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Abstract: Naphthalenediimide-tetraphenylethylene conju-

gates with an alanine spacer (coded as: NDI-(Ala-TPE)2)
were synthesized to study the influence of the chirality of

the amino acid spacer on its self-assemblies. Here we partic-

ularly show that NDI-Ala-TPE bearing l-alanine gives left-
handed (M-type) helical superstructure, while d-alanine pro-

duces right-handed (P-type) helical ribbons in THF:H2O at

40:60 % v/v ratio. However, particular aggregates were ob-

served at 20:80 % v/v ratio. Circular dichroism was used to
characterise the induction of chirality and the handedness of

the helical superstructures, and the microstructure of the

self-assembled materials was visualised using scanning elec-
tron microscopy while DLS analysis confirmed the formation

of particular aggregates in solution.

Introduction

Tetraphenylethylene (TPE) and its derivatives have been widely

used as an AIE-active luminogens especially in the designing
of mechanochromic luminescent materials, due to their non-

emissive behaviour in dilute solution and highly emissive upon

aggregation/self-assembly and solid state in phenomenon
called aggregation induced emission (AIE).[1] Nevertheless, TPE

derivatives also used in biological science and technological
development such as chemosensors, biomarkers, cell labelling,

lasing materials, OLED and solar cell applications.[2] Taking ad-

vantages of AIE activity of TPE, its derivatives widely used as
supramolecular building blocks for the construction of various

nanostructures (nano-rings, capsules, flowers, nanofibres, bird
nests etc.).[3] Literature search revealed that there are only few

reports about the fabrication of helical materials via supra-
molecular self-assembly of TPE derivatives. The helical self-as-
sembled materials were achieved by incorporating chiral

centre in the building blocks.[4] The chiral supramolecular self-
assembled material could also be obtained through self-assem-
bly of achiral building blocks such as TPE bearing long alkyl
chains with amide linkage.[5] Such TPE derivatives produce
chiral helical self-assembly, where helicity was controlled by
the odd/even effect of the linking carbon chains, typically,

even carbon chains produce right-handed and odd carbon
chains produce left handed helical superstructures.[6]

In the last two decades, naphthalenediimide (NDI) and its

derivatives gained researchers attention due to their applicabil-
ity in various field such as supramolecular, medicinal, and or-

ganic electronics.[7] NDI can be functionalised through both
the imide positions as well as the four aromatic positions of

the core,[8] to give materials with potential applications as n-

type semiconductors, field effect transistors, artificial photosyn-
thesis, fluorescence emitters, biosensors as well as formation

of various self-assembled nano-structures.[9] Recently, we func-
tionalised NDIs with TPE on to the core positions to convert

NDIs from aggregation-caused quenching (ACQ) active to AIE
active materials.[1, 10] To this, we have synthesised NDI bearing
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one, two or four TPE moieties on to the core and studied their
optical, fluorescence and self-assembled various nanostruc-

tures in mixtures of polar-nonpolar solvents, and aggregated
species producing high quantum yield such as 9, 18 and 21 %,

respectively.[10] Although, core functionalised NDI through
core-substitution produced high quantum yields, other exam-

ples of N- functionalised perylenediimides (PDIs) with TPE also
exhibit desirable quantum efficiency.[10, 11]

Mimicking biological systems in material fabrication of
supramolecular self-assembled materials is achieved via design-
ing molecular functionalities12 allowing for non-covalent inter-
actions such as hydrophobic, van der Waals, hydrogen bond-
ing, electrostatic and p–p stacking.[12c–e] However, to construct

controlled nanostructures through supramolecular chemistry
mechanistic study is a need.[14] In recent years, following these

principals in molecular design, such building blocks are em-

ployed to self-assemble into helical functional materails with
controlled nanometer scale dimentions.[13] Among these build-

ing blocks amino acids and peptides are of a special impor-
tance due to these inherent chiral centres to fabricate supra-

molecular helical structures.[13, 14]

