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Abstract

Four indolone-3-aminopropenylidene merocyanine dimers and a reference a-indolonyl-y-amino merocyanine
are readily synthesized in a consecutive multicomponent insertion-alkynylation-addition sequence in a one-
pot fashion. The rotational barriers of the terminal amino moieties were estimated by variable temperature
NMR measurements and the observed coalescence at room temperature to lie in the same margin as for -
pyrrolidinyl enoates. While the mono merocyanine, chosen as a reference, displays the expected 1300 fold
increase in emission intensity upon induced aggregation, the merocyanine dimers, although intense in their
absorption behavior and redshifted in their emission maxima, only show a 50-60 fold fluorescence increase.
The considerable attenuation of emission of the merocyanine dimers in the amorphous solid state supports
the finding that unimolecular symmetrical merocyanine dimers of this type are not intensive AIE systems.
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Introduction

Merocyanines,’® neutral polyenes with terminal +M-donor and —M-acceptor substituents, are highly
polarizable m-electron systems with high extinction coefficients that have found application as chromophores
in optoelectronics, 71° organic semiconductors,!! and photovoltaics.!? In addition, the self-assembly of
merocyanines in solution represents an elegant approach to nanoscale objects and supramolecular
materials.’>** The classical synthesis of merocyanines, as for many polymethine dyes, is governed by
conventional aldol or Knoevenagel condensations.” > In recent years, chromophores, fluorophores and
electrophores!®29 with heterocyclic scaffolds have become readily accessible by application of the concepts of
multicomponent reactions (MCRs)?1?4 and domino processes.?>2¢ In particular, MCR by catalytic generation of
alkynoyl intermediates?’ turned out to be an excellent access to fluorophores in a modular one-pot fashion.?®
Among fluorescent chromophores, molecules that are nonluminescent in solution but emissive in the solid
state, are particularly interesting for materials applications. Indeed, this unusual behavior is strongly
correlated with molecular aggregation and, therefore, has been called aggregation-induced emission (AIE), a
term coined by Tang and coworkers.?®32 Mechanistic aspects of this "light-up upon aggregation" are still under
debate. Due to their highly polar nature, merocyanines are predestined for aggregation® and also for AIE
phenomena. Indeed, MCR can be well employed for developing modular one-pot syntheses of solid-state
emissive merocyanines with AIE properties.333% In recent years, we have developed three-component
syntheses of indolone-based merocyanines, i.e. a-indolonyl-m-amino systems 1, 2, and 3 (Figure 1),3>38 based
upon consecutive one-pot insertion-alkynylation-addition sequences.3® Particularly interesting are
merocyanines 1 and 2, which not only show intense solid state fluorescence upon UV excitation, but also
distinct AIE characteristics, which have been studied in detail for merocyanines 1 with 3-piperazinyl donors.3’
These peculiar donor functionalities also enabled the conceptual extension to four-component insertion-
alkynylation-addition-Suzuki syntheses of white-light emissive bichromophores operated by aggregation-
induced dual emission.*°

X
1 2 3
37 examples (10-99%) 5 examples (81-93%) 8 examples (78-98%)

Figure 1. a-Indolonyl-w-amino merocyanines 1, 2, and 3 synthesized by consecutive three-component
insertion-alkynylation-addition sequences.

Inspired by dipole-dipole-induced self-organization of merocyanines'*!* to dimers and of merocyanine
dimers®*> to ordered aggregates, we reasoned that homo-bichromophores of a-indolonyl-m-amino
merocyanines could be interesting models for exploring induced aggregation of merocyanines 1 and ultimately
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their fluorescence light up. Herein, we report the synthesis and the AIE behavior of a selected homo-
bichromophore.

Results and Discussion

Based upon our previous protocols for the synthesis of 3-piperazinyl propenylidene indolones®’ and starting
from N-tosyl 3-phenyl propynoyl ortho-bromo anilide (4), and 1-ethynyl-4-methoxybenzene (5a), and N-
benzylhexan-1-amine (6) the reference 3-amino propenylidene indolone 1a was obtained in 30% yield after
chromatography on silica gel (Scheme 1).

2 mol% Pd(PPhs),Cl,, 4 mol% Cul
Br | | NEt, (1.05 equivs)
C[ + }QOMe MeCN, 50 °C, 17 h
"hexyl~
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Scheme 1. Three-component synthesis of model merocyanine 1a.

