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Tetracosanaphthalenes with diethylaminocarbonylmethoxy
side chains were constructed by bottom-up synthesis, and
their absolute configurations were determined by an exciton
chirality method.

Chiral binaphthalene skeletons as in BINAP1 and BINOL2

have characteristic features: (1) they provide a large asymmetric
space and (2) the dihedral angle can be adjusted by hinge
movement to construct a suitable chiral environment. Therefore,
binaphthalene skeletons have made extremely large contributions
not only as catalysts for asymmetric synthesis but also as
convenient fragments in the field of supramolecular chemistry.
However, ternaphthalenes3 in which a naphthalene unit is added
to a binaphthalene and/or higher-order oligonaphthalene4 have
received almost no attention, including methods for their
synthesis, despite their unique structures. We have focused on
oligonaphthalenes and previously reported the bottom-up
synthesis of optically active oligonaphthalenes using a repeat-
ing dimerization reaction of 2,3-(dioxyfunctionalized)naphtha-
lenes that have several types of side chains, and we have

determined the chirality of the newly formed axial bond.5

The pathway for the induction of axial chirality in the dimer-
ization reaction is controlled by the kind of side chain on
naphthalene, which seemingly does not influence chiral induc-
tion (Scheme 1).5g

To be more precise, (1) for methoxy groups on naphthalene,
diastereoselectivity was caused by epimerization of the newly
formed axis together with diastereoselective crystallization,5b,6

(2) for a diethylaminocarbonylmethoxy group, a rapid coupling
reaction with high diastereoselectivity and slow epimerization
of the newly formed axial bond led to a product under kinetic
control, and (3) for ann-butoxy group, axial chirality was under
thermodynamic control. We have been examining how many
naphthalene units can be precisely connected through the above
three methods.5b In the case of methoxy groups on naphthalene,
the construction of a chiral 16mer was the upper limit due to
its low solubility. In this paper, we report the challenging
synthesis of a 24mer possessing amide groups and the deter-
mination of chirality.

The synthetic route is shown in Scheme 2. Two central
hydroxy groups of (R,R,R,R,R,R,R)-1 were treated with K2CO3

and methyl iodide to give the corresponding methyl ether2 in
100% yield. Mono deprotection of benzyl ethers on the top or
bottom of naphthalene rings was performed using a palladium
carbon catalyst to obtain the desired mono-ol3 in 32% yield,
as well as recovered material2 (13%) and over-reacted diol45e

(19%). It was difficult to separate these compounds even using
PTLC. At this stage, a fraction that mainly contained diol4
was reacted with benzyl bromide (1 equiv) and K2CO3 to give
mono-ol3 (28%),2 (17%), and diol4 (18%). By repeating this
process, a sufficient amount of mono-ol3 that contained a small
amount of diol4 was obtained. HPLC analysis of the fraction
revealed that mono-ol3 and diol4 were present in a ratio of
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SCHEME 1. Oxidative Dimerization of Binaphthalenes

4238 J. Org. Chem.2007, 72, 4238-4241
10.1021/jo070343g CCC: $37.00 © 2007 American Chemical Society

Published on Web 04/21/2007



about 94:6.7 The mixture of3 and4 was treated under copper(II)
and i-propylamine-promoted oxidative coupling conditions.6,8

The reactivity of the oligonaphthalenes in the coupling reaction
decreased as the number of naphthalene units increased.
Therefore, 12.5 equiv ofi-propylamine and 10.0 equiv of CuCl2

were used for coupling of the substrate3. Since the starting
mono-ol 3 contained a small amount of diol4, unexpected
24mer8 formed through three-component coupling was obtained
as well as the regular homo coupling product 16mer5. These
16mers5 (37% based on mono-ol3), 24mers8 (60% based on