Herein, we designed and synthesised NDI bearing TPE func-

tionality to diimide positions with l- or d-alanine as a spacer

to investigate three important aspects; (1) whether TPE func-
tionalised NDI induces AIE activity upon aggregation, (2) the

effect of Restriction of Intramolecular Rotation (RIR) mechanism
on self-assembly, and (3) whether chiral spacer can induce chir-

ality in self-assembled nanostructures. Typically, NDI bearing
TPE moieties with l- and d-alanine spacers were synthesised in

two steps: first, the preparation of l-Ala-TPE (Scheme 1), fol-

lowed by condensation of naphthalene dianhydride with l- or
d-Ala-TPE, giving 60 % of NDI-(l-Ala-TPE)2 and 58 % of NDI-(D-
Ala-TPE)2, respectively (Scheme 2. Furthermore, the self-assem-
bly behaviour of both derivatives were monitored by UV-vis

absorption and fluorescence emission and circular dichroism
(CD) spectroscopy, and supramolecular structures were imag-

ined using field emission scanning electron microscopy (SEM)
and polarized optical microscopy.

Results and Discussion

UV-vis absorption spectroscopy used to evaluate the solvent

role in the self-assembly process. NDI-(l-Ala-TPE)2 in THF gives
three typical absorption band at 345, 352 and 375 nm
(Figure 1). Furthermore, Figure 1 b shows the UV-vis absorption
changes of NDI-(l-Ala-TPE)2 in THF with varying water ratios.

Upon incremental the percentage of water content of NDI-(l-
Ala-TPE)2 solution in THF, the absorption peaks increase with

bathochromic shift band to 385 nm. Upon addition of 90 %

water in THF the absorption band (blue in color) broaden with
15 nm red-shift to 395 nm. Similar trend was also observed for

NDI bearing d-alanine (Figure S1 a). These results clearly dem-

Scheme 1. Synthetic pathway of l-Ala-TPE and D-Ala-TPE.

Scheme 2. Synthetic pathway of NDI-(l-Ala-TPE)2and NDI-(D-Ala-TPE)2.
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onstrate NDI bearing TPE with alanine spacer shows J-type ag-
gregation in THF/water mixes because of strong p–p stacking

interactions of NDI core. Furthermore, fluorescence (FL) spec-
troscopy used to demonstrate mode of aggregation in various

THF/water mixture for both the derivatives NDI-(l-Ala-TPE)2

(Figure 1 c) and NDI-(D-Ala-TPE)2 (Figure S1 b). Figure 1 c
shows the fluorescence of NDI-(l-Ala-TPE)2 in THF with strong

peaks at 410 and 438 nm (lex = 375 nm) and quantum yield of
4.3 %, however, FL intensity decreases upon increasing the

water ratio in THF. Exactly, similar trend was observed in the
case of NDI-(D-Ala-TPE)2 as shown in Figure S1 b. These results
clearly demonstrate the effect of solvent polarity on self-as-

sembly and molecular aggregation. The decrease in emission
peak intensity indicated strong p–p stacking of NDI cores lead-
ing to J-type aggregation.

Recently, Zhang et al. proposed mechanism for fluorescence

quenching of TPE-PBI derivatives with TPE substitution at
imide position.[15] Herein, we propose similar mechanism for

emission behaviour of NDI-(l-Ala-TPE)2 and NDI-(D-Ala-TPE)2

in THF:water. Our group studied the AIE behaviour of TPE-NDI
with TPE at core of NDI. TPE substitutions at the core of NDI

restricted the p–p-stacking with planar conformation of the
NDI core, which causes enhanced fluorescence emission.[10b]

Whereas, the TPE-substitution at imide of NDI exhibits aggre-
gation-caused quenching (ACQ) emission. For NDI-(l-Ala-TPE)2

and NDI-(D-Ala-TPE)2 in THF:water (fw = 90 %), the emission

peak is completely quenched upon aggregation. The fluores-
cence emission quenching may be arise due to J-aggregation

state due to p–p staking interactions between NDI cores. The
RIR mechanism of the AIE process indicates in solution TPE is

non-emissive. Chromophores NDI-(l-Ala-TPE)2 and NDI-(D-Ala-
TPE)2 are non-fluorescent in solution state upon excitation of

TPE subunit. Furthermore, in aggregate state the RIR process
brings fluorescence quenching of the dyads. The fluorescence

emission quenching phenomenon is ascribed to photo-in-
duced charge transfer (PICT) between TPE and NDI though TPE

is not strong electron donor and NDI is very good acceptor.

