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Abstract: A simple and novel supra-
molecular approach for orthogonal
self-assembly of donor and acceptor
chromophores has been demonstrated.
Suitably designed 1,5-dialkoxynaphtha-
lene (DAN) and naphthalene tetracar-
boxylic acid diimide (NDI) derivatives
were used as the donor and acceptor
systems, respectively. The molecular

phore. By design, the distances be-
tween the two amide groups in the
donor and acceptor chromophores are
not identical, and consequently the
effect of the hydrogen-bonding interac-
tion cannot be maximised in the case
of alternate donor—acceptor-type -
stacking. Thus a relatively weak
charge-transfer interaction is expected

to be sacrificed, and segregated assem-
bly among the individual chromo-
phores should be enforced by virtue of
the much stronger effects of hydrogen
bonding and m-m stacking. Detailed
spectroscopic studies were carried out
to probe the mode of self-assembly in
various derivatives of the DAN-NDI
donor—acceptor pairs to establish the

design for self-sorting relies upon the
precise control over the placement of
the self-complementary  hydrogen-
bonding units (amide functionality)
with respect to the individual chromo-

Introduction

Electron-rich (donor) and -deficient (acceptor) aromatic 7
systems often form charge-transfer (CT) complexes,! which
have been extensively utilised to generate many elegant
supramolecular structures, such as organogels,? synthetic
ion channels,”’ rotaxanes,™ catenanes,” folded oligomers®
and polymers,”! liquid crystalline materials® and dendritic
assembly.”! However, little is known regarding the self-sort-
ing"”! of individual chromophores in the donor-acceptor
mixture, which is highly relevant in the context of organic
electronic device applications, such as in bulk heterojunction
solar cell, for efficient charge-separation and charge-carrier
mobility.'!l In the recent past, Venkataraman and co-work-
ers have demonstrated the segregated assembly of donor
and acceptor m systems based on mutually phobic aliphatic
fluorocarbon-hydrocarbon interactions in the solid state.!'*"]
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utility of the molecular design as a gen-
eralised one for orthogonal self-assem-

More recently, Shinkai and co-workers have reported self-
sorting of bis-amide-functionalised perylene bisimide (PBI)
and tetraamide-functionalised oligothiophene (OT) chromo-
phores in solution'?®! by using the inherent difference in the
self-assembly propensities of the two chromophores, which
arises from the difference in the number of peripheral
amide functionalities involved in hydrogen-bonding interac-
tions. The drawback of this approach is that the equilibrium
constant for self-assembly of either the donor or acceptor
chromophore must be significantly weaker than for the
other one. Further, the shape and size of the PBI and OT
chromophores are very different, and thus it is possible,
even in the absence of hydrogen bonding, that they form or-
thogonal self-assembled structures under suitable condition,
as demonstrated by Meijer and co-workers in the case of
functionalised PBI and oligo(p-phenylenevinylene) chromo-
phores.[']

Herein, we introduce a novel and versatile strategy for
self-sorted assembly in a mixture of donor and acceptor
chromophores in solution, based on specific directional
supramolecular interactions. The design is based on linking
the individual chromophores with two amide functionalities
in such a manner so that the distances between the two
amide functionality are different in the donor and acceptor
systems. We envisaged that such a molecular design will
ensure that in case of alternate donor—acceptor type m stack-
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ing, intermolecular hydrogen-bonding interactions between
the amide groups cannot operate simultaneously because of
geometrical constraint. On the other hand it is also expected
that given a choice, the mode of self-assembly will be dictat-
ed by the relatively stronger hydrogen-bonding interaction
rather than weak CT interactions. Thus in the process of
self-assembly the donor and acceptor chromophores would
sacrifice the weak CT interaction to gain the synergistic
effect of m—m stacking and hydrogen bonding, which can be
achieved only in the case of segregated assembly
(Scheme 1).

To test this hypothesis we studied the self-assembly of 1,5-
dialkoxynaphthalene (DAN) derivative D1 and naphtha-
lene-1,4,5,8-tetracarboxylic acid diimide (NDI) derivative
Al (Scheme 1) as donor and acceptor chromophores, re-
spectively. The peripheral trioctyloxybenzamide groups were
incorporated to improve the solubility of Al and D1 in non-
polar solvents, in which the effect of the hydrogen-bonding
interaction should be realised to a greater extent. We chose
the DAN-NDI donor-acceptor pair because formation of
their co-assembly aided by a CT interaction is well-estab-
lished®®! and if they behave in an opposite manner in our
system it will strongly justify the utility of the present ap-
proach for self-sorting of donor—acceptor systems in solu-
tion.

