dimethylanthracene (7d; 0.38 g, 83%) as a colourless
solid, m.p. 76–78 °C (ref.[16f] 78 °C). 1H NMR (300 MHz, CDCl3):
δ = 8.46 (s, 1 H, ArH), 8.28 (s, 1 H, ArH), 8.01–7.93 (m, 2 H,
ArH), 7.59 (s, 1 H, ArH), 7.46–7.42 (m, 2 H, ArH), 7.14 (s, 1 H,
ArH), 2.76 (s, 3 H, CH3), 2.48 (s, 3 H, ArH) ppm. 13C NMR
(75.4 MHz, CDCl3): δ = 134.7, 134.1, 132.4, 131.7, 131.2, 130.1,
128.7, 128.6, 127.9, 125.8, 125.3, 124.9, 122.6, 22.0, 19.7 ppm.
DEPT-135 (75.4 MHz, CDCl3): δ = 128.6, 128.6, 127.9, 125.8,
124.9, 122.6, 22.0, 19.7 ppm.

2,3-Dimethoxyanthracene (7e): Cyclodehydration of 2-(3,4-dimeth-
oxylbenzyl)benzaldehyde (6e; 0.35 g, 1.36 mmol) using BF3·OEt2

(0.04 g, 0.27 mmol) following a procedure similar to that described
for 7a gave 2,3-dimethoxyanthracene (7e; 0.28 g, 87%) as a colour-
less solid, m.p. 200–202 °C (ref.[16a] 200–202 °C). 1H NMR
(300 MHz, CDCl3): δ = 8.21 (s, 2 H, ArH), 7.94–7.91 (m, 2 H,
ArH), 7.41–7.38 (m, 2 H, ArH), 7.18 (s, 2 H, ArH), 4.04 (s, 6 H,
OCH3) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 150.1, 130.8,
128.6, 127.6, 124.6, 124.0, 104.8, 55.9 ppm. DEPT-135 (75.4 MHz,
CDCl3): δ = 127.6, 124.6, 124.0, 104.8, 55.9 ppm.

2-Phenylanthracene (7f): Cyclodehydration of 2-(biphenyl-4-yl-
methyl)benzaldehyde (6f; 0.5 g, 1.90 mmol) using BF3·OEt2 (0.05 g,
0.38 mmol) following a procedure similar to that described for 7a
gave known 2-phenylanthracene (7f; 0.42 g, 91%) as a colourless
solid, m.p. 202–204 °C. 1H NMR (300 MHz, CDCl3): δ = 8.48 (s,
1 H, ArH), 8.44 (s, 1 H, ArH), 8.20 (s, 1 H, ArH), 8.10–8.01 (m, 3
H, ArH), 7.77 (s, 3 H, ArH), 7.51–7.40 (m, 4 H, ArH), 7.30–7.25
(m, 1 H, ArH) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 141.1,
137.9, 132.1, 131.9, 130.9, 128.9, 128.8, 128.2, 128.2, 127.4, 127.4,
126.6, 126.0, 125.7, 125.5, 125.4 ppm. DEPT-135 (75.4 MHz,
CDCl3): δ = 128.9, 128.7, 128.3, 127.4, 127.1, 127.0, 126.6, 126.0,
125.7, 125.6, 125.4 ppm.

5-Methyltetraphene (7g): Cyclodehydration of 2-[(4-methylnaphth-
alen-1-yl)methyl]benzaldehyde (6g; 0.2 g, 0.76 mmol) using
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BF3·OEt2 (0.02 g, 0.15 mmol) following a procedure similar to that
described for 7a gave 1,3-dimethylanthracene (7g; 0.17 g, 89%) as
a colourless solid, m.p. 156–158 °C (ref.[21] 155.9–156.9 °C). 1H
NMR (300 MHz, CDCl3): δ = 9.13 (s, 1 H, ArH), 8.87 (d, J =
8.1 Hz, 1 H, ArH), 8.26 (s, 1 H, ArH), 8.12–8.09 (m, 1 H, ArH),
8.02 (d, J = 8.0 Hz, 2 H, ArH), 7.70–7.64 (m, 3 H, ArH), 7.54–
7.51 (m, 2 H, ArH), 2.72 (s, 3 H, CH3) ppm. 13C NMR (75.4 MHz,
CDCl3): δ = 132.5, 132.4, 132.1, 131.6, 130.7, 130.7, 128.5, 127.6,
127.1, 126.8, 126.6, 125.7, 125.7, 125.3, 124.8, 123.2, 121.4,
20.3 ppm. DEPT-135 (75.4 MHz, CDCl3): δ = 128.5, 127.6, 127.1,
126.8, 126.6, 125.7, 125.3, 124.8, 123.2, 121.4, 20.3 ppm.

2,3-Dihydro-1H-cyclopenta[b]anthracene (7h): Cyclodehydration
of crude 2-[(4-methylnaphthalen-1-yl)methyl]benzaldehyde (6h;
0.30 g, 1.27 mmol) using BF3·OEt2 (0.04 g, 0.25 mmol) following a
procedure similar to that described for 7a gave anthracene 7h
(0.27 g, 92%) as a white crystalline solid, m.p. 226–228 °C (ref.[20]

228–230 °C). 1H NMR (300 MHz, CDCl3): δ = 8.31 (s, 2 H, ArH),
7.97–7.94 (m, 2 H, ArH), 7.80 (s, 2 H, ArH), 7.42–7.38 (m, 2 H,
ArH), 3.09 (t, J = 7.1 Hz, 4 H, CH2), 2.20–2.11 (m, 2 H, CH2)
ppm. 13C NMR (75.4 MHz, CDCl3): δ = 143.6, 131.7, 131.3, 128.0,
125.3, 124.8, 121.6, 32.6, 26.3 ppm. DEPT-135 (75.4 MHz, CDCl3):
δ = 128.0, 125.3, 124.8, 121.6, 32.6, 26.3 ppm.