CD spectroscopy was used to determine whether spacer ala-
nine induces chirality in the self-assembled supramolecular

structures. Figure 1 d, clearly shows a significant Cotton effect
upon increasing the water ratio in THF/water solutions of both

stereoisomers NDI-(l-Ala-TPE)2 (dotted line) and NDI-(D-Ala-
TPE)2 (solid line) with exactly opposite handedness. CD spectra
give a isodichroic point at 348 nm zero crossing. Pure THF sol-

utions of both stereoisomers were CD inactive (Figure 1 d,
curve A and E), as expected, CD activity increases with increas-
ing water ratio due to increasing molecular self-assembly. Typi-
cally, NDI-(l-Ala-TPE)2 in THF/water (fT/W 40:60 v/v) solution,

shows significant a bisignate CD signals observed in both the
TPE and NDI absorption region, that is, negative at 310 nm

and positive at 362 nm, which is characteristic of excitonically-
coupled helical organization of the NDI-(l-Ala-TPE)2 chromo-
phores. In THF/water (fT/W 10:90 v/v) NDI-(l-Ala-TPE)2 gives

similar handed chiral CD spectrum, with decreasing peaks in-
tensity, this can be due to increase in the amorphous nature of

aggregates at this high ratio of poor solvent. Completely op-
posite bisignate CD signals observed in the case of NDI-(D-
Ala-TPE)2, that is, + ve at 310 nm and -ve at 362 nm (Fig-

ure 1 d).
Dynamic light scattering (DLS) measurements were per-

formed on NDI-(l-Ala-TPE)2 and NDI-(D-Ala-TPE)2 in various
ratios of THF/water. The DLS of NDI-(l-Ala-TPE)2 gives size dis-

tributions with average size of 614 nm in fT/W 40:60, v/v. When
increase percentage of the water in THF, a prominent peak ap-

Figure 1. (a) Structures of NDI-(l-Ala-TPE)2 and NDI-l-Ala-TPE used in this study. (b&c) UV-vis spectra and (b) Fluorescence emission spectra of NDI-(l-Ala-
TPE)2 (1 V 10@5 m) in THF and increasing water ratios (0–90 %). (d) Circular Dichroism (CD) of NDI-(l-Ala-TPE)2 (dotted line) and NDI-(D-Ala-TPE)2 (solid line)
with conc. 1 V 10@5 m in THF/water v/v ratios: A, E (in THF) and B, F (10:90); C, G (20:80 %) and D, H (40:60).
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peared at 254 nm in fT/W 20:80 v/v and 268 nm in fT/W 10:90 v/v,
as shown in ESI Figure S2. Similar DLS trend was observed for

NDI-(D-Ala-TPE)2, showing that the diameter of aggregate
structures is about 224 nm in fT/W 10:90, v/v, whereas 275 nm

in fT/W 20:80, v/v, and about 716 nm in fT/W 40:60, v/v (Fig-
ure S3). DLS analysis clearly suggested directional growth in-

creases up to fT/W about 40:60, while a different nucleation
based mechanism of aggregation appears up on increasing
the poor solvent water ratio beyond this optimum resulting in

smaller particulate aggregates for both stereoisomers.
To evaluate the mode of aggregation and nanostructures as-

sembly, SEM was used to image microstructures deposited
after solvent evaporation. NDI-(l-Ala-TPE)2 and NDI-(D-Ala-
TPE)2 microstructures were tuned under solvophobic effects of
good solvent (THF) and a poor solvent (water) mixture. Mix-

tures of THF/water with high water volumetric ratios above

80 % produced nano-spheres for both stereoisomers. Neverthe-
less, both the derivatives produce helical ribbons with 60 %

water content in THF (Figure 2, Figure S4). The twisted ribbons
obtained for both NDI-(l-Ala-TPE)2 and NDI-(D-Ala-TPE)2 from

fT/W 40:60 were below 1 mm in width and below 100 nm in
thickness. Nevertheless, NDI-(l-Ala-TPE)2 and NDI-(D-Ala-TPE)2

produced twisted ribbons with opposite directions giving un-

expected M-type and P-type helicity, respectively (see Fig-
ure 2 A and 2 C). The self-assembly of both stereoisomers re-

sulted in preferentially well-defined tens of micrometres in
length M- and P-type twisted ribbons. The SEM images in Fig-

ure 2 A (inset) shows a typical long twisted ribbon approxi-

mately 170 nm wide, 30–50 nm in thickness and twist half
period in the range of &350 nm. In some instances, the ribbon

structures hierarchically accumulate to form larger ribbon, and
in some occasions the twisted ribbons have completely un-

wound resulting in flat ribbon adhering to the silicon wafer
substrate surface. Literature search revealed that L and d-ala-

nine derivatives, LPA and DPA, in polar solvents such as aceto-
nitrile yield unexpected M and P-types of helical ribbons, re-

spectively.[16]