SCHEME 2. Synthesis of Chiral Tetracosanaphthalenesa

a Conditions: (a) MeI, K2CO3, 100%; (b) Pd/C, H2, 3 (32%),4 5e (19%), recovered2 (13%); (c) CuCl2, i-propylamine,5 (37% based on3), 9 (60% based
on 4), recovered3 (24% based on3); (d) MeI, K2CO3, 88%; (e) recycling preparative HPLC, fraction 1 (33%), fraction 2 (30%); (f) Pd/C, H2, 81%; (g)
TPPCO2H, WSC, DMAP, 65%; (h) Pd/C, H2, 94%; (i) TPPCO2H, WSC, DMAP, 95%; (j) recycling preparative HPLC, fraction 1 (41%), fraction 2 (12%),
fraction 3 (15%); (k) TPPCO2H, WSC, DMAP, 85%; (l) TPPCO2H, WSC, DMAP, 42%; (m) TPPCO2H, WSC, DMAP, 33%.
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diol 4), and recovered 8mer3 (24% based on mono-ol3) could
be separated as diastereomeric mixtures by GPC. The 16mers
5 were followed by methylation of the central two hydroxy
groups (88%), and two kinds of diastereomer6 could be
separated into single diastereomers by recycling prepara-
tive HPLC to give fraction 1 (33%) and fraction 2 (30%)
(Figure 1). After reductive removal of the top and bottom benzyl
groups (81-94%), the tetraphenylporphyrins (TPPs) were
connected to generate scaffolding hydroxy groups to give7 (65-
95%) for determination of the newly formed axial bond.

To determine the absolute configuration of oligonaphthalenes,
we have developed a convenient method that is based on long-

range exciton-coupled CD of oligonaphthalenes with two TPPs
on the top and bottom naphthalene rings. Thus, the sense of
the CD derived from the Soret band of the two TPPs should
reflect the torsion of the entire molecule and should reveal the
chirality of the target central axial bond.5e,9,10The UV and CD
spectra of TPP-16mer7 are shown in Figure 2. The TPP-16mer
7 derived from6, which was the first fraction in recycling HPLC
(abbreviated as7 (from fraction 1)), had a negative split-Cotton
effect, which indicated that the absolute configuration of the
target axis should beS. TPP-16mer7 from 6 at a longer retention
time showed a positive Cotton effect, and the chirality of the
axis was determined to beR.

The 24mer (confirmed by MALDI-TOF mass) should be
obtained as three kinds of diastereomers9, due to the generation
of two new chiral axial bonds. In fact, during separation of that
fraction by preparative recycling HPLC, three peaks were
observed, and these could be separated into fraction 1 (41%),
fraction 2 (12%), and fraction 3 (15%) (Figure 3).

It was expected that it would be difficult to determine the
absolute configuration of the two axes in these oligonaphtha-
lenes. The above method, which is based on the Cotton effect
of the two TPPs on the top and bottom of naphthalenes, could
not be used for these 24mers because (1) the amplitudes of CD
are in inverse proportion to the square of the distance of the
excitons,9b and (2) there are two axes for which the absolute
configuration should be determined. Therefore, we searched for
a new method to determine the absolute configuration of the
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FIGURE 1. Recycling HPLC chart of diastereomer6. Conditions:
COSMOSIL 5SL-II 20× 250 mm (nacalai tesque), eluent; EtOAc/
EtOH ) 8/2, 5 mL/min. Fraction 1 (blue): (R,R,R,R,R,R,R,S,R,R,R,R,
R,R,R)-6. Fraction 2 (red): (R,R,R,R,R,R,R,R,R,R,R,R,R,R,R)-6.

FIGURE 2. CD (a) and UV-vis (b) spectra of (R,R,R,R,R,R,R,R,R,
R,R,R,R,R,R)- and (R,R,R,R,R,R,R,S,R,R,R,R,R,R,R)-7. Conditions:
CH2Cl2, 1 × 10-5 M, 25 °C, light-path length) 1 mm.

FIGURE 3. Recycling HPLC chart of diastereomer9. Conditions:
COSMOSIL 5SL-II 20× 250 mm (nacalai tesque), eluent; EtOAc/
EtOH) 8/2, 5 mL/min. Fraction 1 (blue): (R,R,R,R,R,R,R,S,R,R,R,R,R,
R,R,S,R,R,R,R,R,R,R)-9.Fraction2(green): (R,R,R,R,R,R,R,R,R,R,R,R,R,R,R,S,
R,R,R,R,R,R,R)-9.Fraction3(red): (R,R,R,R,R,R,R,R,R,R,R,R,R,R,R,R,R,R,R,R,
R,R,R)-9.