Likewise, homo-bichromophores 8 were prepared by insertion-alkynylation-addition sequence starting
from N-tosyl 3-phenyl propynoyl ortho-bromo anilide (4), and aryl alkyne 5, and N,N'-(1,4-
phenylenebis(methylene))dialkanamines 7 in a 2:2:1 ratio in the sense of a consecutive pseudo five-
component reaction. The title compounds 8 were obtained in 21-32% yield after chromatography on silica gel
(Scheme 2). Taking into account that six new bonds are formed in a one-pot fashion, the average yield per
bond forming step amounts to 77-83%.

The molecular structures of reference chromophore 1a and bichromophores 8 were assigned by *H and
13C NMR spectroscopy and mass spectrometry. As anticipated, for the bichromophores 8 a reduced set of
signals is observed, in accordance with the molecular symmetry. Furthermore, it can be deduced as for
previously reported o-indolonyl-m-amino merocyanines 1, that only a single diastereomer is formed.3®

The rotational barrier of the merocyanine C-N-bond can be estimated from the coalescence
temperature of the methylene protons adjacent to the nitrogen atom, of both the hexyl chain and the benzyl
group. From room temperature proton NMR spectra (see Supporting Information) it can be estimated that the
coalescence temperature T, apparently is around room temperature (293 K) for the reference system 1a and
the three consanguineous bichromophores 8a, 8b, and 8c. Upon increasing the temperature to 323 K, two
signals at 03.15-3.23 and 04.28-4.44 evolve for the N-methylene protons of the hexyl side-chain and the
benzylic protons. Lowering the temperature to 263 K causes a resolution into two sets of diastereotopic
signals for these protons. These pairs of signals merge at the coalescence temperature T.. The rate constant
for the internal dynamic process, i.e. the C-N-bond rotation, is described for both signals by equation (1).

V3
kTC =7z |va — vl (1)
v =frequency in Hz.
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Insertion of equation (1) into the Eyring equation, and rearranging, gives the free enthalpy of activation
AG” (equation (2)) for the examined process.

2 mol% Pd(PPhs),Cl,, 4 mol% Cul

Br | | NEt; (1.05 equivs)
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Scheme 2. Consecutive pseudo five-component synthesis of homo-bichromophores 8 by insertion-
alkynylation-addition sequence.

RT?2

mNa-hlva—vp|

AG* = RT, - In (2)

R = gas constant, T, = coalescence temperature in K.
Insertion of constants in equation (2) finally gives AG* as function of T. and Av (equation (3)).
AG* =19.1-1073-T.(9.97 + log T, — log|v, — v5|) (3)

For a coalescence temperature T. of 293 K (20 °C) and the frequency differences Av the rotational
barriers of the merocyanine C-N-bonds are estimated from AG” (Table 1).

Page 56 ©AUTHOR(S)



Arkivoc 2021, iii, 53-66 Elsner, A. L. et al.

Table 1. Rotational barriers of the merocyanine C-N-bonds AG*(293 K) at a coalescence temperature T, =293 K
of reference system 1la and the three consanguineous bichromophores 8a, 8b, and 8c and the resolved
diastereotopic sets of N-methylene and N-benzyl protons determined at 263 K from the proton NMR spectra

Compound Ooa— OB vy — vg| [Hz] AG*(293 K) [kJ/mol]
1a (N-methylene) 3.42-2.82=0.6 360 55.3
1a (N-benzyl) 4.72-4.08=0.64 384 55.1
8a (N-methylene) 3.46-2.84=0.62 372 55.2
8a (N-benzyl) 478 -4.04=0.74 444 54.8
8b (N-methylene) 3.44 -2.88 =0.56 336 55.5
8b (N-benzyl) 4.77-4.10=0.67 402 55.0
8c (N-methylene) 3.55-2.90=0.65 390 55.1
8c (N-benzyl) 4.60-4.04=0.56 336 55.5

The average of the free enthalpy of activation AG* can be determined for the merocyanines 1a and 8a,
8b, and 8c in a narrow range of 55.2+0.2 kJ/mol. This rational barrier is relatively low and lies at a comparable
magnitude as recently determined for ethyl B-pyrrolidino enoates.®

The reference chromophore 1a is an orange solid that luminesces under a hand-held UV lamp, in
agreement with the photophysical behavior of many other a-indolonyl-y-amino merocyanines 1.3°38 As
previously shown for merocyanines 1 with 3-piperazinyl donors,3” we first recorded the UV/vis spectrum of
reference chromophore 1a (Figure 1), showing an intense merocyanine typical broad absorption band at
490 nm with an absorption coefficient of 43500 L-mol*-cm™. The AIE measurements in 1,4-dioxane/water
mixtures with increasing water fraction produce an emission signal upon inducing aggregation that is visible to
the naked eye (Figure 2) and reaches a maximum of 568 nm at a water fraction of 80% (Figure 3).
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Flgure 2. Absorption spectrum of compound 1a in dichloromethane (recorded at T =298 K, c(1a) = 10 m).
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Figure 3. Emission spectra of compound 1a in 1,4-dioxane/water mixtures upon increasing water content (top,
left) and intensity as a function of the water fraction of the 1,4-dioxane/water mixtures content (top, right)
(recorded at T=298 K, c(1a) = 10% M, Aexc(1a) = 490 nm) and visual impression of the AIE (bottom) upon
excitation with a handheld UV-lamp (Aexc = 365 nm).