Our findings of helical superstructure with opposite prefer-

ential well agreement with the results reported by Wang et al.
in polar solvents.[15] Figure 2 B and D show 10–100 nm in diam-

eter microspheres were obtained from both stereoisomers in
the fT/W 20:80 v/v ratio. We believe that increasing poor solvent
that is, water content intensifies the solvophobic interactions,

limiting the directional growth during solvent evaporation, and
promoting the growth around the initial nucleation centres re-
sulting in spherical aggregates.

Optical microscopy also supports similar trend of self-assem-
bly, fibril structure in fT/W 40:60 v/v (Figure S5 A and Figure S5 C)
and particular aggregates in fT/W 20:80 v/v ratios were observed

(ESI Figure S5 B and Figure S5 D). SEM and optical images are in

good agreement with DLS analysis (Figure S2 and S2). The
crystalline properties of NDI-(l-Ala-TPE)2 and NDI-(D-Ala-TPE)2

monomer and self-assembly in THF/H2O mixture was investi-
gated by XRD patterns (Figure S6). It can be seen that NDI-(l-
Ala-TPE)2 and NDI-(D-Ala-TPE)2 are amorphous solid in the
monomer form. However, after self-assembly in THF/H2O, NDI-
(l-Ala-TPE)2 and NDI-(D-Ala-TPE)2 aggregates become crystal-

line in nature as the presence of strong diffraction peaks in
XRD patterns. The positions and shape of diffraction peaks are

in good agreement with the structures observed in SEM and
POM images.

Further, investigating the electronic structure and transitions
of NDI-(l-Ala-TPE)2 and NDI-(D-Ala-TPE)2 shows identical elec-

tronic structures and transition energies. Time dependent den-

sity functional theory (TDDFT) calculations were carried out in
vacuo using Gaussian 16 suit of programs and the B3LYP/6-

31G(d,p)//B3LYP/6-311 + G(d,p) level of theory.[17] The in vacuo
TDDFT results were processed using Gauss-Sum 3.0 program[18]

to calculate the group contributions to the HOMO and LUMO
orbitals and simulate the density of states (DOS) (Figure S7 A),

UV-vis (Figure S7 B) and CD spectra (Figure S8 A and Fig-

ure S8 B) of NDI-(l-Ala-TPE)2 and NDI-(D-Ala-TPE)2. The DOS
and CD spectra are produced by convoluting the molecular or-

bital and transitions information obtained from the Gaussian
modelling results. The pair stereoisomers gave a HOMO that is

concentrated on one of the TPE moieties, and a LUMO that is
concentrated on the NDI acceptor core of the NDI-(l-Ala-TPE)2

and NDI-(D-Ala-TPE)2 (See Figure 3). Very low oscillation
strength (f) associated with HOMO!LUMO spectroscopic exci-
tation was obtained which is in agreement with measurement.

The HOMO—LUMO gap as per simulated DOS spectra of NDI-
(l-Ala-TPE)2 and NDI-(D-Ala-TPE)2 is identical, 1.79 eV (See Fig-

ure S7 a). Although the electronic structure and electronic tran-
sitions are identical for NDI-(l-Ala-TPE)2 and NDI-(D-Ala-TPE)2,

the simulated CD spectra show opposite signals (See Fig-

ure S8A and Figure S8B) for the two stereoisomers as expected
in agreement with experimental results (see Figure 1 d).