Results and Discussion

Synthetic routes for various donor and acceptor chromo-
phores are depicted in Scheme 2. 3,4,5-Trioctyloxybenzoyl-
chloride (4) was synthesised from commercially available
3,4,5-trihydroxymethylbenzoate by following a literature
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procedure.'™! Diamine-functionalised donor intermediate 8
was synthesised from 1,5-dialkoxynaphthalene in a few stan-
dard synthetic steps and was reacted with compound 4 to
give D1 in 68 % isolated yield. Compound D2 was synthes-
ised in a single step by alkylation of 1,5-dialkoxynaphtha-
lene with dodecylbromide and isolated in 65% yield. For
the synthesis of A1, acid chloride 4 was reacted with excess
ethylenediamine to produce intermediate compound 9,
which was reacted with naphthalene tetracarboxylic acid di-
anhydride to generate acceptor compound Al in 70 % yield.
For the synthesis of A2, a slightly different procedure was
followed in which 3,4,5-trioctyloxymethylbenzoate was di-
rectly reacted with excess hydrazine hydrate to generate the
intermediate compound 10, which was then coupled with
naphthalene tetracarboxylic acid dianhydride to produce A2
in 81 % yield. Compound A3 was synthesised by reaction of
naphthalene tetracarboxylic acid dianhydride with dodecyl-
amine and was isolated in 71 % yield.

Self-assembly of Al and D1 was studied by solvent-de-
pendent variations in their UV/Vis absorption spectra
(Figure 1). Chloroform is known to be benign for rigid
systems,!'>1> whereas in the non-polar solvent methylcyclo-
hexane (MCH), both m—smt stacking and hydrogen-bonding
interaction should be more favourable. The absorption spec-
trum of Al in CHCI; is compared with that in MCH/CHCl,
(95:5; v/v)!! in Figure la. In CHCI;, well-resolved bands
can be seen in the range of 1=300 to 400 nm due to a m—*
transition polarised along the long axis of the monomeric
NDI chromophores.'¥ In MCH/CHCI, (95:5), a decrease in
the absorbance intensity (=60% ) was observed for all the
major bands along with significant broadening of the spec-
trum which clearly suggests m—mn stacking among the NDI
chromophores.™! Similarly, a distinct hypochromic shift was
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Scheme 1. Top: Schematic representation of the proposed self-sorted assembly of donor and acceptor chromophores; bottom: the structures of the vari-

ous molecules studied.
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Scheme 2. Synthetic routes for various donor and acceptor chromophores. Reagents and conditions: a) n-octyl bromide, K,CO;, DMF, 80°C, 88%;
b) KOH, EtOH/H,0, 100°C, 81%; c) SOCl,, CH,Cl,, RT; d) 1,2-dibromoethane (excess), CH;CN, K,CO;, 26 %; e) NaN,;, DMF, 100°C, 93%; f) H,
(55 psi), 10% Pd/C, EtOAc, 95 %; g) Et;N, CH,Cl,, 0°C—RT, 68 %; h) CH,Cl,, 0°C—RT, 56 %; i) DMF, 140°C, 70 %; j) hydrazine hydrate, MeOH/THF,
70°C, 96 %; k) DMF, 140°C, 81 %; 1) KOH, TBAB, H,0, 95°C, 65 %; m) DMF, 140°C, 71 %.

observed for all the major bands of D1 in the UV/Vis spec-
trum in MCH/CHCI; (95:5) compared with that in pure
257 | CHCl, (Figure 1b) due to self-assembly.'*!

To elucidate the role of hydrogen bonding in self-assem-
bly as depicted in Scheme 1, we examined the effect of
MeOH, a protic hydrogen-bonding-competing solvent, on
the spectral properties of Al and D1.""! The spectral varia-
tions are shown in Figure 2. It can be seen that with gradual
addition of MeOH to a solution of either A1 (Figure 2a) or
D1 (Figure 2¢) in MCH/CHCI; (95:5) the UV/Vis spectrum
changed drastically for both chromophores, and after the ad-
dition of a certain amount of MeOH the spectra almost re-
sembled that of the respective monomeric chromophores.
Such a dramatic effect of MeOH on disassembly clearly
demonstrates the strong influence of hydrogen-bonding in-
teractions on the self-assembly process. In Figure 2b, the
variation in the absorbance of Al at =382 nm is plotted
against amount of MeOH and it can be seen that as an in-
creasing amount of MeOH is added, the absorbance gradu-
ally increases and almost reaches saturation at ~5% MeOH
(v/v). Similarly, for D1 the change in absorbance at 1=

