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Herein we report novel naphthalene homo-oligoamides, derived from 4-amino-3-methoxy-
naphthalene-2-carboxylic acid and 4-amino-1-methoxy-naphthalene-2-carboxylic acid as monomer
building blocks, that display an anti-periplanar arrangement of the naphthyl rings, primarily induced
by steric interactions between adjacent groups and functionalities.

Introduction

In the last three decades, considerable efforts in the generation of
biotic and abiotic synthetic oligomers have led to the development
of a wide variety of backbone architectures exhibiting novel
features and functions.1–4 Among the abiotic oligomers, aromatic
foldamers have attracted special attention because of the relative
ease of synthesis and prediction of the conformation and their
high structural stability.4 The majority of aromatic oligomers
are with oligoamide backbones having an amino group in the
meta position to a carboxylic group appended on the aryl ring.
This gives an inherent driving force to bend the backbone,
such that shorter oligomers generally adopt a planar crescent
conformation while their larger counterparts adopt well-defined
helical conformations.5 For attaining a stable conformation, the
rotations about the Ar–CO and Ar–NH bonds have to be
restricted, which is mostly achieved by S(6) or S(5) hydrogen
bonding between the side chains and the backbone, within the
backbone, or between side chains.4,6,7 Hydrogen bonding has been
of considerable utility in structural pre-organization owing to its
directionality and specificity,8 but other secondary interactions
such as metal coordination are also found to be suited for the
design of conformationally ordered systems.9

In contrast, synthetic oligomers with structural pre-
organization primarily effected by steric interactions are rela-
tively rare in the literature, although the importance of steric
interactions for structure formation is not less than that of
hydrogen bonding.10 Herein, we describe the design, synthesis,
and conformational analysis of naphthalene homo-oligoamides
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whose conformational pre-organization is mainly effected by steric
interactions. These aromatic homo-oligoamides are derived from
4-amino-3-methoxy-naphthalene-2-carboxylic acid and 4-amino-
1-methoxy-naphthalene-2-carboxylic acid building blocks. The
conformational investigations suggest that these oligomers display
an anti-periplanar arrangement of the naphthyl rings, a confor-
mational feature that is in strong contrast to the corresponding
oligobenzamides.11

Design strategy

In order to exploit the steric interactions in conformational
ordering, we designed building blocks containing naphthyl units
(Fig. 1). It was anticipated that the steric hindrance in the dimer
building blocks could lead to restricted rotation, which would force
the naphthyl rings to adopt an anti-periplanar conformations, as
depicted in Fig. 1c,d. Such an arrangement would also deprive the
naphthyl building block of the possibility of bifurcated hydrogen

Fig. 1 Illustration of the design strategy which takes profit from steric
interactions to get non-planar aryl conformations in structures c and d
(indicated by curved double-headed olive-green arrows). For comparison,
the corresponding oligobenzamides are given (structures a and b).
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bonding involving adjacent residues, as seen in the corresponding
oligobenzamides (Fig. 1a). The oligomers derived from such build-
ing blocks were expected to possess the S(6)-type of intramolecular
hydrogen bonding interaction, which would further support
the conformational ordering.12 Furthermore, the conformational
features could be considerably influenced by the positioning of
the hydrogen bond-directing alkoxy oxygens as hydrogen bond
acceptors, appended on the periphery of the naphthyl rings.

Results and discussion

Synthesis

The building blocks 2a and 6a, required for the oligomer synthesis,
were accessed from 3-hydroxy-2-naphthoic acid 1 (Scheme 1)
and 1-hydroxy-2-naphthoic acid 5 (Scheme 2), respectively. Es-
terification of 1 followed by careful nitration and subsequent
O-methylation furnished the building block 2a in 51% overall
yield. The acid 2b, obtained by saponification of 2a, was coupled
with the amine 2c using DCC as the coupling agent to obtain the

Scheme 1 Reagents and conditions: (i) (a) MeOH, H2SO4 (cat.), reflux,
12 h; (b) Conc. HNO3, conc. H2SO4 (cat.), DCM, 0 ◦C, 10–15 min;
(c) dimethyl sulfate, K2CO3, acetone, 12 h, rt. (ii) LiOH, MeOH, 12 h, rt;
(iii) Pd/C, H2, AcOEt, 6 h; (iv) DCC, DCM, 12 h; (v) LiOH, dioxane, rt,
12 h; (vi) (COCl)2, DMF (cat.), DCM, rt, 3 h; (vii) Et3N, rt, 12 h.