The self-assembly of NDI-(l-Ala-TPE)2 and NDI-(D-Ala-TPE)2

is driven by solvophobic effect at higher water volumetric ratio

of 40:60 v/v ratio of THF/water solvent mixture. Both stereoiso-
mers stack via the planar NDI core driven by the quadrupole

Figure 2. SEM images of NDI-(l-Ala-TPE)2 and NDI-(D-Ala-TPE)2 deposited
from solutions in THF:H2O at 40:60 v/v (A&C) and 20:80 v/v ratios (B&D), re-
spectively.
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moment interaction between the p electron densities preferen-

tially through off centre face to face parallel stacking. But due
to the large size of the hydrophobic aromatic TPE moieties an

in-plane twisted is introduced, which amplifies in the z-direc-
tion, resulting in a helical assembly.

The chiral centres of the l- or D-Ala linking the NDI core to

the two TPE moieties determines the direction of the in-plane
twisted of stacked molecules, resulting in supramolecular chir-

ality producing M (left-handed) and P (right-handed) type hel-
icity, respectively (see Figure 4). Increasing the water ratio to

20:80 v/v THF/water did not allow for directional growth in the
z-direction, instead the aggregation starts with micellar nuclei

that grow by adding layers positioning the more hydrophilic

parts of the molecule towards the aqueous solvent environ-
ment as shown in Figure 4. The chirality of the spherical super-

structure is produced due to the same in-plane angular twists
between molecules in the concentric stacked layers directed

by the l- or D-Ala chiral centres.

Conclusions

In summary, we report the synthesis of TPE-appended NDI
using l- and d-alanine spacers (NDI-(l-Ala-TPE)2 and NDI-(D-
Ala-TPE)2) and the formation of chiral supramolecular twisted
ribbons based on solvophobic control. The amino acid induced

self-assembly to give left- and right-handed microarchitectures,
respectively. These results demonstrate that a small spacer can
induce chirality in the supramolecular structures and that the

assembly can be controlled by the proportion of used solvents.
The reported supramolecular chiral system is particularly inter-

esting, since it is based on a n-type NDI core and may offer
practical value, such as templates for helical crystallisation and
materials for optoelectronic devices.

Experimental Section

Materials

All reactions were performed under inert atmosphere. All the
chemicals were purchased from Sigma–Aldrich, Bangalore, Karnata-
ka, India and used without purification. Solvents were dried by
standard methods to use for reactions. TLC was carried out with
Merck silica gel 60-F254 plates and column chromatography was
performed over silica gel (60–120 mesh) obtained from commercial
suppliers. 1H NMR and 13C NMR spectra were recorded on a Bruker
spectrometer using CDCl3, [D6]DMSOas solvent and tetramethylsi-
lane as an internal standard. Mass and HRMS spectrometric data
were recorded by electron spray ionization (ESI) technique.

Sample preparation: A 0.2 mL of stock solution of NDI-(l-Ala-
TPE)2 and NDI-(D-Ala-TPE)2 (10@4 m) was injected into 2 mL of THF/
water with various ratios in different volumetric flasks and solution
allowed to equilibirate for additional 1 h prior to measurements.

Scanning Electron Microscopy (SEM): The cleaned silicon wafer
used for SEM measurements, firstly sample droped on silicon wafer
upon solvent evaporation and then sputter coated with gold for
10 s at 0.016 mA Ar plasma (SPI, West Chester, USA) for SEM imag-

Figure 3. Schematic representation of the self-assembly of NDI-(l-Ala-TPE)2

(left) and NDI-(D-Ala-TPE)2 (right) to from helical ribbon and nanoparticles
as a function of solvophobic effect when tuned by THF water ratio.

Figure 4. Schematic representation of the self-assembly of NDI-(l-Ala-TPE)2 (left) and NDI-(D-Ala-TPE)2 (right) to from helical ribbon and nanoparticles as a
function of solvophobic effect when tuned by THF water ratio.
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ing using a FEI Nova NanoSEM (Hillsboro, USA) operating at high
vacuum at the voltage of 15 keV.

TEM imaging: Similr to SEM, TEM images were collected upon sol-
vent evaporation on a holey carbon coated copper grid and micro-
graphs were recorded with a JEOL 1010 100 kV transmission elec-
tron microscope.

Circular dichroism: CD spectra were recorded with an AVIV 202
CD spectrometer under a nitrogen atmosphere. Experiments were
performed in a quartz cell with 1 mm path length in the range of
275–425 nm at room temperature.