As would be expected, the homo-bichromophores 8 display superimposing UV/vis spectra in
dichloromethane with broad intense longest wavelength absorption maxima Amax at 490-491 nm with
absorption coefficients of 74600 (8b), 73300 (8c) and 63300 L-mol*-cm™ (8d) (Figure 4), indicating that despite
variation of substituents R! and R?, the chromophore is essentially the same and that in the electronic ground
state, reflected by UV/vis absorptions, the two constituting merocyanine moieties are essentially electronically

decoupled.
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Figure 4. Absorption spectra of compounds 8b (green), 8c (red) and 8d (black) in dichloromethane (recorded
at T=298K, ¢(8) = 105 m).
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In place of homo-bichromophores 8 the AIE measurements were performed for bichromophore 8d
(Figure 5, however, in two polarity opposing solvent mixtures, i.e. 1,4-dioxane/water mixtures with increasing
content of water (Figure 5, left) and dichloromethane/cyclohexane mixtures with increasing content of
cyclohexane (Figure 5, right). While the former produce a 60-fold increase of the emission signal upon
inducing aggregation with a maximum at 613 nm at a water fraction of 80% (Figure 4, left, bottom), the latter
leads to a 50-fold emission increase of the band at 597 nm for a 95% fraction of cyclohexane (Figure 4, right,
bottom). In comparison to the reference chromophore 1a the AIE of bichromophore 8d clearly redshifted in
both solvent mixtures, indicating that the intramolecular merocyanine-merocyanine interaction obviously
causes a lowering in the excited state energies in the bichromophore aggregates. However, in comparison to
the reference chromophore 1a (1300-fold) the AIE enhancement of bichromophore 8d in both solvent systems
is with 50- to 60-fold significantly lower. Therefore, it can be assumed that the anti-parallel molecular
orientation of the merocyanine units in the aggregates of bichromophore 8d largely overcompensates for the
AIE effect gained in the monochromophore system 1a. This effect is also visible to the naked eye for the
amorphous powders under a handheld UV lamp (Figure 6). While merocyanine 1a brightly shines upon UV
excitation, homo-bichromophore 8d is only very weakly emissive.
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Figure 5. Emission spectra of compound 8d in 1,4-dioxane/water mixtures (top, left) and
dichloromethane/cyclohexane mixtures (top, right) upon increasing content of water and cyclohexane,
respectively. Emission intensity as a function of the water fraction of the 1,4-dioxane/water mixtures (bottom,
left) and as a function of the cyclohexane fraction of the dichloromethane/cyclohexane mixtures (bottom,
right) (recorded at T= 298 K, ¢(8d) = 10* M, Aexc (8d) = 490 nm).
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Figure 6. Amorphous powders of merocyanine 1a and homo-bichromophore 8d on a microscope slide under
daylight (top) and under UV light upon excitation with a handheld UV-lamp (Aexc = 365 nm) (bottom).

Conclusions

The synthetic one-pot insertion-alkynylation-addition concept of the three-component synthesis of a-
indolonyl-y-amino merocyanines can be readily expanded to the formation of merocyanine dimers in the
sense of a pseudo-five-component fashion. While the absorption characteristics of these homo-
bichromophores behave essentially in an additive manner, as expected for non-interacting
multichromophores in the electronic ground state, the excited state behavior deviates significantly from the
reference monomerocyanine. While the latter displays a significant enhancement of emission upon induced
aggregation in solvent mixtures, the model homo-bichromophore only reveals a very modest increase of
emission, although with distinct redshift. This indicates that the monomerocyanine typical gain of fluorescence
in the series of a-indolonyl-y-amino merocyanines is significantly attenuated as a consequence of a potential
symmetrical anti-parallel alignment of the merocyanines upon aggregation. This finding also holds true in the
solid state, as supported by comparison of reference monomerocyanine with homo-bichromophore under the
handheld UV lamp. As a consequence, for the design of unimolecular multichromophore AIE systems, either
breaking the structural or electronic symmetry might give a trade-off. Just very recently we could show that a-
indolonyl-y-amino merocyanines are well-suited for designing donor-acceptor bichromophores showing
aggregation induced dual emission (AIDE) operated by partial energy transfer.®® Further studies to enhance
multichromophore AIE by donor-acceptor patterns are currently under investigation.