Scheme 2 Reagents and conditions: (i) (a) dimethyl sulfate, K2CO3,
acetone, 12 h, rt; (b) Conc. HNO3, conc. H2SO4 (cat.), DCM, 0 ◦C,
10–15 min; (ii) LiOH, MeOH, 12 h; (iii) Pd/C, H2, AcOEt, 6 h; (iv) HBTU,
MeCN, DIEA, rt, 12 h; (v) LiOH, dioxane, rt, 12 h; (vi) HBTU, MeCN,
DIEA, 60 ◦C, 12 h.

dimer 3a in 55% yield (Scheme 1). The higher-order oligomer 4
was obtained from the dimer 3a following a ‘segment doubling
strategy’.13

The building block methyl-1-methoxy-4-nitro-2-naphthoate 6a,
required for the construction of oligomers 7 and 8, was accessed
starting from 1-hydroxy-2-naphthoic acid 5 (Scheme 2). Simulta-
neous esterification and O-methylation of 5 using dimethyl sulfate
followed by controlled nitration with conc. HNO3 afforded 6a in
88% yield. The oligomers 7 and 8 were obtained from 6 following
segment doubling strategy, involving HBTU as the coupling agent.

Single-crystal X-ray diffraction studies

Single crystals of the dimer 3a suitable for X-ray diffraction studies
were obtained by crystallization from a mixture of ethyl acetate
and pet. ether. Analysis of the crystal structure14 reveals that the
two naphthyl rings, joined by an amide bond, do not lie in the same
plane due to steric hindrance (Fig. 2a), as anticipated. They are
rotated by about 49◦ and 72◦ respectively with respect to the amide
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Fig. 2 (a) Crystal structure of dimer 3a; (b) one-dimensional packing
effected by dispersion interactions (p–p stacking) and bifurcated hydrogen
bonding.

plane, adopting an approximate anti-periplanar conformation and
causing the amide group to be solvent-exposed. This enables the
molecules to undergo aggregation in the crystal package via disper-
sion interactions (p–p stacking)15 and bifurcated intermolecular
hydrogen bonding interaction (Fig. 2b). Due to these packing
effects, the expected intramolecular S(6)-type hydrogen bonding is
missing in the crystal structure.16 Nevertheless, the sterically driven
non-planar arrangement of the naphthyl rings is clearly evident.

In the solid-state conformation of dimer amine 7c, the two
naphthyl rings are almost perpendicular to each other due to the
steric interactions, as expected (Fig. 3). The molecule retains the
anticipated S(6)-type intramolecular N–H ◊ ◊ ◊ O hydrogen bonding
between the amide NH and OMe of the adjacent aryl ring
[d(N ◊ ◊ ◊ O) = 2.736(7) Å and d(H ◊ ◊ ◊ O) = 2.07 Å, and the bond
angle (N–H ◊ ◊ ◊ O) = 134◦].

Fig. 3 Crystal structure of 7c displaying a non-planar arrangement of the
naphthyl rings with S(6)-type intramolecular N–H ◊ ◊ ◊ O hydrogen bonding.

NMR studies

A detailed NMR study was performed to investigate the solution-
state conformation of the oligomers (400/500 MHz, CDCl3).
In order to study the hydrogen-bonding interactions in the
solution state (intra- vs intermolecular), solvent dilution (CDCl3)
and titration (DMSO-d6) experiments were carried out (see
ESI†). Solvent titration/dilution experiments provide convincing
evidence for distinguishing intramolecular from intermolecular
hydrogen bonding interactions.3h,17 Whereas solvent-exposed

amide NHs are considerably shifted in titration/dilution
experiments, solvent-shielded (solvent-masked) NHs undergo
negligible shifts with varying concentration or polarity of
the solvent since they are inaccessible to solvent effects. The
negligible shifts observed in dilution and titration experiments
on the oligomers [3a: (Dd(NH)titration < 0.16 ppm, Dd(NH)dilution <

0.02 ppm), 4: (Dd(NH1)titration < 0.34 ppm, Dd(NH2)titration,
Dd(NH3)titration < 0.14 ppm), 7a: (Dd(NH)titration < 0.09 ppm,
Dd(NH)dilution < 0.03 ppm) and 8: (Dd(NH1)titration < 0.24 ppm,
Dd(NH2)titration < 0.14 ppm, Dd(NH3)titration < 0.07 ppm) suggest
that all amide NHs are involved in strong intramolecular hydrogen
bonding interactions (Fig. S1–S6†).

2D NOESY studies provided insight into the solution-state
conformation of these oligomers. The signals were assigned
unambiguously based on 2D COSY, HSQC, TOCSY, HMBC,
and NOESY experiments. The spectra and signal assignments are
provided in the ESI†.

