
© 2024. Thieme. All rights reserved. Synform 2024/07, A111–A113 • Published online: June 14, 2024 • DOI: 10.1055/s-0043-1763987

Literature CoverageSynform

The chemistry of phosphorus-containing heterocycles is well 
established and in recent years a significant number of P-he-
terocycles have been successfully used in various applications 
related to organic semiconductors, such as OLEDs, OPVs and 
OFETs, or as ligands in transition-metal complexes. A recent 
article in Chem from the group of Professor Jan J. Weigand at 
the Technische Universität Dresden (Germany) describes a 
new method for the synthesis of annelated 1,3-azaphospholes 
(3) in a two-step procedure from a conveniently accessible 
phosphorus building-block. The described method provides 
access to a wide range of compounds, which allows study of 
their physical and chemical properties. “Initially, 1,3-dipolar 
triflatophosphanes are formed that readily engage in ‘click-
type’ [3+2]-cycloaddition reactions with alkynes to afford 
1,3-azaphospholium cations 2[OTf]2 as their respective triflate 
salts,” said Professor Weigand. He continued: “Subsequent re-
duction reactions lead to the formation of 1,3-azaphospholes 
(3, Scheme 1), a substance class that was only accessible to a 
limited extent due to inconvenient synthetic access pathways. 
Interestingly, the imidazoliumyl substituent is reductively 
cleaved to yield an N-heterocyclic carbene as the leaving 
group, an approach that we have developed in our group over 
the past years (J. Am. Chem. Soc. 2023, 145, 10364–10375).”

The Weigand group’s approach originates from a previous 
contribution in which highly electrophilic fluorophosphoni-
um ions with a donor atom in the 3-position were used as 
frustrated Lewis pairs for the activation of small molecules 
(Chem. Eur. J. 2021, 27, 13709–13714). Professor Weigand 
explained: “We adapted this method slightly to phospheni-

um ions, which in turn led to the formation of phosphorus 
ring systems with tri-coordinate phosphorus atoms. During 
our investigations, we noticed that due to the coordination of 
one triflate anion, triflatophosphanes are the reactive species 
in the cycloaddition reactions. After standard electrochem
ical screening of a model compound, it was determined that 
the cycloaddition products could be reduced to afford neutral 
1,3-azaphospholes (3). Due to convenience and ease of han-
dling, we used zinc dust in most of our syntheses.” 

What particularly stands out with this approach is its 
convenience and scope (Scheme 2). “The range of usable al-
kynes has been expanded to 19 derivatives, achieving yields 
of up to 99%. Typically, such 1,3-azaphospholes are prepared 
either from phosphaalkynes or other phosphorus building-
blocks, both of which have lacked sufficient scope and have 
only been scarcely explored in recent years,” remarked Profes-
sor Weigand. He went on: “Furthermore, we believe that the 
simplicity of this approach will appeal to a large segment of 
the research community, as the main precursors can be syn-
thesized from readily available starting materials using com-
mon Schlenk techniques in quantitative yields (J. Am. Chem. 
Soc. 2010, 132, 16321–16323). The range of potential alkynes 
is undoubtedly vast.” Professor Weigand concluded: “We aim 
to establish 1,3-azaphospholes as a new and promising sub
stance class and have therefore investigated some fundamen-
tal structure–property relationships, deriving some general 
design rules to influence their optoelectronic properties. 
Given the expanded scope behind our method, we anticipate 
that these compounds can be specifically adapted targeting 
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Scheme 1 Two-step synthesis of 1,3-azaphospholes (3) involving a 1,3-dipolar cycloaddition of 1[OTf] with alkynes in the presence 
of AgOTf to form azaphospholium salts 2[OTf]2, which are subsequently reduced to yield 1,3-diazaphopsholes (3).
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favorable optoelectronic characteristics, potentially making 
them suitable for innovative applications including organic 
semiconductors, OLEDs, OPVs, and OFETs.”

Scheme 2 Scope of 1,3-azaphospholes (3) prepared using the described method. a Yield from crude starting material. b Yield from 
1[OTf].
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