Y
-

e/10* v em™ —

o
o
N
o
)

e/ 10 v 'ecm? —

360 380 400 430 312 nm is plotted as a function of MeOH in Figure 2d; in
A/ nm — this case the saturation was achieved after the addition of
~19
Figure 1. UV/Vis spectra of a) A1 and b) DI in CHCl, (—) and MCRy DY =1% (v/v) MeOH, [lgj]OPabIY because of the reduced
CHCl; (95:5; ----- ). Concentration of chromophore=0.1mm and 7= stability of the aggregates™ in this case as compared with
25°C. the A1 assembly.
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Figure 2. Variation in the UV/Vis spectra of a) Al and ¢) D1 in MCH/CHCI, (95:5) as a result of gradual addition of MeOH; arrows indicate the spectral
changes with increasing amount of MeOH;; initial concentration of chromophore =0.1 mm, volume of the solution=1.8 mL, path length of the cuvette =
1 cm, T=25°C. Variation in the absorbance at b) 1=382 nm in Figure 2a and d) A=312 nm in Figure 2c as a function of volume of added MeOH.

Then we examined the spectral behaviour of the equimo-
lar mixture of A1l and D1 in MCH/CHCI; (95:5). It can be
seen in Figure 3a that the spectrum of the mixture of Al
and D1 is almost identical to that generated by mathemati-
cal summation of the spectra of the individual chromo-
phores, which suggests that the presence of D1 or Al has no
influence on the self-assembly of A1l or D1, respectively.
More significantly, the spectrum of the mixture does not ex-
hibit any CT absorption band (Figure 3b) in the range of 1=
450 to 600 nm, which eliminates the possibility of donor-ac-
ceptor-type m-stacking between NDI and DAN chromo-
phores.”®! These observations unambiguously support the
self-sorted assembly of individual chromophores as depicted
in Scheme 1.

To gain further insight into the self-assembly process, we
carried out variable-temperature UV/Vis absorption experi-
ments of Al, D1 and an equimolar mixture of Al and D1 in
MCH/CHCI; (95:5). The spectral variations of Al and D1
are shown in Figure 4a and b, respectively. It can be seen
that in both cases the spectral features gradually change
from aggregated to monomeric chromophores with increas-
ing temperature, as expected for reversible self-assembly
process. Further, we carried out variable-temperature ex-
periments with a 1:1 mixture of A1l and D1 and found signif-
icant hyperchromic shifts of all the major bands with in-
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creasing temperature (Figure 4c) as expected for the aggre-
gate to monomer conversion. From the temperature-depen-
dent absorption spectra, the stabilities of the m-stacked as-
semblies of A1l and D1 were estimated by calculating the
respective a,,,(T) (mole fraction of aggregate at tempera-
ture T) values by using Equation (1):1%!

1)

in which A, Ay and A(T) are the absorbance at a partic-
ular wavelength in the UV/Vis spectra for the fully aggre-
gated, monomeric and in-between state at temperature 7,
respectively. The calculations were first carried out for the
spectral data obtained from the experiments with individual
chromophores (Figure 4a and b). For both Al and D1, the
UV/Vis spectra in MCH/CHCI; (95:5) at 25°C and in CHCl,
were considered to reflect the fully aggregated state and the
monomeric state, respectively. The intensity of the bands at
A=382 and 312 nm were considered for the calculation of
the a,,,(7T) value of Al and D1, respectively. The a,,, values
estimated from these calculations are plotted as a function
of temperature in Figure 2d, and from these plots the values

of asy(7T) (the temperature at which a,,,=0.5) were found to
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be 64 and 31°C for Al and D1, respectively. Such a low
aso(T) value for D1 compared with A1 is attributed to the
lower stability of the donor—-donor m-stacked assembly due
to electrostatic repulsion, and is consistent with the litera-
ture report.”! Independently, the O, values for Al and D1
were calculated from the spectral variations of their mixed
solution (Figure 4c) by monitoring the absorbance at 1 =382
and 312 nm," respectively, and plotted in Figure 2d. Re-
markably, for both A1 and D1 the plot of a,, versus T
based on the data obtained from the individual experiments
and the mixed experiment looks almost identical (Fig-
ure 4d). This striking similarity of the temperature-depen-
dent aggregate-to-monomer conversion profile provides
strong evidence for the proposed self-sorted assembly of in-
dividual chromophores in the donor-acceptor mixed system.