Naphtho[2,3-b]thiophene (7i): Cyclodehydration of 2-(thiophen-2-
ylmethyl)benzaldehyde (6i; 0.3 g, 1.48 mmol) using BF3·OEt2

(0.04 g, 0.29 mmol) following a procedure similar to that described
for 7a gave 7i (0.24 g, 87%) as a colourless solid, m.p. 192–194 °C
(ref.[15c] 192–193 °C). 1H NMR (300 MHz, CDCl3): δ = 8.35 (s, 1
H, ArH), 8.3 (s, 1 H, ArH), 7.87–7.96 (m, 2 H, ArH), 7.38–7.48
(m, 3 H, ArH), 7.39 (d, J = 5.7 Hz, 1 H, ArH) ppm. 13C NMR
(75.4 MHz, CDCl3): δ = 138.9, 138.2, 131.0, 130.9, 128.3, 128.2,
127.3, 125.3, 124.9, 123.5, 121.8, 120.7 ppm. DEPT-135
(75.4 MHz, CDCl3): δ = 128.3, 128.2, 127.3, 125.3, 124.9, 123.5,
121.8, 120.7 ppm.

2-(Thiophen-2-yl)naphtho[2,3-b]thiophene (7j): Cyclodehydration of
2-(2,2�-bithiophen-5-ylmethyl)benzaldehyde (6j; 0.2 g, 0.7 mmol)
using BF3·OEt2 (0.02 g, 0.14 mmol) following a procedure similar
to that described for 7a gave 7j (0.17 g, 91 %) as a colourless solid,
m.p. 258–260 °C (ref.[16c] 258–260 °C). 1H NMR (300 MHz,
[D6]DMSO): δ = 8.51 (s, 1 H, ArH), 8.38 (s, 1 H, ArH), 8.05–7.96
(m, 2 H, ArH), 7.77 (s, 1 H, ArH), 7.70 (d, J = 7.8 Hz, 1 H, ArH),
7.54–7.49 (m, 3 H, ArH), 7.20 (t, J = 7.4 Hz, 1 H, ArH) ppm. 13C
NMR (75.4 MHz, CDCl3): δ = 137.6, 136.8, 136.3, 131.0, 130.8,
128.6, 128.1, 127.5, 127.2, 126.3, 125.5, 125.3, 121.6, 120.4,
119.1 ppm. DEPT 135 (75.4 MHz, CDCl3): δ = 128.6, 128.1, 127.5,
127.2, 126.3, 125.5, 125.3, 121.6, 120.4, 119.1 ppm.

Benzo[b]naphtho[2,3-d]thiophene (7k): Cyclodehydration of alde-
hyde 6k (0.49 g, 1.94 mmol) using BF3·OEt2 (0.06 g, 0.38 mmol)
following a procedure similar to that described for 7a gave 7k
(0.39 g, 85%) as a pale green solid, m.p. 146–148 °C (ref.[16c] 146–
147 °C). 1H NMR (300 MHz, CDCl3): δ = 8.58 (s, 1 H, ArH), 8.24
(s, 1 H, ArH), 8.21–8.23 (m, 1 H, ArH), 7.99–8.02 (m, 1 H, ArH),
7.87–7.90 (m, 1 H, ArH), 7.77–7.81 (m, 1 H, ArH), 7.42–7.53 (m,
4 H, ArH) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 140.2, 137.7,
135.5, 132.6, 130.8, 128.4, 127.7, 127.1, 126.0, 125.2, 124.5, 122.7,
122.0, 120.6, 120.0 ppm. DEPT-135 (75.4 MHz, CDCl3): δ = 128.4,
127.7, 127.1, 126.0, 125.2, 124.5, 122.7, 122.0, 120.6, 120.0 ppm.

N,N-Diphenylanthacen-1-amine (7l): Cyclodehydration of aldehyde
6l (0.4 g, 1.1 mmol) using BF3·OEt2 (0.03 g, 0.22 mmol) following
a procedure similar to that described for 7a gave 7l (0.31 g, 83%)
as a pale green solid, m.p. 156 °C. 1H NMR (300 MHz, CDCl3): δ
= 8.31 (s, 1 H, ArH), 8.11 (s, 1 H, ArH), 7.96–7.93 (m, 1 H, ArH),
7.87 (d, J = 9.0 Hz, 2 H, ArH), 7.49 (s, 1 H, ArH), 7.40 (t, J =
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6.9 Hz, 1 H, ArH), 7.32–7.30 (m, 3 H, ArH), 7.27–7.26 (m, 2 H,
ArH), 7.22–7.19 (m, 3 H, ArH), 7.16–7.10 (m, 1 H, ArH), 7.09–
7.05 (m, 3 H, ArH) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 147.6,
144.9, 132.6, 132.2, 131.0, 129.2, 129.1, 129.1, 128.9, 128.2, 127.8,
126.0, 125.5, 124.8, 124.7, 124.7, 124.5, 124.4, 124.0, 123.2,
118.4 ppm. DEPT-135 (75.4 MHz, CDCl3): δ = 129.4, 129.2, 129.2,
129.1, 128.2, 127.8, 126.0, 125.5, 124.8, 124.7, 124.5, 124.4, 123.9,
123.2, 118.4 ppm. HRMS (EI): calcd. for C26H19N [M]+ 345.1517;
found 345.1510.