In the dimer 3a, the amide NH displayed a stronger dipolar
coupling with OMe1 when compared to OMe2 (Fig. 4a). This
is surprising given the fact that OMe2 and NH are closer in the
crystal structure as indicated by the distances d(NH–OMe1) =
3.34 Å and d(NH–OMe2) = 2.99 Å, respectively. The relatively
stronger NOE between the amide NH and OMe1 suggests that
S(6)-type intramolecular hydrogen bonding is clearly prevalent in
solution, as already substantiated by the solvent dilution/titration
experiments (Fig. S1–S6†).

Fig. 4 2D extracts of 3a (500 MHz, CDCl3). (a) NH vs OMe; (b) OMe vs
ArH; (c) NH vs ArH.

Although a shorter distance of d(OMe2–C4H) = 2.6 Å was
observed between OMe2 and C4H in the crystal structure,
inspection of the 2D data reveals a weak NOE between OMe2
and C4H. According to the solid-state conformation, NH is
expected to show dipolar coupling with C20H and C4H with
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distances of d(NH–C4H) = 2.4 Å and d(NH–C20H) = 2.6 Å,
respectively. However, inspection of 2D NOESY data revealed a
stronger dipolar coupling of NH with C20H in comparison with
C4H (Fig. 4c). The NOE observed between OMe1 and C20H
[Fig. 4b, distance observed in the crystal structure d(OMe1–
C20H) = 2.8 Å)] further supports the S(6)-type H-bonding since
such an arrangement will provide space for the OMe1 to have a
NOE with C20H due to their proximity.

Thus, it can be concluded from the 2D NOESY studies on
the dimer 3a that the molecule retains the non-planar structural
architecture caused by steric hindrance and shows additionally
the S(6)-type hydrogen bonding, which was not visible in the
solid-state structure, presumably due to solid-state packing effects
(Fig. 2a).

In the higher order analog 4, the same sterically driven confor-
mational organization can be observed in solution, according to
the NOE patterns (Fig. 5). As already found for 3a, NH1 shows
a stronger NOE with OMe1 than with OMe2, and NH3 shows a
stronger dipolar coupling with OMe3 than with OMe2 (Fig. 5a).
In addition, the NHs show strong coupling with the aromatic
protons (NH1 vs C20H, NH2 vs C32H, and NH3 vs C44H, Fig. 5b)
suggesting close proximity. Similarly, the inter-residue interactions
of OMe with aromatic protons (OMe1 vs C20H, OMe2 vs C32H,
and OMe3 vs C44H, Fig. 5c) provide further support for the
existence of a non-planar arrangement of the naphthyl rings in
the higher oligomer 4.

Fig. 5 2D extracts of oligomer 4 (500 MHz, CDCl3). (a) NH vs OMe;
(b) NH vs ArH; (c) OMe vs ArH.

In the 2D NOESY studies of the dimer 7a, a strong dipolar
coupling between the amide NH and OMe1 indicates their close
proximity, facilitating the formation of the expected S(6)-type
intramolecular hydrogen bonding (Fig. 6a). The results obtained
in the dilution as well as the titration experiments support this
intramolecular hydrogen bonding (Fig. S3–S4†). Furthermore, the
NOE between OMe1 vs C21H, NH and C21H, and NH vs C14H
suggest an anti-periplanar arrangement of the naphthyl rings with
S(6)-type hydrogen bonding, as supposed.

The NOE patterns (Fig. 7) for the larger oligomer 8 are
completely in line with the conformational features of the shorter
oligomer 7a. In 8, all the amide NHs show strong inter-residue

Fig. 6 2D NOESY extracts of 7a (500 MHz, CDCl3). (a) NH vs OMe;
(b) NH vs ArH; (c) OMe vs ArH.

Fig. 7 2D NOESY extracts of 8 (400 MHz, CDCl3). (a) NH vs OMe;
(b) NH vs ArH; (c) OMe vs ArH.

NOEs to the methoxy groups (NH1 vs OMe1, NH2 vs OMe2,
NH3 vs OMe3, Fig. 7a) suggesting their close proximity as
presupposition for the formation of S(6)-type hydrogen bonding.
The dipolar interactions of the NHs with both peri protons of the
naphthyl ring and with the ortho protons (NH1 vs C21H, NH1
vs C14H, NH2 vs C33H, NH2 vs C26H, NH3 vs C45H, NH3 vs
C38H, Fig. 8b) strongly indicate the anti-periplanar arrangement
of the adjacent naphthyl rings,18 as already seen in 7a.

