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Abstract: Donor-acceptor-dyes with extended conjugation, such as D-—A-m-D type, are being in-
tensively investigated as components of near-infrared (NIR) organic light-emitting diodes (OLEDs). In
this communication, novel D--A-m-D dye, 4,4'~([1,2,5]thiadiazolo[3,4-d]pyridazine-4,7-diyl)bis(N,N-
bis(4-methoxyphenyl)aniline), was synthesized by Stille cross-coupling reaction of 4,7-dibromo-
[1,2,5]thiadiazolo[3,4-d]pyridazine. The structure of newly synthesized compounds was established
by elemental analysis, high-resolution mass-spectrometry, 'H, '*C NMR, IR, and UV spectroscopy.
The photophysical properties of the title compound were studied.

Keywords: donor-acceptor molecules; [1,2,5]thiadiazolo[3,4-d]pyridazines; Stille cross-coupling
reaction; luminescent properties

1. Introduction

In recent years, interest in organic light-emitting diodes (OLEDs) has increased due to
their wide applications in various fields of modern technologies. An exceptional position
among OLEDs is occupied by luminophores emitting in the near-infrared region, which are
used in optical communication [1], night vision devices and sensors [2,3], (bio-)analytical
sensors and bio-imaging applications [4,5], and in Li-Fi technologies [6]. When devel-
oping these materials, it is necessary to pay attention to the fact that they must have a
narrow energy gap. Various combinations of small organic molecules containing donor
(D) and acceptor (A) fragments can be employed in the structures of organic dyes to
achieve these requirements. Since the degree of conjugation in simple D-A molecules is not
sufficient for the emission maximum in the NIR region, n-spacers should be introduced
in various positions. Recently our attention has been focused on a new ultrahigh elec-
tron deficient building block, [1,2,5]thiadiazolo[3,4-d]pyridazine, which has shown to be
an important part of dye-sensitized solar cells (DSSCs), D-A-D luminophores and low-
bandgap conjugated polymers [7-9]. In continuation of this work, we report the synthesis of
4,4'-([1,2,5]thiadiazolo[3,4-d]pyridazine-4,7-diyl)bis(N,N-bis(4-methoxyphenyl)aniline) 1
from 4,7-dibromo-[1,2,5]thiadiazolo[3,4-d]pyridazine 2 and investigation of its photophysi-
cal properties.

2. Results and Discussion

We have studied the Stille cross-coupling reaction of 4,7-dibromo-[1,2,5]thiadiazolo[3,4-
d]pyridazine 2 with 4-methoxy-N-(4-methoxyphenyl)-N-(4-(tributylstannyl)phenyl)aniline
3 in the presence of dichlorobis(triphenylphosphine)palladium (Scheme 1, Table 1). The
search for optimal conditions for the selective introduction of donor substituents was
carried out by varying the nature of solvents, temperature, and time of chemical trans-
formation. It was shown that when carrying out the reaction in boiling THF for 15 h, the
yield of the bis-coupling product 1 did not exceed 15% (Table 1, entry 1). The replace-
ment of THF with the higher boiling dioxane resulted in the replacement of both bromine
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atoms with triphenylamine moieties within 24 h to give the bis-coupling product 1 in 35%
yield (Entry 2). The best yield of the target product 1 (55%) was achieved by refluxing
in toluene for 24 h. (Entry 3), similarly to how it was found by synthesis of its analog,
4,4'-([1,2,5]thiadiazolo[3,4-d]pyridazine-4,7-diyl)bis(N,N-diphenylaniline) 4 [10].
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Scheme 1. Synthesis of 4,4'-([1,2,5]thiadiazolo[3 4-d]pyridazine-4,7-diyl)bis(N,N-bis(4-methoxyphenyl)

aniline) 1.

Table 1. Reaction of 4,7-dibromo-[1,2,5]thiadiazolo[3,4-d]pyridazine 1 with 4-methoxy-N-(4-
methoxyphenyl)-N-(4-(tributylstannyl)phenyl)aniline 2.

Entry Solvent Temperature, °C Time, h Yield, of 1%
1 THF 78 15 15
2 Dioxane 81 24 35
3 Toluene 110 24 55

The structure of 4,4'-([1,2,5]thiadiazolo[3,4-d]pyridazine-4,7-diyl)bis(N,N-bis(4-
methoxyphenyl)aniline) 1 was confirmed by elemental analysis, high-resolution mass-
spectrometry, 'H, 13C NMR, IR, and UV spectroscopy.

We measured the optical absorption spectra for compound 1 in CH,Cl,. The spectra
consisted of several spectral bands in the UV wavelength range and one wide band in the
visible spectral region, which is explained by the intramolecular charge transfer process
(ICT). The position of the short-wavelength maximum at 293 and 343 nm indicates that
this band is associated with the 7-7t* electronic transition, while the maximum of the ICT
bands is located in the spectral region of 560 nm. Compound 1 exhibited fluorescence
predominantly in the visible region of the spectrum (Amax = 650 nm), however, with ex-
tremely low fluorescence intensity, probably due to the presence of non-radiative relaxation
in compound 1. It should be noted that analog 1, 4.4’ -([1,2,5]thiadiazolo[3,4-d]pyridazine-
4,7-diyl)bis(N,N-diphenylaniline) 4, which we obtained earlier [10], exhibited absorption in
chloroform at 548 nm, while the emission maximum was 755 nm; however, luminescence
quenching was not observed in this case. The main photophysical parameters for com-
pounds 1 and 4, such as absorption maximum wavelength A,,s, maximum molar extinction
Emax, €mission maximum wavelength Aery, and Stokes shift value Av, are given in Table 2.
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Table 2. Photophysical parameters obtained for 4,4'-([1,2,5]thiadiazolo[3,4-d]pyridazine-
4,7-diyl)bis(N,N-bis(4-methoxyphenyl)aniline) 1 and 4,4'-([1,2,5]thiadiazolo[3,4-d]pyridazine-4,7-
diyl)bis(N,N-diphenylaniline) 4: absorption maximum wavelength A,ps, maximum molar extinction
coefficient ¢, the wavelength of emission maximum Aem, Stokes shift Av.