Anthra[1,2-d]benzo[b]thiophene (7m): Cyclodehydration of 2-(di-
benzo[b,d]thiophen-2-ylmethyl)benzaldehyde (6m; 0.3 g,
0.99 mmol) using BF3·OEt2 (0.03 g, 0.20 mmol) following a pro-
cedure similar to that described for 7a gave 7m (0.25 g, 88%) as a
pale green solid, m.p. 168 °C (ref.[23] 228–230 °C). 1H NMR
(300 MHz, CDCl3): δ = 9.40 (s, 1 H, ArH), 8.95 (d, J = 8.4 Hz, 1
H, ArH), 8.47 (s, 1 H, ArH), 8.11 (d, J = 8.1 Hz, 1 H, ArH), 7.99–
7.90 (m, 3 H, ArH), 7.75 (d, J = 9.0 Hz, 1 H, ArH), 7.60 (t, J =
7.7 Hz, 1 H, ArH), 7.53–7.42 (m, 3 H, ArH) ppm. 13C NMR
(75.4 MHz, CDCl3): δ = 139.7, 138.5, 137.1, 132.3, 130.7, 130.6,
128.9, 128.5, 128.4, 128.2, 128.0, 127.9, 126.1, 125.5, 125.1, 125.0,
124.5, 123.3, 121.7, 120.9 ppm. DEPT-135 (75.4 MHz, CDCl3): δ
= 128.5, 128.4, 128.0, 128.0, 126.1, 125.6, 125.1, 125.0, 124.5, 123.3,
121.7, 121.0 ppm. HRMS (EI): calcd. for C20H12S [M]+ 284.0660;
found 284.0654.

Anthra[1,2-d]benzo[b]furan (7n): Cyclodehydration of 2-(di-
benzo[b,d]furan-2-ylmethyl)benzaldehyde (6n; 0.35 g, 1.23 mmol)
using BF3·OEt2 (0.04 g, 0.25 mmol) following a procedure similar
to that described for 7a gave 7n (0.31 g, 93%) as a pale green solid,
m.p. 152–154 °C 1H NMR (300 MHz, CDCl3): δ = 9.03 (s, 1 H,
ArH), 8.53–8.48 (m, 2 H, ArH), 8.10 (d, J = 8.1 Hz, 1 H, ArH),
8.02 (s, 1 H, ArH), 8.0 (s, 1 H, ArH), 7.63–7.65 (m, 2 H, ArH),
7.52–7.46 (m, 4 H, ArH) ppm. 13C NMR (75.4 MHz, CDCl3): δ =
155.7, 154.1, 132.3, 130.5, 129.5, 129.4, 128.4, 128.2, 128.0, 127.4,
126.2, 125.5, 125.3, 125.1, 123.4, 121.8, 121.6, 116.2, 113.9,
112.0 ppm. DEPT-135 (75.4 MHz, CDCl3): δ = 129.4, 128.4, 128.2,
128.0, 126.2, 125.6, 125.1, 123.4, 121.7, 121.6, 113.9, 112.0 ppm.
HRMS (EI): calcd. for C20H12O [M]+ 268.0888; found 268.0880.

2,3-Dimethoxytetraphene (7r): Cyclodehydration of naphthaldehyde
6r (0.2 g, 0.65 mmol) using BF3·OEt2 (0.2 g, 0.13 mmol) following
a procedure similar to that described for 7a gave 7r (0.17 g, 91%) as
a colourless solid, m.p. 278–280 °C. 1H NMR (400 MHz, CDCl3): δ
= 8.48 (s, 1 H, ArH), 8.35 (s, 1 H, ArH), 7.91–7.89 (m 1 H, ArH),
7.31–7.29 (m, 1 H, ArH), 7.09 (s, 1 H, ArH), 3.99 (s, 3 H, OCH3)
ppm. 13C NMR (75.4 MHz, CDCl3): δ = 155.1, 135.7, 133.7, 132.9,
130.1, 129.6, 128.3, 109.1, 60.6 ppm. DEPT 135 (75.4 MHz,
CDCl3): δ = 132.9, 130.1, 129.6, 128.3, 109.0, 60.6 ppm. HRMS
(EI): calcd. for C20H16O2 [M]+ 288.1150; found 288.1150.

Anthra[2,3-b]thiophene (7s): Cyclohdehydration of 2-(thiophen-3-
ylmethyl)-1-naphthaldehyde (6s; 0.2 g, 0.79 mmol) using BF3·OEt2

(0.02 g, 0.16 mmol) following a procedure similar to that described
for 7a gave known anthra[2,3-b]thiophene (7s; 0.16 g, 86%) as a
yellow solid, m.p. � 330 °C. 1H NMR (300 MHz, D6-acetone): δ
= 7.87 (s, 1 H, ArH), 7.85 (s, 1 H, ArH), 7.80 (s, 1 H, ArH), 7.79
(s, 1 H, ArH), 7.24–7.21 (m, 2 H, ArH), 6.88 (d, J = 5.7 Hz, 1 H,
ArH), 6.67 (d, J = 5.7 Hz, 1 H, ArH), 6.62–6.59 (m, 2 H, ArH)
ppm. Due to poor solubility, a 13C NMR spectrum was not re-
corded.

N,N-Diphenyltetracen-2-amine (7t): Cyclodehydration of aldehyde
6t (0.28 g, 0.67 mmol) using BF3·OEt2 (0.02 g, 0.13 mmol) follow-
ing a procedure similar to that described for 7a gave 7t (0.21 g,
78%) as a pale green solid, m.p. 256–258 °C. 1H NMR (300 MHz,
CDCl3): δ = 8.59 (s, 1 H, ArH), 8.55 (s, 1 H, ArH), 8.50 (s, 1 H,
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ArH), 8.31 (s, 1 H, ArH), 8.0–7.93 (m, 2 H, ArH), 7.87 (d, J =
9.3 Hz, 1 H, ArH), 7.45 (s, 1 H, ArH), 7.39–7.29 (m, 5 H, ArH),
7.24–7.18 (m, 5 H, ArH), 7.19–7.05 (m, 3 H, ArH) ppm. Due to
poor solubility, a 13C NMR spectrum was not recorded. HRMS
(EI): calcd. for C30H21N [M]+ 395.1674; found 395.1670.