Synthesis of Intermediates

Synthesis of Compound 4

To a solution of N-(tert-butoxycarbonyl)-l-alanine 2 (100 mg,
0.52 mmol) in 5 mL dry dichloromethane, EDC.HCl (120 mg,
0.62 mmol) and HOBt (95 mg, 0.62 mmol) were added. The reac-
tion mixture was stirred at room temperature under nitrogen for
30 minutes. The 4-(1,2,2-triphenylvinyl)aniline1 (184 mg,
0.52 mmol) was then added to reaction mixture. It was allowed to
stir at room temperature for 12 h under nitrogen. The progress if
reaction was monitored with TLC. After completion of reaction,
excess of water was added. The solid thus precipitated was filtered
and washed with methanol. The obtained crude product was puri-
fied by silica gel column chromatography eluting with 5 % ethyl
acetate: hexane to afford as light yellow solid 4 (180 mg, 65 %).
1H NMR (500 MHz, CDCl3): d= 8.27 (br, 1 H), 7.26–7.25 (m, 2 H),
7.10–7.07 (m, 9 H), 7.02–6.99 (m, 6 H), 6.96–6.95 (d, J = 8.6 Hz, 2 H),
4.99 (br, 1 H), 4.25 (br, 1 H), 1.44 (s, 9 H), 1.40–1.38 ppm (d, J =
7.1 Hz, 3 H). 13C NMR (100 MHz, CDCl3): d= 170.42, 155.94, 143.69,
140.77, 140.23, 139.71, 136.02, 131.95, 131.26, 126.31, 118.87, 80.67,
77.37, 50.72, 28.27, 17.54 ppm. IR (KBr): ñ= 3318, 3051, 2976, 2927,
1673, 1598, 1520, 1460, 1399, 1366, 1313, 1246, 1162, 1068, 752,
697 cm@1. ESI-MS (m/z %): 519 [M++H]+ HRMS: calculated for
C34H35N2O3Na = 541.2461, found [M++Na]+ = 541.2450.

Synthesis of Compound 5

The synthesis of compound 5 (yield:164 mg, 59 %) was achieved
by following the procedure adopted for the synthesis of com-
pound 4. 1H NMR (500 MHz, CDCl3): d= 8.27 (br, 1 H), 7.26–7.26 (m,
2 H), 7.10–7.07 (m, 9 H), 7.02–6.99 (m, 6 H), 6.96–6.95 (d, J = 8.6 Hz,
2 H), 4.99 (br, 1 H), 4.25 (br, 1 H), 1.44 (s, 9 H), 1.40–1.38 ppm (d, J =

7.1 Hz, 3 H). 13C NMR (100 MHz, CDCl3): d= 170.56, 155.99, 143.69,
140.77, 140.23, 139.71, 136.02, 131.95, 131.26, 126.31, 118.87, 80.67,
77.37, 50.72, 28.27, 17.54 ppm. IR (KBr): ñ= 3417, 3052, 1740,
1674,1603, 1528, 1439, 1404, 1378, 1318, 1218, 1110, 1056, 752,
698 cm@1. ESI-MS (m/z %):519 [M++H]+ HRMS: calculated for
C34H35N2O3 = 519.2642, found [M++H]+ = 519.2639.

Synthesis of compound l-Ala-TPE

In 2 mL of dry DCM take a 100 mg of compound 4 add 2 mL of
TFA at 0 8C, the resulting mixture was stirred for 4 h. The progress
of reaction was monitored by TLC. After completion of reaction,
the solvent was removed under vacuum afforded compound l-
Ala-TPE as pale yellow solid (60 mg, 75 %). 1H NMR (300 MHz,
DMSO-d6): d= 10.35 (s, 1 H), 8.15 (s, 1 H), 7.38–7.35 (d, J = 8.4 Hz,
2 H), 7.17–7.12, (m, 9 H), 7.01–6.93 (m, 8 H), 3.94 (s,1 H), 1.44–
1.41 ppm (d, J = 7.0 Hz, 3 H). 13C NMR (75 MHz, DMSO-d6): d=
168.06, 143.01, 140.33, 139.92, 138.78, 136.36, 131.56, 131.16,
127.79, 126.50, 126.42. 118.61, 48.94, 17.07 ppm; IR (KBr): ñ= 3426,
3260, 3054, 2926, 1675, 1602, 1539, 1510, 1441, 1308, 1249, 1204,

1138, 840, 749, 698 cm@1. ESI-MS (m/z %): 419 [M++H]+ ; HRMS: cal-
culated for C34H35N2O3 = 419.2117, found [M++H]+ = 419.2109.