The anti-periplanar arrangement of the naphthyl rings paves
the way for the closer positioning of the alkoxy methyls to the peri
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Fig. 8 Structural architecture of oligomers 4 (a) and 8 (b) at the
HF/6-31G* level of ab initio MO theory, displaying the nonplanar
arrangement of the naphthyl rings.

protons of the naphthyl ring nearby, resulting in NOEs (OMe1
vs C21H, OMe2 vs C33H, and OMe3 vs C45H, Fig. 7c). This
is also responsible for the inter-residual NOEs between alkoxy
methyls and ortho protons of the adjacent naphthyl rings (OMe1
vs C14H, OMe2 vs 26H, Fig. 7c). Summarizing the solution-state
NMR data, it can be concluded that all oligomers exist in a ster-
ically driven non-planar well defined conformation stabilized by
S(6)-type hydrogen bonding.

Quantum chemical studies

The difficulties in crystallizing the higher order oligomers 4 and 8
prompted us to investigate their structural architecture by ab initio
MO theory at the HF/6-31G* level (for details of the calculations,
see ESI†). Ab initio MO theory at this level has considerably
contributed to the understanding of the structure of peptidic
and aromatic foldamers and has been able to predict numerous
structures which were experimentally found afterwards.19 Due
to the steric and hydrogen bonding effects in our oligomers,
the conformational space is very restricted and predeter-
mined.

The sterically enforced non-planarity of the adjacent naphthyl
rings (anti-periplanar arrangement), as observed in the crystal
structure of the shorter analogs 3a and 7a, is reflected in the
higher-order oligomers 4 and 8, respectively (Fig. 8a,b). The
ab initio structures are consistent with the S(6)-type intramolecular
hydrogen bonding in the higher order oligomers 4 and 8, indicated
in the solution-state NMR studies. Both oligomers form helical
structures, which differ significantly due to the different position-
ing of the hydrogen bond-directing alkoxy oxygens appended on
the naphthyl rings.

Conclusions

In summary, we have reported the synthesis of novel naphthalene
homo-oligoamides that display an anti-periplanar arrangement of
the naphthyl rings primarily induced by steric interactions between

adjacent groups and functionalities. The structural investigations
of these homo-oligoamides, both in the solid and solution state,
support the selected design strategy. In all cases, the oligomer back-
bone adopts a non-planar conformation with an anti-periplanar
arrangement of the adjacent rings as confirmed by single-crystal
X-ray diffraction studies, solution-state NMR studies, and the-
oretical calculations. Steric interactions and hydrogen bonding
play the determining role in modulating the conformation of these
synthetic oligomers. The results of this study suggest that steric
interactions can be used for the rational design of novel synthetic
oligomers displaying structural architectures different from those
classically observed.

Experimental procedures

Methyl-3-methoxy-4-nitro-2-naphthoate 2a

Methyl-3-hydroxy-4-nitro-2-naphthoate (5 g, 20 mmol, 1 equiv.) in
acetone (100 mL) was subjected to O-methylation using dimethyl-
sulfate (3.9 mL, 40 mmol, 2 equiv.) and K2CO3 (5.6 g, 40 mmol,
2 equiv.). After stirring at room temperature for 12 h, the reaction
mixture was filtered. The filtrate was evaporated under reduced
pressure. The residue obtained was taken up in dichloromethane
(150 mL), and washed with dilute HCl. Drying and purification
by column chromatography (eluent: 15% AcOEt/pet. ether, Rf:
0.4) furnished 2a as a yellow solid (5.12 g, 97%). mp: 72–73 ◦C;
(Found: C, 59.88; H, 4.32, N, 5.28. Calc. for C13H11NO5: C, 59.77;
H, 4.24; N, 5.36%.); nmax (CHCl3)/(cm-1): 3024, 2951, 1732, 1636,
1537, 1499, 1450, 1356, 1340, 1290, 1242, 1215, 1161, 1148, 1088;
1H NMR (200 MHz, CDCl3) d: 8.60 (s, 1H, ArH), 7.99–7.94 (m,
1H, ArH), 7.72–7.60 (m, 3H, ArH), 4.03 (s, 3H, OMe), 4.02 (s, 3H,
OMe); 13C NMR (50 MHz, CDCl3) d: 164.6, 148.1, 142.7, 135.5,
130.9, 129.1, 129.0, 127.1, 126.8, 123.5, 120.8, 64.4, 52.7; ESI MS:
284.02 (M + Na)+.