5-Hexyl-5H-anthra[2,3-c]carbazole (7u): Cyclodehydration of alde-
hyde 6u (0.25 g, 0.59 mmol) using BF3·OEt2 (0.02 g, 0.11 mmol)
following a procedure similar to that described for 7a gave 7u
(0.21 g, 87%) as a pale green solid, m.p. 236–238 °C. 1H NMR
(300 MHz, CDCl3): δ = 9.39 (s, 1 H, ArH), 8.79 (s, 2 H, ArH),
8.74 (s, 1 H, ArH), 8.67 (s, 1 H, ArH), 8.07–7.96 (m, 3 H, ArH),
7.63–7.58 (m, 2 H, ArH), 7.52–7.46 (m, 2 H, ArH), 7.43–7.4 (m, 2
H, ArH), 4.44 (t, J = 7.2 Hz, 2 H, NCH2), 1.98–1.88 (m, 2 H,
CH2), 1.42–1.25 (m, 6 H, CH2), 0.86 (t, J = 6.6 Hz, 3 H, CH3)
ppm. 13C NMR (75.4 MHz, CDCl3): δ = 138.5, 136.9, 131.7, 130.9,
130.7, 129.3, 128.5, 128.3, 128.2, 128.1, 128.0, 126.4, 125.5, 125.1,
124.5, 124.1, 123.2, 121.6, 120.2, 120.1, 112.9, 112.4, 109.6, 43.2,
31.5, 29.8, 26.9, 22.5, 13.9 ppm. DEPT-135 (75.4 MHz, CDCl3): δ
= 128.3, 128.3, 128.2, 128.0, 126.4, 125.6, 125.1, 124.6, 123.3, 121.6,
120.3, 120.1, 112.9, 109.6, 43.2, 31.5, 29.8, 26.9, 22.5, 14.0 ppm.
HRMS (EI): calcd. for C30H27N [M]+ 401.2143; found 401.2140.

2,2�-(9-Hexyl-9H-carbazole-3,6-yl)bis(methylene)dibenzoic Acid
(5v): Zinc dust (3.16 g, 48.31 mmol) and mercuric chloride (0.48 g,
1.76 mmol) were added to a mixture of distilled water (5.5 mL) and
conc. HCl (0.2 mL). The resulting mixture was stirred for 0.5 h,
until it became homogeneous. To this solution, distilled water
(5.4 mL), conc. HCl (1.3 mL), toluene (7.2 mL), 1,4-dioxane
(7.2 mL), and keto acid 4v (2 g, 3.6 mmol) were added. The reac-
tion mixture was then heated at reflux for 40 h, and conc. HCl
(1.8 mL) was added every 6 h. Usual work-up following a pro-
cedure similar to that described for 5a gave benzyl acid 5v (1.28 g,
66%) as a colourless solid, m.p. 144–146 °C. 1H NMR (300 MHz,
CDCl3 and [D6]DMSO): δ = 7.86 (d, J = 7.5 Hz, 2 H, ArH), 7.80
(s, 2 H, ArH), 7.35–7.40 (m, 2 H, ArH), 7.21–7.26 (m, 8 H, ArH),
4.53 (s, 4 H, CH2), 4.20 (t, J = 6.6 Hz, 2 H, CH2), 1.74–1.79 (m, 2
H, CH2), 1.22–1.26 (m, 6 H, CH2), 0.8–0.85 (m, 3 H, CH3) ppm.
13C NMR (75.4 MHz, CDCl3): δ = 174.4, 147.9, 143.9, 136.4,
136.1, 136.1, 135.6, 131.8, 130.7, 127.2, 125.3, 113.3, 47.8, 44.0,
36.2, 33.7, 31.6, 27.2, 18.8 ppm. C30H33NO4 (471.60): calcd. C
78.69, H 6.40, N 2.70; found C 78.93, H 6.58, N 2.85.

2,2�-(9-Hexyl-9H-carbazole-3,6-diyl)bis(methylene)dibenzaldehyde
(6v): A solution of benzyl acid 5v (0.43 g, 0.86 mmol) in dry THF
(10 mL) was slowly added by syringe to a suspension of LiAlH4

(0.33 g, 8.6 mmol) in dry THF at 0 °C. After the addition of benz-
ylic acid 5v was complete, the reaction mixture was stirred at room
temperature for 4 h. Usual work-up following a procedure similar
to that described for 5a gave the alcohol as a thick liquid.

The crude alcohol (0.4 g, 0.81 mmol) was dissolved in dry CH2Cl2
(15 mL), and then PCC (0.52 g, 2.4 mmol) and Celite (1 g) were
added. The reaction mixture was stirred at room temperature for
6 h. Work-up of the reaction mixture following the procedure de-
scribed for 6a gave dialdehyde 6v (0.28 g, 71%) as a yellow solid,
m.p. 134–136 °C. 1H NMR (300 MHz, CDCl3): δ = 10.28 (s, 1 H,
CHO), 10.06 (s, 1 H, CHO), 8.50 (s, 1 H, ArH), 7.99 (d, J = 7.2 Hz,
1 H, ArH), 7.88 (t, J = 8.1 Hz, 1 H, ArH), 7.80–7.72 (m, 2 H,
ArH), 7.64–7.61 (m, 1 H, ArH), 7.58–7.56 (m, 1 H, ArH), 7.54–
7.51 (m, 2 H, ArH), 7.45–7.44 (m, 2 H, ArH), 7.30–7.41 (m, 2 H,
ArH), 7.23–7.26 (m, 3 H, ArH), 4.60 (s, 4 H, CH2), 4.23 (t, J =
7.1 Hz, 2 H, CH2), 1.83–1.79 (m, 2 H, CH2), 1.26 (s, 6 H, CH2),
0.84 (s, 3 H, CH2, CH3) ppm. 13C NMR (75.4 MHz, CDCl3): δ =
192.5, 190.7, 143.8, 143.6, 143.0, 139.9, 135.2, 134.0, 133.8, 133.3,
132.3, 131.6, 130.1, 129.1, 128.8, 128.5, 128.2, 127.8, 127.0, 123.9,
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123.3, 122.6, 120.8, 109.4, 108.5, 43.5, 38.0, 31.5, 28.9, 26.8, 22.5,
14.0 ppm. C34H33NO2 (487.64): calcd. C 83.74, H 6.82, N 2.87;
found C 83.89, H 7.03, N 3.11.