A A ICT A Stokes Shift
Compound Solvent n:111]1)1S ab;:n ) mol x Ifl—nlaxx cm~! nm (53—1) Xvecsnrll
1 CH,Cl, 293, 343 560 22,666 650 (15,384) 3092
4 CHCl3 350 548 3800 755 (17,869) 5003

In conclusion, 4,4'-([1,2,5]thiadiazolo[3,4-d]pyridazine-4,7-diyl)bis(N,N-bis(4-
methoxyphenyl)aniline) 1 was successfully synthesized from 4,7-dibromo-[1,2,5]thiadiazolo
[3,4-d]pyridazine 1 by the Stille cross-coupling reaction. The luminescent properties of
compound 1 were investigated.

3. Materials and Methods

4,7-Dibromo-[1,2,5]thiadiazolo[3,4-d]pyridazine 2 [11] and 4-methoxy-N-(4-
methoxyphenyl)-N-(4-(tributylstannyl)phenyl)aniline 3 [12] were prepared according to the
published methods. The solvents and reagents were purchased from commercial sources
and used as received. Elemental analysis was performed on a 2400 Elemental Analyzer
(Perkin Elmer Inc., Waltham, MA, USA). Melting points were determined on a Kofler hot-
stage apparatus and are uncorrected. 'H and '3C NMR spectra were taken with a Bruker
AM-300 machine (Bruker AXS Handheld Inc., Kennewick, WA, USA) (at frequencies of
300 and 75 MHz) in CDClj3 solution, with TMS as the standard. ] values are given in Hz. IR
spectrum was measured with a Bruker “Alpha-T” instrument in a KBr pellet. High-resolution
MS spectrum was measured on a Bruker micrOTOF II instrument (Bruker Daltonik Gmbh,
Bremen, Germany) using electrospray ionization (ESI). Solution UV-visible absorption spectra
were recorded using an Agilent cary 60 spectrophotometer (USA). The sample was placed in a
1 cm quartz cell at room temperature with a 5 x 10~ mol/mL concentration. Luminescence
spectra were recorded using an Agilent Cary Eclipse (USA). The sample was placed ina 1 cm
quartz cell at room temperature with a 5 x 10~® mol/mL concentration.

Synthesis of 4,4'-([1,2,5]thiadiazolo[3,4-d]pyridazine-4,7-diyl)bis(N,N-bis(4-
methoxyphenyl)aniline) 1 (Supplementary Materials).

PdCl,(PPh3); (51 mg, 15 %mol) and stannane 3 (534 mg, 0.9 mmol) were added
to a solution of 4,7-dibromo-[1,2,5]thiadiazolo[3,4-d]pyridazine 2 (100 mg, 0.3 mmol) in
anhydrous toluene (4 mL). The resulting mixture was degassed with argon in a sealed vial
and then stirred at 110 °C for 24 h. On completion (TLC monitoring the disappearance
of starting materials), water (30 mL) was added to the reaction mixture, which was then
extracted with CH,Cly (3 x 35 mL). The combined organic extracts were washed with brine,
dried over MgSQOj, and concentrated under reduced pressure. The residue was purified
by column chromatography on silica gel (Silica gel Merck 60, eluent hexane-CH,Cl, 2:1,
v/v). Yield 122 mg (55%), violet solid, R¢ = 0.3 (hexane-CH,Cly, 2:1, v/v). Mp = 137-139 °C.
IR spectrum, v, cm~1: 2927, 2834, 1597, 1505, 1402, 1235, 1287, 1242, 1191, 1135, 1033, 829,
780, 575, 526. "H NMR (ppm): 6 8.62 (d, ] = 8.0, 4H), 7.16 (d, ] = 7.7, 8H), 7.08-6.99 (m, 4H),
6.90 (d, ] = 8.1, 8H), 3.83 (s, 12H). 13C NMR (ppm): § 156.9, 151.7, 150.9, 150.1, 139.5, 131.2,
127.8, 118.4, 115.0, 55.6. HRMS (ESI-TOF), m/z: caled for C44H37;NgO4S [M + H]*, 745.2592,
found, 745.2577. UV-Vis spectra (in CH,Clp), Amax: 293 nm (e = 38,313 M~! cm 1), 343 nm
(e =35924 M~ ecm™1), 560 nm (e = 22,666 M~! cm™!). Luminescence spectra (in CH,Clyp),
Amax: 650 nm. Anal. caled for CyqH3NgO4S (744.8607): C, 70.95; H, 4.87; N, 11.28. Found:
C,70.48; H, 4.60; N, 11.20%.

Supplementary Materials: The following are available online: copies of 'H, 13C NMR, IR, UV-Vis,
luminescence, and HRMS-spectra for compound 1.
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