Experimental Section

(E)-3-((E)-3-(Benzyl(hexyl)amino)-3-(4-methoxyphenyl)-1-phenylallylidene)-1-tosylindolin-2-one (1a). In an
oven-dried Schlenk tube with magnetic stir bar, Pd(PPh3),Cl, (6.79 mg, 0.01 mmol, 2 mol%) and Cul (3.70 mg,
0.02 mmol, 4 mol%) were placed under nitrogen and dry acetonitrile (3 mL) was added. Amide 4 (227 mg, 0.50
mmol) was added to the suspension, which dissolved at 50 °C (oil bath) after 4 min. After cooling to room
temp dry triethylamine (52.9 mg, 0.52 mmol) was added and the mixture was stirred at rt for 20 min. Then, 1-
ethynyl-4-methoxybenzene (5a) (73.0 mg, 0.55 mmol) was added to the reaction mixture and stirring at rt was
continued for 10 min before the mixture was heated at 50 °C (oil bath) for 17 h. After cooling to rt, N-benzyl
hexan-1-amine (6) (191 mg, 1.00 mmol) was added and the reaction mixture was stirred at 80 °C (oil bath) for
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24 h. After cooling to rt, CH,Cl; (10 mL) was added and the organic phase was extracted with saturated aq
NH4Cl solution (10 mL). The aq layer was extracted with CH,Cl; (3 x 10 mL). The combined organic layers were
washed with brine (20 mL), dried (anhydrous MgSQa) and the organic solvents were removed under reduced
pressure. The residue was adsorbed on Celite® and purified by flash chromatography on silica gel (n-
hexane/Me,CO, 15:1) and after crystallization from hexane/Me,CO, compound 1a (107 mg, 31%) was isolated
as an orange fluorescent solid, mp 118 °C, Rf (n-hexane/EtOAc, 6:1) = 0.38.

IH NMR (600 MHz, CDCls, T =293 K), 5= 0.86 (t, 3/ = 6.4 Hz, 3 H), 1.24-1.35 (m, 6 H), 1.58-1.60 (m, 1 H), 2.42
(s, 3 H), 3.29 (m, 1 H), 3.69 (s, 3 H), 5.28 (d, 3/ = 8.0 Hz, 1 H), 6.42 (d, 3/ = 8.3 Hz, 1 H), 6.49 (t, 3/ = 7.7 Hz, 1 H),
6.63 (s, 1 H), 6.73 (d, 3/ = 8.2 Hz, 2 H), 6.90 (d, 3/ = 7.6 Hz, 1 H), 6.95 (d, 3/ = 7.6 Hz, 2 H), 7.02 (d, 3/ = 7.4 Hz, 2
H), 7.19 (m, 2 H), 7.26-7.34 (m, 5 H), 7.59 (m, 1 H), 7.87 (d, 3/ = 8.2 Hz, 2 H), 8.05 (d, 3/ = 8.2 Hz, 2 H).? 13C NMR
(150 MHz, CDCl3) & = 14.2 (CHs), 21.8 (CHs), 22.7 (CHa), 26.62 (CH3), 26.63 (CH2), 31.5 (CH>), 54.7 (CH,), 55.4
(CHs), 109.2 (CH), 112.4 (CH), 113.4 (CH), 120.6 (CH), 122.8 (CH), 124.4 (CH), 126.7 (CH), 127.2 (Cquat), 127.6
(CH), 127.8 (CH), 128.0 (CH), 128.8 (CH), 129.1 (Cquat), 129.5 (CH), 130.4 (Cquat), 131.4 (CH), 135.0 (CH), 137.0
(CH), 137.4 (Cquat), 140.5 (Cquat), 144.4 (Cquat), 159.6 (Cquat), 159.7 (Cquat), 164.5 (Cquat), 165.6 (Cquat).? MALDI-
TOF: m/z = 697.3 [M — H]*, 543.3 [M—Tos]*. IR (neat): ¥ [cm] = 2957 (w), 2924 (w), 2859 (w), 1659 (m), 1611
(w), 1595 (w), 1503 (m), 1491 (w), 1470 (m), 1452 (w), 1433 (w), 1389 (w), 1369 (w), 1341 (m), 1321 (w), 1292
(m), 1248 (m), 1223 (w), 1190 (m), 1165 (m), 1144 (w), 1119 (w), 1067 (s), 1047 (w), 1026 (m), 999 (m), 959
(m), 935 (w), 916 (m), 901 (m), 876 (m), 827 (m), 808 (m), 777 (m), 762 (m), 743 (s), 712 (w), 689 (m). Anal.
calcd. for CasaHaaN204S (696.9): C 75.83, H 6.36, N 4.02, S 4.60; Found: C 76.10, H 6.51, N 3.87, S 4.36. UV/Vis:
Amax [nm] (& [L-molt-cm™]) = 489.5 (43500).