8-Hexyl-8H-dinaphtho(2,3-b:2�,3�-g)carbazole (7v): Aldehyde 6v
(0.3 g, 0.63 mmol) was dissolved in dry CH2Cl2 (10 mL), and
BF3·OEt2 (0.04 g, 0.25 mmol) was added. Then the reaction mix-
ture was stirred for 10 min at room temperature. The solvent was
removed in vacuo, and the residue was purified by column
chromatography (1% EtOAc in hexane) to give dinaphthocarbazole
6v (0.22 g, 78%) as a red solid, m.p. 284–286 °C. 1H NMR
(300 MHz, CDCl3): δ = 9.30 (s, 1 H, ArH), 9.29 (s, 1 H, ArH),
8.82 (s, 1 H, ArH), 8.57 (s, 1 H, ArH), 8.52 (s, 1 H, ArH), 8.22 (d,
J = 8.4 Hz, 1 H, ArH), 8.10–7.93 (m, 5 H, ArH), 7.61 (d, J = 9 Hz,
1 H, ArH), 7.40 (t, J = 9 Hz, 1 H, ArH), 7.39–7.36 (m, 3 H, ArH),
4.41 (t, J = 7.2 Hz, 2 H, ArH), 1.94–1.91 (m, 2 H, CH2), 1.44–1.41
(m, 2 H, CH2), 1.29–1.23 (m, 4 H, CH2), 0.81 (t, J = 6.6 Hz, 3 H,
CH3) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 142.0, 139.8, 132.9,
131.1, 129.8, 129.5, 128.6, 128.4, 128.4, 128.3, 128.3, 128.2, 128.0,
127.7, 127.5, 127.2, 126.7, 126.0, 124.7, 124.3, 123.9, 123.8, 120.3,
119.6, 112.0, 111.8, 102.7, 43.2, 31.6, 29.1, 27.0, 22.6, 14.0 ppm.
DEPT-135 (75.4 MHz, CDCl3): δ = 130.5, 128.3, 128.3, 128.2,
128.0, 127.7, 127.5, 126.7, 126.0, 124.7, 124.3, 123.9, 120.3, 119.6,
111.8, 102.7, 43.2, 31.6, 29.1, 27.0, 22.6, 14.0 ppm. HRMS (EI):
calcd. for C34H29N [M]+ 451.2300; found 451.2247.

5-Hexyl-5H-naphtho[2,3-b]carbazole (8a): Carbazolylmethyl acid 5a
(0.38 g, 1 mmol) was dissolved in dry CH2Cl2 (20 mL), and triflic
acid (0.030 g, 0.2 mmol) was added. The reaction mixture was
stirred at room temperature for 0.5 h, then it was poured into water.
The mixture was extracted with CH2Cl2 (3 � 15 mL). The com-
bined organic extracts were washed with water (2 � 30 mL), and
dried (Na2SO4). The solvent was removed in vacuo to give the
cyclic ketone.

The crude cyclic ketone (0.35 g, 0.95 mmol) was dissolved in THF/
EtOH (1:2; 30 mL). NaBH4 (0.18 g, 4.75 mmol) was added, and
the resulting mixture was stirred at room temperature for 10 min.
The reaction mixture was then poured into water (40 mL) and
conc. HCl was added dropwise to adjust the pH to 1–2. The mix-
ture was then extracted with EtOAc (2 � 20 mL), and the extracts
were dried (Na2SO4). The solvent was removed in vacuo, and the
residue was purified by column chromatography (1% EtOAc/hex-
ane) to give compound 8a (0.32 g, 92%) as a yellow solid, m.p.
122–124 °C. 1H NMR (300 MHz, CDCl3): δ = 8.73 (s, 1 H, ArH),
8.66 (s, 1 H, ArH), 8.54 (s, 1 H, ArH), 8.23 (d, J = 7.5 Hz, 1 H,
ArH), 8.02 (t, J = 8.9 Hz, 2 H, ArH), 7.78 (s, 1 H, ArH), 7.54 (t,
J = 7.7 Hz, 1 H, ArH), 7.44 (t, J = 6.4 Hz, 2 H, ArH), 7.35 (t, J
= 7.4 Hz, 1 H, ArH), 7.24–7.22 (m, 1 H, ArH), 4.32 (t, J = 7.4 Hz,
2 H, CH2), 1.95 (t, J = 6.8 Hz, 2 H, CH2), 1.51–1.38 (m, 2 H,
CH2), 1.36–1.25 (m, 4 H, CH3), 0.88 (t, J = 6.9 Hz, 3 H, CH3)
ppm. 13C NMR (75.4 MHz, CDCl3): δ = 144.2, 141.0, 138.0, 131.4,
129.6, 128.2, 127.9, 127.6, 127.0, 126.7, 124.9, 124.1, 123.8, 122.8,
121.2, 118.8, 118.6, 108.0, 101.2, 43.3, 31.7, 28.3, 27.1, 22.6,
14.0 ppm. DEPT-135 (75.4 MHz, CDCl3): δ = 128.2, 127.9, 127.6,
126.7, 125.0, 124.1, 123.8, 121.2, 118.8, 118.6, 108.0, 101.2, 43.3,
31.7, 28.3, 27.1, 22.6, 14.1 ppm.