3-Methoxy-4-nitro-2-naphthoic acid 2b

The ester 2a (2 g, 7.7 mmol) in methanol (10 mL) was subjected
to ester hydrolysis using 2 N LiOH solution. After completion
of the reaction (12 h), the pale yellow precipitate obtained on
acidification of the reaction mixture was filtered, washed with
water till the pH was neutral. The residue obtained was dried in
P2O5 desiccator yielding the free acid 2b quantitatively. This was
used for further reaction without purification.

Methyl-4-amino-3-methoxy-2-naphthoate 2c

The amine 2c was obtained by reduction of the nitro group in
2a (2 g, 7.7 mmol) using H2 (60 psi), Pd/C (90 mg) in AcOEt.
After the complete consumption of starting material (6 h), the
reaction mixture was filtered through a pad of Celite. The filtrate
was evaporated and dried to give the amine 2c which was used for
the next reaction without further purification.

Methyl-3-methoxy-4-(3-methoxy-4-nitro-2-naphthamido)-
2-naphthoate 3a

To a solution containing acid 2b (2 g, 8 mmol, 1 equiv.) and amine
2c (1.87 mg, 8 mmol, 1 equiv.) in dichloromethane (20 mL), DCC
(2.0 g, 9.6 mmol, 1.2 equiv.) and HOBt (cat. amount) were added.
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The reaction mixture was allowed to stir at 0 ◦C for 10 min and for
12 h at room temperature. The DCU was filtered off and the filtrate
was washed sequentially with sat. solution of sodium bicarbonate,
potassium hydrogen sulfate solution, and water. The organic layer
was dried over anhydrous Na2SO4 and evaporated to give the crude
product which on purification by column chromatography (eluent:
AcOEt/pet. ether 20 : 80, Rf: 0.3) afforded 3a as a yellow solid
(2 g, 55%), which could be crystallized from a solution of ethyl
acetate and pet. ether; mp: 177–178 ◦C; Found: C, 65.28; H, 4.46;
N, 6.02. Calc. for C25H20N2O7: C, 65.21; H, 4.38; N, 6.08%.); nmax

(CHCl3)/(cm-1): 3365, 3018, 1728, 1674, 1628, 1537, 1506, 1358,
1298, 1213, 1045, 1001; 1H NMR (500 MHz, CDCl3) d: 9.34 (s,
1H, NH), 8.94 (s, 1H, ArH), 8.46 (s, 1H, ArH), 8.05-8.03 (d, J =
8.03 Hz, 1H, ArH), 7.93-7.91 (d, J = 8.03 Hz, 1H, ArH), 7.84-
7.82 (d, J = 8.28 Hz, 1H, ArH), 7.76 (m, 2H, ArH), 7.67-7.51 (m,
3H, ArH), 4.28 (s, 3H, OCH3), 4.01 (s, 3H, COOCH3), 3.94 (s,
3H, OCH3); 13C NMR (125 MHz, CDCl3) d: 165.9, 163.3, 151.9,
146.8, 142.1, 135.8, 133.1, 132.6, 130.9, 129.9, 129.8, 129.5, 129.4,
129.0, 127.6,126.9, 126.1, 125.7, 125.2, 123.6, 123.3, 121.0, 65.1,
62.6, 52.5; ESI MS: 461.29 (M + H)+, 483.30 (M + Na)+, 499.28
(M + K)+;

3-Methoxy-4-(3-methoxy-4-nitro-2-naphthamido)-2-naphthoic
acid 3b

The compound 3a (0.9 g, 1.9 mmol) in dioxane (10 mL) was
subjected to ester hydrolysis using 2 N LiOH solution. After
completion of the reaction, the pale yellow precipitate obtained
on acidification of the reaction mixture was filtered, washed with
water till the pH was neutral, and the residue obtained was dried
over P2O5 in a desiccator to yield the acid 3b quantitatively. This
was used for further reaction without purification.

Methyl 4-(4-amino-3-methoxy-2-naphthamido)-3-methoxy-
2-naphthoate 3c

The dimer 3a (0.95 g, 2 mmol) was subjected to the reduction of
its nitro group using H2 (60 psi) and Pd/C (90 mg) in AcOEt.
After the complete consumption of starting material (6 h), the
reaction mixture was filtered through a pad of Celite. The filtrate
was evaporated and dried to give the amine 3c, which was used for
the next reaction without further purification.