Synthesis of compound D-Ala-TPE

For the synthesis of D-Ala-TPE (yield: 62 mg, 77 %), the same ex-
perimental procedure described for the preparation of l-Ala-TPE
was employed. 1H NMR (300 MHz, DMSO-d6): d= 10.33 (s, 1 H), 8.14
(s, 1 H), 7.37–7.34 (d, J = 8.4 Hz, 2 H), 7.16–7.11, (m, 9 H), 7.00–6.92
(m, 8 H), 3.92 (s,1 H), 1.42–1.40 ppm (d, J = 7.0 Hz, 3 H); 13C NMR
(75 MHz, DMSO-d6): d= 167.95, 142.88, 140.34, 140.12, 136.32,
131.56, 131.17, 127.71, 126.42. 118.61, 48.92, 19.99 ppm; ESI-MS
(m/z %): 419 [M++H]+ ; HRMS: calculated for C34H35N2O3 = 419.2117,
found [M++H]+ = 419.2109.

Synthesis of target molecules

Synthesis of compound NDI-(l-Ala-TPE)2

1,4,5,8 Naphthalene tetracarboxylic dianhydride (50 mg,
0.18 mmol) and compound l-Ala-TPE (192 mg, 0.46 mmol) were
suspended in 10 mL dry DMF. To this solution Et3N (0.1 mL) was
added and allowed to heat at 120 8C for 15 h. The completion of
reaction was monitored by TLC. After completion of reaction, the
reaction mixture was cooled to room temperature, and then
added excess of water. The precipitated solid was filtered and
washed with methanol. The obtained crude product was purified
by silica gel column chromatography eluting with 20 % ethyl ace-
tate: hexane to afford compound NDI-(l-Ala-TPE)2 as light yellow
solid (120 mg, 60 %). Polarimetric measurements: ½aA25

589 =@55.50
(c = 3.1 mg mL@1 in CHCl3) ; M.P. 342–345 8C; 1H NMR (400 MHz,
CDCl3): d= 8.73 (s, 4 H), 7.47 (br, 2 H), 7.27 (m, 4 H), 7.09–6.96 (m,
34 H), 5.84–5.79 (q, 2 H), 1.84–1.82 ppm (d, J = 7.0 Hz, 6 H). 13C NMR
(100 MHz, CDCl3): d= 166.98, 162.48, 143.65, 140.24, 135.49, 132.00,
131.27, 126.46, 119.37, 51.33, 29.68, 14.77 ppm. IR (KBr): ñ= 3385,
3077, 2929, 1708, 1669, 1588, 1524, 1524, 1449, 1373, 1250, 769,
696 cm@1. MALDI-TOF: calculated for C72H52N4O6 1068.23 found
[M]+ = 1068.24.

Synthesis of compound NDI-(D-Ala-TPE)2

The compound NDI-(D-Ala-TPE)2 (yield:116 mg, 58 %) was synthe-
sized by following the procedure adopted for the synthesis of
compound NDI-(l-Ala-TPE)2. Polarimetric measurements: ½aA25

589 = +
64.20 (c = 3.1 mg mL@1 in CHCl3) ; M.P. 342–345 8C; 1H NMR
(400 MHz, CDCl3): d= 8.74 (s, 4 H), 7.45 (br, 2 H), 7.27–7.25 (m, 4 H),
7.11–6.96 (m, 34 H), 5.85–5.80 (q, 2 H), 1.84–1.83 ppm (d, J = 7.0 Hz,
6 H). 13C NMR (100 MHz, CDCl3): d= 166.98, 162.48, 143.65, 140.24,
135.49, 132.00, 131.27, 126.46, 119.37, 51.33, 29.68, 14.77 ppm. IR
(KBr): ñ= 3380, 3077, 2925, 1708, 1669, 1588, 1524, 1524, 1449,
1373, 1250, 769, 696 cm@1. MALDI-TOF: calculated for C72H52N4O6

1068.23 found [M]+ = 1068.57.
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