2-Methylanthracene (7b): The cyclization of 2-(4-methylbenzyl)-
benzoic acid (5a; 0.23 g, 1.01 mmol) using triflic acid (0.030 g,
0.2 mmol), followed by reductive dehydration of the crude cyclic
ketone (0.2 g, 0.96 mmol) using NaBH4 (0.18 g, 4.80 mmol), fol-
lowing a procedure similar to that described for 8a, gave 7b (0.17 g,
89%) as a colourless solid, m.p. 204–206 °C. The 1H NMR spectro-
scopic data of 7b was identical to that of the compound obtained
earlier using Bradhser-type cyclization.
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2,3-Dimethylanthracene (7c): Cyclization of benzyl acid 5c (0.24 g,
1 mmol) using triflic acid (0.030 g, 0.2 mmol), followed by re-
ductive dehydration of the crude cyclic ketone (0.20 g, 0.92 mmol)
using NaBH4 (0.18 g, 4.75 mmol), following a procedure similar to
that described for 8a, gave 7c (0.17 g, 87%) as a colourless solid,
m.p. 247–248 °C. The 1H NMR spectroscopic data of 7c was iden-
tical to that of the compound obtained earlier using Bradhser-type
cyclization.

1,3-Dimethylanthracene (7d): Cyclization of benzyl acid 5d (0.24 g,
1 mmol) using triflic acid (0.030 g, 0.2 mmol), followed by re-
ductive dehydration of the crude cyclic ketone (0.21 g, 0.93 mmol)
using NaBH4 (0.18 g, 4.75 mmol), following a procedure similar to
that described for 8a, gave 7d (0.18 g, 85%) as a colourless solid,
m.p. 78–80 °C. The 1H NMR spectroscopic data of 7d was identical
to that of the compound obtained earlier using Bradhser-type cycli-
zation.

2,3-Dimethoxyanthracene (7e): Cyclization of benzyl acid 5e (0.27 g,
1 mmol) using triflic acid (0.030 g, 0.2 mmol), followed by re-
ductive dehydration of the crude cyclic ketone (0.24 g, 0.96 mmol)
using NaBH4 (0.16 g, 4.21 mmol), following a procedure similar to
that described for 8a, gave 7e (0.22 g, 91%) as a colourless solid,
m.p. 200–202 °C. The 1H NMR spectroscopic data of 7e was iden-
tical to that of the compound obtained earlier using Bradhser-type
cyclization.

2-Phenylanthracene (7f): Cyclization of benzyl acid 5f (0.29 g,
1.01 mmol) using triflic acid (0.030 g, 0.2 mmol), followed by re-
ductive dehydration of the crude cyclic ketone (0.26 g, 0.95 mmol)
using NaBH4 (0.18 g, 4.75 mmol), following a procedure similar to
that described for 8a, gave 7f (0.26 g, 92%) as a colourless solid,
m.p. 202–204 °C. The 1H NMR spectroscopic data of 7f was iden-
tical to that of the compound obtained earlier using Bradhser-type
cyclization.

5-Methyltetraphene (7g): Cyclization of benzyl acid 5g (0.29 g,
1.01 mmol) using triflic acid (0.030 g, 0.2 mmol), followed by re-
ductive dehydration of cyclic ketone (0.25 g, 0.92 mmol) using
NaBH4 (0.18 g, 4.75 mmol), following a procedure similar to that
described for 8a, gave 7g (0.24 g, 91%) as a colourless solid, m.p.
156–158 °C. The 1H NMR spectroscopic data of 7g was identical
to that of the compound obtained earlier using Bradhser-type cycli-
zation.

2,3-Dihydro-1H-cyclopenta[b]anthracene (7h): Cyclization of benzyl
acid 5h (0.25 g, 0.99 mmol) using triflic acid (0.030 g, 0.2 mmol),
followed by reductive dehydration of the crude cyclic ketone
(0.21 g, 0.91 mmol) using NaBH4 (0.18 g, 4.75 mmol), following a
procedure similar to that described for 8a, gave 7h (0.20 g, 89%) as
a colourless solid, m.p. 226–228 °C. The 1H NMR spectroscopic
data of 7h was identical to that of the compound obtained earlier
using Bradhser-type cyclization.

Naphtho[2,3-b]thiophene (7i): Cyclization of benzyl acid 5i (0.22 g,
1.02 mmol) using triflic acid (0.030 g, 0.2 mmol), followed by re-
ductive dehydration of the crude cyclic ketone (0.19 g, 0.95 mmol)
using NaBH4 (0.18 g, 4.75 mmol), following a procedure similar to
that described for 8a, gave 7i (0.17 g, 92 %) as a colourless solid,
m.p. 194–196 °C. The 1H NMR spectroscopic data of 7i was iden-
tical to that of the compound obtained earlier using Bradhser-type
cyclization.

2-(Thiophen-2-yl)naphtho[2,3-b]thiophene (7j): Cyclization of benzyl
acid 5j (0.3 g, 1 mmol) using triflic acid (0.030 g, 0.2 mmol), fol-
lowed by reductive dehydration of the crude cyclic ketone (0.26 g,
0.93 mmol) using NaBH4 (0.18 g, 4.75 mmol), following a pro-
cedure similar to that described for 8a, gave 7j (0.23 g, 85%) as a
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colourless solid, m.p. 256–258 °C. The 1H NMR spectroscopic data
of 7j was identical to that of the compound obtained earlier using
Bradhser-type cyclization.

Benzo[b]naphtho[2,3-d]thiophene (7k): Cyclization of benzyl acid 5k
(0.27 g, 1.01 mmol) using triflic acid (0.030 g, 0.2 mmol), followed
by reductive dehydration of the crude cyclic ketone (0.24 g,
0.95 mmol) using NaBH4 (0.18 g, 4.75 mmol), following a pro-
cedure similar to that described for 8a, gave 7k (0.20 g, 87%) as a
pale green solid, m.p. 146–148 °C. The 1H NMR spectroscopic data
of 7k was identical to that of the compound obtained earlier using
Bradhser-type cyclization.

N,N-Diphenylanthacen-1-amine (7l): Cyclization of benzyl acid 5k
(0.38 g, 1 mmol) using triflic acid (0.030 g, 0.2 mmol), followed by
reductive dehydration of the crude cyclic ketone (0.35 g,
0.97 mmol) using NaBH4 (0.18 g, 4.85 mmol), following a pro-
cedure similar to that described for 8a, gave 7l (0.31 g, 88%) as a
green solid, m.p. 156–158 °C. The 1H NMR spectroscopic data of
7l was identical to that of the compound obtained earlier using
Bradhser-type cyclization.