General procedure (GP) for the pseudo five-component synthesis of merocyanine dimers 8. In an oven-dried
Schlenk tube with magnetic stir bar, Pd(PPhs)2Cl, (7.0 mg, 10 umol, 2 mol%) and Cul (3.8 mg, 20 umol, 4 mol%)
were placed under N, and dry MeCN (3 mL) was added. Amide 4 (227 mg, 0.50 mmol) was added to the
suspension, which dissolved at 50 °C (oil bath) after 4 min. After cooling to rt, alkyne 5 (0.55 mmol) and dry
EtsN (52.9 mg, 0.52 mmol) were added to the reaction mixture, which turned from yellow to brown (for
experimental details, see Table 2). Then the mixture was heated at 50 °C (oil bath) for 16-18 h. After cooling to
rt, compound 7 (0.23 mmol) was added and the reaction mixture turned red. The reaction mixture was stirred
at 80 °C (oil bath) for 22-24 h and the product precipitated from solution. After cooling to rt, CH,Cl; (20 mL)
was added and the organic phase was extracted with saturated aq NH4Cl solution (15 mL). The aqg layer was
extracted with CHCl, (3 x 10 mL). The combined organic layers were washed with brine (20 mL), dried
(anhydrous MgS04) and the organic solvents were removed under reduced pressure. The residue was
adsorbed on Celite® and purified by flash chromatography on silica gel (n-hexane/MeCO). For removing
solvent inclusions, the purified products were dissolved in a minimum of CHCl,, n-hexane was added to the
solution for precipitation and placed in the ultrasound bath for 10 min. After decantation the residual solvents
were removed under reduced pressure and the pure products 8 were obtained as orange to red solids.

Table 2. Experimental details of the pseudo-five-component synthesis of merocyanine dimers 8