So far we have discussed self-sorting of D1 and A1l from
an equimolar mixture only. We also wanted to examine the
effect of the stoichiometric imbalance of the two chromo-
phores on their self-assembly. Therefore, we studied the
UV/Vis absorption spectra of D1+Al in MCH/CHCl,
(95:5) at different relative molar ratios of the two chromo-
phores, with the total concentration kept constant (Fig-
ure 5a). The absorbance of the mixed spectra at A =382 nm
is solely due to Al and is not affected by the absorbance of
the D1, but it was not possible to identify such a separate
band for D1 in the mixed spectra. Therefore, to get the
spectral contribution of D1 alone (inset Figure 5a), the spec-
trum of Al was subtracted
from the corresponding mixed
spectrum in each mixture by
using Equation (2):

Sp1 = Smixea—(Ga1 X Sa1) (2)

in which SDl’ Smixed’ SAI and daq

are the modified donor spec-

trum, original spectrum of the

0.31 mixture, spectrum of Al only

0.0 . s ' 0.0 . - — and mole fraction of Al in the

300 350 400 450 250 300 350 400 mixture, respectively. The ab-
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) d) in the mixed spectra and that at

184 A=325nm (for D1) in the sub-
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Figure 4. Temperature-dependent UV/Vis absorption spectra of a) Al (T=25-65°C), b) D1 (T=25-50°C) and

be completely eliminated be-
cause at least in the range of
D1/A1=1:4 to DVAl=4:1

T/°C —»

c)a 1:1 mixture of A14+D1 (T=25-65°C) in MCH/CHCI; (95:5) at a concentration of 0.1 mm (individual

chromophores); arrows indicate spectral changes upon increasing temperature. d) Variation in a,
tion of temperature; @: Al only, 0: Al in mixture, A: D1 only, A: D1 in mixture.
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both the plots behave linearly
(see Figure 5b).

e @S a func-

Chem. Eur. J. 2010, 16, 10084 —10093


www.chemeurj.org

Self-Sorted Chromophore Assembly

a) 20 ..
S
@
[]
Q
=
©
2
o
1723
Q
<
0.0 : ; SRS .
250 300 350 400 450
Alnm ——
b) 12,

. 9 /_0‘5 .
g 1.0 W 2 =
£ — ’ Lo4 €
S 0.8 LS S TE
& o . &
» - F0.3 ®
® 06 .. pu ®
] P Q
S 041 o W roz 2
(v -, ©
° - S 2
? 0.2 = = r0.1 @
o - ~ el
< - ~ <

0.04{ o° . 00
00 02 04 06 08 10

Mole fraction of D1
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MCH/CHCI; (95:5); inset: the subtracted spectra for D1 only, as ob-
tained by using Equation (2). b) Plot of absorbance as a function of the
mole fraction of D1. Total chromophore concentration was 0.1 mm.

To understand the packing of the chromophores in the -
stacked assemblies, we carried out molecular modelling
studies for generating energy-minimised structures of Al
and D1 (Figure 6a and b, respectively).”” The distance be-
tween the amide hydrogen atom of a particular chromo-
phore and the carbonyl oxygen of the immediately neigh-
bouring chromophore (indicated as red dashed lines in
Figure 6) was found to be 2.01 and 2.05 A for A1 and D1,
respectively, which is well within the limit of the hydrogen-
bonding distance. The m—n stacking distance between two
NDI chromophores in the Al assembly (Figure 6a) was
found to be 3.41 A, which exactly matches that observed in

FULL PAPER

the crystal structure of NDLP! For the D1 assembly, the
chromophores were packed with significant rotational dis-
placement along the long axis and the interplanar perpen-
dicular distance between the two m planes was found to be
3.88 A, which suggests weak m—m interactions between the
DAN chromophores. To further support our hypothesis re-
garding the basis of the observed self-sorting, we wanted to
identify suitable alternate derivatives of the same donor—ac-
ceptor pair as controlled molecules in which the relative dis-
tances between the two amide functionalities in donor and
acceptor chromophores are mutually adjusted so that inter-
molecular hydrogen bonding is feasible in the case of alter-
nate donor-acceptor m stacking. To predict the molecular
structure, we carried out energy-minimisation calculations
with different DAN and NDI derivatives, in which the
donor was fixed as D1 and the acceptor was modified from
Al by changing only the number of methylene groups be-
tween the NDI chromophore and the trioctyloxybenzamide
groups. We found that in case of alternately stacked D1 and
A2 (Scheme 1), the distance among the amide hydrogen and
carbonyl oxygen of the amide groups between the neigh-
bouring chromophores was 2.04 A (Figure 6¢), which is well
below the limit of hydrogen-bonding interaction distance
(2.45 A). If this prediction is indeed true, one should expect
an alternate donor-acceptor-type assembly in the A24+D1
mixture due to the synergistic effect of CT and hydrogen-
bonding interactions, unlike the self-sorting in the A1+D1
system. To check this, we synthesised A2 (Scheme 1). Self-
assembly of A2 alone was examined by comparing its ab-
sorption spectrum in MCH/CHClI; (95:5) with that in CHCl,
and m-stacking was evident of A2 from spectral changes
that were similar to those of Al (Figure 7a). It is worth
noting that in case of A2, the functional group should be
called hydrazide instead of amide, although the NHCO
moiety responsible for hydrogen-bonding remains same. To
confirm that the self-assembly in A2 is also primarily driven
by hydrogen bonding, we examined the effect of MeOH on
the spectrum of the self-assembled chromophore. In Fig-
ure 7b, it can be seen that the aggregated spectrum clearly
changes into the monomeric spectrum on gradual addition
of MeOH, and thus the involvement of hydrogen bonding
on the self-assembly is supported. We then examined the
nature of the co-assembly between A2 and D1. When A2
was mixed with D1 in MCH/CHCI; (95:5), an orange-col-