Methyl 3-methoxy-4-(3-methoxy-4-(3-methoxy-4-(3-methoxy-
4-nitro-2-naphthamido)-2-naphthamido)-2-naphthamido)-
2-naphthoate 4

The acid 3b (0.3 g, 0.7 mmol, 1 equiv.) was converted to the
corresponding acid chloride 3d using oxalyl chloride (0.1 mL,
2.1 mmol, 3 equiv.) and DMF (cat. amount) in dichloromethane.
After 3 h, the solvent and excess oxalyl chloride were evaporated
under reduced pressure. The residue obtained was taken up in
dichloromethane (10 mL) and was added to a solution containing
amine 3c (0.29 g, 0.7 mmol, 1 equiv.) and triethylamine (0.28 mL,
2.1 mmol, 3 equiv.) in dichloromethane (5 mL) and the reaction
mixture was allowed to stir for 12 h at room temperature.
The solvent was removed under reduced pressure. The crude
product obtained was purified by column chromatography (chlo-
roform/AcOEt 90:10 Rf: 0.5) yielding 4 (0.23, 40%); mp: 228–
230 ◦C; Found: C, 68.62; H, 4.58; N, 6.46. Calc. for C49H38N4O11:

C, 68.52; H, 4.46; N, 6.52%.); nmax (CHCl3)/(cm-1): 3238, 3020,
1724, 1651, 1632, 1599, 1502, 1460, 1416, 1217, 1153, 1038, 1003;
1H NMR (500 MHz, CDCl3) d: 9.84 (s, 2H, NH), 9.45 (s, 1H, NH),
9.03 (s, 1H, ArH), 8.98 (s, 1H, ArH), 8.92 (s, 1H, ArH), 8.46 (s,
1H, ArH), 8.11-8.04 (m, 3H, ArH), 7.96-7.87 (m, 4H, ArH), 7.79
(m, 2H, ArH), 7.71-7.49 (m, 7H, ArH), 4.33 (s, 3H, OCH3), 4.18
(s, 3H, OCH3), 4.17 (s, 3H, OCH3), 4.00 (s, 3H, COOCH3), 3.93 (s,
3H, OCH3); 13C NMR (125 MHz, CDCl3) d: 166.0, 164.5, 164.4,
163.3, 151.8, 151.2, 146.8, 142.2, 136.2, 133.9, 133.4, 132.9, 132.85,
132.8, 132.7, 131.2, 130.7, 130.6, 130.1, 129.9, 129.7, 129.3, 129.0,
128.9, 127.8, 127.1, 126.7, 126.5, 126.4, 126.1, 125.8, 125.3, 124.7,
124.6, 124.5, 124.7, 124.6, 124.5, 123.7, 123.3, 122.9, 121.1, 64.9,
63.1, 62.6, 52.5; ESI MS: 859.86 (M + H)+; 881.89 (M + Na)+;
897.76 (M + K)+.

Methyl-1-methoxy-4-nitro-2-naphthoate 6a

1-Hydroxy-2-naphthoic acid 5 (6 g, 31.5 mmol, 1 equiv.) in
acetone (200 mL) was subjected to simultaneous esterification and
O-methylation using dimethyl sulfate (9.7 mL, 95.7 mmol, 3 equiv.)
and K2CO3 (13.2 g, 95.7 mmol, 3 equiv.). After refluxing for
8 h, the solid was removed by filtration and the residue obtained
on evaporation of the filtrate was taken up in dichloromethane.
The organic layer was washed sequentially with sat. sodium
bicarbonate, dilute HCl, and water. The organic layer was dried
over anhydrous Na2SO4, filtered, and the filtrate was subjected
to careful nitration using conc. HNO3 and conc. H2SO4 (cat.
amount.), at 0 ◦C. The progress of the reaction was monitored
by TLC, and after the completion of the reaction the organic
layer was washed with sat. sodium bicarbonate and then with
water. The crude product obtained after the removal of solvent
was purified by column chromatography (eluent: 15% AcOEt/pet.
ether, Rf: 0.4) affording 6a as a yellow solid (7.3 g, 88%). mp:
106 ◦C; (Found: C, 59.72; H, 4.28; N, 5.48. Calc. for C13H11NO5: C,
59.77; H, 4.24; N, 5.36.%); nmax (CHCl3)/(cm-1): 3020, 2955, 1728,
1626, 1564, 1524, 1506, 1445, 135, 1323, 1279, 1234, 1215, 1157,
1090; 1H NMR (200 MHz, CDCl3) d: 8.77 (s, 1H, ArH), 8.70-8.65
(m, 1H, ArH), 8.46-8.41 (m, 1H, ArH), 7.89-7.69 (m, 2H, ArH),
4.16 (s, 3H, OCH3), 4.03 (s, 3H, COOCH3); 13C NMR (50 MHz,
CDCl3) d: 164.5, 162.8, 141.5, 131.6, 129.5, 128.1, 127.8, 126.5,
124.3, 123.5, 116.9, 64.0, 52.7; ESI-MS 261.07 (M + H)+, 284.04
(M + Na)+.

