
Citation: Chmovzh, T.N.; Rakitin,

O.A. (E)-4-(2-(7-Bromo-

[1,2,5]thiadiazolo[3,4-c]pyridin-4-

yl)vinyl)-N,N-diphenylaniline.

Molbank 2022, 2022, M1368. https://

doi.org/10.3390/M1368

Academic Editor: Nicholas

E. Leadbeater

Received: 27 April 2022

Accepted: 17 May 2022

Published: 19 May 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

molbank

Short Note

(E)-4-(2-(7-Bromo-[1,2,5]thiadiazolo[3,4-c]pyridin-4-yl)vinyl)-
N,N-diphenylaniline
Timofey N. Chmovzh 1,2,* and Oleg A. Rakitin 1

1 N. D. Zelinsky Institute of Organic Chemistry Russian Academy of Sciences, 47 Leninsky Prospekt,
119991 Moscow, Russia; orakitin@ioc.ac.ru

2 Nanotechnology Education and Research Center, South Ural State University, 76 Lenina Avenue,
454080 Chelyabinsk, Russia

* Correspondence: tim1661@yandex.ru; Tel.: +7-499-1355327

Abstract: (Diphenylamino)phenylethenyl group-containing chromophores are widely employed to
design effective materials with useful electronic properties. In this communication, (E)-4-(2-(7-Bromo-
[1,2,5]thiadiazolo[3,4-c]pyridin-4-yl)vinyl)-N,N-diphenylaniline was regioselectively obtained by
the Heck reaction of 4,7-dibromo-[1,2,5]thiadiazolo[3,4-c]pyridine with N,N-diphenyl-4-vinylaniline.
The structure of the newly synthesized compound was established by means of elemental anal-
ysis, high resolution mass-spectrometry, 1H, 13C, NOESY NMR, IR and UV spectroscopy and
mass-spectrometry.

Keywords: [1,2,5]thiadiazolo[3,4-c]pyridines; N,N-diphenyl-4-vinylaniline; Heck reaction;
(diphenylamino)phenylethenyl derivatives

1. Introduction

2,1,3-Benzothiadiazole (BTD)-based dyes containing various combinations of donor
(D), acceptor (A), and π-spacer building blocks are of considerable interest to chemists
working in the synthesis of various electronic materials [1,2]. It was found that BTD chro-
mophores containing a (diphenylamino)phenylethenyl group were treated as compounds
with large two-photon absorption cross-sections and high fluorescent quantum yields in
orange-red color [3], red-fluorescent dyes with enhanced two-photon absorption cross-
sections [4], solution processable organic solar cells [5], and for the surface modification of a
fragile organic 1D microstructure [6]. Mono(diphenylamino)phenylethenylbenzothiadiazoles
have proven to be important precursors for the preparation of unsymmetrical BTD derivatives
to create the desired materials [7]. To the best of our knowledge (diphenylamino)phenylethenyl
group-containing 1,2,5-thiadiazolo[3,4-c]pyridines have not been described in the literature.
Meanwhile, derivatives of this and similar heterocyclic systems can exhibit interesting phys-
ical properties [8–11]. Herein, we report the regioselective synthesis of (E)-4-(2-(7-bromo-
[1,2,5]thiadiazolo[3,4-c]pyridin-4-yl)vinyl)-N,N-diphenylaniline 1 by the Heck reaction of
4,7-dibromo-[1,2,5]thiadiazolo[3,4-c]pyridine 2 with N,N-diphenyl-4-vinylaniline 3.

2. Results and Discussion

We have studied the Heck cross-coupling reaction of 4,7-dibromo[1,2,5]thiadiazolo[3,4-
c]pyridine 3 with of N,N-diphenyl-4-vinylaniline 3 (1 equiv) in the presence of a palladium
catalyst (Scheme 1, Table 1). The search for optimal conditions for the selective introduction
of a donor substituent was carried out by varying the nature of palladium catalysts, bases,
solvents, temperature, and time of chemical transformations. When the reaction was carried
out in the presence of palladium acetate (Pd(OAc)2) in DMF and K2CO3 as a base at 80 ◦C,
complete decomposition of the starting dibromide 2 was observed with the formation of
a mixture of unidentifiable compounds (Table 1, entry 1). The replacement of palladium
acetate with tetrakis(triphenylphosphine)palladium (Pd(PPh3)4) in the same solvent was
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also unsuccessful (Entry 2). However, the use of toluene as a solvent made it possible
to isolate the Heck cross-coupling reaction product 1 (Entry 3). The replacement of the
inorganic base (K2CO3) by triethylamine (Et3N) led to the formation of monocoupling
product 1 in 38% yield (Entry 4). An increase in the reaction time led only to a slight
increase in the yield of the target product up to 45% (Entry 5).

Scheme 1. Synthesis of (E)-4-(2-(7-bromo-[1,2,5]thiadiazolo[3,4-c]pyridin-4-yl)vinyl)-N,N-
diphenylaniline 1.

Table 1. Reaction of 4,7-dibromo[1,2,5]thiadiazolo[3,4-c]pyridine 2 with N,N-diphenyl-4-
vinylaniline 3.