oured solution formed sponta-

neously  (Figure 8a), which

b) c)

e

W\L’“

clearly suggests an alternate
donor—acceptor-type m-stacking
system. As expected from a cur-
sory observation, a broad CT
band appeared at A =550 nm in
the UV/Vis spectrum (Fig-
ure 8b, inset) owing to the
donor-acceptor interaction
among DAN and NDI chromo-
phores.’! It is worth noting that

= d

Figure 6. Packing model of a) A1, b) D1 and c¢) A2+ D1.
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no orange colouration (Fig-
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ure 8a) and no CT band were visible in the UV/Vis spec-
trum of the self-sorting mixture, that is, A1+ D1 (Figure 3b).
Furthermore, the UV/Vis spectrum of A2+ D1, unlike A1+
D1, does not match with the calculated spectrum generated
by mathematical summation of the individual spectrum (Fig-
ure 8b). We also compared the CT region of the UV/Vis

Absorbance / a.u.

spectra of A2+ D1 with that of A1+ D1 at a significantly
higher concentration (0.5 mm), and even there found the ap-
pearance of an intense CT band only in the former case but
not for the latter mixture (Figure 9a). To ascertain that hy-
drogen bonding is indeed involved in the donor—acceptor-
type self-assembly, we carried out the MeOH addition ex-
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Figure 9. a) CT region of the UV/Vis spectra of equimolar mixtures of
A3+D2 (-----) A14+D1 (----2) and A24+D1 (—) in MCH/CHCI,
(95:5); total chromophore concentration=0.5 mm and 7=25°C. b) Effect
of MeOH addition (0-5%) on the CT band of A2+D1 (1:1) in MCH/
CHCl; (95:5); arrows indicate spectral changes with increasing MeOH.
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Figure 8. a) Photograph of A1+D1 (1:1; left) and A2+D1 (1:1; right) in MCH/CHCI; (95:5); total chromophore concentration=0.5 mm. b) UV/Vis
spectrum of A1+ D1 (1:1) in MCH/CHCI; (95:5; —) and the mathematical sum of the individual spectra (-----); inset: the CT region of the spectra;

concentration of each chromophore =0.1 mm and 7=25°C.
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periment and found that the intensity of the CT-band de-
creased rapidly with increasing amounts of MeOH (Fig-
ure 9b). However, the CT interaction is known to be inher-
ently weak in polar media,!"! and thus the observed effect of
MeOH might not be only due to the breaking of hydrogen
bonding. To unambiguously demonstrate the role of hydro-
gen bonding, we synthesised two other controlled molecules
A3 and D2 (Scheme 1) that were devoid of any amide func-
tionality. In the UV/Vis spectra of A3+D2 (1:1), no CT
band (Figure 9a) and no indication of m stacking (Figure S2
in the Supporting Information) was observed, which sug-
gests that hydrogen bonding is essential for self-assembly in
the present system, at least in the concentration range at
which the experiments were performed (0.1-0.5 mm).

Conclusion

In conclusion, we have demonstrated a simple, novel and
versatile supramolecular approach for the self-sorted assem-
bly of donor and acceptor chromophores in solution. The
design is based on molecular-level control over the place-
ment of self-complementary hydrogen-bonding units (amide
functionality) with respect to the individual chromophore.
The distances between the two amide groups in the donor
and acceptor chromophores are not identical and conse-
quently the number of hydrogen-bonding interactions
cannot be maximised in the case of alternate donor-accept-
or-type m stacking. Thus by virtue of the much stronger hy-
drogen-bonding and mn—m-stacking effects, the relatively
weak CT interaction is sacrificed and self-sorting among the
individual chromophores could be enforced. In a controlled
experiment in which the distance between the two amide
bonds was almost identical for two different types of chro-
mophores, alternate donor—acceptor-type m stacking was ob-
served. We believe the findings of this work and its rele-
vance to various other interdisciplinary research fields will
significantly add to the ongoing effort to correlate the supra-
molecular organisation of various functional m systems to
their macroscopic properties.”? We are now testing the
scope of this approach for specific supramolecular organisa-
tions of n- and p-type semiconductors and studying the
charge-transport properties of self-sorted blends.