Anthra[1,2-d]benzo[b]thiophene (7m): Cyclization of benzyl acid 5m
(0.32 g, 1.02 mmol) using triflic acid (0.030 g, 0.2 mmol), followed
by reductive dehydration of the crude cyclic ketone (0.29 g,
0.97 mmol) using NaBH4 (0.18 g, 4.85 mmol), following a pro-
cedure similar to that described for 8a, gave 7m (0.29 g, 93%) as a
pale green solid, m.p. 228–230 °C. The 1H NMR spectroscopic data
of 7m was identical to that of the compound obtained earlier using
Bradhser-type cyclization.

Anthra[1,2-d]benzo[b]furan (7n) and Anthra[2,3-d]benzo[b]furan (8n):
Cyclization of benzyl acid 5n (0.3 g, 0.99 mmol) using triflic acid
(0.030 g, 0.2 mmol), followed by reductive dehydration of the crude
cyclic ketone (0.27 g, 0.95 mmol) using NaBH4 (0.18 g, 4.75 mmol),
following a procedure similar to that described for 8a, gave a mix-
ture of compounds. Usual column chromatographic purification
(hexane) gave anthra[1,2-d]benzo[b]furan (7n; 0.13 g, 47%) as a
pale green solid. Further elution of the column (1% EtOAc in hex-
ane) gave anthra[2,3-d]benzo[b]furan (8n; 0.08 g, 28%) as a yellow
solid, m.p. 326–328 °C. (ref.[15a] 325–327 °C); 1H NMR (300 MHz,
DMSO): δ = 8.89 (s, 1 H, ArH), 8.82 (s, 1 H, ArH), 8.73 (s, 1 H,
ArH), 8.32 (d, J = 7.2 Hz, 1 H, ArH), 8.27 (s, 1 H, ArH), 8.16–
8.01 (m, 2 H, ArH), 7.73–7.7 (m, 1 H, ArH), 7.65–7.62 (m, 1 H,
ArH), 7.55–7.5 (m, 3 H, ArH) ppm. Due to poor solubility, a 13C
NMR spectrum was not recorded.

3,7-Dibromo-5-hexyl-5H-naphtho[2,3-c]carbazole (7o): Cyclization
of benzyl acid 5o (0.55 g, 1.01 mmol) using triflic acid (0.030 g,
0.2 mmol), followed by reductive dehydration of the crude cyclic
ketone (0.50 g, 0.95 mmol) using NaBH4 (0.18 g, 4.75 mmol), fol-
lowing a procedure similar to that described for 8a, gave 7o (0.45 g,
87%) as a yellow solid, m.p. 168 °C. 1H NMR (300 MHz, CDCl3):
δ = 8.89 (s, 1 H, ArH), 8.83 (s, 1 H, ArH), 8.37 (d, J = 8.4 Hz, 1
H, ArH), 8.07 (d, J = 7.8 Hz, 2 H, ArH), 7.83 (s, 1 H, ArH), 7.59–
7.44 (m, 4 H, ArH), 4.15 (t, J = 7.2 Hz, 2 H, NCH2), 1.81 (t, J =
6.6 Hz, 2 H, CH2), 1.42 (s, 6 H, CH2), 0.89 (d, J = 6.9 Hz, 3 H,
CH3) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 139.5, 136.7, 132.6,
130.0, 128.7, 128.1, 128.0, 127.5, 126.6, 126.4, 125.0, 123.4, 122.7,
122.2, 122.1, 121.0, 117.6, 116.2, 112.9, 112.6, 43.3, 31.5, 29.6, 26.8,
22.5, 14.0 ppm. DEPT-135 (75.4 MHz, CDCl3): δ = 128.7, 128.0,
127.5, 126.6, 125.0, 123.4, 122.8, 122.1, 121.0, 117.6, 116.2, 112.6,
43.3, 31.5, 29.6, 26.8, 22.5, 14.0 ppm.

13,13-Dihexyl-13H-indeno[1,2-b]anthracene (7p): Cyclization of
benzyl acid 5p (0.47 g, 1.01 mmol) using triflic acid (0.030 g,
0.2 mmol), followed by reductive dehydration of the crude cyclic
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ketone (0.49 g, 0.99 mmol) using NaBH4 (0.18 g, 4.75 mmol), fol-
lowing a procedure similar to that described for 8a, gave 7p (0.36 g,
82%) as a green powder. 1H NMR (300 MHz, CDCl3): δ = 8.37 (s,
1 H, ArH), 8.33 (s, 1 H, ArH), 8.15 (s, 1 H, ArH), 7.90–7.80 (m, 3
H, ArH), 7.77 (s, 1 H, ArH), 7.35–7.27 (m, 5 H, ArH), 2.0–1.93
(m, 4 H, CH2), 1.0–0.93 (m, 12 H, CH2), 0.65–0.61 (m, 10 H, CH2

and CH3) ppm. 13C NMR (75.4 MHz, CDCl3): δ = 151.1, 148.8,
140.3, 140.2, 131.8, 131.5, 128.3, 128.0, 128.0, 127.0, 126.2, 126.0,
125.0, 123.2, 120.8, 120.5, 117.2, 54.5, 41.7, 31.5, 29.7, 23.9, 22.7,
13.9 ppm. DEPT-135 (75.4 MHz, CDCl3): δ = 128.3, 128.0, 128.0,
127.0, 126.2, 126.0, 125.0, 123.2, 120.8, 120.5, 117.2, 54.5, 41.7,
31.5, 29.7, 23.9, 22.7, 13.9 ppm. HRMS (EI): calcd. for C33H38

[M]+ 434.2974; found 434.2970.