Entry Alkyne 5 Diamine 7 Merocyanine dimer 8
1 56.3 mg (0.55 mmol) of 5b 68.7 mg (0.23 mmol) of 7a 73.5 mg (26%) of 8a
2 64.1 mg (0.55 mmol) of 5¢ 68.6 mg (0.23 mmol) of 7a 61.8 mg (21%) of 8b
3 73.0 mg (0.55 mmol) of 5a 68.1 mg (0.22 mmol) of 7a 95.1 mg (32%) of 8¢
4 73.1 mg (0.55 mmol) of 5a 49.1 mg (0.22 mmol) of 7b 78.7 mg (28%) of 8d
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(3E,3'E)-3,3'-((2E,2'E)-((1,4-Phenylenebis(methylene))bis(hexylazanediyl))bis(1,3-diphenylprop-2-en-3-yl-1-
ylidene))bis(1-tosylindolin-2-one) (8a). According to the GP and after chromatography on silica gel (n-
hexane/Me,CO, 15:1 to 10:1), precipitation from CH,Cl>/n-hexane and ultrasonication compound 8a (73.5 mg,
26%) was isolated as an orange solid, mp 219 °C, Rf (n-hexane/Me,CO, 3:1) = 0.18.
IH NMR (600 MHz, CDCls, T = 293 K), 5= 0.75-0.89 (m, 6 H), 1.17-1.28 (m, 12 H), 1.57 (m, 4 H), 2.40 (s, 6 H),
5.25(d, 3/ = 7.9 Hz, 2 H), 6.48 (t, 3/ = 7.7 Hz, 2 H), 6.61 (s, 2 H), 6.80 (m, 4 H), 6.87—6.94 (m, 10 H), 6.96-7.00 (m,
6 H), 7.15 (m, 4 H), 7.29 (m, 4 H), 7.62 (m, 2 H), 7.86 (m, 2 H), 8.05 (d, 3/ = 8.0 Hz, 4 H).c 13C NMR (150 MHz,
CDCl3) § = 14.0 (CHs), 21.7 (CHs), 22.5 (CHa), 26.45 (CHa), 26.47 (CH2), 31.35 (CH,), 31.43 (CH,), 54.2 (CHa),
109.5 (Cquat), 112.3 (CH), 120.6 (CH), 122.7 (CH), 124.5 (CH), 126.4 (Cquat), 127.2 (CH), 127.5 (CH), 127.7 (CH),
127.8 (CH), 128.0 (CH), 128.9 (CH), 129.4 (CH), 129.9 (CH), 134.9 (Cquat), 136.1 (Cquat), 136.2 (Cquat), 136.8 (Cquat),
140.0 (Cquat), 144.4 (Cquat), 159.1 (Cquat), 164.0 (Cquat), 165.5 (Cquat)." MALDI-TOF: m/z = 1257.56 [M + 2 H]*,
1255.58 [M + H]*, 1101.54 [M + 2 H — Tos]*, 679.32 [CasH3N203S]*. IR (neat): ¥[cm™] = 2926 (w), 2855 (w),
1682 (m), 1597 (m), 1506 (s), 1487 (s), 1456 (m), 1435 (w), 1418 (m), 1364 (m), 1346 (m), 1319 (m), 1296 (m),
1242 (m), 1227 (w), 1200 (m), 1157 (s), 1119 (w), 1092 (w), 1070 (s), 1043 (w), 1001 (m), 995 (w), 962 (m), 934
(m), 920 (w), 908 (w), 885 (w), 814 (m), 766 (m), 741 (m), 733 (m), 713 (w), 700 (m), 689 (m), 658 (M), 644 (m),
623 (w), 611 (m). HRMS (ESI) m/z (%) calcd. for [CsoH7sN4OsS> + H]*: 1255.5436 (100), 1256.5469 (87),
1257.5394 (9), 1257.5503 (37), 1258.5427 (8), 1258.5536 (10), 1259.5461 (2); Found: 1254.5303 (13),°
1255.5421 (100), 1256.5455 (80), 1257.5469 (40), 1258.5475 (17), 1259.5485 (7).
(3E,3'E)-3,3'-((2E,2'E)-((1,4-Phenylenebis(methylene))bis(hexylazanediyl))bis(1-phenyl-3-(p-tolyl)prop-2-en-
3-yl-1-ylidene))bis(1-tosylindolin-2-one) (8b). According to the GP and after chromatography on silica gel (n-
hexane/Me,CO, 12:1 to 10:1), precipitation from CH,Cl,/n-hexane and ultrasonication compound 8b (61.8 mg,
21%) was isolated as a red orange solid, mp 222 °C, Rf (n-hexane/Me,CO, 3:1) = 0.27.
IH NMR (600 MHz, CDCls, T = 293 K), & = 0.83-0.88 (m, 6 H), 1.12-1.34 (m, 12 H), 1.57 (s, 4 H), 2.15 (s, 6 H),
2.40 (s, 6 H), 5.24 (d, 3/ = 7.9 Hz, 2 H), 6.48 (t, 3/ = 7.7, Hz, 2 H), 6.67—6.69 (m, 8 H), 6.90 (m, 6 H), 7.00-7.01 (m,
4 H), 7.26-7.29 (m, 10 H), 7.62-7.72 (m, 2 H), 7.86 (m, 2 H), 8.04 (d, 3/ = 8.5 Hz, 4 H).f 3C NMR (150 MHz,
CDCl3) &= 14.2 (CHs), 21.3 (CHs), 21.8 (CH3), 22.7 (CH>), 26.6 (CH2), 31.49 (CH3), 31.53 (CH,), 31.58 (CH,), 31.6
(CH2), 109.2 (Cquat), 112.4 (CH), 120.7 (CH), 122.8 (CH), 124.4 (CH), 126.7 (Cquat), 127.0 (CH), 127.2 (CH), 127.96
(CH), 128.0 (CH), 128.5 (CH), 128.4 (CH), 129.1 (CH), 129.5 (Cquat), 130.4 (Cquat), 135.0 (Cquat), 137.0 (Cquat), 138.3
(Cquat), 140.3 (Cquat), 144.5 (Cquat), 159.6 (Cquat), 164.8 (Cquat), 165.7 (Cquat).¢ MALDI-TOF: m/z = 1283.63 [M + H]*,
1129.62 [M + 2H — Tos]*, 693.38 [CasHasN20sS]*. IR (neat), # [cm™] = 2953 (w), 2920 (w), 2851 (w), 1692 (m),
1597 (w), 1501 (s), 1491 (m), 1452 (m), 1431 (w), 1414 (m), 1362 (m), 1344 (m), 1319 (m), 1296 (m), 1279 (w),
1242 (m), 1198 (m), 1159 (m), 1117 (w), 1092 (w), 1065 (s), 1042 (m), 1018 (m), 993 (m), 976 (w), 959 (m), 945
(w), 624 (m), 905 (m), 812 (m), 799 (m), 777 (m), 735 (m), 687 (s), 664 (s), 640 (m), 613 (m). Anal. calcd. for
Cs2Hs2N406S2 (1284.7): C76.72, H 6.44, N 4.36, S 4.99; Found: C 76.55, H 6.45, N 4.18, S 4.70. UV/Vis: Amax [nm]
(¢ [L-mol*t-cm™]) = 490.1 (74600).
(3E,3'E)-3,3'-((2E,2'E)-((1,4-Phenylenebis(methylene))bis(hexylazanediyl))bis(3-(4-methoxyphenyl)-1-
phenylprop-2-en-3-yl-1-ylidene))bis(1-tosylindolin-2-one) (8c). According to the GP and after
chromatography on silica gel (n-hexane/Me>CO, 5:1 to 3:1 + 3% NEt3), precipitation from CH;Cl>/n-hexane and
ultrasonication compound 8c (95.1 mg, 32%) was isolated as a red solid, mp 199 °C, Rf (n-hexane/Me,CO 3:1) =
0.22.
IH NMR (600 MHz, CDCls, T = 293 K), 5= 0.82—0.90 (m, 6 H), 1.05-1.36 (m, 12 H), 1.50-1.77 (m, 4 H), 2.40 (s, 6
H), 3.67 (s, 6 H), 5.28 (d, 3/ = 8.0 Hz, 2 H), 6.42 (d, 3J = 8.1 Hz, 4 H), 6.46—6.53 (m, 2 H), 6.63 (s, 4 H), 6.70-6.78
(m, 4 H), 6.88-7.03 (m, 8 H), 7.08—7.22 (m, 4 H), 7.28 (d, 3/ = 8.4 Hz, 4 H), 7.58 (s, 2 H), 7.86 (d, 3/ = 8.1 Hz, 2 H),
8.01-8.09 (m, 4 H)." 13C NMR (150 MHz, CDCl3) § = 14.0 (CHs), 21.6 (CHs), 22.3 (CH2), 22.4 (CH2), 22.5 (CHa),
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26.3 (CH,), 31.3 (CHa), 55.2 (CHs), 109.1 (Cquat), 112.2 (CH), 113.2 (CH), 120.4 (CH), 122.6 (CH), 124.3 (CH),
126.5 (Cquat), 127.1 (CH), 127.7 (CH), 127.9 (CH), 128.4 (Cquat), 128.9 (CH), 129.3 (CH), 131.3 (CH), 134.8 (Cquat),
136.5 (Cquat), 136.8 (Cquat), 140.2 (Cquat), 144.3 (Cquat), 159.5 (Cquat), 164.3 (Cquat), 165.5 (Cquat).! MALDI-TOF: m/z
=1315.59 [M + H]*, 1313.57 [M — H]*, 1161.57 [C7sH77N406S]*, 352.43 [C24H13sNO]*. IR (neat), ¥ [cm™] = 3040
(w), 2990 (w), 2961 (w), 2924 (w), 2901 (w), 2886 (w), 2866 (w), 1684 (m), 1609 (w), 1595 (w), 1545 (w), 1499
(s), 1485 (m), 1458 (w), 1441 (m), 1416 (m), 1379 (w), 1364 (m), 1341 (w), 1317 (w), 1294 (m), 1281 (w), 1246
(m), 1242 (w), 1227 (w), 1202 (m), 1175 (m), 1161 (m), 1115 (w), 1067 (s), 1042 (w), 1028 (w), 993 (w), 964
(w), 937 (m), 907 (w), 887 (w), 831 (m), 804 (m), 787 (w), 775 (w), 737 (m), 704 (m), 687 (m), 660 (m), 642 (m).
HRMS (ESI) calcd. for [Cs2Hs2N4OsS; + H]*: 1315.5647; Found: 1315.5634. UV/Vis: Amax [nm] (& [L-molt-cm™]) =
490.5 (73300).
(3E,3'E)-3,3'-((2E,2'E)-((1,4-Phenylenebis(methylene))bis(isopropylazanediyl))bis(3-(4-methoxyphenyl)-1-
phenylprop-2-en-3-yl-1-ylidene))bis(1-tosylindolin-2-one) (8d). According to the GP and after
chromatography on silica gel (n-hexane/Me,CO, 20:1 to 8:1), precipitation from CHCl,/n-hexane and
ultrasonication compound 8d (78.7 mg, 28%) was isolated as a red solid, mp 267 °C, Rs (n-hexane/Me,CO, 2:1)
=0.43.