4240 J. Org. Chem., Vol. 72, No. 11, 2007



24mer, including two unknown axes. In our earliest investiga-
tions of oligonaphthalenes, we developed an efficient system
based on a CD exciton chirality method.5b We focused on the
two free hydroxy groups, which ride over the chirality of the
unknown axial bond, and chose pyrene as an exciter. Since steric
hindrance prohibited the introduction of 1-pyrene carboxylic
acid to the scaffolding hydroxy groups, 1-pyrenebutyric acid
was selected at that time. Thus, it was thought that bulky
functional groups such as TPP carboxylic acid could not be
introduced into the scaffolding hydroxy groups. However, to
our surprise, the condensation of TPP carboxylic acid and four
target hydroxy groups on 24mer9 proceeded smoothly under
WSC/DMAP conditions to give the corresponding tetrakis-TPP-
24mer10 in yields of 33-85%.

The UV and CD spectra of three kinds of tetrakis-TPP-24mer
10 are shown in Figure 4. In the UV spectra, the similar shape
and absorbance of Soret bands (ε ) ca. 1.6× 106) indicated
that these compounds were diastereomeric and had four TPPs.

From the CD spectra, tetrakis-TPP-24mer10, which was
obtained from the fraction 1 in the HPLC of9, shows a large
positive CD at around 420 nm. Thus, the target axial chiralities
should beR,R,R,R,R,R,R,S,R,R,R,R,R,R,R,S,R,R,R,R,R,R,R. Simi-
larly, tetrakis-TPP-24mer10 from the third fraction shows a
large negative CD and is assigned the chiralitiesR,R,R,R,R,R,R,R,
R,R,R,R,R,R,R,R,R,R,R,R,R,R,R. Furthermore, the weak ampli-
tude on CD in the second fraction was assigned the chiralities
of R,R,R,R,R,R,R,R,R,R,R,R,R,R,R,S,R,R,R,R,R,R,R.

In conclusion, we succeeded in the bottom-up synthesis of
24mer naphthalenes that had amide groups on their side chains
and determined their absolute configurations. For oligonaph-
thalenes with amide side chains, 24mer is the upper limit for
the scope of this synthesis and especially isolation. The
construction of remaining oligonaphthalenes with butoxy side
chains is under investigation.

Experimental Section

Synthesis of 16mer 5 and 24mer 8:To a mixture of CuCl2 (43
mg, 0.32 mmol) in methanol (1.0 mL) was addedi-propylamine
(34 µL, 0.40 mmol) under an argon atmosphere at room temper-
ature. After 1 h, a solution of (R,R,R,R,R,R,R)-3 (70.7 mg, 30µmol)
and (R,R,R,R,R,R,R)-4 (4.3 mg, 2µmol) in dichloromethane (1.0
mL) was added, and the reaction mixture was stirred for 11 h at
room temperature. The reaction mixture was poured into a mixed
solvent of 0.1 M hydrochloric acid solution and chloroform. The
organic layer was washed successively with 0.1 M hydrochloric
acid solution, water, and brine, dried over sodium sulfate, and
evaporated to give a residue. The residue was purified by recycling
preparative HPLC connected to a JAIGEL-1H (20× 600 mm) and
JAIGEL-2H (20× 600 mm) under a flow rate of 3.5 mL/min with
CHCl3 detected by UV (254 nm) to give a diastereomeric mixture
of 16mer5 (35 mg, 37% based of3), a diastereomeric mixture of
24mer8 (8 mg, 60% based of4), and recovered3 (29 mg, 24%).
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FIGURE 4. CD (a) and UV-vis (b) spectra of (R,R,R,R,R,R,R,R,R,
R,R,R,R,R,R,R,R,R,R,R,R,R,R)-, (R,R,R,R,R,R,R,R,R,R,R,R,R,R,R,S,R,
R,R,R,R,R,R)-, and (R,R,R,R,R,R,R,S,R,R,R,R,R,R,R,S,R,R,R,R,R,
R,R)-10. Conditions: CH2Cl2, 1 × 10-5 M, 25 °C, light-path length)
1 mm.
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