1-Methoxy-4-nitro-2-naphthoic acid 6b

The ester 6a (2 g, 7.7 mmol) in methanol (15 mL) was subjected to
ester hydrolysis using 2 N LiOH solution. After completion of the
reaction, the pale yellow precipitate obtained on acidification of
the reaction mixture was filtered, washed with water till the pH was
neutral, and the residue obtained was dried in P2O5 desiccator to
yield the acid 6b quantitatively. This was used for further reaction
without purification.

Methyl-4-amino-1-methoxy-2-naphthoate 6c

The compound 6a (2 g, 7.7 mmol) was subjected to reduction
of its nitro group using H2 (60 psi), Pd/C (90 mg) in AcOEt.
After the complete consumption of starting material (6 h), the
reaction mixture was filtered through a pad of Celite. The filtrate
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was evaporated and dried to give the amine 6c which was used for
the next reaction without further purification.

Methyl-1-methoxy-4-(1-methoxy-4-nitro-2-naphthamido)-
2-naphthoate 7a

To a solution containing the acid 6b (2 g, 8 mmol, 1 equiv.)
and amine 6c (1.88 g, 8 mmol, 1 equiv.) in acetonitrile (15 mL),
HBTU (2.96 g, 9.2 mmol, 1.2 equiv.) was added followed by DIEA
(1.6 mL, 9.2 mmol, 1.2 equiv.). The reaction mixture was stirred
at room temperature for 12 h. The solvent was removed under
reduced pressure, diluted with dichloromethane (50 mL), and the
organic layer was washed with sat. sodium bicarbonate. The crude
product obtained after removal of the solvent was purified by
column chromatography (eluent: 20% AcOEt/pet. ether, Rf: 0.3)
affording 7a as a yellow solid (3 g, 85%); mp: 205–206 ◦C; (Found:
C, 65.18; H, 4.44; N, 6.18. Calc. for C25H20N2O7: C, 65.21; H,
4.38; N, 6.08%.); nmax(nujol)/(cm-1): 3274, 3018, 1716, 1643, 1550,
1516, 1458, 1377, 1229, 1155, 1085, 1003; 1H NMR (500 MHz,
CDCl3) d: 10.14 (s, 1H, NH), 9.02 (s, 1H, ArH), 8.65-8.63 (m,
2H, ArH), 8.38-8.36 (d, J = 8.28 Hz, 2H, ArH), 8.02-8.00 (d, J =
8.53 Hz, 1H, ArH), 7.87-7.62 (m, 4H, ArH), 4.24 (s, 3H, OCH3),
4.08 (s, 3H, OCH3), 4.00 (s, 3H, COOCH3); 13C NMR (125 MHz,
CDCl3) d: 165.9, 161.9, 159.1, 156.0, 143.4, 131.4, 130.1, 129.2,
129.0, 128.5, 128.34, 128.3, 128.2, 126.8, 126,.0, 124.6, 124.0,
123.6, 121.4, 120.9, 120.6, 119.1, 64.6, 63.5, 52.3; ESI MS: 461.03
(M + H)+, 483.07 (M + Na)+, 499.04 (M + K)+.

1-Methoxy-4-(1-methoxy-4-nitro-2-naphthamido)-2-naphthoic
acid 7b

To a solution containing 7a (1 g, 2.2 mmol, 1 equiv.) in dioxane
(10 mL) LiOH·H2O (0.19 g, 4.4 mmol, 2 equiv.) in water (5 mL)
was added. After completion of the reaction, the yellow precipitate
obtained on acidification of the reaction mixture was filtered,
washed with water till the pH was neutral, and the residue obtained
was dried in P2O5 desiccator to yield the acid 7b quantitatively. This
was used for the next reaction without further purification.

Methyl 4-(4-amino-1-methoxy-2-naphthamido)-1-methoxy-
2-naphthoate 7c

The compound 7a (1 g, 2.2 mmol, 1 equiv.) was subjected to
reduction of its nitro group using H2 (60 psi), Pd/C (100 mg) in
AcOEt. After the complete consumption of starting material, the
reaction mixture was filtered through a pad of Celite. The filtrate
was evaporated and dried to give the amine 7c which was used for
the next reaction without further purification.