Entry Catalyst Base Solvent Temperature, ◦C Time, h Yield, of 3%

1 Pd(OAc)2 K2CO3 DMF 80 8 0
2 Pd(PPh3)4 K2CO3 DMF 80 10 0
3 Pd(PPh3)4 K2CO3 Toluene 110 10 3
4 Pd(PPh3)4 Et3N Toluene 110 48 38
5 Pd(PPh3)4 Et3N Toluene 110 64 45

The evidence for the formation of the E-isomer was the presence of a large spin–
spin constant of approximately 16 Hz between the protons of the ethylene fragment (see
Experimental part) (compare with the data in [7]), which, for the Z-isomer, would be
approximately 11 Hz [12]. It has been previously shown that cross-coupling reactions with
4,7-dibromo[1,2,5]thiadiazolo[3,4-c]pyridine occur preferentially over the electron-deficient
position 4, closest to the pyridine nitrogen atom [13,14]. The selective introduction of
a donor moiety in cross-coupling reactions has been proven by 2D NMR spectroscopy.
In the two-dimensional proton–proton interaction (NOESY) spectrum of compound 1,
the pyridine ring proton did not cross-peak with the protons of the ethylene moiety
(see Figure S6 in Supplementary Materials). When a bromine atom is replaced by an ethy-
lene group at position 7 in the two-dimensional spectrum of proton–proton interaction
(NOESY), the proton of the pyridine ring would have a cross-peak with the proton of
the ethylene fragment, as in the case of 4-bromo-7-{2-[4-(diphenylamino)phenyl]ethenyl}-
2,1,3-benzothiadiazole 4, as described in the literature [7] (see Figure 1 and Figure S7 in
Supplementary Materials).

Figure 1. Cross-peak interactions in NOESY NMR spectra of compounds 1 and 4.
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The structure of (E)-4-(2-(7-bromo-[1,2,5]thiadiazolo[3,4-c]pyridin-4-yl)vinyl)-N,N-
diphenylaniline 1 was confirmed by means of elemental analysis, high resolution mass-
spectrometry, 1H, 13C, NOESY NMR, IR and UV spectroscopy, and mass-spectrometry. This
compound may be used if the synthesis of unsymmetrical disubstituted [1,2,5]thiadiazolo[3,4-
c]pyridines as chromophores in various optoelectronic devices.

3. Materials and Methods

4,7-Dibromo[1,2,5]thiadiazolo[3,4-c]pyridine 1 [15] and N,N-diphenyl-4-vinylaniline 2 [16]
were prepared according to the published methods. The solvents and reagents were pur-
chased from commercial sources and used as received. Elemental analysis was performed
on a 2400 Elemental Analyzer (Perkin Elmer Inc., Waltham, MA, USA). The melting point
was determined on a Kofler hot-stage apparatus and is uncorrected. 1H and 13C 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 CDCl3 solution, with TMS as the stan-
dard. J values are given in Hz. The IR spectrum was measured with a Bruker “Alpha-T”
instrument (Santa Barbara, CA, USA) in KBr pellet. The 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 OKB Spektr SF-2000 UV/Vis/NIR spectrophotometer (St. Petersburg, Russia)
controlled with SF-2000 software (St. Petersburg, Russia). The sample was measured in a
1 cm quartz cell at room temperature with 2.8 × 10−5 mol/mL concentration in CH2Cl2.

The synthesis of (E)-4-(2-(7-bromo-[1,2,5]thiadiazolo[3,4-c]pyridin-4-yl)vinyl)-N,N-
diphenylaniline 1 (Supplementary Materials).

Pd(PPh3)4 (51 mg, 15 %mol), Et3N (1 mL), and vinylaniline 3 (92 mg, 0.3 mmol) were
added to a solution of 4,7-dibromo[1,2,5]thiadiazolo[3,4-c]pyridine 2 (100 mg, 0.3 mmol) in
anhydrous toluene (5 mL). The resulting mixture was degassed by argon in a sealed vial
and then stirred at 110 ◦C for 64 h. On completion (monitored by TLC), water (30 mL) was
added to reaction mixture and the organic layer was extracted with CH2Cl2 (3 × 35 mL),
dried with MgSO4, and then concentrated in vacuo. The residue was purified by column
chromatography on silica gel (Silica gel Merck 60, eluent hexane–CH2Cl2, 2:1, v/v). Yield
65 mg (45%), red solid, Rf = 0.4 (hexane–CH2Cl2, 2:1, v/v). Mp = 28–30 ◦C. IR spectrum,
ν, cm–1: 2957, 2924, 2853, 1591, 1543, 1511, 1493, 1462, 1327, 1278, 1080, 956, 753, 697.
1H-NMR (ppm): δ 8.69 (s, 1H), 8.35 (d, J = 16.1, 1H), 7.76 (d, J = 16.0, 1H), 7.61 (d, J = 8.7,
2H), 7.35–7.28 (m, 4H), 7.19–7.07 (m, 8H). 13C-NMR (ppm): δ 157.8, 147.7, 146.7, 145.2, 143.7,
133.0, 129.7, 129.2, 127.3, 127.0, 126.3, 124.2, 124.0, 122.7, 122.0. HRMS (ESI-TOF), m/z: calcd
for C25H17

79BrN4S [M]+, 484.0352, found, 484.0349. UV–Vis spectra (in CH2Cl2), λmax:
359 nm (ε 13,538 M−1 cm−1), 501 nm (ε = 3533 M−1 cm−1). Anal. calcd. for C25H17

79BrN4S
(484.0352): C, 61.86; H, 3.53; N, 11.54. Found: C, 61.80; H, 3.45; N, 11.48%.

Supplementary Materials: The following supporting information can be downloaded online: copies
of 1H, 13C NMR, IR, HMRS, UV–Vis, and NOESY spectra for the compound 1.
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