Experimental Section

Materials and methods: The solvents and reagents were received from
commercial sources and purified by standard methods.”®) For UV/Vis
spectroscopy experiments, spectroscopy-grade solvents were used.
'"H NMR spectra were recorded by using a Bruker DPX-300 MHz NMR
spectrometer, and all the spectra were calibrated against TMS. UV/Vis
spectra were recorded by using a Perkin—Elmer Lambda 25 spectrometer
equipped with a Peltier system for variable-temperature experiments.

UV/Vis spectroscopic studies: Stock solutions of different chromophores
were made in CHCl; (2mm). An aliquot (1 mL) was taken and was
added to an appropriate amount of MCH to adjust the desired solvent
composition and final concentration. The solutions were allowed to equi-
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librate at RT for 2 h before spectral measurements. For variable-tempera-
ture experiments, a solution (2mL) of a particular chromophore in
MCH/CHCI; (95:5) was heated and allowed to equilibrate for 15 min
equilibrium at the desired temperature before each measurement.

Synthesis and characterisation: Synthesis of various compounds has been
achieved by following procedures reported in the literature.'***] New
compounds have been characterised by using '"H NMR and UV/Vis spec-
troscopies, melting point (if solid), MS (ESI) and elemental analysis,
whereas previously reported compounds have been characterised by
'H NMR and UV/Vis spectroscopies and melting point analysis (if solid).
Synthetic procedures for the new and final compounds are described
here and rest are included in the Supporting Information.
1,5-Bis(2-azidoethoxy)naphthalene  (7): Compound 6 (2.762¢g,
7.38 mmol,) and NaNj; (9.599 g, 147.68 mmol) were dissolved in dry DMF
(45 mL), and the reaction mixture was stirred at 100°C for 12 h under an
N, atmosphere. The reaction was stopped, cooled to RT and poured into
ice-cold H,0 (100 mL) to give an off-white solid, which was filtered. The
obtained solid was washed several times with H,O and dried under
vacuum to afford the desired product (2.05g, 93%). M.p. 117-120°C;
"H NMR (300 MHz, CDCl; TMS): 6=7.907 (d, J=8.7 Hz, 2H), 7.393 (t,
J=81Hz, 2H), 6.851 (d, /J=7.8Hz, 2H), 4.327 (t, J=5.1Hz, 4H),
3.728 ppm (t, J=5.1 Hz, 4H); FTIR (KBr): #=2104.19cm™" for azide
stretching; UV/Vis (CH,CL): A,.. (¢)=326 (5150), 312 (6862), 295
(8976), 285 nm (7074m 'em™'); MS (ESI): m/z caled for C,H;N,O;:
301.14 [M+3H]*; found: 301.02; elemental analysis caled (%) for
C,H,NO,: C 56.37, H 4.73, N 28.17; found: C 56.42, H 4.87, N 28.26.
2-[1-(2-Aminoethoxy)naphthalen-5-yloxy)ethanamine] (8): 10% Pd/C
catalyst (200 mg) was added to a solution of compound 7 (2.014 g,
6.75 mmol) in EtOAc (45 mL), and the reaction mixture was mechanical-
ly stirred at RT under H, (55 psi) for 5 h. The reaction was stopped, the
catalyst was filtered through Celite, and the filtrate was concentrated to
afford the crude product as an off-white solid (1.58 g, 95%). M.p. 83—
85°C; 'H NMR (300 MHz, CDCl;, TMS): 0=7.862 (d, J=8.5 Hz, 2H),
7.365 (t, J=8.0 Hz, 2H), 6.856 (d, /=7.5Hz, 2H), 4.168 (t, J=5.0 Hz,
4H), 3.221 ppm (t, J=5.0 Hz, 4H); FTIR (KBr): #=2104.19 cm ™' peak
for azide is absent; UV/Vis (THF/CH,Cl, 1:1): 4., (¢)=326 (5043), 312
(6539), 296 (7929), 285nm (6103m'cm™'); MS (ESI): m/z caled for
C,H;sN,O,: 247.14 [M+H]*; found: 247.07; elemental analysis calcd (%)
for C,,H;N,O,: C 68.27, H 7.37, N 11.37; found: C 68.36, H 7.38, N
11.44.