1H NMR (600 MHz, CDCls, T =293 K), 5=1.12 (d, 3/ = 6.6 Hz, 12 H), 1.26 (s, 2 H), 2.43 (s, 6 H), 3.67 (s, 6 H), 4.56
(br, 4 H), 5.25 (d, 3/ = 7.9 Hz, 2 H), 6.27 (s, 4 H), 6.42 (t, 3/ = 7.2 Hz, 6 H), 6.68-6.81 (m, 8 H), 6.81-6.91 (m, 4 H),
7.27-7.42 (m, 10 H), 7.82 (d, 3/ = 8.2 Hz, 2 H), 8.01-8.12 (m, 4 H). 3C NMR (150 MHz, CDCl3) 6 = 19.0 (CHs),
21.2 (CHs), 22.0 (CH), 55.6 (CH3), 67.5 (CH2), 100.3 (Cquat), 112.6 (CH), 113.7 (CH), 120.9 (CH), 123.0 (CH), 124.7
(CH), 126.7 (Cquat), 127.37 (CH), 127.42 (CH), 128.06 (CH), 128.10 (CH), 129.2 (CH), 129.9 (CH), 130.6 (Cquat),
131.35 (CH), 131.40 (Cquat), 135.2 (Cquat), 137.2 (Cquat), 140.5 (Cquat), 144.8 (Cquat), 147.1 (Cquat), 160.1 (Cquat),
165.8 (Cquat).) MALDI-TOF: m/z = 1247.48 [M + O]*, 1231.48 [M + H]*, 1077.47 [M + 2H — Tos]*, 876.38
[Cs4Hs6N306S]*, 742.35 [CasHasN30sS]*, 667.29 [Ca2H39N204S] . IR (neat), ¥ [ecm™] = 1682 (m), 1609 (m), 1597
(m), 1485 (m), 1456 (m), 1445 (w), 1422 (w), 1418 (w), 1383 (w), 1358 (m), 1296 (m), 1267 (s), 1246 (s), 1204
(w), 1167 (s), 1125 (m), 1111 (w), 1094 (w), 1067 (s), 1043 (m), 1026 (w), 1018 (m), 997 (m), 976 (w), 962 (m),
934 (w), 912 (w), 905 (w), 845 (w), 829 (s), 814 (w), 800 (w), 777 (m), 741 (m), 733 (w), 714 (w), 704 (m), 689
(m), 664 (m). HRMS (ESI) calcd. for [C76H70N4OsS2 + H]*: 1231.4708 (100), 1232.4741 (82), 1233.4666 (9),
1233.4775 (33), 1234.4699 (7), 1234.4808 (9), 1235.4733 (3); Found: 1230.4573 (15),% 1231.4688 (100),
1232.4723 (81), 1233.4734 (42), 1234.4744 (15), 1235.4753 (4). UV/Vis: Amex [nm] (& [L-molt-cm™]) = 488.7
(63300).