Naphtho[2,1,8-qra]tetracene (7q): Cyclization of benzyl acid 5q
(0.33 g, 1.02 mmol) using triflic acid (0.030 g, 0.2 mmol), followed
by reductive dehydration of the crude cyclic ketone (0.30 g,
0.96 mmol) using NaBH4 (0.18 g, 4.80 mmol), following a pro-
cedure similar to that described for 8a, gave 7q (0.25 g, 84%) as a
yellow solid, m.p. 222–224 °C. 1H NMR (400 MHz, CDCl3): δ =
9.52 (s, 1 H, ArH), 9.17 (d, J = 9.2 Hz, 1 H, ArH), 8.76 (s, 1 H,
ArH), 8.46 (s, 1 H, ArH), 8.28 (d, J = 9.2 Hz, 1 H, ArH), 8.21 (d,
J = 6.4 Hz, 1 H, ArH), 8.13–8.11 (m, 2 H, ArH), 7.91–7.80 (m, 3
H, ArH), 7.71 (d, J = 9.2 Hz, 1 H, ArH), 7.55–7.53 (m, 2 H, ArH)
ppm. 13C NMR (75.4 MHz, CDCl3): δ = 131.8, 131.7, 131.5, 131.4,
130.5, 130.2, 130.0, 128.6, 128.4, 128.0, 127.8, 127.6, 127.5, 127.2,
126.9, 126.2, 125.9, 125.7, 125.5, 125.4, 125.0, 124.7, 124.1, 122.3,
121.8 ppm. DEPT-135 (75.4 MHz, CDCl3): δ = 128.6, 128.4, 128.0,
127.8, 127.5, 126.9, 126.2, 125.9, 125.7, 125.5, 125.0, 124.7, 122.3,
121.8 ppm.

2,3-Dimethoxytetraphene (7r): Cyclization of benzyl acid 5o (0.32 g,
0.99 mmol) using triflic acid (0.030 g, 0.2 mmol), followed by re-
ductive dehydration of the crude cyclic ketone (0.29 g, 0.96 mmol)
using NaBH4 (0.18 g, 4.75 mmol), following a procedure similar to
that described for 8a, gave 7r (0.25 g, 86%) as a yellow solid, m.p.
276–278 °C. The 1H NMR spectroscopic data of 7r was identical
to that of the compound obtained earlier using Bradhser-type cycli-
zation.

Anthra[2,3-b]thiophene (7s): Cyclization of benzyl acid 5o (0.27 g,
1.02 mmol) using triflic acid (0.030 g, 0.2 mmol), followed by re-
ductive dehydration of the crude cyclic ketone (0.24 g, 0.96 mmol)
using NaBH4 (0.18 g, 4.75 mmol), following a procedure similar to
that described for 8a, gave 7s (0.21 g, 91%) as a yellow solid, m.p.
� 330 °C. The 1H NMR spectroscopic data of 7s was identical to
that of the compound obtained earlier using Bradhser-type cycliza-
tion.

N,N-Diphenyltetracen-2-amine (7t): Cyclization of benzyl acid 5o
(0.43 g, 1.01 mmol) using triflic acid (0.030 g, 0.2 mmol), followed
by reductive dehydration of the crude cyclic ketone (0.38 g,
0.93 mmol) using NaBH4 (0.18 g, 4.75 mmol), following a pro-
cedure similar to that described for 8a, gave 7t (0.31 g, 88 %) as a
green solid, m.p. 252–253 °C. The 1H NMR spectroscopic data of
7t was identical to that of the compound obtained earlier using
Bradhser-type cyclization.

8-Hexyl-8H-dinaphtho[2,3-b:2�,3�-g]carbazole (7v): Cyclization of
benzyl acid 5q (0.5 g, 0.99 mmol) using triflic acid (0.060 g,
0.4 mmol), followed by NaBH4 (0.36 g, 9.5 mmol) reduction of re-
sulting cyclic ketone and diol (0.45 g, 0.93 mmol), following a pro-
cedure similar to that described for 8a, led to the isolation (1%
EtOAc in hexane) of 8-hexyl-8H-dinaphtho(2,3-b:2�,3�-g)carbazole
(7v; 0.20 g, 45%) as a red solid. Further elution (5% EtOAc in
hexane) of the column gave diol 8v (0.14 g, 31%) as a yellow solid,
m.p. 188–190 °C. Data for 8v: 1H NMR (300 MHz, CDCl3): δ =



Annulated Anthracenes, Carbazoles, and Thiophenes

9.06 (d, J = 9 Hz, 2 H, ArH), 8.10 (s, 2 H, ArH), 7.97 (d, J =
8.4 Hz, 2 H, ArH), 7.68–7.63 (m, 4 H, ArH), 7.49 (t, J = 7.5 Hz,
2 H, ArH), 7.41 (d, J = 9 Hz, 2 H, ArH), 4.23 (t, J = 6.9 Hz, 2 H,
ArH), 1.89–1.82 (m, 2 H, CH2), 1.37–1.25 (m, 6 H, CH2), 0.84 (t,
J = 6.6 Hz, 3 H, CH3) ppm. 13C NMR (75.4 MHz, CDCl3): δ =
147.7, 134.1, 131.7, 128.6, 128.5, 125.4, 125.3, 124.4, 128.3, 128.2,
128.0, 127.7, 127.5, 127.2, 126.7, 126.0, 124.7, 124.3, 124.3, 122.8,
122.2, 116.3, 115.4, 112.1, 43.4, 31.5, 30.5, 26.8, 22.5, 14.0 ppm.
DEPT-135 (75.4 MHz, CDCl3): δ = 128.5, 125.4, 125.3, 124.4,
122.7, 122.2, 112.1, 43.4, 31.5, 30.5, 26.8, 22.5, 14.0 ppm. HRMS
(EI): calcd. for C34H29NO2 [M]+ 483.2198; found 483.2140.

Supporting Information (see footnote on the first page of this arti-
cle): Copies of 1H, 13C, and DEPT-135 NMR (only selected cases)
spectra of starting materials (representative) and final compounds.
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