Compound D1: A solution of compound 4 (0.8 ¢, 1.52 mmol) in dry
CH,C], (5 mL) was added to an ice-cold solution of compound 8 (0.15 g,
0.608 mmol) and Et;N (0.4 mL) in dry CH,Cl, (10 mL). The reaction mix-
ture was then stirred in the ice bath for another 2 h, and then at RT for
12 h. The mixture was diluted with CH,Cl, (20 mL) and washed with
H,0 (3x30 mL) and brine (1x30 mL). The organic layer was dried over
anhyd Na,SO,, and the solvent was evaporated to afford the crude prod-
uct, which was purified by using column chromatography with silica gel
as the stationary phase and 5% EtOAc in CH,Cl, as the eluent to get the
pure product as an off-white solid (5.06 g, 68%). M.p. 110°C; 'H NMR
(300 MHz, CDCl; TMS): 6=7.870 (d, J=8.5 Hz, 2H), 7.365 (t, /=8 Hz,
2H), 6.954 (s, 4H), 6.892 (d, J=7.5Hz), 6.537 (t, /=6 Hz, 2H), 4.342 (t,
J=5Hz, 4H), 4.031-3.947 (m, 16H), 1.827-1.692 (m, 12H), 1.465-1.266
(m, 60H), 0.875 ppm (t, J=6.5 Hz, 18 H); *C NMR (CDCL,): 6 =167.71,
154.17, 153.19, 141.42, 129.32, 126.74, 125.43, 114.46, 106.05, 77.06, 73.55,
69.40, 67.27, 39.69, 31.93, 30.35, 29.54, 26.11, 22.70, 14.11 ppm; UV/Vis
(THF): Ay (8)=326 (5085), 312 (7652), 295 (13677), 283 (15361),
262 nm (20594m 'em™'); MS (ESI): m/z caled for CjH»N,NaO:
1246.92 [M+Na+H]*; found: 1247.20; elemental analysis calcd (%) for
C;sH,N,049: C 74.59, H 10.05, N 2.29; found: C 74.63, H 10.04, N 2.35.

Compound A1:") Compound 9 (240 mg, 0.445 mmol) and 1,4,5,8-naph-
thalenetetracarboxylic bisanhydride (41 mg, 0.15 mmol) were placed in a
round-bottomed flask with dry DMF (10 mL) and the reaction mixture
was stirred for 6 h at 140°C under a N, atmosphere. Then the solution
was allowed to cool to RT and placed in the refrigerator for 30 min to
give an orange solid, which was filtered, and the obtained solid was
washed with MeOH several times. The product was further purified by
column chromatography by using silica gel as stationary phase and
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CHClI; as the eluent to obtain the pure product as a yellow solid (0.14 g,
70%). M.p. 140°C; 'H NMR (300 MHz, CDCI;,TMS): 6 =8.75 (s, 4H),
6.91 (s, 4H), 4.55 (t, 4H), 4.02-3.89 (m, 16H), 1.84-1.71 (m, 12H), 1.30-
1.27 (m, 60H), 0.89-0.87 ppm (m, 18H); "CNMR (CDClL): §=166.57,
151.99, 140.09, 130.07, 127.96, 125.85, 125.55, 104.49, 76.25, 75.99, 75.74,
72.45, 68.21, 60.80, 39.22, 38.73, 32.24, 30.88, 30.10, 29.30, 28.68, 28.49,
28.36, 28.34, 28.28, 28.20, 25.04, 21.65, 13.05 ppm; UV/Vis (CH,CL): A
(e)=382 (26785), 361 (21429), 344 nm (13513m'cm™); MS (ESI): m/z
caled for CgH 5,(N,NaO,,: 1351.88 [M+Na]*; found: 1352.01; elemental
analysis caled (%) for CgH,N,Op,: C 72.25, H 9.10, N 4.21; found: C
72.19,H 9.16, N 4.27.

3,4,5-Tris(octyloxy)benzohydrazide (10):* Compound 2 (615.0 mg,
1.18 mmol) and hydrazine monohydrate (2.9 mL, 59.0 mmol) were placed
in a round-bottomed flask and dissolved in MeOH (10 mL) and THF
(3mL). The reaction mixture was stirred at 70°C for 12 h. The heating
was stopped, the reaction mixture was allowed to cool to RT, the vola-
tiles were removed under reduced pressure, and the product was dis-
solved in CH,Cl, (25 mL) and washed with H,O (3x25 mL). The organic
layer was dried over anhyd Na,SO,, and the solvent was evaporated to
get crude product, which was purified by column chromatography by
using silica gel as the stationary phase and 5% MeOH in CH,Cl, as the
eluent to get the pure product as a colourless waxy material (0.597 g,
96%). '"H NMR (300 MHz, CDCl;, TMS): 6=6.92 (s, 2H), 4.06-3.97 (m,
6H), 1.83-1.68 (m, 6H), 1.48-1.45 (m, 6H), 1.31-1.29 (m, 24H), 0.90-
0.86 ppm (m, 9H); UV/Vis (CH,CL): A, (¢)=266 nm (7459m 'cm™');
MS (ESI): m/z calcd for CyHsgN,NaO,: 543.40 [M+Na]™; found: 543.55;
elemental analysis calcd (%) for C5HsN,0,: C 71.49, H 10.84, N 5.38;
found: C 71.44, H 10.89, N 5.43.