a The two methylene groups adjacent to the amino nitrogen atom coalesce; at 323 K two broad signals at §3.16 and 4.32
form, at 263 K the methylene protons resolve into four diastereotopic signals at 62.82 and 3.42, and 6 4.08 and 4.72.

b A methylene and two quaternary signals superimpose with other signals.

¢The two methylene groups of adjacent to the amino nitrogen atom coalesce; at 323 K two broad signals at 6 3.15 and
4.28 form, at 263 K the methylene protons resolve into four diastereotopic signals at 62.84 and 3.46, and 6 4.04 and 4.78.
d Two methine signals superimpose with other signals.

e Corresponds to [M]* calcd. m/z = 1254.5363.

fThe two methylene groups of adjacent to the amino nitrogen atom coalesce; at 323 K two broad signals at §3.16 and
4.44 form, at 263 K the methylene protons resolve into four diastereotopic signals at 62.88 and 3.44, and 64.10 and 4.77.
9 Two methine signals superimpose with other signals

hThe two methylene groups of adjacent to the amino nitrogen atom coalesce; at 323 K two broad signals at § 3.23 and
4.32 form, at 263 K the methylene protons resolve into four diastereotopic signals at 62.90 and 3.55, and ¢4.04 and 4.60.
 One methylene, two methine and a quaternary signals superimpose with other signals.

i One methine signal and one quaternary signal superimpose with other signals.

k Corresponds to [M]* calcd. m/z = 1230.4630.
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