Methyl 1-methoxy-4-(1-methoxy-4-(1-methoxy-4-(1-methoxy-
4-nitro-2-naphthamido)-2-naphthamido)-2-naphthamido)-
2-naphthoate 8

The acid 7b (0.5 g, 1.1 mmol, 1 equiv.) and the amine 7c (0.48 g,
1.1 mmol, 1 equiv.) were taken up in acetonitrile (15 mL). HBTU
(0.5 g, 1.3 mmol, 1.2 equiv.) and DIEA (0.23 mL, 1.3 mmol,
1.2 equiv.) were added and the reaction mixture was stirred
at 60 ◦C for 12 h at room temperature. The crude product
obtained after work-up was purified by column chromatography
(chloroform/AcOEt: 90:10 Rf: 0.5) yielding 8 as a yellow solid

(43%). mp: 235–237 ◦C; (Found: C, 68.72, H, 4.60, N, 6.30. Calc.
for C49H38N4O11: C, 68.52; H, 4.46; N, 6.52.); nmax (nujol)/(cm-1):
3234, 2922, 2852, 1722, 1639, 1462, 1377, 1312, 1227, 1151, 1086;
1H NMR (400 MHz, CDCl3) d: 10.34 (s, 1H, NH), 10.20 (s, 1H,
NH), 10.00 (s, 1H, NH), 9.05 (s, 1H, ArH), 8.79 (s, 1H, ArH), 8.75
(s, 1H, ArH), 8.68-8.65 (m, 2H, ArH), 8.40-8.35 (m, 4H, ArH),
8.14-8.05 (m, 3H, ArH), 7.89-7.85 (t, J = 7.35 Hz, 1H, ArH), 7.80-
7.70 (m, 6H, ArH), 7.67-7.63 (t, J = 7.61 Hz, 1H, ArH), 4.29 (s,
3H, OCH3), 4.25 (s, 3H, OCH3), 4.20 (s, 3H, OCH3), 4.10 (s, 3H,
OCH3), 4.0 (s, 3H, COOCH3); 13C NMR (100 MHz, CDCl3) d:
166.1, 163.8, 163.6, 162.4, 159.3, 155.6, 153.9, 153.2, 143.7, 139.3,
131.6, 130.5, 13.2, 129.9, 129.2, 129.1, 128.9, 128.8, 128.7, 128.4,
128.3, 127.3, 127.2, 126.7, 126.1, 124.6, 124.1, 123.8, 123.7, 122.4,
122.2, 122.1, 121.3, 121, 120.5, 119.3, 114.1, 64.6, 64.1, 64.0, 60.4,
52.3; MALDI-TOF: 859.35 (M + H)+.
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D. Kim, P. Jurečka, P. Tarakeshwar, P. Hobza and K. S. Kim, J. Phys.
Chem. A, 2007, 111, 3446.

16 (a) H. Tang, R. J. Doerksen, T. V. Jones, M. L. Klein and G. N. Tew,
Chemistry & Biology, 2006, 13, 427; (b) P. Prabhakaran, V. G. Puranik
and G. J. Sanjayan, J. Org. Chem., 2005, 70, 10067.

17 For recent references, see: (a) D. Yang, D.-D. Zhang, Y. Hao, Y.-D. Wu,
S.-W. Luo and N.-Y. Zhu, Angew. Chem. Int. Ed., 2004, 116, 6887; (b) F.
Chen, N.-Y. Zhu and D. Yang, J. Am. Chem. Soc., 2004, 126, 15980;
(c) P. K. Baruah, N. K. Sreedevi, B. Majumdar, R. Pasricha, P. Poddar,
R. Gonnade, S. Ravindranathan and G. J. Sanjayan, Chem. Comm.,
2008, 712.

18 For a general review on the peri-effect in naphthalenes, see: V.
Balasubramaniayan, Chem. Rev., 1966, 66, 567.

19 (a) Y.-D. Wu and D.-P. Wang, J. Am. Chem. Soc., 1998, 120,
13485; (b) D. Zanuy, C. Alemán and S. Muñoz-Guerra, Int. J. Biol.
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J. Pept. Res., 1998, 51, 19; (d) K. Möhle, R. Günther, M. Thormann, N.
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90.920(3)◦, V = 1269.6(3) Å3, Z = 2, Dc = 1.438 g/cm3, m(MoKa) =
0.402 mm-1, 8097 reflections measured, 2861 unique [I > 2s (I)], R
value 0.0607, wR2 = 0.1060.

This journal is © The Royal Society of Chemistry 2009 Org. Biomol. Chem., 2009, 7, 2458–2465 | 2465