Compound A2: Compound 10 (500 mg, 0.96 mmol) and 1,4,5,8-naphtha-
lenetetracarboxylic bisanhydride (103 mg, 0.384 mmol) were placed in a
round-bottomed flask along with dry DMF (10 mL), and the reaction
mixture was stirred for 6 h at 140°C under a N, atmosphere. The reaction
mixture was allowed to cool to RT, poured into H,O (100 mL) and then
extracted with CH,Cl, (2x20 mL). The combined organic layer was
washed with H,O (2x50 mL), dried over anhyd Na,SO,, and the solvent
was evaporated to afford the crude product as a brown solid, which was
purified by column chromatography by using silica gel as stationary
phase and CHCI; as eluent to obtain the pure product as a yellow solid
(0.396 g, 81%). M.p. 138-140°C; '"H NMR (300 MHz, CDCI; TMS): 6 =
6.92 (s, 2H), 4.04-4.00 (m, 6H), 1.86-1.73 (m, 6H), 1.49-1.45 (m, 6H),
1.34-1.24 (m, 24H), 0.90-0.87 ppm (m, 9H); *CNMR (CDCl;): 6=
160.76, 153.29, 142.32, 131.72, 126.82, 125.63, 106.35, 77.27, 77.01, 76.76,
73.59, 69.36, 31.91, 31.84, 30.36, 29.55, 29.38, 29.36, 29.30, 26.09, 22.7,
22.67, 14.09 ppm; UV/Vis (CH,CL): Ap, (¢)=378 nm (20846), 358 nm
(17722), 340 nm (10832m 'cm™"); MS (ESI): m/z calcd for CyH,;3N,Op5:
1273.83 [M+H]*; found: 1274.00; elemental analysis caled (%) for
C;H,1,N,Oy,: C 71,67, H 8.86, N 4.40; found: C 71.73, H 8.91, N 4.45.
1, 5-Bis(dodecyloxy)naphthalene (D2):*! 1,5-Dihydroxynaphthalene
(0.4 g, 2.499 mmol), KOH (0.370 g, 6.607 mmol) and tetrabutyl ammoni-
um bromide (0.510 g, 1.582 mmol) were dissolved in H,O (3mL) and
stirred at RT for 30 min. Dodecylbromide (3.2mL, 10.07 mmol) was
added to this solution, and the solution was stirred at 95°C for 24 h. The
reaction was stopped, and on cooling to RT the product precipitated as a
yellow solid. The solid was filtered, then washed with H,O and then re-
peatedly washed with hexane to get the pure compound as shiny yellow
solid (0.531 g, 65%). M.p. 69-70°C; '"H NMR (300 MHz, CDCl;, TMS):
0=7.84 (d, J=83 Hz, 2H), 7.34 (t, J=82Hz, 2H), 6.82 (d, /=7.6 Hz,
2H), 412 (d, J=6.4Hz, 4H), 1.94-1.87 (m, 4H), 1.31-1.27 (m, 36H),
0.88 ppm (t, J=4.4 Hz, 6 H); UV/Vis (CH,Cl,): An. (€) =327 (5345), 313
(5881), 298 (6008), 287 nm (6221m 'ecm™'); MS (ESI): m/z calcd for
C3,Hs,0,: 497.43 [M+H]™; found: 497. 54; elemental analysis caled (%)
for C;,Hs40,: C 82.20, H 11.36; found: C 82.27, H 11.32.

Compound A3: Dodecylamine (500 mg, 2.7 mmol) and 1,4,5,8-naphthal-
enetetracarboxylic dianhydride (322 mg, 1.2 mmol) in dry DMF (15 mL)
were stirred at 140°C for 6 h. The reaction mixture was allowed to cool
to RT, and the solution was placed in the refrigerator for 30 min to get a
cream-coloured solid product. The solution was filtered and washed with
MeOH, and the obtained solid was further purified by column chroma-
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tography by using silica gel as the stationary phase and CHCI; as the
eluent to obtain the pure product as an off-white solid (0.520 g, 72%).
M.p. 156-158°C; '"H NMR (500 MHz, CDCl;, TMS): 6 =8.75 (s, 4H), 4.19
(t, J=7.5Hz, 4H), 1.76-1.70 (m, 4H), 1.45-1.41 (m, 4H), 1.37-1.25 (m,
32H), 0.87 ppm (t, J=7Hz); UV/Vis (CH,Cl): A, (¢)=382 (26138),
360 (21810), 342nm (12678m'cm™'); MS (ESI): m/z caled for
CyHssN,O,: 603.41 [M+H]*; found: 603.65; elemental analysis calcd
(%) for C;3Hs,N,0O,: C 75.71; H 9.03; N 4.65; found: C 75.82, H 8.97, N
4.72.
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