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Thermally Activated Delayed Fluorescence (TADF) is an attractive way to achieve 100% internal fluorescence
quantum yield without involving any expensive heavy atoms by converting all excitations to singlet ones by thermal
activation [1]. Usually, this is achieved by constructing TADF compounds from electron-donating (D) and electron-
accepting (A) units, decreasing the spatial overlap of electron density distribution in HOMO and LUMO and narrowing
the singlet-triplet energy gap (AEst) up to values, comparable to thermal energy at room temperature [1,2]. It is rather
difficult to find suitable D and A units with limited conjugation length and high triplet energy and bound them in a suitable
architecture. Among numerous candidates for D and A units, carbazole as D unit and aromatic nitrogen heterocycles as
A moieties are considered as being stable-enough and preferable for high stability OLEDs [3]. Recently, compounds
containing pyrimidine heterocycle as an A unit have been demonstrated to be promising for TADF applications [4]. Seeing
the potential of carbazole-pyrimidine pair for achieving efficient deep-blue TADF, we performed the design, synthesis,
photophysical characterization as well as application in OLED devices of some novel single bonded carbazole-pyrimidine
conjugates (Scheme 1).

The designed molecules were synthesized starting from an easily accessible pyrimidine derivative 1. The chlorine
groups substitution of 1 with 3,6-di-#-butylcarbazole to give compound 2a was carried out by the palladium-catalyzed
Buchwald-Hartwig amination reaction in the presence of Pd.dbas and P(t-Bu);-HBF, as a catalyst system and NaO#Bu
as a base. Synthesis of compounds 2b-d was accomplished by using Liebeskind-Srogl coupling of 2-
methylthiopyrimidine derivative 2a with substituted phenylboronic acids in the presence of Pd(PPhs)s and CuMeSal as

catalysts.
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Fig. 1. Synthesis of 2-substituted 4,6-bis(3,6-di-t-butyl-9-carbazolyl)-5-methylpyrimidines (2a-d).

Optical properties of the synthesized materials 2a-d were assessed by DFT calculations and investigated by
absorption, time integrated and time-resolved fluorescence spectroscopies and fluorescence quantum yield and lifetime
measurements. The enhancement of electron-donating properties of carbazole, the increase of twisting angle between D
and A units as well as the increase of conjugation length by introduction substituents into the 2nd position of pyrimidine
ring was shown to shift the emission towards deep-blue together with lowering the singlet-triplet gap and emergence of
TADEFE. Compound 2a was shown to be an efficient TADF emitter with peak wavelength of 428 nm, 0.5 solid-state
emission yield and average delayed fluorescence lifetime of 143 pus. When used in OLED device, compound 2a based
OLED showed electroluminescence with 8.7% EQE and CIE coordinates of (0.16; 0.12). Thus, simple molecular design
steps were shown to be the successful strategy for achieving deep-blue TADF in highly promising carbazole-pyrimidine
compounds.
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